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Article focus
 � This study investigated the in vitro inhibitory 

effect against methicillin-resistant Staphy­
lococcus aureus (MrSa) of vancomycin and 
fosfomycin in articulating cement spacers.

Key messages
 � vancomycin-impregnated articulating 

cement spacers showed a significantly better 
inhibitory effect against MrSa than cement 
spacers impregnated with fosfomycin.

 � The vancomycin group showed an 
inhibitory effect for four weeks but the 

fosfomycin group showed an inhibitory 
effect for only three days.

Strengths and limitations
 � Strength: This study is the first in vitro 

study to compare the inhibitory effects 
against MrSa of articulating cement 
spacers impregnated with either vanco-
mycin or fosfomycin.

 � limitation: This study is an in vitro study. 
Therefore, further in vivo studies are nec-
essary to assess the inhibitory effects 
against MrSa.

Inhibitory effects of vancomycin and 
fosfomycin on methicillin-resistant 
Staphylococcus aureus from antibiotic-
impregnated articulating cement spacers

Objectives
Vancomycin and fosfomycin are antibiotics commonly used to treat methicillin-resistant Staph-
ylococcus aureus (MRsA) infection. This study compares the in vitro inhibitory effects against 
MRsA of articulating cement spacers impregnated with either vancomycin or fosfomycin.

Methods
Vancomycin-impregnated articulating cement spacers and fosfomycin-impregnated articu-
lating cement spacers were immersed in sterile phosphate-buffered saline (pBs) solutions 
and then incubated. samples were collected for bioactivity evaluation. The aliquots were 
tested for MRsA inhibition with the disc diffusion method, and the inhibition zone diam-
eters were measured. The inhibition zone differences were evaluated using the Wilcoxon 
Rank sum Test.

Results
The vancomycin group had significantly larger inhibition zones than the fosfomycin group 
from day three through to completion of the fourth week of incubation (p < 0.001). The van-
comycin group exhibited a MRsA inhibition zone up to four weeks but the fosfomycin group 
showed an inhibition zone for only three days and after that did not show the the potential 
to inhibit MRsA.

Conclusion
This in vitro study found that the inhibitory effect of vancomycin-impregnated articulating 
cement spacers against MRsA outperformed fosfomycin-impregnated articulating cement 
spacers. Further comparing our results to other published reports suggests there might be a 
limitation of the disc diffusion bioassay to show a large inhibitory zone in a high concentra-
tion of a highly soluble antibiotic.
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Introduction
Infected total knee arthroplasty (TKa) is a devastating 
complication that can manifest with knee pain and 
decreased range of movement. The treatment protocol 
for an infected TKa patient depends on the severity and 
duration of the infection. In patients who cannot retain a 
prosthesis due to chronic infection, two-stage implanta-
tion is the benchmark for treatment of this condition.1-3

In the first stage of the two-stage re-implantation 
procedure, the surgeon needs to remove the original 
prosthesis, debride the infected tissue and insert an anti-
biotic cement spacer to fill the knee space. The spacer 
provides a high concentration of local antibiotic and 
maintains joint stability and joint space.4 after the first 
stage, the patient receives systemic antibiotics to elimi-
nate infection. Finally, after the infection is eradicated, 
the second stage of the procedure is the insertion of a 
new prosthesis.5

an antibiotic-impregnated articulating cement spacer 
(mobile spacer), has advantages over a static spacer or 
block spacer. It maintains a greater range of movement, 
and promotes higher functional knee scores after the 
second-stage re-implantation by minimising soft-tissue 
contraction.6,7

Staphylococcus aureus is the most common organism 
that causes infected TKa and methicillin-resistant Staphy­
lococcus aureus (MrSa) periprosthetic infections have a 
high treatment failure rate.8-11 commonly used in the 
treatment of MrSa, vancomycin and fosfomycin are anti-
biotics which inhibit bacterial cell wall synthesis.12-14 In 
the form of a local antibiotic delivery system, vancomycin 
and fosfomycin antibiotic-impregnated beads were 
reported to have good effectiveness in controlling 
MrSa.15,16 In an in vitro study, Stevens et  al17 reported 
that a vancomycin articulated spacer could inhibit Bacillus 
subtilis. however, to our knowledge, there are no in vitro 
studies reporting on the effectiveness of articulating 
cement spacers in inhibiting MrSa using vancomycin or 
fosfomycin.

