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Infektions of the locomotor system

Posttraumatic 

osteomyelitis

▪ S. aureus

▪ Polymicrobial

▪ Gramnegative bacilli

Periprosthetic joint 

infections

▪ CNS, S. aureus

▪ Streptococcus spp.

▪ Enterococcus spp. 

▪ Propionibacterium acnes

Spondylodiscitis

▪ S. aureus

▪ Gramnegative bacilli

▪ Streptococcus spp, 

▪ Mycobacterium tuberculosis

Diabetic foot infection

▪ S. aureus

▪ Streptococcus spp.

▪ Enterococcus spp.

▪ Gramnegative bacilli

▪ Anaerobes

Staphylococcus aureus is the most common pathogen

Septic arthritis

▪ S. aureus

▪ Streptococci

▪ Enterococci
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Science fiction: implant

function better than native
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Implants improved life quality
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Joint replacement

• One of the most successful 

intervention in medicine

• Improved quality of life in the 

increasingly elderly 

population
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Epidemiology of implanted devices

Device type No. of devices implanted per 

year (2017) in Millions

Rate of 

revision

Rate of 

infection

Germany Europe World Mean Range

Fracture fixation devices 0.71 3.5 7.9 10% 5-10%

Joint prostheses 0.47 2.5 5.7 20% 5-10%

Spinal implants 0.24 1.8 3.0 38% 5-10%

Vascular grafts 0.50 3.5 15.9 25% 5–10%

Heart pacemakers 0.80 8.0 28.7 15% 5–15%

Mechanical heart valves 0.35 2.8 8.7 10% 1–8%

Heart assist devices 0.12 0.9 4.1 65% 30-40%

Dental implants 1.0 5.5 25.2 10% 5-10%

Breast implants 0.3 2.9 18.2 20% 5-10%

TOTAL 4.49 31.4 117.4 Ca. 25% Ca. 5-10%

Darouiche RO. Clin Infect Dis 2018 www.transparencymarketresearch.com
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What should we do?

• Always aggressive tumor-like surgery?

• Mutilating surgery for the patient?

• Amputation?
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Biofilm and implants:

difficult to treat?



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

• Adherent to surface (min-h)

• Embedded in matrix (70%)

• Slowly replicating (stationary phase)
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Experimental foreign-body infection 

(S. aureus)

3 h after inoculation 24 h after inoculation

 Rapid adherence, no elimination by granulocytes.

Zimmerli et al. J Infect Dis 1982
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The „fatal“ attraction

• Foreign body = avascular tissue (local

immune defect): frustrated phagocytosis

• Low number of bacteria (≈ 200) sufficient to

cause biofilm on implant

• Mature biofilm (>3 weeks) impossible to

eradicate without implantremoval
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The older the
biofilm, the
lower the
bacterial killing

Killing depends on age of the biofilm (in vitro)

Antimicrobial tolerance in biofilms.  

In: Microbiol Spectr 3: June 2015 



U N I V E R S I T Ä T S M E D I Z I N   B E R L I N

<1 month 3–36 months Any time

Early

postoperative

Delayed

(low grade)

Late

S. aureus

Streptococci

Enterococci

Staph. epidermidis

Cutibacterium acnes

S. aureus

E. coli

Streptococci

Perioperative Haematogenous

Time after

implantation

Type of

infection

Route

Pathogen

Signs Chronic: Persistent 

pain, loosening, 

sinus tract

Acute: fever, 

effusion, warmth, 

dehiscence

Acute or 

subacute

Classification: early – delayed – late

Acute

Chronic
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Key to success: Interdisciplinary concept

Microbiologist Infectious diseases 

specialist

Ortho/trauma & 

Plastic surgeons

Pathogen 

diagnostics

Surgery

Antibiotics
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Key to success No. 2: Target the biofilm

Diagnosis

Antibiotics

Surgery

Cure rate > 90% 

Directed against 

biofilms
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Modern concepts
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Ortho/trauma surgeons ID/microbiologyResearchers

Septic 

surgery

unit

Observers
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Teamwork of experts

Pilot & 

Co-pilot

Air trafic

controller
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Is it an infection? 



