Periprosthetic Joint Infection
Diagnosis, Biology, Imaging
ROLAND BECKER

PAINFUL TKA
History and clinical examination

Radiography: long leg weight bearing, lateral, skyline, CT
Loosening
aseptic
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high
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Blood analysis, Aspiration/Biopsy, Microbiology

Revision surgery

• Muscle function
• Vascular diseases

INCIDENCE = 0.6% (KNEE 1.1%)
• 65% of PJI within first year

early=31%
chronic late = 56%
acute hematogenous = 13%

• Most common organism Staph. aureus and epidermidis
• Increase risk of infection in patients with BMI>40kg/m2

Significant increase in mortality rate
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PER IPROSTHETIC JOINT INFECTION INCREASES
T H E R I S K O F O N E - Y E A R M O R TA L I T Y

Fig. 1

Kaplan-Meier survival curve with 95% confidence intervals for five years from first admission for patients undergoing revision arthroplasty.
The analysis is separated into patients undergoing treatment for periprosthetic joint infection or aseptic failure. Vertical marks indicate censoring.
At established time points (thirty days, ninety days, one year, two years, and five years), the mortality incidence in all patients available for analysis
at that time point is displayed. A = patients undergoing aseptic revision, and S = patients undergoing septic revision.

Pulido et al. CORR 2008, Zmistowski COOR 2013,
infection had similar age, but were more likely male, had elevated age-unadjusted Charlson Comorbidity Index, were more
likely undergoing knee revision arthroplasty, and had a greater
number of joint-related procedures compared with patients undergoing aseptic revision surgery (Table I). Mortality was significantly greater (p < 0.001) in patients with periprosthetic joint
infection than in patients undergoing aseptic revision at the
ninety-day, one-year, two-year, and five-year time points (Fig. 1).
When assessing each individual time period, the mortality incidence was significantly greater (p < 0.001) in patients with
periprosthetic joint infection from thirty to ninety days and
from ninety days to one year (Table II). Also, the relative fiveyear survival rate in patients with periprosthetic joint infection
was 87.3%. Furthermore, periprosthetic joint infection was a
predictor of one-year mortality when adjusting only for age;
when adjusting for ethnicity, age, sex, number of procedures
within ninety days, joint, and Charlson Comorbidity Index;
and when adjusting for all variables (Table III), including BMI,
rejecting the null hypothesis.
Advanced age (p < 0.001), increased Charlson Comorbidity Index (p < 0.001), cardiac disease (p < 0.001), gastro-

intestinal disorders (p = 0.03), and history of cerebrovascular
accident (p < 0.001) were significant predictors of mortality in
patients with periprosthetic joint infection in bivariate analysis
(Table IV). No significant difference in mortality was observed
between patients with hip infections and those with knee infections. Infections caused by gram-negative organisms resulted
in a one-year mortality rate of 19.3% (eleven of fifty-seven)
compared with 9.2% (thirty-five of 379) in periprosthetic joint
infection cases without gram-negative organisms (p = 0.02)
(see Appendix). For major taxonomic groups, multiple trends
were evident, including significantly increased mortality (p =
0.08) in patients who had periprosthetic joint infection due
to methicillin-resistant S. aureus (MRSA) (15.9% [thirteen of
eighty-two]) compared with patients who had periprosthetic
joint infection due to methicillin-sensitive S. aureus (MSSA)
(7.4% [seven of ninety-five]). When performing multivariate
analysis, age, number of surgical procedures in the first year,
Charlson Comorbidity Index, cardiac disease, history of stroke,
and polymicrobial infections were independent predictors of
one-year mortality in patients with periprosthetic joint infection (Table V).

