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This Journal feature begins with a case vignette highlighting a common clinical problem.  
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the authors’ clinical recommendations. 
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A 62-year-old woman with osteoarthritis presents with a 7-month history of progres-
sively worsening left hip pain radiating to the groin, 8 months after undergoing total 
left-hip arthroplasty. The pain has not responded to nonsteroidal antiinflammatory 
drugs. Physical examination reveals a sinus tract overlying her left hip. Her leukocyte 
count is 8000 per cubic millimeter, and the C-reactive protein (CRP) level is 15.5 mg 
per liter. A radiograph shows loosening of the prosthesis at the bone–cement inter-
face. Synovial-fluid aspirate shows 15×103 cells per cubic millimeter (89% neutro-
phils); cultures of an aspirate from the hip grow Staphylococcus epidermidis. How 
should her case be managed?

The Clinic a l Problem

The numbers of primary total hip and total knee arthroplasties have been increasing 
over the past decade, with nearly 800,000 such procedures performed in the United 
States in 2006 (Fig. 1A).1 Procedures to replace the shoulder, elbow, wrist, ankle, tem-
poromandibular, metacarpophalangeal, and interphalangeal joints are less commonly 
performed.

Prosthetic joints improve the quality of life, but they may fail, necessitating revi-
sion or resection arthroplasty. Causes of failure include aseptic loosening, infection, 
dislocation, and fracture of the prosthesis or bone. Infection, although uncommon, 
is the most serious complication, occurring in 0.8 to 1.9% of knee arthroplasties3-5 
and 0.3 to 1.7% of hip arthroplasties.5-7 The frequency of infection is increasing 
as the number of primary arthroplasties increases (Fig. 1B).2 Patient-related risk 
factors for infection include previous revision arthroplasty or previous infection 
associated with a prosthetic joint at the same site, tobacco abuse, obesity, rheuma-
toid arthritis, a neoplasm, immunosuppression, and diabetes mellitus. Surgical risk 
factors include simultaneous bilateral arthroplasty, a long operative time (>2.5 hours), 
and allogeneic blood transfusion, and postoperative risk factors include wound-
healing complications (e.g., superficial infection, hematoma, delayed healing, wound 
necrosis, and dehiscence), atrial fibrillation, myocardial infarction, urinary tract 
infection, prolonged hospital stay, and S. aureus bacteremia.3-6,8-11

Staphylococci (S. aureus and coagulase-negative staphylococcus species) account 
for more than half of cases of prosthetic-hip and prosthetic-knee infection12 (Fig. 2). 
S. aureus infection is particularly common in patients with rheumatoid arthritis.13 
Other bacteria and fungi cause the remainder of cases.14,15 Propionibacterium acnes 
is a common cause of infection associated with shoulder arthroplasty.16 Up to 20% 
of cases are polymicrobial, most commonly involving methicillin-resistant S. aureus 
(MRSA) or anaerobes.17 Approximately 7% of cases are culture-negative, often in the 
context of previous antimicrobial therapy.18

An audio version 
of this article 
is available at 
NEJM.org
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The pathogenesis of infection associated with 
a prosthetic joint involves interactions among the 
implant, the host’s immune system, and the in-
volved microorganism or microorganisms. Only a 
small number of microorganisms is needed to 
seed the implant; such organisms adhere to the 
implant and form a biofilm in which they are pro-
tected from conventional antimicrobial agents and 
the host immune system.19 Associated micro
organisms are often skin bacteria that are inoculat
ed at joint implantation. In some cases, organisms 
seed the implant hematogenously or through com-
promised local tissues.

Infection with virulent organisms (e.g., S. aureus 
and gram-negative bacilli) inoculated at implan-

tation is typically manifested as acute infection 
in the first 3 months (or, with hematogenous 
seeding of the implant, at any time) after surgery, 
whereas infection with less virulent organisms 
(e.g., coagulase-negative staphylococci and P. acnes) 
is more often manifested as chronic infection sev-
eral months (or years) postoperatively. The most 
common symptom of infection associated with a 
prosthetic joint is pain. In acute infection, local 
signs and symptoms (e.g., severe pain, swelling, 
erythema, and warmth at the infected joint) and 
fever are common. Chronic infection generally has 
a more subtle presentation, with pain alone, and 
it is often accompanied by loosening of the pros-
thesis at the bone–cement interface and some-
times by sinus tract formation with discharge.

