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Prosthetic-Joint Infections
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rosthetic-joint replacement is used increasingly to alleviate
pain and to improve mobility. Infections associated with prosthetic joints cause
significant morbidity and account for a substantial proportion of health care
expenditures.1,2 The use of perioperative antimicrobial prophylaxis and a laminar airflow surgical environment has reduced the risk of intraoperative infection to less than
1 percent after hip and shoulder replacement and to less than 2 percent after knee replacement.3-5 Whereas the management of native-joint infection and osteomyelitis is
well established,6,7 the management of infection associated with prosthetic joints is
less standardized, because of the variable clinical presentations and the lack of data
from randomized, controlled trials. This review focuses on the pathogenesis, diagnosis, and treatment of infection associated with prosthetic joints.
Uniform criteria have not been established for the diagnosis of infection associated
with prosthetic joints. In several studies,8-11 infection was diagnosed if at least one of
the following criteria was present: growth of the same microorganism in two or more
cultures of synovial fluid or periprosthetic tissue, purulence of synovial fluid or at the
implant site, acute inflammation on histopathological examination of periprosthetic
tissue, or presence of a sinus tract communicating with the prosthesis. The most commonly cultured microorganisms are coagulase-negative staphylococci (in 30 to 43 percent of cases) and Staphylococcus aureus (12 to 23 percent), followed by mixed flora (10
to 11 percent), streptococci (9 to 10 percent), gram-negative bacilli (3 to 6 percent),
enterococci (3 to 7 percent), and anaerobes (2 to 4 percent).1,12,13 No microorganisms
are detected in about 11 percent of apparent infections. The specificity of the above criteria for infection is high; however, some patients may present with infections that do
not meet these criteria. The growth of a virulent microorganism (such as S. aureus) usually indicates infection, whereas low-virulence microorganisms that are typically part
of normal skin flora (e.g., coagulase-negative staphylococci and Propionibacterium acnes)
may be either contaminants or pathogens. Supportive laboratory findings — such as
growth in more than one specimen, a short time to culture positivity, a positive Gram’s
stain, and the presence of acute inflammation on histopathological examination — may
help determine the pathogenic role of low-virulence microorganisms. The location of
the prosthesis also helps in interpreting the relevance of an isolated microorganism.
For example, P. acnes causes infection after shoulder arthroplasty more frequently than
it does after replacement of other joints (16 percent vs. <2 percent).1,4
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pathogenesis
role of biofilm

