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The pathogenesis of prosthetic joint infection
is related to microorganisms growing in biofilms,
rendering these infections difficult to diagnose and
to eradicate. Low-grade infections in particular are
difficult to distinguish from aseptic failure, often
presenting only with early loosening and persist-
ing pain, or no clinical signs of infection at all. A
combination of preoperative and intraoperative
tests is usually needed for an accurate diagnosis of
infection of prosthetic joint infections. Successful

treatment requires adequate surgical procedure
combined with long-term antimicrobial therapy,
ideally with an agent acting on adhering station-
ary-phase microorganisms. In this article, epide-
miology, pathogenesis, diagnosis and treatment of
prosthetic joint infections are reviewed.
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Joint replacement surgery is the major proce-
dure to alleviate pain and to improve mobility in
people with damaged joints. Less than 10% of
prosthesis recipients develop implant-associated
complications during their lifetime, predomi-
nantly as aseptic failure [1]. Infections associated
with prosthetic joints occur less frequently than
aseptic failures, but represent the most devastating
complication with high morbidity and substantial
cost. In addition to protracted hospitalisation,
patients risk complications associated with addi-
tional surgery and antimicrobial treatment, as well
the possibility of renewed disability [2]. Treatment
of an infected prosthetic joint usually exceeds 
the conservative estimate of $ 50000 per episode 
[3, 4]. 

Due to the absence of well-designed prospec-
tive, randomised, controlled studies with a suffi-
cient follow-up period, diagnosis and treatment of
prosthetic joint infections is mainly based on tra-
dition, personal experience and liability aspects,
and therefore differs substantially between institu-
tions and countries. In addition, different special-
ists involved in the management of this compli-
cation, such as orthopaedic surgeons, infectious
disease physicians, and microbiologists, have dif-
ferent approaches. In this review, we discuss the
epidemiology, pathogenesis, classification, risk
factors, diagnosis and treatment of prosthetic joint
infections. 
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Introduction

Epidemiology

The use of perioperative antimicrobial pro-
phylaxis and laminar airflow operating rooms has
substantially decreased the frequency of implant-
associated infections. In patients with primary
joint replacement, the infection rate in the first two
years is usually <1% in hip and shoulder pros-
theses, <2% in knee prostheses, and <9% in elbow
prostheses [5]. The reported infection rates are
probably underestimated, since many cases of pre-
sumed aseptic failure may be due to unrecognised

infection. In addition, infection rates after surgical
revision are usually considerably higher (up to
40%) than after primary replacement. 

Importantly, prosthetic joints remain suscep-
tible to haematogenous seeding during their entire
lifetime and some perioperative infections may
have a latency period longer than two years.
Therefore, for accurate comparisons the fre-
quency of infection should be reported as inci-
dence rate (per prosthesis-years) rather than as risk
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(without specified denominator). In a study involv-
ing hip and knee prostheses, the incidence of in-
fection was 5.9 per 1000 prosthesis-years during
the first 2 years after implantation and 2.3 per 1000
prosthesis-years during the following 8 years [1].
In the future, it is expected that the incidence of
prosthetic joint infections will further increase due
to (i) better detection methods for microbial
biofilms involved in prosthetic joint infections, (ii)
the growing number of implanted prostheses in the
ageing population and (iii) the increasing residency
time of prostheses, which are at continuous risk for
infection during their implanted lifetime. The
most commonly identified microorganisms caus-
ing prosthetic joint infection are shown in table 1
[1, 6–8]. 

Pathogenesis

Role of microbial biofilms
Implant-associated infections are typically

caused by microorganisms growing in structures
known as biofilms (figure 1) [9]. These microor-
ganisms live clustered together in a highly hy-
drated extracellular matrix (“slime”) attached to a
surface. Depletion of metabolic substances or
waste product accumulation in biofilms causes mi-
crobes to enter a slow- or non-growing (station-
ary) state. Therefore, biofilm microorganisms are
up to 1,000 times more resistant to growth-de-
pendent antimicrobial agents than their planktonic
(free-living) counterparts [10, 11]. Biofilms con-
tain interstitial voids (water channels) in which
nutrients can circulate between microbial cells.
Within biofilms, bacterial cells develop into or-
ganised and complex communities with structural
and functional heterogeneity resembling multi-
cellular organisms in which water channels serve
as a rudimentary circulatory system [12]. Release of
cell-to-cell signalling molecules (quorum sensing)
induces bacteria in a population to respond in

