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Abstract

Background Use of antibiotic-loaded acrylic bone cement

to treat orthopaedic infections continues to remain popular,

but resistance to routinely used antibiotics has led to the

search for alternative, more effective antibiotics. We studied,

in vitro, the elution kinetics and bio-activity of different

concentrations of meropenem-loaded acrylic bone cement.

Methods Meropenem-loaded bone cement cylinders of

different concentrations were serially immersed in normal

saline. Elution kinetics was studied by measuring the drug

concentration in the eluate, collected at pre-determined

intervals, by high-performance liquid chromatography.

Bio-activity of the eluate of two different antibiotic con-

centrations was tested for a period of 3 weeks against each

of the following organisms: Staphylococcus aureus ATCC

2593 (MSSA), Enterococcus faecalis ATCC 29212,

Pseudomonas aeruginosa ATCC 27853, Escherichia coli

ATCC 25922, S. aureus ATCC 43300 (MRSA) and

Klebsiella pneumoniae ATCC 700603 (ESBL).

Results Meropenem elutes from acrylic bone cement for

a period of 3–27 days depending on the concentration of

antibiotic. Higher doses of antibiotic concentration resulted

in greater elution of the antibiotic. The eluate was found to

be biologically active against S. aureus ATCC 2593

(MSSA), P. aeruginosa ATCC 27853, E. coli ATCC

25922 and K. pneumoniae ATCC 700603 (ESBL) for a

period of 3 weeks.

Conclusions The elution of meropenem is in keeping

with typical antibiotic-loaded acrylic bone cement elution

characteristics. The use of high-dose meropenem-loaded

acrylic bone cement seems to be an attractive option for

treatment of resistant Gram-negative orthopaedic infec-

tions but needs to be tested in vivo.

Keywords Local antibiotic delivery � Extended-spectrum

beta-lactamase producers � Gram-negative � Orthopaedic

infections � Antibiotic bone cement

Introduction

Multi-drug-resistant Gram-negative infections are fre-

quently encountered in clinical practice [1]. The problem is

particularly acute in Gram-negative infections due to the

emergence of extended-spectrum beta-lactamase (ESBL)

producers [2]. It has been recognised that Gram-negative

infections are more difficult to treat than Gram-positive

infections [3, 4]. Gram-negative organisms have been

implicated in 10–20 % of implant-associated orthopaedic

infections [5, 6]. Recent reports suggest that Gram-negative
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infections are emerging as a major threat in orthopaedic

cases, especially in open fractures, chronic osteomyelitis,

bedsores and surgical-site infections complicating internal

fixation devices [7].

Acrylic bone cement (ABC) represents the current gold

standard for local antibiotic delivery in orthopedic surgery,

as it is a proven way to deliver high concentrations of the

drug locally, especially to poorly vascularized tissues [8,

9]. Moreover, its use results in a lower serum antibiotic

concentration than that associated with systemic adminis-

tration, thereby reducing toxicity-related side-effects. The

choice and dose of antibiotic loaded to ABC for a given

situation have been the matter of much debate and research

[10]. Though use of a number of antibiotics with ABC has

been reported, the most widely used and studied antibiotics

for this purpose are gentamicin, tobramycin and vanco-

mycin [9, 11]. The emergence of microbial resistance to

routinely used antibiotics has led to a demand for more

effective antibiotics [12]. ABC containing new additives

must be evaluated to ensure adequate elution from specific

cement with retention of bio-activity [13].

Use of meropenem-loaded ABC has been suggested for

resistant Gram-negative orthopaedic infections [14].

However, the elution kinetics and bio-activity of merope-

nem when loaded to ABC have not been reported. We

present an in vitro study of the elution kinetics of various

concentrations of meropenem-loaded ABC and test its bio-

activity against micro-organisms commonly encountered in

the clinical setting.

