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Abstract The reduction of implant related infections
plays a pivotal role in orthopaedic surgery as an increasing
number of people require implants (up to 200,000 per year
in the United States (source: Joint Implant Surgery &
Research Foundation 2010)). The aim of the current study
is to prevent and thus decrease the number of bacterial
infections. Both pre and post operative systemic antibiotic
treatment and gentamicin containing bone cements (poly-
methylmethacrylate, PMMA) are commonly used strate-
gies to overcome infections. In this study, the antimicrobial
efficacy of gentamicin sulfate loaded bone cement was
compared with titan discs coated with a new form of
gentamicin, gentamicin palmitate. Adherence prevention,
killing rates and killing kinetics were compared in an in
vitro model, using Staphylococcus aureus (S. aureus),
which together with Staphylococcus epidermidis (S. epi-
dermidis) represents 60% of bacteria found responsible for
hip implant infections (An and Friedman, 1996, J Hosp
Infect 33(2):93-108). In our experiments gentamicin,
which was applied as gentamicin palmitate on the surface
of the implants, showed a high efficacy in eliminating
bacteria. In contrast to gentamicin sulfate containing bone
cements, gentamicin palmitate is released over a shorter
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period of time thus not inducing antibiotic resistance.
Another benefit for clinical application is that it achieves
high local levels of active ingredient which fight early
infections and minimize toxic side effects. Furthermore,
the short term hydrophobic effect of gentamicin palmitate
can successfully impede biofilm formation. Thus, the use
of self-adhesive antibiotic fatty acid complexes like gen-
tamicin palmitate represents a new option for the anti-
infective coating of cementless titan implants.

Abbreviations
Tila/Tilb Titan discs with high/low concentration of
gentamicin palmitate

Ti2a/Ti2b Titan discs with high/low concentration of
gentamicin palmitate

Ti3a/Ti3b Titan discs with high/low concentration of
gentamicin palmitate

PMMA1  Commercially available bone cement without
gentamicin

PMMA?2  Commercially available bone cement with

gentamicin sulfate

1 Introduction

Aminoglycosides were first introduced in the 1950s, and in
1963 gentamicin was isolated from Micromonospora
pupurea. The antimicrobial efficacy of aminoglycosides is
based on the mechanism of inhibiting protein synthesis by
binding to the 30 s subunit of the ribosome. Gentamicin
has a broad spectrum against gram-positive (including
mycobacteria) and gram-negative bacteria. Besides binding
to the ribosome, gentamicin is supposed to disrupt the
packing order of lipopolysaccherides of the outer mem-
brane and to induce holes [1]. As gentamicin has to be
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applied parenterally and leads to nephrotoxicity and oto-
toxicity if given over a longer period of time, its use in
clinical therapy has decreased. Chemically, gentamicin
sulfate consists of a mixture of gentamicin C1, Cla and
C2a + b, the protonic gentamicin base being the antimi-
crobial active substance [2].

Alongside with pre- and post-operative systemic anti-
biotic therapy [3], the addition of antibiotics to bone
cement is an important factor in fighting infections in
orthopaedic surgery [4]. This new field of application for
gentamicin was established when Buchholz and Engelbr-
echt [5] described the addition of gentamicin sulfate to
bone cement. Studies from Wahlig and Dingeldein [6]
showed interesting details about bone cements with anti-
biotics, especially gentamicin. The observed patients
showed low concentrations of gentamicin (as base) in
serum and urine, but high concentrations in wound exu-
date. In addition, high concentrations of gentamicin could
be measured in samples taken from the vicinity of the
implant for a long period of time. The release rate of
gentamicin was extended and 2-3 fold higher compared to
the release rate of other antibiotics.

Biofilm formation on an implant or bone cement,
which is one of the characteristics of bacteria, is triggered
by the adherence of proteins on the implant surface. The
exposure to biological material such as blood or com-
pounds of the wound secretion system facilitates this step
[7]. Additionally, the surface conditions, e.g. roughness or
porosity, affect biofilm formation [8]. Palmitic acid with
its hydrophobic quality hinders the adherence of proteins
on a surface [9]. Therefore, an antimicrobial coating of
the implant itself, the rapid release of the active ingre-
dient, and the hydrophobic quality of gentamicine pal-
mitate could facilitate fighting biofilms at a very early
stage.