PREDISPOSING FACTORS
Anemia (F<12g/l, M<13g/l)
Cardiac disease

OR=4.46

Diabetes (HbA1c < 8)

OR=1.61

Hyperglycaemia
Chronic renal disease

OR=1.91

Malnutrition
BMI > 40kg/m2
ASA score > 2

Pulido et al. CORR 2008, Zmistowski COOR 2013,

OR=2.06

PERIPROSTHETIC JOINT INFECTION

<3
months
Early infection
-

direct contamination
Mature biofilm after 3 weeks
Important for management
DAIR

3-24
months
Delayed infection

> 24
months
Late infection

Exchange of the TKA
Zimmerli NEJM 2004

Table 41.1
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DEFINITION PJI
1. Sinus tract communication with the prosthesis
2. Pathogen isolated by culture from 2 tissue of fluid samples
3. Four of the following criteria exist:
a: Elevation of erythrocyte sedimentation rate (ESR) and CRP
b: Elevation of synovial leukocyte count (>2000µL)

Fig. 41.1

c: Elevation of neutrophil percentage (>80%)
d: Purulence in the affected joint
e: Isolation of a microorganism in one culture of periprothetic tissue or fluid
d: Greater than five neutrophils per high-power field in five high-power fields observed
from histological analysis of periposthetic tissue x400 magnification
Parvizi CORR 2011

41.2

Kn

ORGANISM
Bacteria

Frequency

Staphylococcus

50 – 60 %

Gram-negativ, aerobe Stäbchen
Streptococcus

20 %
10 - 15 %

Mixed bacterial infection

10 - 15 %

Anaerobier

7 - 10 %

other

2%

Knee Surg Sports Traumatol Arthrosc (2016) 24:3050–3055
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infection (PJI) is one of the major complications increasingly gaining attention from the orthopaedic community.
Accurate and timely diagnosis of PJI is of fundamental
importance and has a great impact on the subsequent treatment regime [7]. While “diagnosing a PJI” sounds like a
simple concept, the wide diversity of proposed diagnostic
tools that are increasing in number indicates that diagnosis
of PJI is complex [1]. There is no general agreement on the
tools and pathways for the diagnosis and management of PJI.
Due to the difficulty of conducting research in the field
of PJI, expert opinion and consensus still play an important role in assembling clinical recommendations. These
furthermore initiate the basis for clinical research questions, which can subsequently be addressed by higher-level
studies
Surveys also ensure a concordance between
Most common synovial
fluid[12].
test
the state of practice and the level of available evidence as
a form of audit.
Knee Surg Sports Traumatol Arthrosc (2016)
24:3050–3055 survey was performed in order to anaAn international
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Most common tested serum parameters
Fig. 1 Graph showing the number of PJI diagnosed per respondent
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With the support of the European Knee Associates (EKA),
a questionnaire evaluating the diagnosis of PJI was develSynovial Fluid CRP
α-Defensin
oped to determine the common practices and preferences
of European surgeons. A task force was established for
Fig. 4 Web graph illustrating the most commonly applied synovial
itemPMN
development,
fluid tests. CRP C-reactive protein, IL interleukin,
polymorpho- consisting of surgeons and clinical
nucleocyte
researchers who each had a record of publishing in the
field of PJI.
Ahmad S et al. KSSTA 2016
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tureperform
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Blood
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Fig. 2 Web graph demonstrating the most frequently tested serum
parameters for the diagnosis of PJI. Other: procalcitonin, interleukin-6, septifast, glucose, fibrinogen, alpha-defensin. CRP C-reactive
protein, ESR erythrocyte sedimentation rate

Statistical analysis
Based on the population size of 4865 society members to
which the survey was sent and assuming a normal distri-

JOINT ASPIRATION
Gram staining

Joint aspiration
Culture for 10-14 days

JOINT ASPIRATION
Comparison of infected versus non infected knees

Infected knees

Non infected knees

Aspiration days after surgery

20.8+7.6

15.9+10.5

ESR (mm/hr)

80+29

75+30

CrP (mg/dL)

171+127

88+75

Synovial fliud (WBC count
(cells/µL)

92600+127000

4200+5700

Polymorphniclear cells (%PMN)

89.6+ 20.6

76.9+21.2

Bedair CORR 2011

JOINT ASPIRATION
Comparison of infected versus non infected knees

Sensitivity

Specificity

CRP – Threshold > 166 mg/dL

16% (9-23%)

94% (90-99%)

Threshold > 95 mg/dL

68% (60-70%)

66% (57-74%)

Synovial fluid (WBC) > 10700 cells/µL

95% (91-98%)

91% (87-96%)

Synovial fluid (WBC) > 27800 cell/µL

84% (78-90%)