This study investigated the in vitro inhibitory effect of 
vancomycin and fosfomycin in articulating cement 
spacers.

Materials and Methods
Two groups of antibiotic-impregnated articulating 
cement spacers were prepared: a vancomycin group and 
a fosfomycin group. Five cement spacers were used in 
each group.
Antibiotic-impregnated articulating cement spacer prepa-
ration. Five pairs of vancomycin-impregnated articulat-
ing cement spacers were prepared in the operating room 
under aseptic techniques. Each pair consisted of two 
parts: the femoral and tibial components (Fig. 1). a total 
of 40 g of methyl methacrylate polymer (Palacos r bone 
cement; heraeus Kulzer Gmbh, Wehrheim, Germany) 

was mixed with 4 g of vancomycin powder (vancogen; 
alkem laboratories ltd, Daman, India) in a sterile bowl 
for five minutes. There were four mixing steps. added 
together and mixed were10 g of methyl methacrylate 
polymer and 1 g of antibiotic. This was repeated until 
the final desired weights were reached. after mixing the 
antibiotic powder with the polymer, a liquid monomer 
was added. The mixture was then placed in an articu-
late spacer mould in the dough stage to create the uni-
form articulating cement spacers. after the cement had 
set, the spacers were removed from the moulds and 
stored in sterile bags for one hour before evaluating the 
inhibitory effect against MrSa. Five pairs of fosfomycin-
impregnated articulating cement spacers were prepared 
following the same steps as for the vancomycin group 
but using a total of 4 g of fosfomycin powder (Fosmicin, 
Meiji Seika Kaisha ltd, Tokyo, Japan) instead of vanco-
mycin. The volumes of our femoral articulating cement 
spacers and tibial articulating cement spacers were mea-
sured by the archimedes water displacement method.18 
The volumes of the femoral articulating cement spacer 
and the tibial articulating cement spacer were 34 cm3 
and 14 cm3, respectively.

Each set of vancomycin- and fosfomycin-impregnated 
articulating cement spacers were placed in sterile 600 ml 
beakers. The beakers were filled with 200 ml of sterile 
phosphate-buffered saline (PBS) solution ph 7.4 (Sigma-
aldrich corp., St. louis, Missouri) to fully immerse the 
cement spacers. The beakers were covered with sterile 
covers and placed in an incubator at 37°c for six weeks. 
aliquots were collected and the remaining PBS solutions 
were discarded every 24 hours during the six weeks. Each 
set of cement spacers was then placed in fresh beakers 
with a new 200 ml sterile PBS solution. Samples from 
days one, three, five, seven, 14, 21, 28, 35, and 42 were 
evaluated for bioactivity. Samples from each beaker were 