The use of self-adhesive antibiotic fatty acid complexes
represents a new option for the anti-infective coating of
implants. Gentamicin sulfate can be converted easily into a
gentamicin palmitate by ion exchange [10]. It does not
contain biofilm-forming polymers and no critical degra-
dation products are produced. The antibiotic itself func-
tions as the anti-infective layer and the fatty acid can be
metabolized in the human organism by fS-oxidation, which
generates carbon dioxide and water. In both gentamicin
palmitate and gentamicin sulfate, the protonic gentamicin
base functions as the antimicrobial active substance.

The application form of gentamicin palmitate (as a
coating) leads to high local levels and not to the induction
of a burden to organs or blood [6, 11]. In contrast to bone
cement (PMMA) or poly-L-lactide (PLLA), its dissolution
from the surface is completed within 2 weeks and is
not likely to induce resistance to endogenous bacteria
[12-14].
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2 Aim of the study

In the present study we compared the antimicrobial effi-
cacy of titan discs coated with gentamicin palmitate (rep-
resenting titan cementless implants) to bone cements
loaded with gentamicin sulfate because these bone cements
have been in successful clinical use for a long time. The
experiments were designed in order to resolve questions on
the antimicrobial efficiency, on the inhibition of adherence
and on the kinetics of microbial elimination of gentamicin
palmitate in an in vitro model using S. aureus.

3 Materials and methods
3.1 Microbiology

All incubation experiments and dilutions were performed
in CSL Media (Casein soya bean digest broth, 30 g/l,
Oxoid LTD., England) and, in order to detect bacterial
growth, the colony forming units (cfu) were counted on
casein soja bean agar plates (CSA, Casein soya bean digest
broth, 40 g/l, Oxoid LTD., England). We used S. aureus
ATCC 6538 strain for all experiments. All experiments and
controls were done in triplicates. Inhibiting aerola testings
were done on Miiller Hinton Agar plates (inhouse
production).

3.2 Titan discs

Flat titan discs (Tilastan®, diameter 15.6 mm) with three
different surfaces were used: corundum blasted titan discs
(Ti-1), corundum blasted titan discs with an additional
HX-layer of calcium-phosphate (Ti-2), and titan discs with
an additional porous plasma coating (CPT, porosity
35 £ 5%) and an HX-layer (Ti-3). The titan discs Ti-1, Ti-2
and Ti-3 are routinely used in the manufacture of commer-
cially available uncemented endoprosthesis (C.F.P®, MP®
hip, Gemini® knees, all Waldemar Link GmbH & Co. KG).

3.3 Coating of the discs

All titan discs were coated with gentamicin palmitate (GP;
Heraeus Medical GmbH) [15]. Gentamicin palmitate was
converted into a gentamicin—fatty acid complex by
metathesis of gentamicin sulfate with endogenous palmitic
acid. Gentamicin palmitate was then applied in form of
alcoholic solution on the titan discs [10]. The titan discs
were thus coated with two amounts of gentamicin, 100 pg
(low) and 220 pg (high) gentamicin base (GB) per cm?,
respectively. The employment of a special spraying process
[16] finally resulted in the absolute amount of 400 pg, and
840 ng of gentamicin base for the discs. The coating
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process was monitored by weighing. Uncoated titan discs
and commercially available gentamicin loaded bone
cements were used as reference.

3.4 Bone cement discs

The cements were mixed according to manufacturer
instructions and flat discs of the same size as the titan discs
were produced: bone cement 1 (plain without gentamicin
sulfate Palacos® R), and bone cement 2 (bone cement with
0.5 g gentamicin sulfate in 40 g polymer powder) resulting
in a total amount of 8 mg gentamicin base per disc.

All discs were sterilised by gamma irradiation (25—
40 kGy).

For kinetic experiments gentamicin sulfate (Sigma-
Aldrich, Austria) was used as “gold standard” in concen-
trations ranging from 8 to 84 nug/ml.

Discs were washed with phosphate buffered saline
(PBS, Biochrom AG, Germany).