Infection that is associated with prosthetic joints is typically caused by microorganisms that grow in biofilms (Fig. 1).14 Within biofilms, microorganisms are enclosed
in a polymeric matrix and develop into organized, complex communities with structural
and functional heterogeneity, resembling multicellular organisms.15 When the microbial density is high, the volume of released cell-to-cell signaling molecules is suffin engl j med 351;16
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tion, which is crucial for host defense and the delivery of antibiotics. The presence of a subcutaneous foreign body reduces the minimal inoculum of
S. aureus that is required to cause infection by a factor of more than 100,000.24 This increased susceptibility to infection is at least partially due to a
locally acquired granulocyte defect.24,25 Activation
of neutrophils on foreign surfaces results in the
release of human neutrophil peptides that deactivate granulocytes.26 In the presence of a foreign
body, infection can occur despite the use of perioperative antimicrobial prophylaxis, since less than
100 colony-forming units of microorganisms can
cause an infection.24 Extravascular implants can
be selectively infected in animals with 100 to 1000
Figure 1. Scanning Electron Micrograph of a Staphylococcus epidermidis
colony-forming units of S. aureus per milliliter of
Biofilm on Foreign Material.
blood.27 This experimental observation has been
Bacteria grow in multicellular clusters. The scale bar represents 10 µm.
confirmed in humans. Murdoch et al.28 observed
(Photograph courtesy of Robin Patel, Mayo Clinic College of Medicine.)
that during S. aureus bacteremia, an implant-associated infection developed in 15 of 44 patients with
prosthetic joints. Thus, infection can occur not only
cient to activate genes involved in biofilm produc- during surgery but during the entire lifetime of the
tion, a phenomenon called quorum sensing.16 In implant.
the biofilm, microbes are protected from antimicrobial agents and host immune responses. Bioclinical presentation
film microorganisms have much greater resistance
to antimicrobial killing than do planktonic bacte- Infections associated with prosthetic joints can
ria.17 This resistance may be related to the reduced be classified as early (those that develop less than
growth rate of biofilm microorganisms, which en- 3 months after surgery), delayed (3 to 24 months
ter a stationary phase of growth, probably because after surgery), or late (more than 24 months after
of incomplete penetration of metabolic substrates, surgery).29 Early infections are typically manifested as an acute onset of joint pain, effusion, erythesuch as glucose or oxygen.18
ma and warmth at the implant site, and fever and
interaction among microbial, host,
are commonly caused by virulent microorganisms,
and prosthetic factors
such as S. aureus and gram-negative bacilli. During
Adherence of S. epidermidis to the surface of a pros- the course of infection, clinically significant celluthesis is a two-step process involving a primary at- litis and the formation of a sinus tract with purutachment mediated by nonspecific factors (such as lent discharge may occur. Patients with delayed
surface tension, hydrophobicity, and electrostatic (low-grade) infection usually present with subtle
interactions) or by specific adhesins, followed by signs and symptoms, such as implant loosening,
biofilm formation, which is mediated in part by the persistent joint pain, or both, which may be diffipolysaccharide intercellular adhesin encoded by cult to distinguish from aseptic failure; the infecthe intercellular adhesion (ica) operon.19,20 Where- tions are usually caused by less virulent microoras the type of prosthetic material may play a role in ganisms, such as coagulase-negative staphylococci
S. epidermidis infection, S. aureus interacts with host and P. acnes.1 Early and delayed infections are usuproteins, such as fibronectin, fibrinogen, and col- ally acquired during implantation of the proslagen, covering the device immediately after implan- thesis, whereas late infections are predominantly
tation.21 S. aureus adheres to such ligands by means acquired by hematogenous seeding. The most freof adhesins, commonly referred to as MSCRAMM quent sources of bacteremia are skin, respiratory
(microbial surface components recognizing adhe- tract, dental, and urinary tract infections.30 In a resive matrix molecules).22,23
cent study of 63 consecutive episodes of infection
Foreign bodies remain devoid of a microcircula- associated with hip prostheses during a 16-year-
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period, 29 percent of the cases were early infections, definition of infection.34 At least three intraoper41 percent were delayed infections, and 30 percent ative tissue specimens should be sampled for culwere late infections.31
ture.12,35,36 Swab cultures have a low sensitivity and
should be avoided.29 Cultures may be negative because of prior antimicrobial exposure, a low numdiagnosis
ber of organisms, an inappropriate culture medium, fastidious organisms, or prolonged transport
laboratory studies
The blood leukocyte count and the percentage of time to the microbiology laboratory. Some microband forms are not sufficiently discriminative to organisms, such as Abiotrophia defectiva or Granulipredict the presence or absence of infection. After catella adiacens (formerly classified as nutritionally
surgery, the C-reactive protein level is elevated and variant streptococci) or small-colony variants of
returns to normal within weeks.32 Therefore, serial staphylococci, are difficult to detect.36,37 To detect
postoperative measurements are more informative cases of low-grade infection, antimicrobial therapy
than a single value. In a recent study, using previ- should be discontinued at least two weeks before
ously described criteria for infections associated tissue specimens are obtained. If revision surgery
with prosthetic joints, a synovial-fluid leukocyte is planned, perioperative prophylaxis should not be
count of more than 1700 per cubic millimeter or a administered until after tissue specimens have been
finding of more than 65 percent neutrophils had collected for culture.34 If the prosthesis is removed,
sensitivities for infection of 94 and 97 percent, re- the implant or its components can be cultured in
spectively, and specificities of 88 and 98 percent, enrichment broth. However, the risk of contamirespectively, in patients without underlying inflam- nation during specimen processing is high.
matory joint diseases.33
imaging studies
histopathological studies