99% (98-100%)

Polymorphnuclear cells (%PMN)
Threshold > 89%

84% (78-90%)

69% (62-77%)

Bedair CORR 2011

SYNOVIAL BIOMARKERS
• C-reactive protein (sCRP)
• Interleukin-6 (sIL-6)
• Leukocyte esterase (sLE)
• Alpha defensin
ELISA alpha defensin test
Synovasure TM alpha-defensin test kit

S Ahmad KSSTA 2018

SYNOVIAL BIOMARKERS
Knee Surgery, Sports Traumatology, Arthroscopy

Fig. 6 Summary receiver operating characteristic curve (ROC curve).
The dashed part of the curve is extrapolated beyond the observed
data range. Estimates of sensitivity and specificity for each study are

indicated with open circles, and the meta-analysed summary estimate
with a filled circle together with the 95% confidence region. AUC
area under the curve

S Ahmad KSSTA 2018

Furthermore, all evidence is in favour of the laboratorybased ELISA alpha-defensin test and therefore its use should
be encouraged.

infection: a systematic review. Knee Surg Sports Traumatol
Arthrosc 24:3064–3074
3. Bingham J, Clarke H, Spangehl M, Schwartz A, Beauchamp C,
Goldberg B (2014) The alpha defensin-1 biomarker assay can be
used to evaluate the potentially infected total joint arthroplasty.

BIOPSY
A) Puncture of the joint using a punch

low sensitivity (50-60%)

B) Arthroscopy: 5 samples for microbiology

sensitivity > 80%

DIAGNOSTIC TESTS
•
•
•
•

White blood cell count (WBC)
Erythrocyte sedimentation rate (ESR)
Interleukin 6
C-reactive proteine

•
•
•

Positron emission tomography (PET-scans)
Anti-granulocyte antibodies (AGS)
Triple phase bone scan (TPB)

Synovial test

•
•

White blood cell count (EBC)
White blood cell differentiation

Histopathology

•
•

General tissue
Polymorphonuclear leukocytes

Blood test

Nuclear diagnosis

Bacteriology
PCR
S Ahmad KSSTA 24 (10) 2016

DIAGNOSTIC TESTS
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Fig. 2 Comparison of sensitivity and specificity reported by the 13
IL-6 interleukin-6, PCR polymerase chain reaction, PET positron
S (grouped
Ahmadin KSSTA
24 (10)
2016 PMN polymorphonuclear, WBC white blood
systematic reviews for different diagnostic tests
seven
emission
tomography,
categories). AGS anti-granulocyte antibodies, CRP C-reactive protein,
cells
ESR erythrocyte sedimentation rate, FDG 18F-fluoro-2-deoxyglucose,

weakness of not assessing the risk of bias within and across
studies in the majority of systematic reviews (Table 2).
The likelihood ratio, which was primarily used to inter-

high potency for either ruling in a PJI, or ruling out a PJI
would result in a low overall accuracy, reflected in the DOR.
Therefore, it is necessary to underline that the efficacy of a

DIAGNOSTIC TESTS
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Diagnosis of Prosthetic Joint Infection
Ruling in
PJI

Ruling Out
PJI

Effective
1- IL-6
2- Serum CRP
3- Synovial
WBC Count
4- Synovial
WBC
differentiation
5- Tissue PCR

Not Effective
1- Blood WBC
count
2- Blood ESR
3- Synovial
Fluid
bacteriology
4- Histopathology

Effective
1- Implant
Sonication
2- Synovial fluid
bacteriology
3- Synovial
WBC
diferentiation
4- Serum IL-6
5- Tissue histopathology 10
PMN/ Highfield

Not Effective
1- Nuclear
diagnostic tests
2- Blood WBC
3- Blood ESR
4- Serum CRP

Fig. 4 Suggested approach to confirm or rule out prosthetic joint infection in a prosthetic joint
S Ahmad KSSTA 24 (10) 2016

available in many hospitals. Diagnostic tools that were the
least effective for ruling in a PJI were nuclear diagnostic
tests and serum WBC, CRP, and ESR.
The main strength of the present review was that it

Conclusions
Serum CRP and IL-6, as well as synovial fluid cytology,
were found to be most effective for ruling out PJI, while