concert by changing patterns of gene expression
involved in biofilm differentiation [13]. Pro-
grammed cell death of damaged cells may play an
important role in bacterial biofilms, similar to mul-
ticellular organisms [14]. Furthermore, proximity
of cells within the microcolony provides an ideal
environment for exchange of genes located on ex-
trachromosomal DNA (plasmids). In summary, ex-
istence within a biofilm represents a basic survival
mechanism by which microbes resist against exter-
nal and internal environmental factors, such as an-
timicrobial agents and the host immune system
[15]. 

Role of foreign body
The pathogenesis of implant-associated infec-

tion involves interaction between the microorgan-
isms, the implant and the host [16]. Adherence of
Staphylococcus epidermidis to the surface of the
device involves rapid attachment to the surface of
the implant mediated by nonspecific factors (such
as surface tension, hydrophobia, and electrostatic

Figure 1

Staphylococcus au-
reus biofilm causing
prosthetic joint infec-
tion. Arrows indicate
bacterial cells at-
tached to metal sur-
face, arranged in
complex three-di-
mensional structures.
The extracellular ma-
trix was distorted by
dehydration proce-
dure during speci-
men preparation for
scanning electron
microscopy (magnifi-
cation, 25,000x; 
scale bar, 1 mm). 

Microorganism frequency (%)

Coagulase-negative staphylococci 30–43

Staphylococcus aureus 12–23

Streptococci 9–10

Enterococci 3–7

Gram-negative bacilli 3–6

Anaerobes 2–4

Polymicrobial 10–12

Unknown 10–11

Table 1

Commonly identified
microorganisms
causing prosthetic
joint infection. 
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forces), or by specific adhesions. This initial phase
of adherence is followed by an accumulative phase
during which S. epidermidis bacterial cells adhere
to each other and form a biofilm, a process that is
mediated by the polysaccharide intercellular ad-
hesin (PIA) encoded by the ica operon [17]. Adher-
ence of S. aureus is more dependent on the pres-

ence of host-tissue ligands, such as fibronectin, 
fibrinogen, and collagen. The presence of a for-
eign body decreases the minimal infecting dose 
of S. aureus >100,000-fold [18]. The increased
susceptibility is at least partially due to a locally
acquired granulocyte defect induced by frustrated
phagocytosis [18, 19]. 

Classification

Prosthetic joint infection
Table 2 summarises the classification of pros-

thetic joint infection according to the route of in-
fection and the time of symptom onset after im-
plantation. In two recent studies in patients with
prosthetic hip and knee associated infection,
29–45% had an early, 23–41% had a delayed, and
30–33% had a late infection [20, 21]. Leading clin-
ical signs of early infections are persisting local
pain, erythema, oedema, wound healing distur-
bance, large haematoma and fever. Persisting or
increasing joint pain and early loosening are the
hallmarks of a delayed infection, but clinical signs
of infection may be absent. Therefore, such infec-
tions are often difficult to distinguish from aseptic
failure. Late infections present either with a sud-
den onset of systemic symptoms (in about 30%) or
as a subacute infection following unrecognised
bacteraemia (in about 70%). The most frequent
primary (distant) foci of implant-associated infec-

tions are skin, respiratory, dental and urinary tract
infections [22, 23]. 

Aseptic prosthetic failure
Particulate wear debris from implant materi-

als causing osteolysis is recognised as the major
cause of aseptic loosening [24]. Wear particles be-
come deposited in the space between the implant
and bone (or cement, if present), and are phagocy-
tosed by macrophages, resulting in formation of a
granulomatous tissue layer and release of inflam-
matory mediators, stimulating osteoclastic bone
absorption (the “arthroplasty effect”). Migration
of macrophages into lymphatic and blood vessels
ultimately may result in distant dissemination of
orthopaedic wear debris. Other aseptic mecha-
nisms of implant failure include inappropriate me-
chanical load, fatigue failure at bone-implant in-
terfaces, implant micromotion, and synovial fluid
hydrodynamic pressure [25]. 

