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ΠΑΘΟΦΥΣΙΟΛΟΓΙΑ ΟΣΤΙΚΩΝ ΛΟΙΜΩΞΕΩΝ

Lew DP & Waldvogel FA. Osteomyelitis. Lancet 2004, 364:369-79. 

• Αιματογενής

• Δευτερογενής λόγω νευραγγειακής δυσπραγίας

• Κατά συνέχεια ιστικού τραύματος / χειρουργικής 

παρέμβασης → fixation related or prosthetic joint 

infection





Η ΑΥΞΗΣΗ ΤΩΝ ΑΡΘΡΟΠΛΑΣΤΙΚΩΝ ΟΔΗΓΕΙ ΣΕ 
ΑΥΞΗΣΗ ΤΩΝ ΛΟΙΜΩΞΕΩΝ ΚΑΙ ΤΩΝ 

ΑΝΑΘΕΩΡΗΣΕΩΝ 

Planned knee and hip replacement surgeries are on the rise in the U.S. (Blue Cross Blue Shield)





Minimization of perioperative duration

Less invasive approach

Use of antibiotic-loaded PMMA cement 

Intraoperative complications

Type of implant

Optimization of indication for surgery

Point of time of surgical intervention

Rao N, et al. J Arthroplasty 2010

Parvizi J, et al. Acta Orthop 2011

BG Klinikum, Hamburg , Osteomyelitis

REDUCING THE RISK FOR POSTOPERATIVE INFECTION

Allegranzi B, et al. New WHO recommendations on preoperative measures for surgical site infection prevention: 

an evidence-based global perspective. Lancet 2016



ΚΑΤΗΓΟΡΙΑ 

ΛΟΙΜΩΞΕΩΣ

ΧΡΟΝΙΚΗ ΕΝΑΡΞΗ 

ΜΕΤΑ ΤΗΝ 

ΕΠΕΜΒΑΣΗ

ΚΥΡΙΑ ΠΑΘΟΓΟΝΑ ΑΙΤΙΑ ΚΛΙΝΙΚΗ ΕΙΚΟΝΑ

Πρώιμη 

μετεγχειρητική (early)

- οξεία

- υποξεία

≤ 2 – 4 εβδ S.aureus

Streptococcus spp

Gram αρνητικά 

βακτηρίδια,

Coagulase negative

Staphylococci )

Συνήθως συμπτώματα / σημεία οξείας 

φλεγμονής ( πυρετός, ρίγος, τοπικά 

σημεία φλεγμονής και διαταραχής 

επούλωσης στο δέρμα ή την περιοχή της 

τομής), οργανωμένες συλλογές

Ενδιάμεσης 

χρονιότητας και 

Όψιμη χρονία 

(delayed)

≥ 4 εβδομ – 10 εβδ

> 10 εβδ

Coagulase negative

Staphylococci,

Propionibacterium spp,

S. αureus

Αναερόβια βακτήρια

Αβληχρότερη εικόνα, επίμονο ή 

επιδεινούμενο άλγος,  δυσκαμψία, 

οίδημα, πυρετός <30%, πιθανώς 

συρίγγιο, με ή χωρίς χαλάρωση ή 

θραύση του υλικού, ψευδάρθρωση

Όψιμη αιματογενής

(late) - οξεία

- χρονία

> 2 έτη Streptococcus spp

S.aureus

Gram αρνητικά 

βακτηρίδια (E. coli)

Οξείας ή υποξείας ενάρξεως φλεγμονή, 

δυσλειτουργία μιάς άρθρωσης που 

προηγουμένως λειτουργούσε καλώς, 

συνοδός ή απομεμακρυσμένη άλλη πηγή 

λοίμωξης πχ από  δέρμα, ουροποιητικό ή 

αναπνευστικό σύστημα, οδόντες ή

μετά από σήψη, ψευδάρθρωση

Zimmerli W, Sendi P. Orthopaedic biofilm infections. APMIS 2017, 125:353–64 





BIOFILM MATURATION
acute → chronic

Seebach E & Kubatzky KF. Chronic implant-related bone infections—Can immune modulation be a therapeutic strategy? Front Immunol 2019, 10: 1724. 



INTERNATIONAL WOUND INFECTION INSTITUTE

Surgical site Early diagnosis Immediate interventionClinical suspicionWound



TRADITIONAL LABORATORY METHODS



TRADITIONAL LABORATORY MARKERS

Number of circulating WBCs and neutrophils → specificity

C-reactive protein and Erythrocyte sedimentation rate (ESR) → sensitivity

Sequential measurements of CRP → disease and therapy monitoring

Normal CRP and ESR levels are a strong indicator of absence of infection.

