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SUMMARY
Background: The volume of joint replacement surgery has risen steadily in 
 recent years, because the population is aging and increasingly wishes to 
 preserve a high functional status onward into old age. Infection is among the 
more common complications of joint replacement surgery, arising in 0.2% to 
2% of patients, or as many as 9% in special situations such as the implantation 
of megaprostheses. The associated morbidity and mortality are high. It is thus 
very important to minimize risk factors for infection and to optimize the 
 relevant diagnostic and therapeutic strategies. 

Methods: This review is based on pertinent publications retrieved by a selective 
search in PubMed, including current guidelines and expert recommendations. 

Results: The crucial diagnostic step is joint biopsy for the identification of the 
pathogenic organism, which succeeds with over 90% sensitivity and specificity. 
If the prosthesis is firmly anchored in bone, the pathogen is of a type that 
 responds well to treatment, and symptomatic infection has been present only 
for a short time, then rapidly initiated treatment can save the prosthesis in 
35–90% of cases. The pillars of treatment are thorough surgical care (radical 
débridement) and targeted antibiotic therapy. On the other hand, if the 
 prosthesis is loose or the pathogen is of a poorly treatable type, the infection 
can generally only be cured by a change of the prosthesis. This can be per-
formed in either one or two procedures, always in conjunction with systemic 
antibiotic therapy tailored to the specific sensitivity and resistance pattern of 
the pathogen. 

Conclusion: The risk of infection of an artificial joint is low, but the overall 
prevalence of such infections is significant, as the number of implanted joints 
is steadily rising. Artificial joint infections should be treated by a standardized 
algorithm oriented toward the recommendations of current guidelines. Many of 
these recommendations, however, are based only on expert opinion, as 
 informative studies providing high-grade evidence are lacking. Thus, for any 
particular clinical situation, there may now be multiple therapeutic approaches 
with apparently comparable efficacy. Randomized trials are urgently needed. 
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T otal endoprosthetic replacement of joints such 
as the hip joint is one of the most successful 

surgical procedures in orthopedic traumatology 
today (e1). Endoprosthetic joint replacement can 
give arthritis patients significant pain reduction, 
improved quality of life, and increased mobility, in 
both the medium and the long term (1). However, 
complications following artificial joint replace-
ment pose a major challenge to patients and the 
physicians treating them. Complication rates 
 following primary hip replacement, for example, 
are between 2 and 10%. Periprosthetic joint infec-
tions are the third-most common complication, 
 accounting for 15.3% of cases, after aseptic loosen-
ing (36.5%) and prosthesis dislocation (17.7%) (2). 
They are associated with one-year mortality rates 
of between 8% and 25.9% (3, 4).

Periprosthetic joint infection refers to infection of 
tissues surrounding an artificial joint implanted in the 
body. Any artificial joint (e.g. hip, knee, elbow, ankle) 
can potentially be affected (e2). The number of joint 
replacement surgeries performed has been increasing 
steadily for years as a result of the ageing population 
and increasing patient demand to remain functional 
even in old age (5). The absolute number of revision 
surgeries and resulting complications is therefore also 
likely to increase (6–8). This is essentially true for all 
artificial joints. According to recent research, the 
mean incidence of periprosthetic infections for pri-
mary total hip arthroplasty (THA) is between 0.2% 
and 2% (7, 9–11). For revision surgeries it can be as 
high as 5% (12–15). Figures on the incidence of 
 infection vary according to location and type of artifi-
cial joint (hip <1%, knee <2%, elbow <9%, shoulder 
<1%, mega-endoprostheses/tumor endoprostheses 
15%) and patient-dependent factors (16).