3.5 Ability of adherence prevention of gentamicin
palmitate coating

The test discs were incubated in 12-well plates, filled with
1.13 ml S. aureus suspension containing 1 x 10°,5 x 10°
and 1 x 10* (cfu)/ml. The discs could move freely in their
wells and were shaken carefully during incubation period
(at 37°C). After 24 h (h) the discs were removed and
washed in 5 ml of PBS over 30 s at 200 rpm. Afterwards
they were transferred into fresh CSL media and incubated
for another 24 h at 37°C. After this period, aliquots of the
media were taken out and either plated directly on CSA or
diluted and plated, to determine cfu numbers. The test
setup was based on ISO DIN EN 17025. In contrast to this
standard, however, not only the growth of the test bacteria
by change of turbidity was measured, but also every single
colony could be found by plating aliquots after the 2nd
incubation period.

3.6 Elimination of bacteria in 24 h suspension

Discs were incubated in 12 well plates for 24 h at 37°C
with either bacteria (S. aureus, 102, 104, 10° cfu/ml) or
media alone. After the incubation period, cfu were
detected.

3.7 Diffusion of the active ingredient in inhibiting
areola testing

100 pl of a bacterial suspension (1.5 x 10° cfu/ml) were
swabbed all-over Miiller Hinton Agar plates. Discs were
put on the Agar. On the contact side, the discs were moist-
ened with 10 pl of PBS and kept for 1 h at room

temperature to facilitate adherence. The diffusion of the
active ingredient into the agar plate leads to circular inhi-
bition of the plated bacteria (inhibiting areola). Diameters
of the clear area were measured on the bottom side of the
petri dishes after 24 h incubation at 37°C.

3.8 Kinetics of bacterial reduction

An overnight culture of S. aureus was diluted in pre-
warmed media (37°C) to a bacterial number of x 10° cfu/
ml resulting in a final volume of 10 ml. This bacterial
suspension was then incubated at 37°C and shaken at
96 rpm for 2 h. Subsequently, antibiotics and discs were
added. Samples were drawn after 15, 30, 45 and 60 min,
and then by the hour. The last sample was taken after 24 h.
Aliquots of the samples were plated on agar plates to
determine germ number.

3.9 Data analysis

For all data, mean and standard deviation of the mean were
calculated, graphs were calculated with GraphPadPrism™
5.01 for Windows, GraphPad Software, San Diego Cali-
fornia USA, www.graphpad.com.

4 Results

4.1 Ability of adherence prevention of gentamicin
palmitate coating

These experiments were designed to provide evidence if
gentamicin palmitate could prevent bacterial settlement on
the surface.

All coated titan and PMMA discs with antibiotics did
not show bacterial growth after the second incubation step
(after 48 h). PMMA or titan discs without gentamicin did
not inhibit bacterial growth over the incubation period
(Table 1).

All test objects remained sterile after transfer for another
24 h into fresh media. Uncoated titan discs and PMMA
moulds without gentamicin did not inhibit bacterial growth
(Table 1).

Discs with half of the amount of antibiotics (1b, 2b, 3b)
did not show a weaker effect in their antimicrobial activity
(within 48 h).

4.2 Elimination of bacteria in 24 h suspension test
The gentamicin palmitate surface coatings (high and low)

showed the same bactericidal effect on different S. aureus
concentrations (Table 2) as gentamicin sulfate containing
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Table 1 Adherence testings

Material cfu cfu cfu Material cfu cfu cfu
1 x 10° 5% 10° 1 x 10* 1 x 10° 5% 10° 1 x 10*

Tila 0 0 0 Tilb 0 0 0

Ti2a 0 0 0 Ti2b 0 0 0

Ti3a 0 0 0 Ti3b 0 0 0
PMMAI1 47 x 10° 2.8 x 10° 2.5 x 10° PMMAI1 47 x 10° 2.8 x 10° 25 x 10°
PMMA?2 0 0 0 PMMA2 0 0 0