S tr ategies a nd E v idence

Diagnostic Approach

It is important to accurately diagnose prosthetic-
joint–associated infection because its management 
differs from that of other causes of arthroplasty 
failure. Although there is no universally accepted 
definition of this type of infection, the criteria 
listed in Table 1 have been applied in a number 
of studies.9,12,16,18,20,21

Establishing the presence of acute infection or, 
in the presence of a draining sinus, chronic infec-
tion, is uncomplicated. In these situations, testing 
may be limited to that needed to establish the 
microbiologic diagnosis. Chronic infection man-
ifested as localized joint pain alone poses more 
diagnostic difficulty, warranting additional test-
ing. The criteria for interpreting laboratory and 
imaging findings in patients with a prosthetic 
joint are distinct from those applied in patients 
with a native joint. In addition to establishing the 
diagnosis, the identification of the involved organ-
ism or organisms and their antimicrobial suscep-
tibility (i.e., on the basis of cultures of synovial 
fluid, periprosthetic tissue, the implant, or a com-
bination of such cultures) is important in order 
to guide antimicrobial therapy.

C-Reactive Protein
In the absence of underlying inflammatory con-
ditions, CRP measurement is the most useful pre-
operative blood test for detecting infection asso-
ciated with a prosthetic joint. CRP testing has a 
sensitivity of 73 to 91% and a specificity of 81 to 
86% for the diagnosis of prosthetic-knee infection 
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Figure 1. Total Arthroplasties Performed and Prosthetic 
Infections, According to Procedure. 

Panel A shows the number of total arthroplasties per-
formed from 1990 through 2006. Data are from the 
Centers for Disease Control and Prevention.1 Panel B 
shows the number of prosthetic-joint infections from 
1990 through 2004. Data are from Kurtz et al.2
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with the use of a cutoff point of 13.5 mg per liter 
or more.22,23 It has a sensitivity of 95% and a spec-
ificity of 62% for the diagnosis of prosthetic-hip 
infection with the use of a cutoff point of more 
than 5 mg per liter.24 Although the CRP level and 
erythrocyte sedimentation rate are elevated after 
uncomplicated arthroplasty, the CRP level returns 
to the preoperative level within 2 months, whereas 
the erythrocyte sedimentation rate may remain 
elevated for several months.25 A normal CRP level 
generally indicates an absence of infection, al-
though false negative results may occur in pa-
tients who have been treated with antimicrobial 
agents or who have infection that is caused by low-
virulence organisms such as P. acnes. Elevations in 
the peripheral-blood leukocyte count and levels 
of procalcitonin have low sensitivity for detecting 
infection.

Imaging
Plain radiography has low sensitivity and low spec-
ificity for detecting infection associated with a 
prosthetic joint.26 Periprosthetic radiolucency, os-
teolysis, migration, or all of these features may be 
present on radiographs in patients with either in-
fection or aseptic loosening of the prosthesis. Di-
agnostic studies with the use of computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) 
are hampered by artifacts produced by prostheses, 
although implants that are not ferromagnetic (i.e., 
titanium or tantalum) are associated with mini-
mal MRI artifacts, and MRI scans of such im-
plants provide good resolution for detecting soft-
tissue abnormalities. Bone scans obtained after 
the administration of technetium-99m–labeled 
methylene diphosphonate are sensitive for detect-
ing failed implants but nonspecific for detecting 
infection, and they may remain abnormal for more 
than a year after implantation. Some studies sug-
gest that combined bone and gallium-67 scans are 
more specific than bone scans alone. However, 
labeled-leukocyte imaging (e.g., leukocytes labeled 
with indium-111) combined with bone marrow 
imaging with the use of technetium-99m–labeled 
sulfur colloid is more accurate than bone imag-
ing alone, combined bone and gallium-67 imag-
ing, or labeled-leukocyte and bone imaging when 
compared head to head, and it is considered the 
imaging test of choice when imaging is required.26

18F-fluorodeoxyglucose positron-emission tomog-
raphy (PET) has a sensitivity of 82% and a speci-
ficity of 87% for the detection of prosthetic-knee 

or prosthetic-hip infection, on the basis of pooled 
data from several studies, but it is not widely 
available.27 Newer imaging strategies such as scin-
tigraphy with antigranulocyte monoclonal anti-
bodies and hybrid imaging (e.g., combined PET 
and CT) (see Fig. 1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org) are under investigation.