Periprosthetic joint infection is one of the most 
common reasons for revision surgery on an artificial 
joint (hip 15%, knee 25%) (17). Risk factors can be 
divided into the following groups:
● Patient-dependent factors (e.g. excess weight, 

diabetes mellitus, nicotine/alcohol/drug abuse, 
malnutrition)

● Surgery-dependent factors (e.g. prolonged 
 surgery times)
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● Implant-dependent factors (e.g. mega-
 prostheses)

All of these increase the risk of periprosthetic 
joint infection (Table 1) (18–20).

The most common pathogens causing peri -
prosthetic joint infections are coagulase-negative 
 staphylococci, Staphylococcus aureus, streptococci, 
enterococci, and Gram-negative bacteria (19, 21).

Pathogens may enter the joint either during surgery or 
later due to bacteremia; alternatively, they may spread to 
the joint continuously from an adjacent locus of infection 
(Table 2). Classification, diagnostic procedure, and 
 treatment recommendations are based on guideline or 
consensus recommendations (18, 22, 23–27).

Method 
This article is based on a search of the literature in 
PubMed using the search terms „periprosthetic AND 
joint AND infection AND guidelines,“ „periprosthetic 
AND joint AND infection AND consensus,“ „pros-
thetic AND joint AND infection AND guidelines,“ and 
„prosthetic AND joint AND infection AND consen-
sus.“ In addition to the international guideline and 
 consensus recommendations of specialist societies 
 representing both surgery and conservative medicine, 
primary literature was also evaluated. This article aims 
to summarize the current standards for diagnosis and 
treatment of joint prosthesis infections and to formulate 
them as a recommendation for clinical practice. 

Classification systems
Periprosthetic joint infections are classified as either 
early or late, depending on the length of time from en-
doprosthesis implantation to onset of infection (Table 
2) (19). Early infections are usually defined as those 
with an interval of 2 weeks to 3 months between 
 prosthesis implantation and onset of symptoms.

A more therapeutically relevant classification system 
is the distinction between acute and chronic infections 
(24). This is based on the time from the first symptoms 
of infection to the beginning of treatment rather than 
time from prosthesis implantation to onset of infection. 
In cases of acute infection—those detected and treated 

within a few weeks of the beginning of the infec-
tion—the formation of a biofilm on the implant is not 
yet complete. In other words, although the microorgan-
isms are surrounded by a protective film of mucus 
made from extracellular polymeric substances that is 
unaffected by most antibiotics or the host‘s  immune 
 defenses, the film is still treatable (28, 29). In such 
cases, the aim of treatment is to rupture the  biofilm 
while preserving the prosthesis. Different  literature 
sources state that this type of infection has a latency 
period of between 2 and 4 weeks after the beginning of 
the infection (23–25, 27). For infections that are treated 
later, expert opinion is that biofilm formation is complete. 
The bacteria have then transitioned to an untreatable 
latent state (28), so cure of the infection usually 
requires removal or replacement of the prosthesis.

Symptoms and clinical presentation
Acute periprosthetic joint infections usually result in 
the typical signs of inflammation: pain, swelling, 
 reddening, and overheating of the affected joint, ac-
companied by fever. Postoperatively, impaired wound 
healing or secretion from the surgical wound, for 
example, may persist (30).

These typical signs of inflammation may be entirely 
absent in delayed or chronic infections, which are often 
caused by less virulent bacteria (low-grade infection). 
In these cases, the main symptoms include chronically 
persistent pain in the artificial joint, sometimes with 
implant loosening, and secondary implant failure (30).

Formation of a joint fistula in contact with the pros-
thesis is evidence of a joint infection (22–24, 31). This 
is usually a sign of a chronic periprosthetic infection 
and occurs in a mean of 7% of cases (32); frequencies 
of up to 20% are described for Propionibacterium spp. 
(33). Pus in contact with the prosthesis is also evidence 
of a joint infection (23, 24).