Fig. 1

antibiotic-impregnated articulating cement spacers and silicone molds.
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sent to a microbiologist with tag numbers to blind the 
group samples.
Inhibition test. Samples from each beaker were tested 
for MrSa inhibition, using a disc diffusion bioassay. Each 
cement spacer sample was tested using the five-disc dif-
fusion method, on five culture plates. vancomycin- and 
fosfomycin-susceptible MrSa were available from the 
microorganism bank. Informed consent was obtained 
from the donors before the microorganisms were used in 
this study. The MrSa isolates were obtained from tissue 
samples which are routinely sent from operative treat-
ment of orthopaedic infected patients for the required 
identification of the microorganisms. The MrSa species 
were confirmed at the time of testing in this study. The 
antimicrobial susceptibility test followed the clinical 
and laboratory Standards Institute 2013 procedures.19 
Mueller–hinton agar plates were inoculated with a 
suspension equivalent to McFarland standard 0.5 for 
Staphylococcus aureus by swabbing the agar surface with 
a sterile cotton swab. Blank sterile filter paper discs of 
6 mm diameter (Macherey-Nagel Gmbh & co., Düren, 
Germany) infused with 10 μl of sample solution were 
placed in the middle of each culture plate. The plates 
were incubated at 35°c for 24 hours. after 24 hours, the 
inhibition zone diameters were measured in millimetres 
with a digital vernier caliper.
Statistical analysis. The analyses were performed with r 
version 3.1.0 software (r Foundation for statistical com-
puting, vienna, austria). The inhibition zone distance 
differences were evaluated using the Wilcoxon rank-sum 
test. Statistical significance was assumed if p < 0.05.

Results
Inhibition zones from both groups are shown in Table I. 
Both groups demonstrated large inhibition circular zones 
in the day one samples and no significant differences 
were found in the inhibition zones (p = 0.23). The inhibi-
tion zones of the vancomycin group gradually declined 
with later samples, and still had an inhibitory effect 
throughout the fourth week (Fig. 2). however, the 

fosfomycin group showed an inhibitory effect for only 
three days. The vancomycin group had significantly 
larger inhibition zones than the fosfomycin group from 
sample day three through to completion of the fourth 
week (p < 0.001).

Discussion
antibiotic-impregnated cement spacers offer the benefit 
of increased local antibiotic concentration at the infection 
site, and a higher success rate of infection control.20,21

The mechanism of antibiotic release from the antibiotic- 
impregnated articulating cement is initially from the sur-
face of the spacer. The antibiotic is then released through 
the network of cracks and voids in the surface of the artic-
ulating cement spacer as abrasion occurs.22 Salih et al23 
reported that multiple indentations of the cement spac-
ers increased the surface area which increased the elution 
of the antibiotic from the cement spacers.

The antibiotic of choice for the preparation of the 
cement spacers depends on the susceptibility of the 
micro-organism that causes the infection. Staphylococcus 
species are the most common causative bacteria in 
infected TKa.9 Kourbatova et  al24 reported data from 
January 2003 to January 2004 that community-associated 
methicillin-resistant Staphylococcus aureus periprosthetic 
joint infection had emerged as a clinical reality. In the 
case of MrSa periprosthetic joint infection, antibiotic 
cement spacers need to be effective to eradicate MrSa.

The antibiotic dose for mixing in the cement for the 
treatment of acute infections is 2 g to 8 g per 40 g of 
poly(methyl methacrylate) (PMMa) for a prolonged and 
effective release of the antibiotic.25,26,27 In our practice 
and in this study, we used 4 g per 40 g of PMMa to pro-
duce the antibiotic-impregnated cement spacers. Paz 
et al26 reported that a high dose of antibiotic affects the 
mechanical properties and strength of the cement spacer. 
however, the mechanical properties of the temporary 
cement spacer are not as important as the cement for the 
final implant for definite fixation. The recommended dose 
of antibiotic in the final implant should be less than 2 g 
per 40 g of PMMa.21

There are limited reports of in vitro studies of MrSa 
form of local control by vancomycin- or fosfomycin-
impregnated cement. chang et al29 reported an in vitro 
study of antibiotic-loaded cement cylinders prepared 
from 4 g of vancomycin per 40 g of PMMa for inhibition 
of MrSa. The study showed a 21-day antibacterial effect. 
a study by roth et al15 that added fosfomycin to refobacin-
Palacos r cement (cement containing 0.8 g gentamicin 
and 0.5 g gentamicin sulfate) showed larger zones of 
MrSa inhibition from an elution test when compared 
with the control group (refobacin-Palacos r without fos-
fomycin). The study showed that the fosfomycin and 
refobacin-Palacos r effectively inhibited MrSa up to and 
including day ten. Buranapanitkit et  al16 reported the 