Synovial-Fluid Studies
If there is uncertainty about the diagnosis, the most 
useful preoperative diagnostic test is aspiration 
of joint synovial fluid for a total and differential 
cell count and culture. Aspiration should not be 
performed through overlying cellulitis. Hip aspi-
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Figure 2. Causes of Infection Associated with Prosthetic Joints.

A small number of often otherwise nonvirulent bacteria contaminate the 
implant during surgery and persist as a biofilm despite a functional im-
mune system and antimicrobial treatment. Commonly isolated microorgan-
isms are shown. Unusual organisms that can also cause infection include 
(but are not limited to) Actinomyces israelii, Aspergillus fumigatus, Histoplas-
ma capsulatum, Sporothrix schenckii, Mycoplasma hominis, Tropheryma 
whipplei, and mycobacterium (including tuberculosis), brucella, candida, 
corynebacterium, granulicatella, and abiotrophia species.
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ration may require imaging guidance. A synovial-
fluid leukocyte count of more than 1.7×103 per 
cubic millimeter or a differential count with more 
than 65% neutrophils is consistent with prosthetic-
knee infection.28 A synovial-fluid leukocyte count 
of more than 4.2×103 per cubic millimeter or more 
than 80% neutrophils is consistent with prosthetic-
hip infection.29 The leukocyte count cutoffs are 
dramatically lower than those used to diagnose 
native-joint infection. Synovial-fluid culture has 
a sensitivity of 56 to 75% and a specificity of 95 
to 100%,12,22,30 and to achieve optimal sensitivity 
and specificity, it should be performed by means 
of inoculation into a blood-culture bottle.31 If an 
organism of questionable clinical significance is 
isolated, repeat synovial-fluid aspiration for cul-
ture should be considered. Previous antimicrobial 
treatment reduces the sensitivity.

Histopathological Examination of Periprosthetic 
Tissue 
In patients in whom the diagnosis of prosthetic-
joint–associated infection has not been established 
preoperatively, an intraoperative frozen section may 
be obtained to look for evidence of acute inflam-
mation. In studies that used a polymorphonuclear-
cell count ranging from more than 5 to 10 or more 
cells per high-power field as a positive test, sen-
sitivity for infection ranged from 50 to 93% and 
specificity ranged from 77 to 100%32-35; the rate 
of interobserver agreement was 86%.36

Intraoperative Microbiologic Testing
Identification of the pathogen or pathogens is crit-
ical for choosing the antimicrobial regimen; if 
microbiologic testing has not been done preop-
eratively, specimens should be collected for mi-

crobiologic study at the time of surgery. Antimi-
crobial therapy should be discontinued at least 
2 weeks before surgery, and perioperative anti-
microbial coverage should be deferred until cul-
ture specimens have been collected. Cultures of 
sinus tract exudates should be avoided; these are 
often positive because of microbial skin coloni-
zation and correlate poorly with cultures of sur-
gical specimens.

If periprosthetic tissue is obtained, collection 
of multiple periprosthetic-tissue specimens for 
aerobic and anaerobic bacterial culture is impera-
tive because of the poor sensitivity of a single cul-
ture and to distinguish contaminants from patho-
gens. A study that used mathematical modeling 
to estimate yield based on the number of cultures 
concluded that to maximize accuracy, five or six 
specimens should be submitted for culture, and 
two or three culture-positive samples would be 
considered to be diagnostic.37

Periprosthetic-tissue cultures may be falsely 
negative because of previous antimicrobial ther-
apy, leaching of antimicrobial agents from anti-
microbial-impregnated cement, biofilm growth on 
the surface of the prosthesis (but not in the sur-
rounding tissue), a low number of organisms in 
tissue, an inappropriate culture medium, an in-
adequate culture incubation time, or a prolonged 
time to transport the specimen to the laboratory. 
Because of poor sensitivity, neither intraoperative 
swab cultures38 nor Gram’s staining of the peripros-
thetic tissue37 is recommended. Fungal cultures, 
mycobacterial cultures, or both may be considered 
(e.g., if bacterial cultures are negative in a patient 
with apparent infection), but they are not rou-
tinely recommended.