Diagnosis, differential diagnosis
The main diagnostic challenge is to distinguish be-
tween periprosthetic joint infection and an aseptic 
implant complication. The diagnostic procedure for 
this is extensive and complex. Reliable detection of 
a low-grade, often subclinical infection caused by 
less virulent bacteria (e.g. coagulase-negative 
 staphylococci) (34) is particularly difficult. Combin-
ing several methods of investigation (laboratory, 
microbiological, histopathological, and imaging) 
 increases the probability of detecting an infection.

The gold standard for the diagnosis of peripros-
thetic joint infections is microbiological evidence of 
pathogens on the prosthesis, obtained via arthro -
centesis or intraoperatively (35). Sensitivity and 
 specificity of more than 90% are stated for this pro-
cedure (35). False positive or false negative findings 
can occur as a result of contamination when samples 
are taken or in patients who have already undergone 
antibiotic treatment (26, 27). Sufficient sample incu-
bation time (ranging from 5 to more than 14 days) is 
crucial to pathogen detection (18, 31).

TABLE 1

Relative risk of periprosthetic infection by underlying disease and circumstan-
ces (e6, e7)

*Prolonged surgery time is stated in e7 only.
BMI: Body-mass index; CI: Confidence interval

Risk factor

Excess weight (BMI  ≥ 40 vs. <40)

Diabetes mellitus

Nicotine abuse

Alcohol abuse

*Prolonged surgery time (>120 minutes)

Relative risk [95% CI]

3.68 [2.25; 6.01]

1.74 [1.45; 2.09]

1.83 [1.24; 2.70]

2.84 [0.81; 10.02]

1.58 [1.23; 2.03]
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If possible, multiple samples should be taken 
from the joint, in order to distinguish between 
sample contamination and a pathogen that is causing 
infection. Two or more cultures that test positive for 
the same organism, particularly one that typically 
causes infection, is evidence of a periprosthetic in-
fection even if the pathogen is of low virulence (23, 
31). For highly virulent pathogens such as 
 Staphylococcus aureus, evidence from one sample is 
sufficient to be considered relevant.

In clinically stable patients, antibiotic treatment 
should not be started until after samples have been 
taken via arthrocentesis or intraoperatively. If treat-
ment has already been started, antibiotic adminis-
tration should be halted for at least 2 weeks before 
samples are taken in order to increase the probability 
of detecting the pathogen causing the infection (18, 
19, 23).

Laboratory diagnostics
Acute periprosthetic infections often result in changes 
on laboratory tests that are typical of infection. Guide-
lines recommend that white blood cell (WBC) count, 
C-reactive protein (CRP) level, and erythrocyte 
 sedimentation rate (ESR) be determined (18, 23, 24). 
Although a lack of CRP or ESR elevation makes peri-
prosthetic joint infection unlikely (18), it does not rule 
it out completely, as low-grade infections, for example, 
cannot always be detected using a laboratory test.

Overall, however, no laboratory test is sensitive or 
specific enough to confirm or rule out a periprosthetic 
joint infection definitively (36). Blood culture tests 
should be performed if there are signs of bacteremia 
(e.g. fever) (23, 24).

Arthrocentesis
Synovial fluid must be taken from the affected joint 
under strictly aseptic conditions. No local anesthetic 
should be used in the joint, as local anesthetics have 

a bactericidal effect and thus falsify the test result. 
Due to the depth of the site, hip arthrocentesis 
should be performed with radiological monitoring 
and recording (arthrography) (24).

If possible, some of the fluid should undergo 
microbiological (aerobic and anaerobic cultures) and 
pathological (consider crystallopathy) examination 
(23), and some WBC count, including differential 
(18, 23, 24). It is essential that samples be trans-
ported swiftly and undergo further processing 
rapidly, as transportation conditions are not ideal for 
pathogen survival (19).

If there is a discrepancy between the findings of 
laboratory tests and arthrocentesis, arthrocentesis 
should be repeated (18). If this cannot clarify the 
 diagnosis, further diagnostic procedures such as 
 intraoperative sample removal and possibly an addi-
tional imaging procedure such as scintigraphy or 
positron emission tomography (PET) should be 
 performed if infection is likely (according to clinical 
or laboratory evidence). If infection is unlikely and 
no revision surgery of the joint is scheduled, it is 
recommended that the joint be re-evaluated 3 
months later (18).