Shuman E, et al. Infect Dis Clin N Am 2012
Del Pozo JL, et al. N Engl J Med 2009



IMAGING 

• Ultrasound → Fluid → Aspiration

• Plain X-ray → “Most important source of information” 

• CT → Bone necrosis (sequestrum and involcrum) and biopsy

• CT + contrast → Effusion / Absess

• MRI → Bone marrow edema and soft tissue involvement extent

• PET-CT → implant associated → disease activity plus anatomy

• Scintigraphy (Tc, Ga, In) → Sensitivity ,    Specificity 

AO Principles of Fracture Management _ Acute and chronic infections (2017)





“You only see what you look for… 

and you only look for what you 

know…”

Learning Radiology (2nd edition)

IMAGING



ΠΕΡΙΠΡΟΘΕΤΙΚΕΣ ΛΟΙΜΩΞΕΙΣ

• Tουλάχιστον 3 - 6 ιστικά και οστικά δείγματα από την περιοχή διεπαφής του υλικού.

• OXI λήψη καλλιεργειών με στυλεούς!

Αmerican Academy of OrthopaedicSurgeons. The diagnosis of periprosthetic 
joint infections of the hip and knee, guideline and evidence report, 2010 

• Ιστική oμογενοποίηση των δειγμάτων προ καλλιέργειας → Αυξημένη διαγνωστική 

ικανότητα 

Redanz et al. DMID 2015



MIA MONAΔΙΚΗ ΘΕΤΙΚΗ ΚΑΛΛΙΕΡΓΕΙΑ 
ΠΙΘΑΝΟΤΑΤΑ ΑΞΙΟΛΟΓΕΙΤΑΙ  ΕΦΟΣΟΝ  ΥΠΑΡΧΕΙ:

• Ιδιαίτερα παθογόνος μικροοργανισμός πχ 
Staphylococcus aureus

• Περιπροθετικό πυώδες εξίδρωμα

• Συρίγγιο μέχρι την άρθρωση

• Ταχεία ανάπτυξη παθογόνου στην καλλιέργεια

• Θετική Gram χρώση

Shuman E, et al. Infect Dis Clin N Am 2012





The 2010 Award of the Swiss Society of Hospital Hygiene 
(SSHH) & the Swiss Society for Infectious Diseases (SSI)

Prosthetic Joint Infection Diagnosis using 
Broad-Range PCR of Biofilms Dislodged 
from Knee and Hip Arthroplasty Surfaces 
using Sonication
Eric Gomez, Charles Cazanave, Scott A. 
Cunningham et al, Mayo Clinic, USA

Journal of Clinical Microbiology 2012

J Antimicrob Chemotherapy 2014





ΚΡΙΤΗΡΙΑ ΔΙΑΓΝΩΣΗΣ ΠΕΡΙΠΡΟΘΕΤΙΚΗΣ ΛΟΙΜΩΞΗΣ 

1. Συρίγγιο, που επικοινωνεί με την περιοχή των εμφυτευμάτων (Β-ΙΙΙ)

2. Πύον πέριξ της αρθρώσεως/αρθροπλαστικής (Β-ΙΙΙ)

3. Ιστολογική απόδειξη οξείας φλεγμονής των περιπροθετικών ιστών (Β-ΙΙ)

4. Απομόνωση του ίδιου μικροοργανισμού από τουλάχιστον δύο καλλιέργειες 

- από υγρό αρθροκέντησης ή 

- από διεγχειρητικά περιπροθετικά δείγματα (Β-ΙΙΙ)

ή 

απομόνωση ιδιαίτερα παθογόνου μικροοργανισμού πχ S.aureus από μία καλλιέργεια 

- από υγρό αρθροκέντησης ή 

- από  περιπροθετικό ιστό διεγχειρητικά (Β-ΙΙΙ)

5. PJI μπορεί να υφίσταται, ακόμη κι αν τα κριτήρια αυτά δεν εκπληρούνται (Β-ΙΙΙ)

IDSA Guidelines, CID 2013

Del Pozo J, Patel R, et al. N Engl J Med 2009



Parvizi J, et al. The 2018 definition of periprosthetic hip and knee infection: An evidence-based and validated 
criteria. J Arthroplasty 2018, 33:1309-14 (ΜSIS)

DIADNOSTIC CRITERIA FOR PJI



Glaudemans AWJM, et al. Consensus document for the diagnosis of peripheral bone infection in adults: a joint 
paper by the EANM, EBJIS, and ESR (with ESCMID endorsement). Eur J Nucl Med Mol Imaging 2019, 46: 957-70 

In case of fever, blood cultures should always be performed in patients suspected to 
have prosthetic joint infection to identify the causative bacteria (Level of evidence 4)

Sinus tract and purulent discharge are clear signs of prosthetic joint infection (Level of evidence 5) 