Classification characteristic

According to the route of infection

Perioperative inoculation of microorganisms into the surgical wound during surgery or immediately 
thereafter

Haematogenous through blood or lymph spread from a distant focus of infection

Contiguous contiguous spread from an adjacent focus of infection (eg, penetrating trauma, preexisting 
osteomyelitis, skin and soft tissue lesions)

According to the onset of symptoms after implantation

Early infection (<3 months) predominantly acquired during implant surgery or the following 2 to 4 days and caused 
by highly virulent organisms (eg, Staphylococcus aureus or gram-negative bacilli)

Delayed or low-grade infection predominantly acquired during implant surgery and caused by less virulent organisms 
(3–24 months) (eg, coagulase-negative staphylococci or Propionibacterium acnes)

Late infection (>24 months) predominantly caused by haematogenous seeding from remote infections

Table 2

Classification of pros-
thetic joint infections. 

Risk factors

Many risk factors for prosthetic joint infection,
such as rheumatoid arthritis, psoriasis, immunosup-
pression, steroid therapy, poor nutritional status,
obesity, diabetes mellitus and extremely advanced
age have been reported in case series [26–28]. In a
matched case-control study with hip or knee pros-
thetic joint infection and their matched controls, a
superficial surgical site infection, a surgical patient
index score of 1 or 2, the presence of a malignancy,
and a history of prior joint arthroplasty were iden-
tified as independent risk factors [29].

Bacteraemia is a risk factor for haematogenous
prosthetic joint infection. The overall risk for
prosthetic joint infection after bacteraemia due to
all pathogens was only 0.3% in one study [30].
However, the risk of a prosthesis becoming in-
fected after bacteraemia with S. aureus was con-
siderably higher: 34% (15 of 44 cases) for prosthe-
tic joints and 7% (1 of 15 cases) for nonarticluar
orthopaedic devices [31]. The risk for haemato-
genous infection seems to be higher in knee pros-
theses than in hip prostheses. 
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No single routinely used clinical or laboratory
test has been shown to achieve ideal sensitivity,
specificity, and accuracy for the diagnosis of pros-
thetic joint infection. Therefore a combination of
laboratory, histopathology, microbiology and im-
aging studies is usually required [32]. Ideally, the
infection is diagnosed (or excluded) before surgery,
which enables starting antimicrobial treatment
preoperatively and allows planning of the most ap-
propriate surgical management. Therefore, pre-
operative joint aspiration with cell and microbio-
logical examination of the synovial fluid is a valu-
able diagnostic tool for differentiating a septic
from an aseptic process.

Laboratory studies
Blood leukocyte count and differential are not suf-

ficiently discriminative to predict the presence or
absence of infection [1]. After surgery, C-reactive
protein (CRP) is elevated and returns to normal
within weeks. Therefore, repetitive measurements
are more informative than a single value in the
postoperative period. The role of procalcitonin in
patients with prosthetic joint infection has not yet
been defined. 

Synovial fluid leukocyte count and differential
represents a simple, rapid and accurate test for dif-
ferentiating prosthetic joint-associated infection
from aseptic failure. The cut-off values for diag-
nosing prosthetic joint infection are considerably
lower than the one for septic arthritis in native
joints (table 3) [33]. A synovial fluid leukocyte
count of >1.7 � 109/l and differential of >65% neu-
trophils had a sensitivity for diagnosing prosthetic
joint infection of 94% and 97%, and specificity of
88% and 98%, respectively [34]. 

Histopathological studies
Histopathological examination of the peri-

prosthetic tissue demonstrates generally a sensi-
tivity >80% and a specificity >90% [32]. How-
ever, the degree of infiltration with inflammatory
cells may vary considerably between specimens
from the same patient, even within individual tis-
sue sections. Therefore, areas with the most florid
inflammatory changes should be assessed and at
least ten high-power fields should be examined to
obtain an average count [35]. Acute inflammation
has been variably defined as from ≥ 1 to ≥ 10 neu-
trophils per high-power field. A major limitation
of histopathological examination is that it does not
identify the causative organism, an essential ele-
ment in selection of appropriate antimicrobial
therapy. In addition, interpretation of tissue

histopathology from patients with underlying in-
flammatory joint disorders may be difficult. 