Removal of tissue from joint
Tissue samples should be taken from the affected 
joint for microbiological and pathological examin-
ation during scheduled surgery, including revision 
surgery, or beforehand if, for example, the safety of 
arthrocentesis is unclear or its findings are incon-
clusive and periprosthetic joint infection is 
 suspected (18, 23, 24). This can be done either arth-
roscopically or in open surgery. Prophylactic peri -
operative antibiotic administration should not be 
performed (18, 19).

For optimum sample evaluation, 3 to 6 tissue 
samples should be taken from locations with major 
intraoperative macroscopic signs of infection for 

TABLE 2

Classification of periprosthetic infections (modified according to [19])

Type of infection

Route of infection

Clinical symptoms

Most common 
 pathogens

Time since surgery

0 to 2 months

Early infection

Perioperative

Local reddening, overheating, fever, 
pain, wound dehiscence, secretion

Staphylococcus aureus, streptococci, 
enterococci

3 to 24 months

Delayed (low-grade) 
 infection

Perioperative

Persistent or new-onset 
pain, loosening, fistula 
 formation

Coagulase-negative 
 staphylococci, Propioni-
bacterium acnes

Any time

Late infection

Hematogenous (focus usually on 
lungs, skin, urinary tract, dental) or 
continuous spreading from 
 elsewhere

Acute or subacute

Staphylococcus aureus, 
 Escherichia coli, streptococci
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microbiological and pathological examination (18, 
23, 31). Pathological examination of the samples in-
volves performing a neutrophil count in 10 fields of 
view in order to detect inflammatory changes. The 
finding is positive if there are more than 10 granulo-
cytes per high-power field (18, 19). The SLIM 
 (synovial-like interface membrane) around the 
 prosthesis should undergo pathological classifi-
cation according to the Morawietz/Krenn consensus 
classification (37, 38). Two of the 4 types of SLIM 
in this classification indicate infectious patho -
genesis:
● Septic loosening (periprosthetic bacterial infec-

tion)
● Combination of periprosthetic bacterial infec-

tion and wear
Intraoperative Gram staining does not appear to 

be beneficial (18).
Ultrasound treatment of prosthesis components 

removed intraoperatively (ultrasound bath treatment 
to remove the biofilm from the prosthesis, followed 
by microbiological examination of fluid) is not part 
of standard diagnostics and is controversial. How-
ever, it may be helpful in specific situations such as 
high risk of infection despite negative arthrocentesis 
findings or antibiotic administration in the days 
 before surgery (18, 31).

Imaging diagnostics
The recommended radiological diagnostic procedure is 
2-level conventional X-raying of the artificial joint (18, 
23, 24, 31). Typical radiological signs of an infected ar-
tificial joint are periprosthetic osteolysis or loosening 
lines. Detectable periarticular calcification on X-ray 
may also indicate infection.

Other cross-sectional imaging diagnostic pro-
cedures (CT, MRI) are associated with artefacts 
caused by metal implants. They should therefore 
only be used when indicated in specific circum-
stances, possibly with administration of a contrast 
medium (18, 23).

Other radiological diagnostic procedures such as 
99mTc bone scintigraphy and PET are not part of 
standard diagnostics. They should be used only in 
isolated cases, where specifically indicated (18, 23, 
24, 31).

Studies available to date
To date there are no available randomized controlled 
trials on surgery (preservation of prosthesis, one-stage 
or two-stage revision) or antibiotic therapy (duration of 
treatment, time of switch to oral administration).

However, 3 randomized trials are currently 
 ongoing. These compare 6-week versus 12-week 
 antibiotic treatment (e3), oral versus intravenous anti-
biotic treatment (e4), and one-stage versus two-stage 
prosthesis revision (e5). Their findings are not yet 
available.