Materials and methods

Elution kinetics of four different concentrations of me-

ropenem-loaded surgical Simplex P� bone cement cylin-

ders (Howmedica International, Limerick, Ireland) was

investigated:

• Sample A: Simplex P bone cement without meropenem

(control)

• Sample B: Simplex P bone cement with 1.25 %

meropenem

• Sample C: Simplex P bone cement with 2.5 %

meropenem

• Sample D: Simplex P bone cement with 5 %

meropenem

• Sample E: Simplex P bone cement with 10 %

meropenem

Antibiotic-loaded bone cement cylinders for the above-

mentioned concentrations were made. Liquid monomer

(5 ml) was added to methylmethacrylate powder (10 g) in

an inert bowl as per the manufacturer’s instructions. At the

early ‘dough’ phase, immediately after wetting the cement,

meropenem (Meronem�; AstraZeneca, UK) of appropriate

weight to achieve the desired concentration was added and

thoroughly mixed with the cement mixture in a standard

fashion of one revolution per second to obtain a homoge-

neous compound. Cylinders of antibiotic bone cement for

each concentration were made in a standardized fashion

using non-expansible inert plastic tube moulds. The cyl-

inders closely resembled the antibiotic beads used in

practice and measured 16 mm in length and 12 mm in

diameter. The exact weight of the cylinders was measured.

The entire process was done in strict aseptic conditions.

Three cylinders of each concentration of antibiotic bone

cement (samples B, C, D and E) and one control cylinder

of bone cement without antibiotic (sample A) with no

visible imperfections were immersed separately in 30 ml

saline solution in sterile containers maintained at 37 �C
without stirring and protected from light. At fixed times,

after the containers were vortexed for 1 min, aliquots of

1 ml solution from each container were transferred into

polypropylene test tubes for analysis. The cylinders were

then rinsed in 10 ml saline solution and transferred to a

new container with 30 ml saline solution at 37 �C. Sam-

pling was similarly performed at 1, 2, 4, 8 and 24 h after

immersion, then every 24 h for the next 2 days, at day 6

and finally once a week for a further 4 weeks (final sam-

pling at 34 days after immersion).

HPLC assay for the measurement of meropenem

Samples were assayed by isocratic high-performance liquid

chromatography (HPLC) with ultraviolet (UV) detection.

The mobile phase was 10 % acetonitrile and 90 % ammo-

nium acetate buffer (50 mM, pH 5.0) at rate of 1 ml/min. The

analytical column was a Supelco(discovery) HS F5, 5 lm,

(250 9 4.6 mm). Detection was at 295 nm, and the tem-

perature was maintained at 30 �C. The run time was 12 min,

and there were no interferences detected from samples

withdrawn from bone cement cylinders (without antibiotic)

in normal saline. The minimum detectable concentration was

0.1 lg/ml. The intraday coefficient of variation for std 1 lg/

ml and 100 lg/ml was 3.0 and 1.7 %, respectively. The in-

terday quality control coefficient of variation was 3.7 %.

Samples collected from the bone cement cylinders were

analysed on the day of collection. The total amount of anti-

biotic released by each cylinder at each time point was

obtained by multiplying the concentration (lg/ml) by 30, the

total volume (ml) of saline in which it had been immersed.

The elution rate (lg/h) of each cylinder was obtained by

dividing the total quantity of antibiotic released by the elution

time (in hours) of each interval. For each sample, the elution

rate at different time points was plotted on a logarithmic scale.

The log scale transformed rates were compared between the

four groups using one-way analysis of variance (ANOVA).
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Bio-activity of meropenem

Bio-activity of two different antibiotic concentrations

(samples D and E) was tested for a period of 3 weeks

against each of the following organisms: Staphylococcus

aureus ATCC 2593 (MSSA), Enterococcus faecalis ATCC

29212, Pseudomonas aeruginosa ATCC 27853, Esche-

richia coli ATCC 25922, S. aureus ATCC 43300 (MRSA)

and Klebsiella pneumoniae ATCC 700603 (ESBL). Six

antibiotic cylinders were prepared for each of the two

tested antibiotic concentrations, 5 % (sample D) and 10 %

(sample E), as described above. Cylinders without added

antibiotic (sample A) served as controls.

Culture media with bacterial concentration of 105 col-

ony-forming units (CFU)/ml were created for each strain.

The cylinders were immersed in 10 ml of this culture

media. Ten microlitres of medium was collected at 24 and

48 h and day 7, and used to seed Mueller–Hinton agar

plates. At 24 h from sampling, the bacterial culture count

was taken. Each cylinder was then rinsed in 10 ml sterile

physiological saline and immersed in a fresh solution of

culture media with 105 CFU of the same micro-organism.

Samples were collected at day 14 and subcultured. The

procedure was then repeated, and final sampling was done

on day 21. The procedure was discontinued for micro-

organisms that exhibited growth at day 7, as this indicated

lack of susceptibility of the micro-organism to that drug.

