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Implants improved the quality of life
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Science fiction: implant

function better than native
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Professor Sir John Charnley (1911-1982)

Infection remains one of the most challenging complication after 

surgery
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Risk of implant-associated infection

Device No. inserted in the US per 

year

Rate of infection, 

%

Fracture fixation devices 2,000,000 5ï10

Dental implants 1,000,000 5ï10

Joint prostheses 600,000 1ï3

Vascular grafts 450,000 1ï5

Cardiac pacemakers 300,000 1ï7

Mammary implants 130,000 1ï2

Mechanical heart valves 85,000 1ï3

Penile implants 15,000 1ï3

Heart assist devices 700 25ï50

Darouiche RO. Clin Infect Dis 2011;33:1567ï1572
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Key to success: interdisciplinary concept

Diagnosis

Antibiotics

Surgery

Cure rate: 80-90% 

Directed against 

biofilms



Aim of today´ s talk

Infection is a manageable complication, ifé 

éappropriate diagnostic is combined with

écorrect surgery and 

éefficient anti-biofilm agents.

Much room for improving the outcome and prevent 

infections.
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Modern concepts



Pocket Guide: www.pro-implant-foundation.org
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Biofilm



Evolution of life on Earth

2.5 billion 

Cyanobacteria 

form biofilms

4.6 billion 

Development 

of Earth

3.5 billion 

First life 

forms

Years ago



Homo sapiens
(Latin: 'wise man')

Eukaryote cells: 1013

Microorganisms: 1014

Bacteriophages: 1016

Normal flora of the skin and mucosa
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Taxonomy of microorganisms



Planktonic bacteria & granulocytes
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Biofilm
3 days1 day1 min 3 h 12 h

ÅAdherent to surface (min-h)

ÅEmbedded in matrix (70%)

ÅSlowly replicating (stationary phase)
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Complex interaction

Virulence

Defense

Host

(inflammatory response)

Microorganism

(biofilm formation, 

susceptibility)

Implant

Antibiotics

Antimicrobial 

resistance



Experimental foreign-body infection 

(S. aureus)

3 h after inoculation 24 h after inoculation

Ý Rapid adherence, no elimination by granulocytes.

Zimmerli et al. J Infect Dis 1982
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The Ăfatalñ attraction

Å Foreign body = avascular tissue (local

immune defect): frustrated phagocytosis

Å Low number of bacteria (å 200) sufficient to

cause biofilm on implant

Å Mature biofilm (>3 weeks) impossible to

eradicate without implantremoval
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The older the
biofilm, the
lower the
bacterialkilling

Killing depends on age of the biofilm (in vitro)

Antimicrobial tolerance in biofilms.  

In: Microbiol Spectr 3: June 2015 
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Acute local & systemic signs (fever)