The definition of acute inflammation in the periprosthetic tissue varies in studies from 1 to 10 or
more neutrophils per high-power field at a magnification of 400. Histopathological examination
has a sensitivity of more than 80 percent and a
specificity of more than 90 percent.34 The interobserver variability is high, and the degree of infiltration with inflammatory cells may vary considerably among specimens from the same patient,
even within individual tissue sections. Therefore,
areas with the most florid inflammatory changes
should be sampled.
microbiologic studies

Gram’s staining of synovial fluid and periprosthetic tissue has a high specificity (more than 97
percent) but generally has a low sensitivity (less
than 26 percent).34 Cultures of a superficial wound
or sinus tract are often positive because of microbial colonization from the surrounding skin and
should therefore be avoided. In aspirated synovial
fluid, the pathogen can be detected in 45 to 100 percent of cases.34 Cultures of periprosthetic tissue
provide the most reliable means of detecting the
pathogen and are frequently used as the reference
standard for diagnosing infections associated with
prosthetic joints. The sensitivity of these cultures
ranges from 65 to 94 percent, depending on the
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Plain radiographs are helpful to detect infection
when they are studied serially over time after implantation.38 New subperiosteal bone growth and
transcortical sinus tracts are specific for infection;
however, migration of the implant and periprosthetic osteolysis can also occur without infection.
The prosthesis (especially if it is uncemented) may
be loose without accompanying radiologic abnormalities. Arthrography is useful for detecting implant loosening, pseudobursae, and abscesses.29
Nuclear scintigraphy detects inflammation in periprosthetic tissue. Although bone scintigraphy with
technetium-99m–labeled methylene diphosphonate has very high sensitivity, it lacks specificity for
infection.39 A technetium bone scan can remain
positive more than a year after implantation because of increased periprosthetic bone remodeling.
Since the use of indium-111–labeled autologous
leukocytes is time-consuming,40 this technique
has been replaced in Europe by technetium-99m–
labeled monoclonal anti-NCA-90 antibody Fab' fragments, which have an accuracy of 81 percent for
detecting arthroplasty-associated infection.41 Positron-emission tomography with fludeoxyglucose
F 18 needs further evaluation for implant imaging;
a specificity of only 55 percent has been reported
for detecting infection associated with prosthetic
joints.42 Computed tomography provides better
contrast between normal and abnormal tissue than
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does plain radiography; however, imaging artifacts
caused by metal implants limit its use. Magnetic
resonance imaging (MRI) can be performed only in
patients with implants that are safe for MRI, such
as those composed of titanium or tantalum.

treatment
The goal of treating infection associated with a
prosthetic joint is a pain-free, functional joint. This
can best be achieved by eradication of the infection.
Various therapies have been used, including surgical removal of all infected tissue and the implant
and a combination of débridement with implant
retention and long-term antimicrobial therapy that
is active against biofilm microorganisms. In North
America, débridement with device retention and a
one-stage exchange (in which the infected prosthesis is removed and a new one implanted in the same
procedure) is performed less frequently than it is in
Europe, and the interval between resection and reimplantation of the prosthesis in a two-stage exchange is generally longer (typically six weeks).43,44
In addition, long-term therapy with suppressive
oral antimicrobial agents is commonly used in
North America; in Europe, this treatment is reserved
mainly for patients in whom surgery is contraindicated.45
medical therapy