Microbiological studies
Preoperative specimens

Culture of a superficial wound or sinus tract
often represents microbial colonisation from the
surrounding skin and can therefore be misleading.
In a study of chronic osteomyelitis, cultures ob-
tained from sinus tracts detected the infecting
pathogen only in 44% of cases, as compared to cul-
tures of intraoperative tissue specimens. Only isola-
tion of S. aureus from sinus tracts is predictive of the
causative pathogen [36]. Culture of aspirated syn-
ovial fluid detects the infecting microorganism in
45–100% [32] and may be further improved by in-
oculation into a paediatric blood culture bottle [37]. 

Intraoperative specimens
Periprosthetic tissue cultures provide the most

accurate specimens for detecting the infecting mi-
croorganism(s), ranging from 65–94% [6, 38, 39].
At least 3 intraoperative tissue specimens should
be sampled for culture [38]. Swabs have a low sen-
sitivity and should be avoided. It is important 
to discontinue any antimicrobial therapy at least 
2 weeks prior tissue sampling for culture [39]. Peri-
operative prophylaxis at revision surgery should
not be started until after tissue specimens have
been collected for culture [2]. 

Removed implant or fragments
If the implanted material is removed, it can be

cultured in enrichment broth media. The advan-
tage of this approach is to sample the site of infec-
tion directly. However, the risk of contamination
during processing is high. The use of sonication to
dislodge microorganisms from the surface of ex-
planted devices may increase the sensitivity of the
culture [40]. 

Imaging studies
Plain radiographs. Examination of serial radi-

ographs after implantation are helpful, but are nei-
ther sensitive nor specific to diagnose infection
[41]. A rapid development of a continuous radio-
lucent line of greater than 2 mm or severe focal 
osteolysis within the first year is often associated
with infection. 

Contrast arthrography improves accuracy of as-
sessing implant stability. Synovial outpouchings
and abscesses are typical signs of infection [22].
The resolution may be improved by digital sub-
traction technique. 

Diagnosis

native joints prosthetic joints

normal septic arthritis prosthetic joint infection

Leukocytes, � 109/l <0.2 >50 >1.7

Neutrophils, % <25 >90 >65

Table 3

Characteristics of
synovial fluid in 
patients with native
and prosthetic joints
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Ultrasonography may detect fluid effusions
around the prosthesis and can be used to guide
joint aspiration and drainage procedures. It is es-
pecially helpful in prosthetic hip infection. 

Nuclear medicine. Bone scintigraphy with 99mTc
has an excellent sensitivity, but a low specificity for
diagnosing prosthetic joint infection [42, 43]. In
addition, increased bone remodelling around the
prosthesis is normally present during the first post-
operative year and aseptic loosening cannot be 
differentiated from infection. Scintigraphy with
99mTc-labelled monoclonal antibodies demon-
strates an accuracy to detect prosthetic joint infec-
tion of 81%. Overall, all nuclear medicine imag-
ing techniques are sensitive, but their specificity in

the evaluation of arthroplasty-associated infection
is still controversial.

Computed tomography (CT) and magnetic reso-
nance imaging (MRI). CT is more sensitive than
plain radiography in the imaging of joint space. In
addition, it may assist in guiding joint aspiration
and selecting the surgical approach. MRI displays
greater resolution for soft tissue abnormalities
than CT or radiography and greater anatomical
detail than radionuclide scans. The main disadvan-
tages of CT and MRI are imaging interferences in
the vicinity of metal implants. Positron emission
tomography (PET) needs further evaluation for
implant imaging.