Results

Elution kinetics

The mean concentration of eluted meropenem for sam-

ples B, C, D and E at different time-points is presented

in Table 1. The duration of antibiotic elution varied

depending on the concentration of the antibiotic added.

Sample E with 10 % antibiotic concentration eluted for the

longest period (27 days). Figure 1a, b shows the elution

rate in lg/h at different time points plotted on a logarithmic

scale. All samples showed high early release rates followed

by rapid decay, in keeping with typical antibiotic-loaded

ABC elution characteristics. Analysis of rates (by

ANOVA) revealed that there was a significant difference

between the mean log elution rate of sample B and E at

Table 1 Mean ± standard

deviation concentration of

meropenem (in lg/ml) of four

samples

Time (h) Sample B Sample C Sample D Sample E

1 4.17 ± 0.33 8.50 ± 1.53 18.72 ± 1.26 57.83 ± 7.45

2 0.09 ± 0.15 0.63 ± 0.37 2.98 ± 0.57 12.11 ± 2.43

4 0.17 ± 0.15 0.88 ± 0.43 3.35 ± 0.21 14.83 ± 0.86

8 0.20 ± 0.17 1.08 ± 0.51 3.52 ± 0.84 16.97 ± 1.45

24 0.60 ± 0.21 2.58 ± 0.93 8.01 ± 1.07 27.94 ± 3.67

48 0.20 ± 0.17 1.30 ± 0.67 4.30 ± 0.58 15.19 ± 3.56

72 0.11 ± 0.00 0.39 ± 0.19 1.72 ± 0.19 7.64 ± 1.83

144 0.00 0.26 ± 0.00 1.25 ± 0.21 5.07 ± 0.64

312 0.00 0.23 ± 0.00 1.34 ± 0.20 4.68 ± 0.19

480 0.00 0.00 0.12 ± 0.00 0.93 ± 0.17

648 0.00 0.00 0.00 0.26 ± 0.00

816 0.00 0.00 0.00 0.00

Fig. 1 a Elution rate on log scale for the different samples at the

measured time-points. b Elution rate on log scale for the different

samples at the measured time-points over the first 48 h
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time-points of 8 h (p = 0.016), 24 h (p = 0.005), 36 h

(p = 0.005), 72 h (p = 0.004) and 144 h (p = 0.025).

There was no significant difference in elution rate between

other samples at these time-points. Also there was no sig-

nificant difference in the elution rate for any of the samples

at the time-points before 8 h and after 144 h.

Figure 2 shows the percentage of antibiotic released.

Higher antibiotic concentrations resulted in greater elution

of the antibiotic incorporated. The total antibiotic eluted

from sample C was 30 % more than for sample B. Like-

wise, sample D eluted 31 % more than sample C, and

sample E eluted 44.7 % more than sample D.

Bio-activity of meropenem

The eluate from sample A (control) did not show any anti-

microbial activity. The results of bio-activity of the eluate

of samples D and E are given in Table 2. Enterococcus

faecalis ATCC 29212 and Staphylococcus aureus ATCC

43300 (MRSA) were resistant to the eluate of both samples

at day 7, and further testing was discontinued. The eluate

of both samples were active against the other tested micro-

organisms, Staphylococcus aureus ATCC 2593 (MSSA),

P. aeruginosa ATCC 27853, E. coli ATCC 25922 and

K. pneumoniae ATCC 700603 (ESBL) for a period of

3 weeks.

Discussion

The concept of local antibiotic delivery by antibiotic-loa-

ded acrylic bone cement was introduced by Buchholz and

Engelbrecht in 1970 [15]. Since then, its clinical applica-

tions have been directed towards treatment of osteomyelitis

and prosthesis infections [8, 10]. Self-mixed antibiotic

ABC beads are routinely used in clinical practice as they

are readily available, cheap and antibiotic specific [16].

Meropenem is a broad-spectrum bactericidal agent of

the carbapenem family. It has a broad spectrum of in vitro

activity and is effective against Gram-negative pathogens

including extended-spectrum beta-lactamase (ESBL) pro-

ducers and AmpC-producing Enterobacteriaceae [17]. Its

use with ABC has been suggested for both prophylaxis and

treatment of resistant Gram-negative infections [12, 14,

18]. Previous reported studies have only looked into the

elution kinetics of vancomycin when loaded to acrylic bone

cement, with and without meropenem added as a second

antibiotic [12, 19]. Bio-activity of this combination has

also been reported [12, 19]. The elution kinetics and bio-

activity of meropenem-loaded acrylic bone cement per se

have not been reported and are the subject of this study.