Kpru 23 x 10° 2.5 x 10° 1.7 x 10° Kpru 23 x 10° 2.5 x 10° 1.7 x 10°
Kw 1.1 x 10° 23 x 10° 23 x 10° Kw 1.1 x 10° 23 x 10° 23 x 10°
K, 1.0 x 10° 5.1 x 10° 1.1 x 10* K 1.0 x 10° 5.1 x 10° 1.1 x 10*
Ko 0 0 0 Ko 0 0 0

c¢fu colony forming units, Kp;y; control discs without gentamicin, Ky, growth control, K initial cfu, K, sterile control. Gentamicin palmitate
coated titan discs show the same antimicrobial effect as antibiotic bone cement moulds (1a, 2a, 3a, 5 as well as 1b, 2b, 3b, 5). Growth of S. aureus

was not inhibited by the discs alone (Kpy )

Table 2 Suspension testing

Material cfu cfu cfu Material cfu cfu cfu
1 x 10? 1 x 10* 1 x 108 1 x 10* 1 x 10° 1 x 10%

Tila 0 0 0 Tilb 0 0 0

Ti2a 0 0 0 Ti2b 0 0 0

Ti3a 0 0 0 Ti3b 0 0 0
PMMALI 2.0 x 10° 1.8 x 10° 1.6 x 10° PMMAI 2.0 x 10° 1.8 x 10° 1.6 x 10°
PMMA?2 0 0 0 PMMA?2 0 0 0

KpLu 1.1 x 10° 44 x 108 1.4 x 10° KpLu 1.1 x 10° 4.8 x 108 25 x 10°
Kw 1.3 x 10° 12 x 10° 1.4 x 10° Kw 1.3 x 10° 15 x 10° 1.4 x 10°
Kz 1.3 x 10% 1.4 x 10* 1.0 x 10° Kz 1.3 x 10? 1.4 x 10 1.0 x 10°
Ko 0 0 0 Ko 0 0 0

c¢fu colony forming units, Kpz;y control discs without gentamicin, Ky growth control, K initial cfu, K, sterile control. Gentamicin palmitate
coated titan discs show same antimicrobial effect as antibiotic bone cement moulds (1a, 2a, 3a, 5 as well as 1b, 2b, 3b, 5). Growth of S. aureus

was not inhibited by the discs alone (Kpp )

PMMA moulds. Growth was not inhibited by discs or
PMMA moulds without gentamicin.

All discs and PMMA moulds with antibiotics showed
antibacterial activity. No viable bacteria could be reculti-
vated after 24 h.

4.3 Diffusion of the active ingredient in inhibiting
areola testing

Inhibiting areolas were comparable on all different kinds of
discs. The PMMA moulds showed slightly reduced diam-
eters reaching 88% of the diameter of la, 2a or 3a
(Table 3). The reference discs (uncoated) did not show any
inhibiting areolas.

All titan discs containing gentamicin palmitate showed
comparable inhibition diameters irrespective of the addi-
tive on the surface (CaP) or the surface structure (sand
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Table 3 Diameters of inhibiting areola testing

Material Mean diameter (mm)
Tila 40 mm £ 0
Ti2a 40 mm =+ 1
Ti3a 40 mm £ 0
Tilb 39 mm + 2
Ti2b 39 mm =+ 1
Ti3b 39 mm + 0
PMMA2 35 mm + 0

Discs without antiobiotics did not show any inhibition

blasted). Even discs with half the amount of the antibiotics
showed similar diameters. PMMA discs containing genta-
micin sulfate showed slightly reduced but comparable
diameters (Table 3).
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4.4 Kinetics of bacterial reduction

In our kinetic studies all concentrations of the active
ingredients eliminated the starting bacterial number of
S. aureus within the first hour, with the exception of
8.4 ng/ml gentamicin base in the media. We could detect
slight differences between the different materials and gen-
tamicin concentrations. la, 2a, 3a and 84 pg/ml of genta-
micin base in suspension reduced the starting cfu from 2 to
4 10° cfu/ml to around zero within the first half hour. Within
the next half hour, 42 pg/ml of gentamicin base and PMMA
completely eliminated the bacteria (Figs. 1, 2). Only the
lowest concentration of gentamicin base (8.4 pg/ml)
allowed a small number of bacteria to survive up to 4 h and
to grow again to a final number of x-fold of 10° after 24 h
(data not shown). All the other gentamicin concentrations
did not show bacterial growth after 24 h.