In prosthesis-associated infection, standard antimicrobial-susceptibility tests cannot be used to
reliably predict the outcome.11,46-49 Ideally, the
antimicrobial agent should have bactericidal activity against surface-adhering, slow-growing, and
biofilm-producing microorganisms.15,18,46,47,49
Rifampin fulfills these requirements for staphylococci and has been tested in vitro, in animal models,47,49,50 and in clinical studies.48,51,52 Rifampin
should never be administered alone, since staphylococci rapidly develop antimicrobial resistance.53
Quinolones are excellent combination agents because of their bioavailability, antimicrobial activity,
and tolerability.48 Ciprofloxacin and ofloxacin have
been extensively tested in studies of long-term therapy in patients with bone or joint infection.48,51,54
Newer quinolones such as levofloxacin, moxifloxacin, and gatifloxacin are more effective against
gram-positive microorganisms than is ciprofloxacin. However, data on efficacy and toxicity with
long-term therapy are lacking. Before treatment,
the antimicrobial susceptibility of the pathogen
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needs to be determined. Alternative antimicrobial
combination regimens are needed because of increasing resistance of staphylococci to quinolones.
A clinical trial of fusidic acid in combination with
rifampin showed a success rate of 55 percent.52 Trimethoprim–sulfamethoxazole, minocycline, and
linezolid can also be combined with rifampin; however, no data on these combination regimens have
been reported. Few data are available on the treatment of gram-negative bacilli. In vitro studies and
an animal model showed that ciprofloxacin had
better efficacy against gram-negative bacilli than
did beta-lactams.46 Table 1 summarizes the choice
of antimicrobial agent according to the pathogen.
Since long-term antimicrobial therapy is needed,
the microorganism should be susceptible to oral
antimicrobial agents with good bioavailability. If
intravenous drugs, such as beta-lactams, glycopeptides, or quinupristin–dalfopristin, are the only option, the use of an intravenous access device for outpatient treatment may be considered.55
surgical therapy

Surgical treatments include débridement with retention of the prosthesis, one- or two-stage exchange, resection arthroplasty, arthrodesis, and
amputation.43 Débridement involves removal of
the hematoma, fibrous membranes, sinus tracts,
and devitalized bone and soft tissue. One-stage
revision includes removal of all foreign material,
débridement, and reimplantation of a new prosthesis during the same procedure. If the pathogen is
known preoperatively and the patient has no signs
of severe systemic infection, antimicrobial treatment is given for two to three weeks before the
prosthesis exchange is performed. In a two-stage
exchange, implantation of the new prosthesis is delayed for a variable period of time. Resection arthroplasty consists of permanent removal of the prosthesis and débridement without reimplantation.
An antimicrobial-impregnated spacer can keep
the limb at its correct length and allows partial joint
mobility. However, the spacer is a foreign body, is
prone to dislocation, and can be painful. Drainage
with irrigation and suction for about three days is
preferable to drainage alone.29,48 The use of antimicrobial-impregnated cement is suggested; however, data from randomized, controlled trials are
lacking.43 Analysis of pooled data from 29 studies
of hip-prosthesis–associated infection that had
been treated with a direct exchange showed a better cure rate with the use of antibiotic-impregnated
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Table 1. Treatment of Infection Associated with a Prosthetic Joint Caused by Common Microorganisms.*
Microorganism

Antimicrobial Agent

Dose

Route

Staphylococcus aureus or coagulase-negative
staphylococci
Methicillin-susceptible

Nafcillin or floxacillin† plus
Rifampin for 2 wk, followed by
Rifampin plus
Ciprofloxacin or
Levofloxacin

2 g every 6 hr
450 mg every 12 hr
450 mg every 12 hr
750 mg every 12 hr
750 mg every 24 hr to
500 mg every 12 hr

IV
PO or IV
PO
PO
PO

Methicillin-resistant

Vancomycin plus
Rifampin for 2 wk, followed by
Rifampin plus
Ciprofloxacin‡ or
Levofloxacin‡ or

1 g every 12 hr
450 mg every 12 hr
450 mg every 12 hr
750 mg every 12 hr
750 mg every 24 hr to
500 mg every 12 hr
400 mg every 24 hr
500 mg every 8 hr
1 DS tablet every 8 hr