Acute or fatigue implant 

fracture, oxidative

degredation, corrosion

ARTIFICIAL JOINT

FAILURE: 
loosening, dislocation, neurovascular

deficits, tendon lesions, limb lenght

discrepancy, poor range of motion,

pain, sounds

Wear 

particles Infection

Excessive

micromotion Stress shielding,

week bone

Effective joint

space fluid

pressure

Unnatural force transfer

Artifical joint

material failure

Bone to implant 

interface failure

Acute mechanical overload

Chronic mechanical overload

Poor surgical

technique

Osteolysis

Bone to implant 

toughness mismatch

MOP, MOM,

COC bearing

couples

Preoperative 

diagnosis

Implant positioning,

poor approach

Periprosthetic

fracture

Production errors,

improper materials or 

design

Excessive

rigidity

Metal ion

release

Hypersensitivity,

mutagenicity?

Aggresive

activity - sports

Sistemic

alterations

complication

rate
poor 

education,

low 

surgical

volume 
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About 20% of prosthesis fail: 

Infection or aspetic reason?

A B C D

E F G



preoperative intraoperative

History & clinical presentation

laboratory

imaging

joint puncture

intraoperative sampling

cytology microbiology  histopathology     
sonication

microbiology  histopathology     

Diagnosis
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Joint aspiration

Microbiology (culutre, 

molecular tests)

Inflammation

(leukocyte count, 

histopathology, 

biomarkers)

Pathogen-specific

biomarker (D-lactate)

Blood tests

Bone / implant

imaging



Dogmas, personal opinions and misleading 

information

AAOS Clinical Practice Guidelines

Diagnosis of PJI

www.aaos.org/research
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Ostriches: bury their 

heads in the sand to 

avoid danger (legend).

Is it an infection?

In humans: Avoid an 

apparent risk by 

pretending it doesn’t 

exist. 



U N I V E R S I T Ä T S M E D I Z I N   B E R L I N



U N I V E R S I T Ä T S M E D I Z I N   B E R L I N

Approach

Early prosthesis loosening (within 3 years

of implantation) and persistent pain are:

Highly suggestive for low-grade PJI
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Arthrocentesis kit
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Arthrocentesis-kit

If aspirated synovial fluid volume <5 ml distribute the obtained synovial fluid according to

the priority column (otherwise vials can be completely filled up)

Leukocyte count

Microbiology (cultures)



U N I V E R S I T Ä T S M E D I Z I N   B E R L I N

Leukocyte count: not always reliable 

Potentially false high

– 6 weeks postoperative

– rheumatologic disease

– after trauma/periprosthetic 

fracture/ dislocation

Potentially false low

– sinus tract

– leukopenia

– Low-grade infection

(Cutibacterium acnes)



Intraoperative tissue culture

Obtain 3 tissue specimens

- Interface tissue-prosthesis, no swabs

- For culture and histology

- Prolonged culture incubation: 

10-14 d (anaerobes)

- Culture sensitivity: 60-80%

Schäfer P. Clin Infect Dis 2008



Sonication of implants

Trampuz A et al. N Engl J Med 2007;357:654–663

Vortex, 30 s Sonication, 1 min, 40 kHz

Sonicate

Standard method

(3 tissue biopsies)

Tissue

Removed implants

May 2005–Feb 2007





U N I V E R S I T Ä T S M E D I Z I N   B E R L I N

Sonication – biofilm bacteria 
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Sonication – biofilm bacteria

Trampuz A et al. N Engl J Med 2007



Sonication fluidTissue biopsy

Better sensitivity (90%)

Quantitative (more specific: 95%)

Mixed infections (30%)

Faster, less expensive

Fluid for additional investigations
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Definition criteria

Criterion Explanation Sensitivity Specificity

Clinical features Sinus tract (fistula) or visible purulence

around the prosthesis

20-30% 100%

Leukocyte count

in synovial fluid

>2000/µl leukocytes or

≥70% granulocytes

90% 95%

Histology Inflammation in periprosthetic tissue (type 

2 or type 3 after Morawietz & Krenn) 

70-90% 95%

Microbiology Growth in:

- Synovial fluid

- ≥2 periprosthetic tissue samples*

- Sonication fluid (≥ 50 CFU/ml)

45-75%

60-80%

80-90%

95%

92%

95%

Diagnosis of periprosthetic joint infection is confirmed if at least 1 criteria is fulfilled:

*For highly virulent organisms (e.g. S. aureus, E. coli) 1 positive tissue sample is sufficient.
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Microbiology of PJI
Microorganism Frequency

Coagulase-negative staphylococci 

(e.g. Staphylococcus epidermidis)

30-43%

Staphylococcus aureus 12-23%%

Streptococci & enterococci 12-19%

Gram-negative bacilli (e.g. 