Our study shows that meropenem elutes in pharmaco-

logically measurable concentrations from ABC for a period

of 3–27 days depending on the quantity of antibiotic added.

The characteristics of antibiotic elution from acrylic bone
Fig. 2 The percentage of total antibiotic released from the four

samples

Table 2 Bio-activity of samples D and E

Sample Time

24 h 48 h 7th day 14th day 21th day

D E D E D E D E D E

Klebsiella

ATCC 700603 [104 \105 [104 \105 103 104 NG NG NG NG NG NG

E. coli ATCC 25922 [105 104 103 103 NG NG NG NG NG NG

E. faecalis

ATCC 29212 [105 [105 [105 [105 [105 [105 ND ND ND ND

MRSA

ATCC 43300 [105 [105 105 105 105 105 ND ND ND ND

MSSA

ATCC 25923 [105 [105 [105 103 NG NG NG NG NG NG

P. aeruginosa

ATCC 27853 [105 [105 105 [104 \105 NG NG NG NG NG NG

NG, no growth; ND, not done
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cement have been described in detail, showing rapid initial

release which decreases exponentially with time [12]. A

greater proportion of antibiotic is eluted from ABC that has

a greater concentration of antibiotic. Both of these descri-

bed characteristic features were seen in our study with

meropenem as expected. Antibiotic elution from acrylic

bone cement is mainly a surface phenomenon, and it has

long been known that only a little of the added antibiotic is

released. In a study similar to ours, Cerretani et al. [10]

measured the release of vancomycin from cement beads

that had an average weight of 8 g. Addition of 5 % van-

comycin resulted in release of 6.76 mg vancomycin from

Simplex bone cement (1.69 %) over a period of 5 weeks.

In our study, 1.2 and 2.18 % of meropenem eluted from

sample D (5 %) and sample E (10 %), respectively, over a

period of 5 weeks. Our study also shows that the eluate is

biologically active against Staphylococcus aureus (MSSA),

P. aeruginosa, E. coli and K. pneumoniae (ESBL) for a

period of at least 3 weeks. The spectrum of antibacterial

activity is similar to established in vivo pattern.

The optimum dosing of antibiotics in bone cement with

regards to safety and efficacy has yet to be determined [20].

Higher antibiotic doses are recommended when the indi-

cation is therapeutic, which is the case when acrylic cement

is used as beads or spacers [20]. Hanssen classified anti-

biotic-loaded bone cement into high dose ([2 g antibiotic

per 40 g cement) and low dose (\2 g antibiotic per 40 g

cement) and recommended high dose for use as beads or

spacers and low dose for prosthesis fixation [21]. It is

postulated that mixing high doses of powdered antibiotics

leads to increased elution of antibiotics due to increase in

cement porosity [11, 20]. In this study the use of 5 and

10 % meropenem concentrations led to elution of the

antibiotic for a period of 20 and 27 days, respectively.

Use of meropenem-loaded ABC for prophylaxis in

arthroplasty has been suggested. For infection prophylaxis,

a dose of 1.25 % meropenem with 1.25 % vancomycin has

been suggested as a compromise between antibacterial

properties and preservation of mechanical strength [18]. In

our study we found that, at this low dose, meropenem

elutes for only a period of 3 days. It is however possible

that, when used with vancomycin as suggested, elution of

meropenem would be enhanced due to the well-described

phenomenon of ‘passive opportunism’ [18].

Gram-negative infections have traditionally been

recognised as the most difficult to treat [4]. Recent litera-

ture suggests that an increasing number of Gram-negative

organisms are now ESBL producers, further complicating

treatment of these infections [2]. Meropenem has proven to

be one of the most effective antibiotics for this class of

organisms [22]. High-dose meropenem-loaded ABC may

prove to be an invaluable tool against this difficult-to-treat

class of orthopaedic infections. Our study has certain

limitations. First, though different doses of meropenem

were tested, only one type of bone cement and method of

preparation was chosen for the study. However, as all the

specimens were prepared and tested in a uniform and

reproducible manner, we believe that these results provide

useful information. The second limitation is that this is an

in vitro study under laboratory conditions, and it is well

recognised that there is a considerable difference between

in vitro and in vivo parameters. Elution characteristics in a

clinical wound may not be consistent with in vitro data

[23]. Therefore, in vivo tests which emulate desired clini-

cal performance are required to confirm the clinical effi-

cacy of the presented data.
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Röttger J, Siegel A (1981) Management of deep infection of total