ARTHROSCOPY

Timing: < 4 weeks after surgery

•

Success rate 65% (range 31-90%)

•

Superficial infection more likely to be treated successfully

•

High risk of failure in hematogenous infections when WCC >10x109/L

•

Treatment as early as possible

•

Failure rate higher (up to 34%) when patients were treated initially with DAIR
Becker, Operative Techniques in Orthop. 1, 2016, Jämsen JBJS-Am 2009

Surgical technique
1. Patients consent for exchange of the TKA
2. No torniquet
3. Use the same skin incision and approach
4. Removal of all suture material
5. Take 5 biopsies
6. Complete synovectomy, but preserve the joint capsule
7. Use pulse lavage
8. Change gloves and instruments
9. Use intraarticular drainage routinely

EXCHANGE OF IMPLANTS
Single stage

Two stage
Knee Surg Sports Traumatol Arthrosc

and those studies published after this, were investigated. All analyses
Fig. 2 Summary of findings from studied papers, with extrapolated
Nagra Two
NS, KSSTA
2015 and figures produced using Review Manager 5.3.3
were performed
odds ratios and 95 % CI, extrapolated from data within papers.
subgroups based on those studies published prior to the year 2000

Due to the absence of RCTs, patients either had one
type of surgery or another dependent on surgeon’s preference and/or hospital protocol. This introduced an inherent

by Laffer et al. [14]. This suggests that pre-selection of
patients can help to shape favourable outcomes for the onestage procedure.

SUMMARY
More than 1 criterium = PJI
1. Sinus tract or purulence around the implant
2. Synovial leukocyte count: > 2000/µl Leukocytes or
> 70% granulocytes (PMN)

3. Periprostheticc tissue shows inflammation
4. Microbiology:

Microb. Growth in synovial fluid
> 2 tissue samples
Sonication fluid (>CFU/ml)

SUMMARY
Acute PJI ( < 3-4 weeks)

Chronic PJI

Clinical signs

Acute pain
Fever
Redness, swelling
Proolonges wound oosing

Chronic pain
Sinus tract
loosening

Microorganism

High-virulent:
Staphylococcus aureus
Gram-negative bacteria
(E.coli, Klebsiella,
Enterobacter,
Pseudimonas aeruginosa

Low-virulent:
Coagulase-negative staph.
(Staph. Epidermidis,
Cutibacterium
(Propionibacterium))

Surgery

Debridement, exchange of
mobile parts

Exchange of the protheses

A Trampuz, Pro-Implant Foundation

Pocket Guide to
Diagnosis & Treatment of
Periprosthetic Joint Infection (PJI)
Contact our Consultation Portal for individual recommendations or Register for PROIMPLANT Workshops: www.pro-implant.org

DEFINITION
Periprosthetic joint infection is diagnosed, if

criterion is fulfilled:

Test

Criteria

Clinical features

Sinus tract (fistula) or
purulence around prosthesisa

Sensitivity

24
Specificity

20-30%

100%

SURGICAL MANAGEMENT

(A. Trampuz 2017)

Management
Debridement and exchange of the liner
One stage revision

Surgery
Prosthesis stayes in place

i.v. 2 weeks

Exchange of the prosthesis
Oral 10 weeks

i.v. 2 weeks

Two stage revision (short)

Explantation
i.v. 2 weeks

Two stage revision (long)

Explantation
i.v. 2 weeks

Three stage revision

Oral 10 weeks

Explantation
i.v. 3 weeks

Implantation
i.v. 1 week

Oral 9 weeks

Implantation
Oral 4 weeks

Exchange of Spacer
i.v. 3 weeks

i.v. 1 week

Oral 5 weeks

Implantation
i.v. 1 week

Oral 5 weeks

ANTIBIOTIC THERAPY

R. Becker et al.
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Table 1 Established Antibiotic Regimens for the Treatment of PJI (Adapted with Permission from Zimmerli and Sendi29)
Antibiotics*

Micro-organism
Staphylococcus spp.
Methicillin-sensible

Initial therapy (2 wk)
Rifampin plus
Flucloxacillin‡
Rifampin plus
Vancomycin or
Daptomycin