Escherichia coli)

10-17%

Anaerobes (e.g. Cutibacterium

acnes)

4-10%

Mixed infections1 10-20%

Fungi (e.g. Candida albicans)1 1-3%

Culture negative 10-30%

1 Often after VAC-therapy or fistula (with antibiotic therapy)

Corvec IJAO 2012; Tande CMR 2014

Low virulent 

organisms
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Normal skin flora

- Staphylococci

- Staphylococcus

epidermidis

- Staphylococcus aureus

- Anaerobes

- Cutibacterium acnes

100.000 bacteria/cm2
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Modern treatment algorithm

of PJI
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Zimmerli W et al. N Engl J Med 2004:351:1645–1654
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Treatment concept

To achieve high treatment success, a concerted 

surgical and antimicrobial concept is needed

Cure rate >90%
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What is the contribution of the surgeon on 

treatment sccuess in PJI?

Infectious Diseases

• 0%

• 20%

• 40%

• 60%

• 80%

• 100%

Orthopedic surgeons

• 0%

• 20%

• 40%

• 60%

• 80%

• 100%
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What is the contribution of the surgeon on 

treatment sccuess in PJI?

Infectious Diseases

• 0%

• 20%

• 40%

• 60%

• 80%

• 100%

Orthopedic surgeons

• 0%

• 20%

• 40%

• 60%

• 80%
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What is the contribution of the surgeon on 

treatment sccuess in PJI?

Infectious Diseases

• 0%

• 20%

• 40%

• 60%

• 80%

• 100%

Orthopedic surgeons

• 0%

• 20%

• 40%

• 60%

• 80%

• 100%
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Johnson et al. J Bone Joint Surg Br 1986; Bengtson et al. Acta Orhop Scand 1991

Cure rate 8% Cure rate 9%

Antibiotics without surgery
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The solution to pollution is dilution

(of microbes)
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Systemic 

antibiotic

No surgery

Resistance

Insufficient debridement, PMMA beads

Sufficient debridement, 

Time
+ Implant coating

+ Local antibiotic

+ Bacteriophage therapy

Persistence

Acute: change of mobile parts

Chronic: Change of prosthesis
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<1 month 3–36 months Any time

Early

postoperative

Delayed

(low grade)

Late

S. aureus

Streptococci

Enterococci

Staph. epidermidis

Cutibacterium acnes

S. aureus

E. coli

Streptococci

Perioperative Haematogenous

Time after

implantation

Type of

infection

Route

Pathogen

Signs Chronic: Persistent 

pain, loosening, 

sinus tract

Acute: fever, 

effusion, warmth, 

dehiscence

Acute or 

subacute

Classification: early – delayed – late

Acute

Chronic
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Acute PJI

- Good bone/soft 

tissue?

- Stable prosthesis?

- No DTT (if known)?

Prosthesis exchange

Chronic PJI

Débridement & retention, 

exchange of mobile 

parts

Eradication of infection

not possible

- DTT (if known)?

- Bad bone/soft tissue?

- Fistula?

- Multiple revisions?

One-stage exchange

Long-term suppressive 

antibiotic therapy, permanent 

arthrodesis/girdlestone

Three-stage exchange

Unsatisfactory

course?

Yes

No

No

- DTT-organism?

- Bad bone/soft tissue?

Short interval 

(2-3 weeks)

YesNo

Yes

Treatment algorithm

Two-stage exchange

Long interval 

(6-8 weeks)

DTT = difficult-to-treat infections caused by

pathogens resistant to biofilm-active

antimicrobials

- Rifampin-resistant staphylococci

- Ciprofloxacin-resistant gram-negative bacteria

- Fungi (Candida)
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Acute infection
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Prolonged discharge: early postoperative PJI?

• C-reactive protein (CRP) should decrease after 

surgery!