hip replacement. J Bone Joint Surg Br 63:342–353

5. Pulido L, Ghanem E, Joshi A, Purtill JJ, Parvizi J (2008) Peri-

prosthetic joint infection: the incidence, timing, and predisposing

factors. Clin Orthop Relat Res 466:1710–1715

6. van de Belt H, Neut D, Schenk W, van Horn JR, van der Mei HC,

Busscher HJ (2001) Infection of orthopedic implants and the use

of antibiotic-loaded bone cements. A review. Acta Orthop Scand

72:557–571

7. Agrawal AC, Jain S, Jain RK, Raza HKT (2008) Pathogenic

bacteria in an orthopaedic hospital in India. J Infect Dev Ctries

2:120–123

8. Nelson CL (2004) The current status of material used for depot

delivery of drugs. Clin Orthop Relat Res 427:72–78

9. Hanssen AD (2005) Local antibiotic delivery vehicles in the

treatment of musculoskeletal infection. Clin Orthop Relat Res

437:91–96

10. Cerretani D, Giorgi G, Fornara P, Bocchi L, Neri L, Ceffa R et al

(2002) The in vitro elution characteristics of vancomycin com-

bined with imipenem-cilastatin in acrylic bone-cements: a phar-

macokinetic study. J Arthroplasty 17:619–626

J Orthopaed Traumatol (2012) 13:131–136 135

123



11. Hanssen AD, Spangehl MJ (2004) Practical applications of

antibiotic-loaded bone cement for treatment of infected joint

replacements. Clin Orthop Relat Res 427:79–85

12. Baleani M, Persson C, Zolezzi C, Andollina A, Borrelli AM,

Tigani D (2008) Biological and biomechanical effects of van-

comycin and meropenem in acrylic bone cement. J Arthroplasty

23:1232–1238

13. Brien WW, Salvati EA, Klein R, Brause B, Stern S (1993)

Antibiotic impregnated bone cement in total hip arthroplasty. An

in vivo comparison of the elution properties of tobramycin and

vancomycin. Clin Orthop Relat Res 296:242–248

14. Solomon AW, Stott PM, Duffy K, Kumar PGA, Holliman RE,

Bridle SH (2010) Elution and antibacterial activity of meropenem

from implanted acrylic bone cement. J Antimicrob Chemother

65:1834–1835

15. Buchholz HW, Engelbrecht H (1970) Depot effects of various

antibiotics mixed with Palacos resins. Chirurg 41:511–515

16. Walenkamp GH (2009) Self-mixed antibiotic bone cement:

western countries learn from developing countries. Acta Orthop

80:505–507

17. Baldwin CM, Lyseng-Williamson KA, Keam SJ (2008) Me-

ropenem: a review of its use in the treatment of serious bacterial

infections. Drugs 68:803–838

18. Persson C, Baleani M, Guandalini L, Tigani D, Viceconti M

(2006) Mechanical effects of the use of vancomycin and me-

ropenem in acrylic bone cement. Acta Orthop 77:617–621

19. Andollina A, Bertoni G, Zolezzi C, Trentani F, Trentani P, Maria

Borrelli A, Tigani D (2008) Vancomycin and meropenem in

acrylic cement: elution kinetics of in vitro bactericidal action.

Chir Organ Mov 91:153–158

20. Springer BD, Lee G, Osmon D, Haidukewych GJ, Hanssen AD,

Jacofsky DJ (2004) Systemic safety of high-dose antibiotic-loa-

ded cement spacers after resection of an infected total knee

arthroplasty. Clin Orthop Relat Res 427:47–51

21. Hanssen AD (2004) Prophylactic use of antibiotic bone cement:

an emerging standard–in opposition. J Arthroplasty 19(4 Suppl

1):73–77

22. Nicolau DP (2008) Carbapenems: a potent class of antibiotics.

Expert Opin Pharmacother 9:23–37

23. McLaren AC (2004) Alternative materials to acrylic bone cement

for delivery of depot antibiotics in orthopaedic infections. Clin

Orthop Relat Res 427:101–106

136 J Orthopaed Traumatol (2012) 13:131–136

123


	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References