Treatment
In order to decide whether a prosthesis-preserving strat-
egy can be pursued, the prosthesis infection must be 
correctly classified as either acute or chronic on the 
basis of symptom duration. Another decisive factor is 
whether the prosthesis is well-anchored in the bone or 
has loosened (Figure 1).

An attempt at prosthesis-preserving treatment is 
usually justified if the infection is acute, the implant is 
well-anchored, soft tissues are intact, and the pathogen is 
easily treatable (Figure 1) (18, 23, 24, 31, 39). Such 
treatment consists of aggressive surgical debridement 
and, if possible, replacement of the prosthesis parts not 
anchored in the bone (e.g. femoral head, inlay), in order 
to reduce the pathogen population as much as possible. 
This can be repeated until the infection is under control. 
This surgical treatment must be combined with targeted, 
antibiogram-guided antibiotic treatment that penetrates 
the bone; if there is evidence of staphylococci, this 
should include a biofilm-active antibiotic such as 
 rifampicin or fosfomycin. Antibiotics are initially ad-
ministered intravenously; a switch to oral administration 
is possible after 2 to 6 weeks if clinical response is good 
(23). Antibiotic therapy should usually last at least 6 
weeks to 3 months for prosthesis-preserving treatment 
(23, 24). Some authors propose a treatment duration of 
up to 6 months, particularly for infections following 
total knee replacement (23). Appropriate treatment 
makes it possible to preserve the prosthesis in 35 to 90% 
of cases (40). Because the necessary antibiotic therapy is 
of long duration, it is important to monitor for adverse 
drug effects such as gastrointestinal effects, blood count 
changes, kidney and liver dysfunction, and drug interac-
tions.

FIGURE 1

Treatment algorithm (modified according to [19])

All criteria met

One or more criterion not met

Prosthesis-preserving 
treatment

Revision (one-stage or 
two-stage) or removal 
of prosthesis

• Symptoms of infection for <3 weeks

• Implant well-anchored in bone

• Good soft tissue status (no fistulae)

• Pathogen known, biofilm-active 
 antibiotic available
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chored in the bone, removal or revision of the prosthesis 
is usually required to cure the infection. Depending on 
the pathogen spectrum and the patient‘s situation, this 
may be either as a one-stage or, as usually preferred in 
clinical practice, as a two-stage procedure. If the pa-
thogen is known and soft tissues are intact, removal of 
the infected prosthesis and implantation of a new 
 prosthesis can be performed in a single surgery. For two-
stage surgery, the infected prosthesis is first removed, 
aggressive debridement is performed, and a temporary, 
antibiotic-releasing spacer is inserted; a new prosthesis 

Prosthesis-preserving treatment is likely to fail if 
 infection is caused by difficult-to-treat pathogens such 
as small-colony variant staphylococci, enterococci, 
 quinolone-resistant Pseudomonas aeruginosa, any 
multiresistant pathogens/rifampicin resistance, 
 pathogens with no orally bioavailable antibiotic, or fungi 
(24) (Figure 2).

For chronic infections, in which biofilm formation 
must be assumed to be complete (latency time between 
onset of infection and beginning of treatment more than 
3 to 4 weeks), and when the prosthesis is not firmly an-

FIGURE 2 

Treatment algorithm for confirmed periprosthetic infection, based on guideline recommendations
*1Standard procedure is to switch to oral administration after 2 weeks if clinical response is good (wound dry/normal, pain decreasing) and C-reactive protein (CRP) is 

normal; 4 weeks‘ IV antibiotic treatment if wound is not healing correctly/CRP remains high.
*2DTT: Difficult-to-treat pathogen: small-colony variant staphylococci, enterococci, quinolone-resistant Pseudomonas aeruginosa, all multiresistant pathogens/rifampi-

cin resistance, pathogens with no orally bioavailable antibiotic
IV: Intravenous; SR: Sample removal; p.o.: Per os