Table I. Median (range) MrSa inhibition zones (mm)

Sample 
(day)

Group p-value 
(Wilcoxon 
rank-sum 
test)

Vancomycin Fosfomycin

1 12.31 (11.93 to 12.53) 10.3 (7.36 to 15.24) 0.225
3 6.17 (5.86 to 6.79) 0 (0 to 1.22) < 0.001
5 5.06 (4.75 to 5.67) 0 (0 to 0) < 0.001
7 4.43 (4.24 to 4.91) 0 (0 to 0) < 0.001
14 2.5 (1.99 to 3.08) 0 (0 to 0) < 0.001
21 1.79 (1.53 to 2.09) 0 (0 to 0) < 0.001
28 0.89 (0 to 1.33) 0 (0 to 0) < 0.001
35 0 (0 to 0) 0 (0 to 0) 1
42 0 (0 to 0) 0 (0 to 0) 1

The diameter of the sterile filter paper disc (6 mm) was subtracted from the 
total inhibition zone
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effectiveness of vancomycin and fosfomycin, antibiotic 
cement beads in inhibiting MrSa in vitro in the disc diffu-
sion method. The study showed that the vancomycin 
cement beads could inhibit MrSa for three months and 
fosfomycin beads could inhibit MrSa for eight weeks.16

compared with the study by Buranapanitkit et al,16 our 
results showed a shorter duration of MrSa inhibition in 
both vancomycin- and fosfomycin-impregnated articulat-
ing cement spacers. as our study completely immersed 
the cement spacers in the solution, the contact surface 
areas of the cement spacers and solution were higher than 
in the Buranapanitkit et al16 study, which placed the antibi-
otic cement beads directly on the culture plates. The anti-
biotic in the cement spacers in our study could elute more 
quickly than those in the Buranapanitkit et al16 study.

In our study, the fosfomycin group had large inhibition 
zones on the first day which then dropped rapidly after 
day one. The vancomycin group, however, had a gradual 
decrease in the inhibition zones. lu et al30 reported that 
the molecular size of fosfomycin is smaller than that of 
vancomycin, and fosfomycin has a much higher solubility 
in water than that of vancomycin. These factors may be 
the reasons for the rapid reduction in the inhibition zones 
in the fosfomycin group compared with the vancomycin 
group. however, if the solubility of fosfomycin was the 
main factor, the inhibition zone of fosfomycin should have 
been larger than that of vancomycin on the first day. our 
study found no difference in the inhibition zones between 
the two groups on the first day. We hypothesise, that this 
might be a limitation of the disc diffusion assay, in that it 
may be unable to show a large inhibitory zone in a high 
concentration of a highly soluble antibiotic. In order to 
prove this hypothesis, direct measurement of antibiotic 

concentrations and surface area calculation for each 
spacer could be done in future studies.

a limitation of this study was that we used only one 
strain of MrSa to test the inhibitory effect of antibiotic-
impregnated articulating cement spacers in a non-cycli-
cal loading condition, in which the surface of the 
femoral and tibial components did not move against 
each other. Further study with more strains might find 
that fosfomycin may perform more effectively against 
other MrSa strains.

our study showed that the cement spacers had an 
inhibitory effect for a period of time. Even though this 
antibiotic cement spacer has an inhibitory effect in vitro, 
this spacer may not be able to eradicate all bacteria in a 
clinical setting. Bacteria in prosthetic infections grow in 
their planktonic state and in biofilms, and will reactivate 
when the antibiotic level drops with time. Therefore, fur-
ther studies in a controlled environment for the correct 
type, and dose, of antibiotic are needed.

This in vitro study found that the inhibitory effect of 
vancomycin-impregnated articulating cement spacers 
against MrSa outperformed fosfomycin-impregnated 
articulating cement spacers. Further comparing our 
results to other published reports, suggests there might 
be a limitation of the disc diffusion bioassay to show a 
large inhibitory zone in a high concentration of a highly 
soluble antibiotic.
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