IV
PO or IV
PO
PO
PO

Teicoplanin§ or
Fusidic acid§ or
Trimethoprim–
sulfamethoxazole or
Minocycline

IV or IM
PO
PO

100 mg every 12 hr

PO

Streptococcus species (except Streptococcus
agalactiae)

Penicillin G or
Ceftriaxone for 4 wk, followed by
Amoxicillin

5 million U every 6 hr
2 g every 24 hr
750–1000 mg every 8 hr

IV
IV
PO

Enterococcus species (penicillin-susceptible)
and Streptococcus agalactiae

Penicillin G or
Ampicillin or amoxicillin plus
Aminoglycoside¶ for 2–4 wk,
followed by
Amoxicillin

5 million U every 6 hr
2 g every 4–6 hr

IV
IV
IV

750–1000 mg every 8 hr

PO

Enterobacteriaceae (quinolone-susceptible)

Ciprofloxacin

750 mg every 12 hr

PO

Nonfermenters (e.g., Pseudomonas aeruginosa)

Ceftazidime or cefepime plus
Aminoglycoside¶ for 2 wk,
followed by
Ciprofloxacin

2 g every 8 hr

IV
IV

750 mg every 12 hr

PO

Anaerobes¿

Clindamycin for 2–4 wk,
followed by
Clindamycin

600 mg every 6–8 hr

IV

300 mg every 6 hr

PO

Mixed infections (without methicillin-resistant
staphylococci)

Amoxicillin–clavulanic acid§ or
Ampicillin–sulbactam or
Carbapenem for 2–4 wk, followed by individual regimens according to antimicrobial susceptibility

2.2 g every 8 hr
3 g every 6 hr
According to compound

IV
IV
IV

* The antimicrobial susceptibility of the pathogen needs to be determined before treatment. The antimicrobial dose is given for adults with normal renal and hepatic clearance. PO denotes oral administration, IV intravenous administration,
IM intramuscular administration, and DS double strength (trimethoprim, 160 mg, and sulfamethoxazole, 800 mg). The
total duration of antimicrobial treatment in patients with implant retention or a one-stage exchange should be three
months for a hip prosthesis and six months for a knee prosthesis.
† In patients with delayed hypersensitivity, cefazolin (2 g every 8 hours, given intravenously) can be administered. In patients with immediate hypersensitivity, penicillin should be replaced by vancomycin (1 g every 12 hours intravenously).
In Europe, floxacillin is better known as flucloxacillin, and oxacillin is often used as an alternative drug.
‡ Methicillin-resistant S. aureus should not be treated with quinolones, since antimicrobial resistance may emerge during
treatment.
§ Teicoplanin, fusidic acid, and intravenous amoxicillin–clavulanic acid are not approved for this indication by the Food
and Drug Administration.
¶ Aminoglycosides can be administered in a single daily dose.
¿ Alternatively, penicillin G (5 million U every 6 hours, given intravenously) or ceftriaxone (2 g every 24 hours intravenously) can be used for gram-positive anaerobes (e.g., Propionibacterium acnes), and metronidazole (500 mg every 8 hours intravenously or orally) for gram-negative anaerobes (e.g., bacteroides species).
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bone cement (86 percent) than without it (59 percent).44 If multidrug-resistant microorganisms are
isolated, the preferred treatment is limb extension
(in a procedure involving the hip) or either external
fixation or stabilization with a brace (in a procedure
involving the knee) instead of implantation of a
spacer.29 In the knee and ankle, permanent removal of the prosthesis often requires arthrodesis. Alternatively, a drop-lock hinged brace is suitable for
limited ambulation.
treatment algorithm