Treatment

General aspects
The traditional procedure is a two-stage ex-

change with meticulous removal of all foreign ma-
terial (implant and bone cement) combined with a
finite course of antimicrobial treatment [8]. This
approach is fastidious, time-consuming, and the
functional result may be suboptimal due to delayed
reimplantation of the prosthesis (typically after ≥ 6
weeks). Alternatively, a lifelong suppressive oral
antimicrobial treatment (without surgical inter-
vention) was suggested, but this approach usually
controls only clinical symptoms and does not erad-
icate the infection. Since the ultimate goal of a suc-
cessful therapy is a long-term pain-free functional
joint, which can be accomplished by eradication of
infection, a combination of both, an appropriate
surgical procedure and an antimicrobial treatment
acting on adherent bacteria is needed [44–46].
Based on in vitro experiments and animal models,
we have developed an algorithm for the treatment
of prosthetic joint infections [20, 22]. This algo-

rithm has been validated in two recent cohort stud-
ies of total hip and knee prosthetic infections with
an overall success rate of 83–88% for the first treat-
ment attempt [20, 21]. 

Surgical therapy
Figure 2 shows the four surgical options ac-

cording to different criteria [5, 22]. Débridement
with retention of the prosthesis has a success rate
>70% if the following conditions are fulfilled: sta-
ble implant, pathogen susceptible to antimicrobial
agents active against surface-adhering microor-
ganisms, absence of a sinus tract, and duration of
symptoms of infection less than 3 weeks [5, 47]. Es-
pecially patients with early or late acute-onset
haematogenous infection qualify for this proce-
dure. There is only one randomised placebo-con-
trolled study for the treatment of patients with
orthopaedic device-related infection [47]. The
patients were treated with débridement without
removal combined either with ciprofloxacin plus
placebo or plus rifampicin. The cure rate of
staphylococcal orthopaedic implant-related infec-
tions was 100% in those patients who tolerated
long-term therapy with ciprofloxacin plus ri-
fampicin [47]. These results have been confirmed
in a recent prospective observational study show-
ing a probability of survival without treatment fail-
ure of 86% at 3 years [48]. 

One-stage (direct) exchange includes the removal
and implantation of a new prosthesis during the
same surgical procedure. This approach is suitable
for patients with intact or only slightly compro-
mised soft tissues and has a success rate of 86% to
100% in appropriately selected patients [49–51]. 
If resistant or difficult-to-treat microorganisms
are causing the infection, such as methicillin-resi-
stant S. aureus (MRSA), small-colony variants of 
staphylococci, enterococci, quinolone-resistant
Pseudomonas aeruginosa or fungi, a two-stage revi-
sion is preferred. 

Two-stage (staged) exchange includes removal of
the prosthesis with implantation of a new prosthe-

Condition Surgical procedure

Duration of symptoms 93 weeks
+ stable implant
+ absence of sinus tract
+ susceptibility to antibiotics with activity
against surface-adhering microorganisms

Inoperable, debilitated or
bedridden

Microorganism resistant or 
difficult-to-treat*

Damaged soft tissue, 
abscess or sinus tract

Intact or only slightly
damaged soft tissue

No functional improvement
by exchange of the implant

Long-term suppressive
antimicrobial treatment

Two-stage exchange with long 
interval (6–8 weeks), no spacer

Two-stage exchange with short 
interval (2–4 weeks), spacer

One-stage exchange

Implant removal without
replacement

Débridement with retention

Otherwise

All 
yes

Figure 2

Surgical treatment
algorithm for pros-
thetic joint infections. 
* Difficult-to-treat

microorganisms
include methicillin-
resistant S. aureus
(MRSA), small-
colony variants of
staphylococci, ente-
rococci, quinolone-
resistant Pseudo-
monas aeruginosa
and fungi. 



Prosthetic joint infections 248

sis during a later surgical procedure. If no difficult-
to-treat microorganisms are isolated, a short inter-
val until reimplantation (2–4 weeks) and a tem-
porary antimicrobial-impregnated bone cement
spacer may be used. If difficult-to-treat microor-
ganisms are isolated, a longer interval (8 weeks)
without a spacer is preferred. The two-stage pro-

cedure has the highest success rate usually exceed-
ing 90% [5, 22, 52–55]. However, the costs for the
patient and the surgeon are higher than for other
surgical options. 