CRP, ESR, and WBC counts should always be performed in patients suspected of 
having peripheral bone infection for diagnostic purposes (Level of evidence 4) 

Bone biopsy remains the gold standard method for the identification of the pathogen causing PJI 

(Level of evidence 4)

Antibiotic therapy should be discontinued before biopsy (Level of evidence 5) 

DIADNOSTIC CRITERIA FOR PJI
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• Χειρουργικός καθαρισμός, διατήρηση πρόθεσης + αντιβιοτικά  → DAIR

• Αντικατάσταση αρθροπλαστικής σε 1 στάδιο (one stage revisiοn) ±

σταθεροποιητικό υλικό (cement) με αντιβιοτικό + αντιβιοτικά IV

• Αφαίρεση αρθροπλαστικής με όψιμη επανατοποθέτηση (αντικατάσταση σε 2 

στάδια) ± σταθεροποιητικό υλικό (cement) με αντιβιοτικό + αντιβιοτικά IV

• Απλή αφαίρεση με καθαρισμό + αντιβιοτικά IV

• Αρθρόδεση (fusion)

• Ακρωτηριασμός

• Χρόνια κατασταλτική αγωγή (>6 μήνες- πολλά έτη)

ΣΧΕΔΙΑΣΜΟΣ ΑΝΤΙΜΕΤΩΠΙΣΗΣ 
ΠΕΡΙΠΡΟΘΕΤΙΚΗΣ ΛΟΙΜΩΞΗΣ

Zimmerli W & Sendi P. Orthopaedic implant-associated infections. In: Principles and Practice of Infectious Diseases, 2015 p.1328-40



Surgical treatment algorithm for prosthetic joint infections.

Difficult-to-treat 
microorganisms include 

microorganisms resistant to 
antibiotics with good oral 
bioavailability, rifampin-
resistant staphylococci, 
enterococci, and quinolone-
resistant gram-negative bacilli 
and fungi.

Zimmerli W & Sendi P. Orthopaedic implant-associated infections. In: Principles and Practice of Infectious Diseases, 2015 p.1328-40



AO Recon
Adapt. By Trampuz A. , Charite, Berlin. Pro-implant foundation_Course for Prosthetic implant infections 2020



Leone S, et al. Consensus document on controversial issues on the diagnois and treatment of 

prosthetic joint infections. Int J Infect Dis 2010, 14: 67-77



AO Recon_Adapt. By Trampuz A., Charite, Berlin. Pro-implant foundation_Course for Prosthetic implant infections 2020



A FUNCTIONAL CLASSIFICATION SYSTEM

Volker Alt, et al. Bone Joint Res 2020, 9:79–81



ANTIMICROBIAL TREATMENT (IV/PO)
OF COMMON MICROORGANISMS CAUSING PJIs (B-III)

MICROORGANISM PREFERRED 
TREATMENT  iv

ALTERNATIVE 
TREATMENT iv/po

Comments 

MSSA /MSSE
Cefazolin
Nafcillin

Flucloxacillin
Ceftriaxome ?

Vancomycin
Daptomycin

Linezolid 

± Rifampicin

MRSA / MRSE Vancomycin Daptomycin
Linezolid 

± Rifampicin

Osmon DR et al. IDSA Clinical Practice Guidelines. Clin Infect Dis 2013
Parvizi J & Gehrke T.  International Consensus Meeting on Periprosthetic Joint Infection, 2013



ANTIMICROBIAL TREATMENT (IV/PO)
OF COMMON MICROORGANISMS CAUSING PJIs (B-III)

MICROORGANISM PREFERRED 
TREATMENT  iv

ALTERNATIVE 
TREATMENT iv/po

Comments 

β-hemolytic
Streptococci

Penicillin G
Ampicilline
Ceftriaxone

Vancomycin

Enterococci Penicillin G 
Ampicilline

Vancomycin
Daptomycin

Linezolid 

± aminoglycoside
Ampicilline +Rif 
Linezolid + Rif

Ciprofloxacin+ Rif

Gram - negative Cefepime
Fluoroquinolones

Ertapenem

Pseudomonas 
aeruginosa 

Cefepime
Meropenem

Ciprofloxacin
Ceftazidime

Propionibacterium
acnes

Penicillin G
Ceftriaxone 

Clindamycin 
Vancomycin

Osmon DR et al. IDSA Clinical Practice Guidelines. Clin Infect Dis 2013
Parvizi J & Gehrke T.  International Consensus Meeting on Periprosthetic Joint Infection, 2013



IMPLANT RETENTION

Guo-Xin Qu, et al. Debridement, 
antibiotics, and implant retention for 
periprosthetic knee infections: a 
pooling analysis of 1266 cases. J 
Orthop Surg Res 2019

“Success rate 71-80 % (<3w , no 
MRSA)”

”Immunocompromise, MRSA 
infection, poor condition of local 
soft tissues and failure of one 
DAIR procedure should prompt 
revision arthroplasty.”