Microorganisms form a biofilm on the prosthe-
sis; therefore, if the prosthesis is removed, obtain-
ing a sample from its surface is useful for micro-
biologic diagnosis.12 The implant is removed and 
transported to the laboratory in a sterile jar. After 
the addition of Ringer’s solution, the container is 
vortexed and sonicated (frequency, 40 kHz; power 
density, 0.22 W per square centimeter) for 5 min-
utes in a bath sonicator, and the resultant fluid is 
cultured. This technique is more sensitive than and 
as specific as multiple periprosthetic-tissue cul-
tures for diagnosing infection of a prosthetic hip, 
knee, or shoulder, provided that an appropriate 
cutoff for significant results is applied (Table 
1).12,16 This technique is particularly helpful in 
patients who have received previous antimicrobial 

Table 1. Criteria for the Diagnosis of a Prosthetic-Joint Infection.*

The presence of at least one of the following findings:

Acute inflammation detected on histopathological examination of peripros-
thetic tissue

Sinus tract communicating with the prosthesis

Gross purulence in the joint space

Isolation of the same microorganism from two or more cultures of joint aspi-
rates or intraoperative periprosthetic-tissue specimens, isolation of the 
organism in substantial amounts (e.g., ≥20 CFU per 10 ml from the im-
plant in a total volume of 400 ml of sonicate fluid), or both

*	Data are from Berbari et al.,9 Trampuz et al.,12 Piper et al.,16 Berbari et al.,18 
Marculescu et al.,20 and Betsch et al.21 CFU denotes colony-forming units.
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therapy. In a study involving patients receiving 
antimicrobial agents within 2 weeks before sur-
gery, the sensitivity of periprosthetic-tissue culture 
was 45%, whereas the sensitivity of sonicate-fluid 
culture was 75% (P<0.001).12 Sonication in bags is 
not recommended because of the potential for 
contamination.39,40

Treatment

The goal of treatment is to cure the infection, pre-
vent its recurrence, and ensure a pain-free, func-
tional joint. This goal can best be achieved by a 
multidisciplinary team consisting of an orthope-
dic surgeon, an infectious-disease specialist, and 
a clinical microbiologist. On the basis of clinical 
experience, the use of antimicrobial agents alone, 
without surgical intervention, ultimately fails in 
most cases. Careful surgical débridement is criti-
cal. A general approach to surgical management 
is outlined in Figure 321,38,41; different centers and 
surgeons may use slightly different strategies. 
Chronic infections require resection arthroplasty 
either as a one-stage exchange (i.e., removal of the 
infected prosthesis and reimplantation of a new 
prosthesis during the same surgical procedure) or 
a two-stage exchange (i.e., removal of the infected 
prosthesis and administration of systemic anti-
microbial agents with subsequent implantation of 
a new prosthesis, usually between 6 weeks and 
3 months after the first stage). Case series have 
suggested improved outcomes with a one-stage 
exchange when polymethylmethacrylate impreg-
nated with one or more antimicrobial agents is 
used. A spacer impregnated with one or more an-
timicrobial agents may be used to maintain the 
leg at its correct length and to control infection 
during the prosthesis-free interval of a two-stage 
exchange. In a randomized trial involving patients 
with infection associated with hip arthroplasty, 
the use of a vancomycin-loaded spacer (as com-
pared with no spacer) resulted in a lower rate of 
recurrent infection (11% vs. 33%, P = 0.002).42

Patients who have had symptoms of infection 
for fewer than 3 weeks, who present with infec-
tion within 3 months after implantation or who 
have hematogenous infection, and who have a 
well-fixed, functioning prosthesis, without a sinus 
tract, and with an appropriate microbiologic di-
agnosis (Fig. 3) may be candidates for débride-
ment and retention of the prosthesis.43 The ad-
dition of rifampin is recommended in cases of 
rifampin-susceptible staphylococcal infection. In 

a small, randomized trial comparing different 
antibiotic regimens in patients with staphylococ-
cal infection of prosthetic knees or hips or os-
teosynthetic implants, salvage of the implant 
was successful in all 12 patients treated for 3 to 
6 months with rifampin and ciprofloxacin, as 
compared with successful salvage in 7 of 12 
patients treated with ciprofloxacin alone for 3 to 
6 months (P = 0.02).43

When unacceptable joint function is anticipated 
after surgery or the infection has been refractory 
to multiple surgical attempts at cure, resection 
arthroplasty with creation of a pseudarthrosis for 
hips (Girdlestone resection) or arthrodesis for 
knees may be considered. If the patient is not a 
candidate for surgery, antimicrobial suppression 
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may be attempted; this approach is unlikely to 
cure infection, so the use of antimicrobial agents 
is often continued indefinitely.