Figures 2 and 3 show treatment algorithms for infections associated with prosthetic hip and knee
joints that are based on published data and on our
experience and that of our colleagues.1,29,31,43,56,57
Débridement with retention (Fig. 2) is a reason-

of

medicine

able option for patients with an early postoperative or acute hematogenous infection, if the duration of clinical signs and symptoms is less than three
weeks, the implant is stable, the soft tissue is in
good condition, and an agent with activity against
biofilm microorganisms is available. Intravenous
treatment should be administered for two to four
weeks, followed by oral therapy (Table 1). We suggest a total treatment duration of three months in
patients with hip prostheses and six months in
those with knee prostheses.48 These empirical recommendations are based on a single controlled trial rather than on studies comparing different durations.48 The rationale for the longer duration of
treatment in patients who have infection associated with prosthetic knees is the often unfavorable
condition of the surrounding soft tissue. The suc-

Manifestation

Early

Hematogenous

Duration of clinical symptoms

≤3 wk

>3 wk

Condition of implant

Stable

Unstable
No retention
of implant

Condition of soft tissue

Preoperative culture of synovial
fluid or hematoma

Intact or slightly
damaged

Moderately
or severely
damaged

No growth

Growth

Susceptibility to antimicrobial
agents with activity against
surface-adhering microorganisms

Surgical procedure

Yes

No

Débridement with retention
Irrigation and suction drainage
Antimicrobial treatment

Figure 2. Algorithm for the Treatment of Early or Hematogenous Infection Associated with a Prosthetic Joint.
This algorithm can be used for the treatment of patients with various types of arthroplasties; however, it has been used
most frequently with patients who have hip and knee arthroplasties.
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cess rate in this patient population is 82 to 100 percent for staphylococcal infections associated with
different types of orthopedic devices.48,51 However, if these requirements are not fulfilled, the success rate with débridement and implant retention
is only 14 to 68 percent.10,11,45,58-61 In a study of
19 patients with streptococcal infection, stable implants, and a short duration of symptoms, the rate
of success of débridement with retention was 89
percent.9 Thus, the stability of the implant, the type
of microorganism, and the interval between the
onset of symptoms and treatment with débridement and antimicrobial therapy are crucial predictors of success.
If the duration of signs or symptoms of infec-

tion exceeds three weeks, retention of the implant
should not be attempted. The prerequisites for a
one-stage exchange (Fig. 3) are the satisfactory condition of soft tissue, the absence of severe coexisting illnesses, and the absence of difficult-to-treat
microorganisms. The rate of success of a one-stage
exchange in patients with prosthetic hips is 86 to
100 percent.62-65
In patients with compromised soft tissue, a
two-stage exchange is preferred (Fig. 3). With this
strategy, the success rate is more than 90 percent.43,44,56,66,67 The short interval until reimplantation (two to four weeks) allows both procedures
to be performed during a single hospitalization.
After explantation, a spacer or external-fixation de-

No retention of implant

Condition of
soft tissue

Modifying
circumstances

Surgical
procedure

Moderately or severely damaged
Abscess
Sinus tract

Intact or slightly damaged

Difficult-to-treat microorganism
Methicillin-resistant
Staphylococcus aureus
Other multidrug-resistant
microorganisms
Enterococcus species
Fungi

One-stage exchange
Irrigation and
suction drainage
Antimicrobial
treatment

General condition or surgical
risk
Debilitated
Bedridden
Inability to undergo further
surgery

Two-stage exchange
with long interval
(6 to 8 wk)
Irrigation and
suction drainage
No spacer
Antimicrobial
treatment

Long-term suppressive antimicrobial treatment

Underlying problem
Severe immunosuppression
Active intravenous drug use
No functional improvement
by exchange of the implant

Implant removal
without replacement
Irrigation and
suction drainage
Antimicrobial
treatment

Two-stage exchange
with short interval
(2 to 4 wk)
Irrigation and
suction drainage
Spacer
Antimicrobial
treatment