Permanent removal of the device is usually re-
served for patients with a high risk of reinfection
(eg, severe immunosuppression, active intra-

Microorganism antimicrobial agent1 dose route

Staphylococcus aureus or coagulase-negative 
staphylococci

Methicillin-susceptible rifampicin plus 450 mg every 12 h PO/IV
(flu)cloxacillin2 2 g every 6 h IV

for 2 weeks, followed by

rifampicin plus 450 mg every 12 h PO
ciprofloxacin or 750 mg every 12 h PO
levofloxacin 750 mg every 24 h PO

to 500 mg every 12 h PO

Methicillin-resistant rifampicin plus 450 mg every 12 h PO/IV
vancomycin 1 g every 12 h IV

for 2 weeks, followed by

rifampicin plus 450 mg every 12 h PO
ciprofloxacin3 or 750 mg every 12 h PO
levofloxacin3 or 750 mg every 24 h PO

to 500 mg every 12 h
teicoplanin4 or 400 mg every 24 h IV/IM
fusidic acid or 500 mg every 8 h PO
cotrimoxazole or 1 forte tablet every 8 h PO
minocycline 100 mg every 12 h PO

Streptococcus spp. (except S. agalactiae) penicillin G2 or 5 million U every 6 h IV
ceftriaxone 2 g every 24 h IV

for 4 weeks, followed by

amoxicillin 750–1000 mg every 8 h PO

Enterococcus spp. (penicillin-susceptible) penicillin G or 5 million U every 6 h IV
and S. agalactiae ampicillin or amoxicillin 2 g every 4–6 h IV

plus aminoglycoside5 IV

for 2 to 4 weeks, followed by

amoxicillin 750–1000 mg every 8 h PO

Enterobacteriaceae (quinolone-susceptible) ciprofloxacin 750 mg every 12 h PO

Nonfermenters (eg, Pseudomonas aeruginosa) cefepime or ceftazidime plus 2 g every 8 h IV
aminoglycoside5

for 2 to 4 weeks, followed by

ciprofloxacin 750 mg every 12 h PO

Anaerobes6 clindamycin 600 mg every 6–8 h IV

for 2 to 4 weeks, followed by

clindamycin 300 mg every 6 h PO

Mixed infections amoxicillin/clavulanic acid 2.2 g every 8 h IV
(without methicillin-resistant staphylococci) or piperacillin/tazobactam 4.5 g every 8 h IV

or imipenem 500 mg every 6 h IV
or meropenem 1 g every 8 h IV

for 2 to 4 weeks, followed by individual regimens 
according to antimicrobial susceptibility 

PO = orally; IV = intravenously; IM = intramuscularly, forte tablet: trimethoprim 160 mg plus sulfamethoxazole 800 mg. 
1 If implant retention or one-stage exchange is performed, the total duration of antimicrobial treatment 

is 3 months for hip prosthesis and 6 months for knee prosthesis. For two-stage exchange see text. 
2 In patients with delayed hypersensitivity, cefazolin (2 g every 8 h IV) can be administered. In patients with immediate 

hypersensitivity, penicillin should be replaced by vancomycin (1 g every 12 h IV). 
3 Methicillin-resistant Staphylococcus aureus should not be treated with quinolones since antimicrobial resistance 

may emerge during treatment. 
4 First day of treatment, teicoplanin dose should be increased to 800 mg IV (loading dose).
5 Aminoglycosides can be administered in a single daily dose. 
6 Alternatively, penicillin G (5 million U every 6 h IV) or ceftriaxone (2 g every 24 h IV) can be used for gram-positive anaerobes 

(eg, Propionibacterium acnes), and metronidazole (500 mg every 8 h IV or PO) for gram-negative anaerobes (eg, Bacteroides spp.).

Table 4

Treatment of pros-
thetic joint infections
(adapted after 
Zimmerli et al. [5]).
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venous drug use) or when no functional improve-
ment after surgery is expected. Alternatively, long-
term antimicrobial suppression may be chosen, if
the patient is inoperable, bedridden or debilitated.
However, suppressive therapy only controls clini-
cal symptoms rather than cures the infection.
Therefore, infection relapses occur in most pa-
tients (>80%) when antimicrobials are discon-
tinued.