5 Discussion

Orthopaedic implant surgery wants to achieve three main
goals: the best possible reconstitution of the patient, a short
residence time in hospital, and low costs for the public
health system. In a study about revisions of total hip
arthroplasty by Bozic et al., data of 51,345 patients were
analyzed and evaluated. They found out that infections
were responsible for revision in 14.8% and the most
common reason for arthrotomy or removal of the prothesis
in 74.3% of the cases [17]. The period of hospitalisation
was lengthened by 6.2 days for all types of revision toge-
ther, and the average of total charges was $54,553 per case.

3.0x108 Microbial eliminaton kinetics of
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Fig. 1 Kinetics of bacterial elimination over 1 h with 3 different
concentrations of gentamicin sulfate (84 pg/ml, 42 pg/ml and 8.4 pg/
ml). Mean was calculated out of three values and bars show the
standard error of the mean (SEM)
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4.0x108 Microbial eliminaton kinetics of
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Fig. 2 Kinetics of bacterial elimination over 1 h with the three titan
discs with GP (Til, Ti2, Ti3) and bone cement with gentamicin
sulfate (PMMAZ2). Mean was calculated out of three values and bars
show the standard error of the mean (SEM)

These figures are not only important for insurances and the
public health system; what is more, they mean pain and life
threatening complications for the patient.

Surface modifications of implants are a current issue in
orthopaedic surgery. In principle two types of modification
are of general interest: enhancing osseointegration of the
implant and adding anti-infective functionality [18, 19].
Modifications on osseointegration are currently achieved
with hydroxyapatite [20] or by enhancing the biophysical
properties of the implant [19]. These modifications do not
contribute to an anti-infectious prophylaxis.

Anti-infective aid is mostly given by either adding bone
cement or antibiotic-eluting medical devices [21]. Newer
tries focus on poly-L-lactide (PLL) as a carrier also for
gentamicin [22] or on dipping the titan implant with
chitosan-vancomycin [18]. The realization of a biode-
gradable antibiotic delivery system is therefore the most
wanted feature [23].

There are two ways of administering the antimicrobial
agent which follow similar principles: bone cements con-
taining antibiotics or the new surface coating with genta-
micin palmitate. Meta-studies with a large sample size in
the United States of America showed a sustainable reduc-
tion of infection risk when using bone cements containing
antibiotics [24]. On cementless implants, however, antibi-
otic protection from bacterial colonisation is not possible
so far. The application of gentamicin palmitate could offer
a solution to this problem, because gentamicin palmitate
delivers its load in the implant surrounding area and is very
effective in fighting local infections [15, 16].

The kinetic experiments revealed very interesting details
about how fast gentamicin base is released. As the
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calculated “pool” of gentamicin base on a “high” titan
disc is 840 pg, we used 84 pg/ml (10 ml of culture volume
yield in a total amount of 840 pg) gentamicin base (cal-
culated from gentamicin sulfate anhydrous) in our culti-
vation media so that the calculative concentration of both
cultures was equal. The difference was that the antibiotic
was added in solution all at once whereas the gentamicin
palmitate had to dissolve. Release rates of gentamicin base
out of gentamicin palmitate are known to be high enough
for antimicrobial effects within a time span of the first 24 h
[25]. In our experiments, moreover, we found out that they
were already high enough within the first 30 min to com-
pete efficiently with the directly transmitted antibiotic. Our
graphs clearly demonstrate the potential of the gentamicin
palmitate coating. Within the first half hour of the experi-
ment the cfu/ml were already reduced to amounts below
10? cfu (Fig. 1). In addition, we could not detect bacterial
growth after 24 h on any of the used titan discs or on the
PMMA moulds.

All concentrations of gentamicin sulfate eliminated our
test bacteria except the (8.4 pg/ml). At this concentration
the bacterial number decreased within the first 4 h, and
increased after this point of time to reach a final cfu
number after 24 h equal to the growth control, findings
which are consistent to the work of Schafer et al. [26]
(Fig. 2).