• Exclude other reasons of prolonged discharge

(coagulopathy, hematoma, albumin deficiency)

→ revision surgery

if prolonged

secretion (>7 days)
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Acute pain & fever, 10 y after implantation
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Chronic infection
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• 78-y-o female

• Primary hip prosthesis 4 months ago 

• Since implantation pain, walking distance 

now 20 m

• CRP normal, no loosening on x-ray
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High leukocyte count in

joint aspirate (59,000/µl)

Aspiration 4 months after implantation
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Chronic: Removal of all foreign material
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Borens O. Presented at EBJIS in Antwerpt, September 2019



U N I V E R S I T Ä T S M E D I Z I N   B E R L I N

Retention of fixed 
prosthetic 

components

One-stage exchange

Two-stage exchange
(short interval)

Two-stage exchange 
(long interval)

Three-stage exchange

2 weeks 10 weeks 

Explantation & implantation

Explantation Implantation

Explantation Implantation

Débridement & biopsies

4 weeks 1 week  5 weeks 2 weeks 

i.v. antibiotics 
without
antibiofilm activity

p.o. antibiotics 
without antibiofilm 
activity

Ex- and reimplantation 
of prosthesis

Type of surgery       Intervention Antibiotics (total 12 weeks)

Explantation Implantation

1 week 5 weeks 3 weeks 3 weeks 

1 week 
p.o. antibiotics with
antibiofilm activity

2 weeks 10 weeks 

Change of mobile parts

9 weeks 2 we. 

Surgical procedures

Biofilm treatment
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Aim of PJI-algorithm

To select the

• least invasive treatment option depending

on the present features

• with the best functional result

• without compromising the cure rate!
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Prosthetic join infection: Outcome 

Variable Long interval 

w/o optimal AB

(n =19)

Long interval 

with 

optimal AB 

(n =19)

Short 

interval with

optimal AB 

(n = 19)

Patient age (years) 68,5 ± 7,7 68,6 ± 14,4 65,4 ± 9,6

Duration from implantation to infection (years) 3,2 ± 3,0 5,7 ± 5,1 4,2 ± 3,9

Interval from explantation to reimplantation 66,7 ± 12,8 66,7 ± 38 15,9 ± 5,8

Length of hospital stay (days) 25,7 ± 8,6 30 ± 10 30 ± 7

Follow-up (months) 25,2 

(7-68)

18,3 

(6–29)

17,8

(8-19)

Aufenthalt in Geriatrie im Intervall (d) 204 210 0

Relapse of the infection 6 (32%) 1 (5%) 0 (0%)

No. revisionens in interval (median) 2 2 0
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Surgery without «proper» antibiotics

Gellert M, Hardt S et al. IJAA 2019 (in press)

Biofilm-active 

antibiotics 

improved outcome 

of knee PJI: 

6-year prospective 

cohort with 103 
patients
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Properties of antibiotics

•Knochenpenetration Activity against biofilms

Good oral bioavailabilityBactericidal activity

Good bone penetration
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Bacteriostatic Bactericidal 

TETRACYCLINE

Tigecycline

Minocycline

Azithromycin

Doxycycline

Fusidic acid

OTHER

Oxytetracycline
Streptomycin

Gentamicin

Amikacin

Rifampin

Fosfomycin

Methicillin
Nafcillin

Cephaloridine

Ceftaroline

Ampicillin

Oxacillin

Cefazolin

Amoxicillin

Ciprofloxacin

Moxifloxacin

Telavancin

Dalbavancin

LIPOGLYCOPEPTIDE

BETA-LACTAMS
Daptomycin

AMINOGLYCOSIDE

OTHER

Activity of antibiotics

OXAZOLIDINONE

Clindamycin

Teicoplanin

Linezolid

GLYCOPEPTIDE

Co-amoxiclav

Flucloxacillin

LIPOPEPTIDE

QUINOLONES

Nalidixic

acid

Vancomycin

Levofloxacin

Penicillin

Rolinson GN. Int J Antimicrob Agents 2007;29:3–8
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Switch to oral treatment after surgery

When...

... CRP is nearly normalized

... wound is closed and dry

... organism and its susceptibility is known

→ usually after 1-2 weeks
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How much ends up in the bone?

Drug Oral bioavailability Bone penetration

Ampicillin/Sulbactam 50% 7%

Cefuroxim, cefadroxil 50% 12%

Levofloxacin 100% 77%

Rifampin 80% 51%

Cotrimoxazole 85% 55%

Clindamycin 90% 45%

Linezolid 100% 85%

Sanford Guide to Antimicrobial Therapy 2015. 45nd ed. 