Dosage

Route

450 mg (2x/d)†
2 g (4x/d)
450 mg (2x/d)†
15 mg/kg (2x/d)§
8-10 mg/kg (1x/d)║

PO
IV
PO
IV
IV

450 mg (2x/d)†
750 mg (1x/d) or
500 mg (2x/d)
750 mg (2x/d)
400 mg (1x/d)¶
500 mg (3x/d)
1 Tablet forte (3x/d)
100 mg (2x/d)
600 mg (2x/d)
1200-1350 mg/d in 3-4 doses

PO
PO

20-24 Mio U/d (4-6 doses)
2 g (1x/d)

IV
IV

1000 mg (3x/d)
1200-1350 mg/d in 3-4 doses

PO
PO

Penicillin G‡‡ or
Ampicillin or Amoxicillin‡‡
Vancomycin or
Daptomycin or
Linezolid

20-24 Mio E/d in 4-6 doses
2 g (4-6x/d)
15 mg/kg/d§
8-10 mg/kg/d║
600 mg (2x/d)

IV
IV
IV
IV
IV or PO

Beta-lactam for 2 wk§§
followed by Ciproﬂoxacin

750 mg (2x/d)

IV
PO

Enterobacter spp.║║ and Nonfermenter¶¶
(eg, Pseudomonas aeruginosa)

Cefepim or
Ceftazidim or
Meropenem
for 2-4 wk, followed by Ciproﬂoxacin

2 g (3x/d)
2 g (3x/d)
1 g (3x/d)##
750 mg (2x/d)

IV
IV
IV
PO

Propionibacterium spp.

Penicillin G or #
Clindamycin for 2-4 wk, followed by
Amoxicillin or
Clindamycin#

20-24 Mio E/d in 4-6 doses
1800-2400 mg/d in 3-4 doses
750 or 1000 mg
1200 or 1350 mg/d in 3-4 doses

IV
IV
PO
PO

Gram-negative anaerobes (eg, Bacteroides spp.)

Metronidazole

500 mg (3x/d)

IV or PO

Mixed infections without MRSA

Ampicillin or Sulbactam or
Amoxicilin or Clavulanic acid or
Piperacillin or Tazobactam or
Imipenem or
Meropenem

3 g (4x/d)
2.2 g (3x/d)
4.5 g (3x/d)
500 mg (4x/d)
1 g (3x/d)##

IV
IV
IV
IV
IV

Methicillin-resistant

Staphylococcus spp.

Followed by
Rifampin plus
Levoﬂoxacin or
Ciproﬂoxacin or
Teicoplanin or
Fusidic acid or
Trimethoprim or sulfamethoxazol or
Minocyclin║ or
Linezolid or
Clindamycin#

Streptococcus spp.**

4 wk
Penicillin G‡ or
Ceftriaxone
Followed by
Amoxicillin or
Clindamycin#

Enterococcus spp.
Penicillin-sensible

PO
IV
PO
PO
PO
PO
PO

††

Penicillin-resistant

Enterobacteriaceae

PO, oral; MIC, minimal inhibition concentration.
Dosage of the antibiotics is based on normal kidney and liver function.
No data on bone penetration. Doxycycline (2!100 mg/d PO) can be used as an alternative.
*Total duration as mentioned in the article.
†
Other successful doses and intervals are described in the literature.
‡
In case of a known type IV allergy, use cefazoline (2 g 3x/d IV). In patients with a type I allergy, use vancomycin instead of penicillin.
§
Dosage based on AUC0-24/MIC and trough level. Trough levels should be monitored because of nephrotoxicity.
║
Lower dosage (6 mg/kg/d) recommended in IDSA guidelines.
¶
Teicoplanin: loading dose of 800 mg/d recommended for the ﬁrst 3 d.
#
Higher dosage up to 2400 mg/d possible, watch for intestinal side effects.
**Check for Penicillin MIC.
††
Monitor ototoxicity and nephrotoxicity in case of aminoglycoside use.
‡‡
In case of a known allergy to penicillin, use vancomycin or daptomycin.
§§
In case of a known allergy to beta-lactams, start with Ciproﬂoxacin (PO or IV).

Becker et al Operative Techniques in Orthop. 2016
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