In general, bone cement moulds with gentamicin sulfate
and titan discs coated with gentamicin palmitate are very
similar in their effectiveness against S. aureus. Both can
eliminate cfu/ml numbers ranging from 10% to 10° within
24 h and still have enough reservoir to prevent further
growth of bacteria. The release of gentamicin base per cm?
on day four to five is still high enough to inhibit growth of
both gram negative and gram positive bacteria [27]. In
addition to the quick availability of gentamicin base out of
gentamicin palmitate, palmitic acid changes the implant
surface characteristics and interrupts first steps in biofilm
formation [28].

To sum up, the high release rates of the active ingredient
and the repellent surface of the implant both impede bio-
film formation [29, 30]. Gentamicin palmitate surface
coatings could therefore represent a significant improve-
ment in orthopaedic surgery by eliminating bacteria in a
rapid and efficient way over a short period of time.

References

1. Kadurugamuwa JL, Clarke AJ, Beveridge TJ. Surface action of
gentamicin on Pseudomonas aeruginosa. J Bacteriol. 1993;
175(18):5798-805.

2. Abou-Zeid AA, Shehata YM. Gentamicins. Zentralbl Bakteriol
Parasitenkd Infektionskr Hyg. 1977;132(2):97-108.

@ Springer

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

. Gillespie WJ, Walenkamp GH. Antibiotic prophylaxis for surgery

for proximal femoral and other closed long bone fractures.
Cochrane Database Syst Rev. 2010;3:CD000244.

. Dunbar MJ. Antibiotic bone cements: their use in routine primary

total joint arthroplasty is justified. Orthopedics 2009;32(9):
10.3928/01477447-20090728-20.

. Buchholz HW, Engelbrecht H. Depot effects of various antibi-

otics mixed with Palacos resins. Chirurg. 1970;41(11):511-5.

. Wahlig H, Dingeldein E. Antibiotics and bone cements. Experi-

mental and clinical long-term observations. Acta Orthop Scand.
1980;51(1):49-56.

. van Loosdrecht MC, Lyklema J, Norde W, Zehnder AJ. Influence of

interfaces on microbial activity. Microbiol Rev. 1990;54(1):75-87.

. Clauss M, Trampuz A, Borens O, Bohner M, Ilchmann T. Biofilm

formation on bone grafts and bone graft substitutes: comparison
of different materials by a standard in vitro test and microcal-
orimetry. Acta Biomater. 2010;6(9):3791-7.

. Erli HJ, Marx R, Paar O, Niethard FU, Weber M, Wirtz DC.

Surface pretreatments for medical application of adhesion. Bio-
med Eng Online. 2003;2:15.

Vogt S, Kithn K-D, Gopp U, Schnabelrauch M. Resorbable
antibiotic coatings for bone substitutes and implantable devices.
Mat- wiss U Werkstofftechn. 2005;36:814-9.

Anagnostakos K, Wilmes P, Schmitt E, Kelm J. Elution of gen-
tamicin and vancomycin from polymethylmethacrylate beads and
hip spacers in vivo. Acta Orthop. 2009;80(2):193-7.

. Tunney MM, Ramage G, Patrick S, Nixon JR, Murphy PG,

Gorman SP. Antimicrobial susceptibility of bacteria isolated from
orthopedic implants following revision hip surgery. Antimicrob
Agents Chemother. 1998;42(11):3002-5.

Neut D, van de Belt H, van Horn JR, van der Mei HC, Busscher
HJ. Residual gentamicin-release from antibiotic-loaded poly-
methylmethacrylate beads after 5 years of implantation. Bioma-
terials. 2003;24(10):1829-31.

Kalicke T, Schierholz J, Schlegel U, Frangen TM, Koller M,
Printzen G, et al. Effect on infection resistance of a local anti-
septic and antibiotic coating on osteosynthesis implants: an in
vitro and in vivo study. J Orthop Res. 2006;24(8):1622-40.

. Vogt S, Schnabelrauch M, Kiihn K-D. Porous implants with

antibiotic coating, their preparation and use. Antimicrob Agents
Chemother. 2008;52(6):1957-63.

Matl FD, Obermeier A, Repmann S, Friess W, Stemberger A,
Kuehn KD. New anti-infective coatings of medical implants.
Antimicrob Agents Chemother. 2008;52(6):1957-63.