Lorian. Antibiotics in Laboratory Medicine. 5th ed.
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Antibiotics with biofilm-activity

• Staphylococci: rifampin (in combination)

• Gram-negative rods: ciprofloxacin

• Streptococci: penicillin G or ceftriaxon (then 

amoxicillin p.o.)

• Enterococci: ampicillin/amoxicillin + fosfomycin 

+ gentamicin
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Rifampin – precious but delicate
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Role of rifampicin in staphylococcal PJI

Early postop. and late acute PJI: Rifampicin-susceptible staphylococci
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Rifampin: Quick emergence of resistance

Do not use:

• Before surgery

• In the interval before re-implantation 
of prosthesis

• In open wounds

• As single antibiotic (monotherapy) 
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Explantation Implantation

4 W 1 W 5 W2 W 

Explantation Implantation

1 W 5 W 3 W 3 W 

Explantation Implantation

1 W 9 W 2 W 

Spacerwechsel

Strategy: long interval (6 weeks)

Osteomyelitis  

therapy

= 

Suppression

Biofilm-active 

therapy

=

Eradication

No prosthesis Prosthesis

No rifampin

during interval!
rifampin
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Targeted therapy
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Therapy during interval: suppression

➢ Aim: suppression of the infection (no eradication)

➢ used substances: 

➢Seamless intake until implantation (no

drug holidays)

Organism substance

Staphylococci Cotrimoxazol, Doxycyclin, Clindamycin

Streptococci Amoxicillin, Clindamycin, Levofloxacin

Enterococci Amoxicillin, (Linezolid)

Anaerobes Clindamycin, Amoxicillin, Metronidazole

Gram negative organisms Ciprofloxacin, Cotrimoxazol
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Pocket Guide: www.pro-implant-foundation.org
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Pocket Guide: www.pro-implant-foundation.org



DEFINICIJA

Test Kriterij

Klinička slika Akutna ili kronična bol u leđima

Dijagnostika Kompjuterizirana tomografija (CT) ili magnetska

rezonancija sugestivna za osteomijelitis kralješnice

Mikrobiologija

ili

Histologija

Rast mikroorganizama na hemokulturi ili tkivu

kralješnice1

Akutna ili kronična upala tkiva kralješnice

Osteomijelitis kralješnice, ukoliko su 3 uvjeta ispunjena:

Vodič za dijagnostiku i 

liječenje infekcija kralješnice
Verzija 1: Studeni 2019

1 Nisko virulentni kožni patogeni moraju se interpretirati u kliničkom kontekstu (prethodne infiltracije? Prisutan 

intravaskularni implantat?)
2 Za visoko virulentne mirkoorganizme (npr. S. aureus, E. coli, streptococci) ili u pacijenata s antibiotskom 

terapijom se već jednom pozitivnom kulturom dokazuje infekcija te sonifikacija  <50 CFU/ml može također biti 

signifikantna

Infekcija kralješnice povezana s implantatima, ukoliko je ≥1 kriterij ispunjen:

Potporni kriteriji za infekciju:

• Produžena sekrecija rane

• Sekundarna dehiscencija

rane

• Razlabavljenje implantata/vijaka

• Pseudartroza

Za detaljne preporuke možete nas kontaktirati na adresi: cs.pro-implant-foundation.org

Test Kriterij

Klinička slika

• Poremećaj cijeljenja rane ili fistula

• Vidljiva gnojna sekrecija oko implantata

• Pozitivan test sondom za ispitivanje implantata

Histologija Upala u peri-implantatskom tkivu

Mikrobiologija

Signifikantan rast mikroorganizama2 u:

• ≥2 uzorka peri-implantatskog tkiva

• Sonifikacijskoj tekućini (≥ 50 CFU/ml)
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Pocket Guide: www.pro-implant-foundation.org





Consultation service: www.pro-implant-foundation.org
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Year 2018: 3267 consultations



Goals of the presentation

Infection is the best possible complication, if… 

…appropriate diagnostic is combined with

…correct surgery and 

…efficient anti-biofilm agents.

Cure rate >90% 

Infection is the best possible complication
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Thank you

andrej.trampuz@charite.de

Focus on implant, bone and joint-associated infections:

• Surgery: New concepts (retention, 1-stage, 2-stage short interval)

• Diagnosis: Fast innovative methods

• Antibiotics: Active against biofilms