Antimicrobial therapy
Table 4 summarises the choice of antimicro-

bial agents according to the pathogen and its an-
timicrobial susceptibility. The suggested treat-
ment duration is 3 months for hip prostheses and
6 months for knee prostheses [5]. Intravenous
treatment should be administered for the first 2–4
weeks, followed by oral therapy to complete the
treatment course. If the two-stage procedure with
a long interval (8 weeks) is chosen, all foreign bod-
ies are removed and no spacer is inserted. In such
patients, antimicrobial therapy is shortened to 6
weeks after explantation. Two weeks before reim-
plantation it is stopped, in order to obtain reliable
tissue specimens for culture and to document the
treatment success. After reimplantation, antimi-
crobial therapy is reinstalled. If cultures of intra-
operative specimens remain negative, treatment 
is stopped, otherwise it is continued for 3 and 
6 months, respectively, as mentioned above. 

The optimal antimicrobial therapy is best de-
fined in staphylococcal implant infections, and
includes rifampicin in susceptible staphylococcal
strains [47]. Rifampicin has an excellent activity on
slow-growing and adherent staphylococci, and
proved its activity in several additional clinical
studies [20, 48, 56]. It must always be combined
with another drug to prevent emergence of resist-
ance in staphylococci. Quinolones are excellent
combination drugs because of their good bioavail-
ability, activity and safety. Newer quinolones such
as moxifloxacin, levofloxacin and gatifloxacin have
a better in-vitro activity against quinolone-suscep-
tible staphylococci compared to ciprofloxacin,
fleroxacin or ofloxacin. However, when given
alone, levofloxacin was neither able to eliminate
adherent staphylococci in vitro, nor in vivo [57]. In
contrast to older quinolones, no controlled clini-
cal trials of implant-associated infection with a suf-
ficient follow-up period have been performed.
Newer quinolones were studied in experimental
bone infections [58, 59], but only anecdotal clini-
cal data exist with these new drugs [60, 61]. More-
over, possible interactions of newer quinolones
with rifampicin have not yet been systematically
assessed. In addition, safety data for long-term
therapy with moxifloxacin and gatifloxacin are
missing. For levofloxacin, long-term experience 
is available by extrapolating from the ofloxacin-

experience and from studies in patients with my-
cobacterial infection [62–64]. 

Because of increasing resistance to quinolones,
other anti-staphylococcal drugs have been com-
bined with rifampicin, such as cotrimoxazole or
minocycline or fusidic acid [65]. High-dose oral
cotrimoxazole was used in the treatment of in-
fected orthopaedic implants in 39 patients with an
overall success rate of 67%, though removal of un-
stable components was performed 3 to 9 months
of treatment [66]. Quinopristin-dalfopristin is ac-
tive against Enterococcus faecium (including vanco-
mycin-resistant strains) and S. aureus (including
MRSA), but not against E. faecalis. In a study of 40
patients with orthopaedic infections with MRSA,
clinical success was reported in 78% and microbial
eradication in 69% [67]. Linezolid is active against
virtually all gram-positive cocci, including methi-
cillin-resistant staphylococci and vancomycin-re-
sistant enterococci (VRE). Twenty consecutive
patients treated with linezolid for orthopaedic in-
fections (15 of whom had an orthopaedic device)
were retrospectively evaluated [68]. At a mean fol-
low-up of 276 days, 55% achieved clinical cure and
35% had clinical improvement but received long-
term antimicrobial suppressive therapy. Adverse
events occurred commonly during therapy: 40%
of patients developed reversible myelosuppression
and 5% irreversible peripheral neuropathy. In an-
other review, long-term use of linezolid (>28 days)
was associated with severe peripheral and optic
neuropathy. In most cases, optic neuropathies re-
solved after stopping linezolid but peripheral neu-
ropathies did not [69, 70]. The mechanism of tox-
icity is unknown but certain pharmacological
properties of linezolid that may play a part have
been proposed. Only limited data on linezolid
combination therapy with rifampicin is available.
Daptomycin is active against several gram-positive
bacteria, including MRSA, vancomycin-resistant
S. aureus, and VRE [71]. The efficacy of dapto-
mycin has been tested in an animal model of im-
plant-associated infections, where it showed no 
advantage compared to vancomycin or teicoplanin
[44]. 

We are grateful to Peter Ochsner, MD for develop-
ing many treatment concepts of prosthetic joint infection
described in this review. 
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