Figure 3. Algorithm for the Treatment of Patients with Infections Not Qualifying for Implant Retention.
This algorithm has been developed for patients with a hip prosthesis who have delayed or late infection, symptoms
of more than three weeks’ duration, infection with difficult-to-treat microorganisms, severely compromised soft tissue,
or a severe coexisting illness. In patients with a knee prosthesis, arthrodesis is performed after resection arthroplasty.
If the soft tissue is intact or only slightly damaged, a one-stage exchange (green boxes) may be possible. In patients with
compromised soft tissue or difficult-to-treat microorganisms, a two-stage exchange (blue boxes) is preferred. Permanent
explantation or joint arthrodesis is usually performed in severely immunocompromised patients, those with active intravenous drug use, and those in whom arthroplasty will not provide any functional benefit (gray boxes).
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vice is inserted to maintain the length of the limb.
Antimicrobial treatment is administered for a total
of three months in the case of hip replacement and
six months in the case of knee replacement. In infections with difficult-to-treat microorganisms
such as methicillin-resistant S. aureus, other multidrug resistant bacteria, enterococci, or fungi, an interval of six to eight weeks between removal of the
first prosthesis and placement of the second, without the use of a spacer, is preferable. Among these
patients, the whole course of antimicrobial treatment is administered without the presence of any
foreign material. Two weeks before reimplantation
of the prosthesis, antimicrobial treatment is discontinued in order to obtain reliable tissue specimens for culture at the time of reimplantation. If
these specimens show no growth and no acute inflammation, antimicrobial treatment can be discontinued. Otherwise, it is continued, for a total
of three months after hip replacement and for six
months after knee replacement.
Permanent explantation or joint arthrodesis is
usually performed in severely immunocompromised patients, those with active intravenous drug
use, and those in whom arthroplasty will not provide any functional benefit (Fig. 3). Long-term suppressive antimicrobial therapy is reasonable if surgery is contraindicated because the patient has a
severe coexisting illness, does not need a functional prosthesis because of immobility, or refuses further procedures. The goal of suppressive treatment
is to control clinical manifestations rather than
eradicate infection. Therefore, in this situation, rifampin is not required; depending on the microbiologic findings, trimethoprim–sulfamethoxazole
or a tetracycline can be used.
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medicine

during routine invasive procedures is controversial; however, rapid initiation of antimicrobial treatment when bacteremia is suspected appears to be
crucial.30

outlook
New techniques to disrupt microbial biofilms and
quantitative molecular methods will further facilitate the diagnosis of infection associated with prosthetic joints.70 Polymerase chain reaction (PCR) is
an extremely sensitive diagnostic method. In broadrange PCR, universal primers are used to amplify
regions of DNA (usually 16S ribosomal RNA genes)
that are present in most bacteria, but not in human,
fungal, or viral genomes. Improved PCR techniques
allow rapid real-time detection and quantification
of the amplification product. However, false positive results due to contaminating DNA can complicate the interpretation of molecular findings. In
addition, in most cases, PCR assays cannot be used
to determine the antimicrobial susceptibility of
the pathogen or to identify individual pathogens in
mixed infections.

conclusions

A better understanding of the pathogenesis of infection associated with prosthetic joints, such as
microbial interaction with the implant and mechanisms of resistance in surface-adhering microorganisms, has led to a more rational approach to
antimicrobial therapy. Diagnosis and treatment of
infection have improved during the past decade.
The analysis of treatment failures, experimental
treatment in animal models, and clinical studies of
various surgical procedures and antimicrobial regimens are the basis for an algorithm that includes
prevention
a combined approach of surgical and antimicroA review of antimicrobial therapy to prevent intra- bial therapy for each case.
operative and hematogenous infections associatDr. Trampuz reports having received grant support from the
ed with prosthetic joints is beyond the scope of Roche Research Foundation and the Swiss National Science Foundation (BS81-64248), and Dr. Ochsner grant support from Centerthis article and is extensively discussed in advisory pulse.
statements of the American Academy of OrthoWe are indebted to Drs. Peter Graber, Rajesh M. Prabhu, and
paedic Surgeons.68,69 Antimicrobial prophylaxis Richard Trebse for their critical comments and suggestions.
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