A detailed discussion of antimicrobial therapy 
for infection associated with prosthetic joints is 
beyond the scope of this article. In brief, infor-
mation about antimicrobial susceptibility should 
be used to confirm the activity of any antimicro-
bial agent used for therapy. Data from random-
ized trials on the optimal duration of treatment 
are lacking. In patients undergoing débridement 
with retention of the prosthesis, 3-month cours-
es of treatment for infection associated with hip 
prostheses and 6-month courses for infection as-
sociated with knee prostheses are often used. Oral 
therapy can be used if the agent has good oral 
bioavailability (e.g., quinolones, trimethoprim–
sulfamethoxazole, and tetracyclines). In patients 
undergoing a two-stage exchange, systemic anti-
microbial therapy is often administered for 4 to 
6 weeks. Commercially available, preblended, poly
methylmethacrylate impregnated with an antimi-
crobial agent is indicated for use in the second 
stage of a two-stage revision after elimination 
of active infection.44 Although it is not standard 
clinical practice, two studies involving a long pe-
riod between the initial and second stages sug-
gest that when a polymethylmethacrylate spacer 
impregnated with one or more antimicrobial 
agents or impregnated beads are used, the admin-
istration of systemic antimicrobial therapy for 
2 weeks may be sufficient or systemic therapy may 
even be unnecessary.45, 46

Prophylaxis

In addition to good aseptic technique and proce-
dures in the operating room, the administration 
of intravenous antimicrobial agents immediately 
before surgery minimizes the risk of infection. 
Cefazolin at a dose of 1 g (2 g if the patient 
weighs ≥80 kg) every 8 hours or cefuroxime at a 
dose of 1.5 g, followed by 750 mg every 8 hours 
is recommended routinely; vancomycin at a dose 
of 15 mg per kilogram every 12 hours (assuming 
normal renal function) is used in patients with a 
β-lactam allergy or MRSA colonization. Prophy-
laxis should begin within 60 minutes before sur-
gical incision (within 120 minutes if vancomycin 
is used) and should be completed within 24 hours 
after the end of surgery.47 The entire antimicro-
bial dose should be infused before inflation of a 
tourniquet.47

A r e a s of Uncerta in t y

Although surgical intervention is generally recom-
mended, the optimal surgical strategy in a given 
patient remains controversial. Likewise, the opti-
mal antimicrobial regimen and its duration are 
incompletely defined. The optimal care for patients 
who are initially thought to have aseptic failure 
but who have intraoperative culture results that 
suggest infection is also uncertain; although a 
variety of medical treatments have been success-
ful, further studies are needed to identify pa-
tients who can be treated with oral antimicrobial 
agents alone and those who may not need medi-
cal treatment.48

Polymerase-chain-reaction (PCR) assays may 
provide a more rapid diagnosis than culture and 
may facilitate diagnosis in patients with culture-
negative infection (e.g., as a result of antimicro-
bial therapy),49 but their use in diagnosing infec-
tion associated with a prosthetic joint remains 
investigational. Some studies show that a broad-
spectrum PCR assay (alone or combined with a 
specific PCR assay for staphylococcus) may be use-
ful in establishing the diagnosis,49,50 but other 
studies indicate that it has low specificity for test-
ing synovial fluid51 and low sensitivity for testing 
synovial fluid, tissue, or both52,53 and thus adds 
little value to cultures.54

Guidelines

Guidelines for the management of infection as-
sociated with prosthetic joints are expected from 
the Infectious Diseases Society of America later 
this year.

Conclusions a nd 
R ecommendations

The woman in the vignette has a sinus tract, which 
indicates that she has an infection associated with 
a prosthetic joint. Although additional testing is 
not needed to support the diagnosis, the elevated 
CRP level, the elevated synovial-f luid leukocyte 
count, and the percentage of neutrophils are con-
sistent with infection. S. epidermidis is the likely 
pathogen. However, since this organism may be a 
contaminant, additional culture specimens should 
be obtained for confirmation: synovial fluid (ob-
tained by reaspiration), five or six tissue specimens, 
or the implant (subjected to vortexing and soni-
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cation, with culture of the sonicate fluid). Given the 
presence of the sinus tract in this case and the dura-
tion of the patient’s symptoms, she is not a candi-
date for débridement and retention of the prosthe-
sis. Instead, arthroplasty with a two-stage exchange 
plus antibiotics (according to the culture results) 
administered for 4 weeks would be appropriate.
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