One-stage revision

• Surgical debridement

• 2 to 4 weeks‘ IV antibiotic 
 treatment followed by antibiotic 
treatment p.o.*1

• Consider biofilm-forming patho-
gens (add rifampicin if indicated)

• Total treatment duration: 12 weeks

Two-stage revision, short interval  
(2 to 4 weeks):

• Spacer

• No SR before new prosthesis 
 implanted

• Consider biofilm-forming patho-
gens (add rifampicin if indicated)

• Total treatment duration: 12 weeks

Two-stage replacement, long interval 
(6 to 8 weeks):

• No spacer if possible

• Discuss with osteomyelitis board 
whether SR should be performed 
before new prosthesis is 
 implanted

• Total treatment duration: 6 to 12 
weeks

Periprosthetic infection (confirmed)

Symptoms for <3 weeks

Prosthesis well-anchored, soft tissues 
intact, no fistulae

Prosthesis preservation:

• Surgical debridement & 
 replacement of mobile parts

• 2 to 4 weeks‘ IV antibiotic 
 treatment followed by  
antibiotic treatment p.o.*1

• Total treatment duration:  
12 weeks

Symptoms for >3 weeks

Prosthesis not well-anchored 
or  

soft tissues not intact

Prosthesis removalIntraoperative evidence of DTT*2 
 pathogen

Soft tissues intact, pathogen known 
(not DTT), no risk factors

Soft tissues not intact, pathogen 
known (not DTT), no risk factors

Soft tissues not intact, pathogen not 
known/DTT or risk factors
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is then implanted in a subsequent surgery (23, 24, e8). 
For two-stage revision, the new prostheses may be 
 implanted either early (short interval, 2 to 3 weeks after 
prosthesis removal, new prosthesis implanted during 
antibiotic treatment) or after a delay (long interval, 
usually 6 to 8 weeks after prosthesis removal), depend-
ing on the spectrum of the pathogen and soft tissue and 
bone status (24). Options for mobilization during the 
prosthesis-free interval in cases of two-stage revision 
range from complete immobilization to full weight 
 bearing. This must be decided on a case-by-case basis.

In addition to surgical treatment, systemic antibiotic 
therapy is also essential in these cases. Antibiotics must 
be administered first intravenously, then orally after 2 to 
6 weeks if clinical response is good. Oral administration 
is only ever possible if an antibiotic that penetrates the 
bone well and has high bioavailability is available. 
 Unlike prosthesis-preserving treatment, with two-stage 
prosthesis revision there is no need to administer a 
 biofilm-active antibiotic initially until a new prosthesis 
is implanted at the site, which may still be infected. 
 Durations of antibiotic treatment ranging from 6 weeks 
to 3 months after prosthesis removal are recommended.

In justified exceptional cases, such as very poor bone 
status, seriously ill patients, or if the patient so wishes, 
no new joint prosthesis is implanted (girdlestone) (23). 
Leaving the infected prosthesis in situ and creating a 
chronic fistula and/or administering antibiotic suppres-
sion therapy until the affected extremity is amputated 
may also be a treatment option in individual cases (23, 
27).

Summary
Infection of a total endoprosthesis is a traumatic event 
for patients and is associated with high treatment costs 
(39, e8). Infection prophylaxis is therefore critical. In 
addition to preoperative risk assessment and risk mini -
mization, infection prophylaxis includes both swift, 
 appropriate surgery that minimizes surgical risk and a 
surgical team with sufficient experience. Treatment opti-
mization can cut long-term costs and reduce the risk for 
patients. Diagnosis and treatment should follow a stan-
dardized algorithm and comply with available guideline 
recommendations (Figure 2). The findings of currently 
ongoing randomized trials on periprosthetic infections 
are not yet available.
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