Bozic KJ, Kurtz SM, Lau E, Ong K, Vail TP, Berry DJ. The
epidemiology of revision total hip arthroplasty in the United
States. J Bone Joint Surg Am. 2009;91(1):128-33.

Swanson TE, Cheng X, Friedrich C. Development of chitosan-
vancomycin antimicrobial coatings on titanium implants. J Bio-
med Mater Res A. 2011;97(2):167-76.

Fini M, Giavaresi G, Setti S, Martini L, Torricelli P, Giardino R.
Current trends in the enhancement of biomaterial osteointegra-
tion: biophysical stimulation. Int J Artif Organs. 2004;27(8):
681-90.

Epinette JA, Manley MT. Uncemented stems in hip replacement—
hydroxyapatite or plain porous: does it matter? Based on a pro-
spective study of HA Omnifit stems at 15-years minimum follow-
up. Hip Int. 2008;18(2):69-74.

Zilberman M, Kraitzer A, Grinberg O, Elsner JJ. Drug-eluting
medical implants. Handb Exp Pharmacol. 2010;197:299-341.
Strobel C, Schmidmaier G, Wildemann B. Changing the release
kinetics of gentamicin from poly(D,L-lactide) implant coatings
using only one polymer. Int J Artif Organs. 2011;34(3):304-16.
El-Husseiny M, Patel S, MacFarlane RJ, Haddad FS. Biode-
gradable antibiotic delivery systems. J Bone Joint Surg Br.
2011;93(2):151-17.


http://dx.doi.org/10.3928/01477447-20090728-20

J Mater Sci: Mater Med (2011) 22:1447-1453

1453

24.

25.

26.

27.

Parvizi J, Saleh KJ, Ragland PS, Pour AE, Mont MA. Efficacy of
antibiotic-impregnated cement in total hip replacement. Acta
Orthop. 2008;79(3):335-41.

Kiihn K. In vitro release of gentamicinpalmitate coating in
uncemented titanium implants. IINBM. 2010;3(1):94—-106.
Schafer JA, Hovde LB, Rotschafer JC. Consistent rates of kill of
Staphylococcus aureus by gentamicin over a 6-fold clinical
concentration range in an in vitro pharmacodynamic model
(IVPDM). J Antimicrob Chemother. 2006;58(1):108-11.

Kiihn KD, Briinke J. Effectiveness of a novel gentamicinpalmi-
tate coating on biofilm formation of Staphylococcus aureus and
Staphylococcus epidermidis. IJNBM. 2010;3(1):107-17.

28.

29.

30.

31.

Everaert EP, Mahieu HF, Wong Chung RP, Verkerke GJ, van der
Mei HC, Busscher HJ. A new method for in vivo evaluation of
biofilms on surface-modified silicone rubber voice prostheses.
Eur Arch Otorhinolaryngol. 1997;254(6):261-3.

van de Belt H, Neut D, Schenk W, van Horn JR, van der Mei HC,
Busscher HJ. Infection of orthopedic implants and the use of
antibiotic-loaded bone cements. A review. Acta Orthop Scand.
2001;72(6):557-71.

Hetrick EM, Schoenfisch MH. Reducing implant-related infec-
tions: active release strategies. Chem Soc Rev. 2006;35(9):780-9.
An YH, Friedman RJ. Prevention of sepsis in total joint arthro-
plasty. J Hosp Infect. 1996;33(2):93-108.

@ Springer



	Antimicrobial activity of gentamicin palmitate against high concentrations of Staphylococcus aureus
	Abstract
	Introduction
	Aim of the study
	Materials and methods
	Microbiology
	Titan discs
	Coating of the discs
	Bone cement discs
	Ability of adherence prevention of gentamicin palmitate coating
	Elimination of bacteria in 24 h suspension
	Diffusion of the active ingredient in inhibiting areola testing
	Kinetics of bacterial reduction
	Data analysis

	Results
	Ability of adherence prevention of gentamicin palmitate coating
	Elimination of bacteria in 24 h suspension test
	Diffusion of the active ingredient in inhibiting areola testing
	Kinetics of bacterial reduction

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