Sultan Naseer Qasim, et al. SICOT 
J 2017

Osmon et al.
IDSA 

Guidelines 
2013



PREDICTORS OF DAIR FAILURE

• No mobile parts exchange                                     Urikarte et al. Hip Pelvis 2019

• Total knee arthroplasty                                         Kunutsor et al. J Infection 2018

• Hematogenous PJI                                              Iza et al. J Orthop Surg Res 2019

• Long symptom duration                                         Kunutsor et al. J Infection 2018

• Fracture total hip arthroplasty                              de Vries, JBJI 2019

• Immunocompromise                                    Segawa et al. J Bone Joint Surg Am 1999

• Bone loss & soft tissue necrosis                   Segawa et al. J Bone Joint Surg Am 1999

• Sinus tract                                                           Marculescu et al. Clin Infect Dis 2006

• MRSA / Staph. aureus                               Triantafyllopoulos et al. J Arthroplasty 2014

• High virulence microorganisms Azzam et al. J Arthroplasty 2010

• Ambiguous susceptibility to biofilm active Rx     

• Number of debridement Geurts et al. Acta Orthop 2013

Zimmerli et al. 2015 



STAGED TREATMENT PROTOCOL

Temporary functional reconstruction 
(spacers)

• Local antibiotic delivery-extremely high 
local concentrations → vanco + genta

• Obliterate dead space.
• Simultaneously preserve space for 

definitive reconstruction
• Maintain ligament balance and soft tissue 

envelope and functional length
• PMMA-static
• PMMA-articulating
• Composite – metal, PMMA





OUTCOMES OF PJI OVER TIME  2000 - 2016

• Retrospective 17 years 2000-2016  (550 pts) 

• 2-stage and DAIR (Debridement, Antibiotics, Implant Retention)
• 123 patients not included as they did not have re-implantation

• Minimum 1 year follow-up 

• Overall - 2-stage failure rate 19.8% 

• No difference in outcomes over 17 years - adjusted to age, sex, 
comorbidities 

Goswami et al. MSIS. 2019 









SILVER-COATED VS TITANIUM 
MEGAPROSTHESES

• 51 pts, silver-coated megaprosthesis 

• proximal femur, n = 22;  proximal tibia, n = 29

• 74 pts , uncoated titanium megaprosthesis 

• proximal femur, n = 33; proximal tibia, n = 41

• The infection rate 

• 17.6% in the titanium group

• 5.9% in the silver group

• 38.5% of pts in the titanium group with infection had amputation

Hardes et al,  J Surg Oncol 2010



CIERNY & MADER CLASSIFICATION

Cierny G, Mader JT, Pennick H. A clinical staging system of adult osteomyelitis. Contemp Orthop 1985, 10:17-37





AO Principles

AO Principles of Fracture Management _ Acute and chronic infections (2017)

“ Any necrotic and avascularized tissue 

must be debrided, in order to prevent the 

formation of biofilm…”

Antibiotics

Immune cells

“ Vital muscle and periosteum must be 

preserved and left in contact with the 

bone, so that antibiotics reach the site…”



AO Principles
envelope

AO Principles of Fracture Management _ Acute and chronic infections (2017)

“ Consider soft tissue damage and cover     

(envelope)…A fracture is considered a 

soft tissue injury plus bone 

discontinuity…”    → Timing !

PJI after planned surgery = 0.1-2%

FRI after fracture fixation = 1-5%    (BF Klinikum, Hamburg, Osteomyelitis)



AO Principles

AO Principles of Fracture Management _ Acute and chronic infections (2017)

FRI  :  1. ORIF → Plating 

Bone fragments devascularization  

→ least invasive approach

✓ Subcutaneous Vs Submuscular/subfascial

2. Intramedullary nailing 

Endosteal necrosis, diaphyseal osteomyelitis, septic 

pseudarthrosis, purulence from fracture site 

3. External fixation 

Pin track infection, ring sequestra from high energy drilling



AO Principles
Instability

AO Principles of Fracture Management _ Acute and chronic infections (2017)

“In case of FRI the primary goals are :

1. fracture fixation and 2. prevention 

of chronic osteomyelitis…”

“Administration of antibiotics without 

concomitant surgery fails to eradicate the 

infection…”

Instability          Infection
J Neurosurgery, Spine vol. 23



AO Principles 
Stabilization

AO Principles of Fracture Management _ Acute and chronic infections (2017)

1. Initiation of fracture healing

2. Functional patient aftercare

3. Easier wound care

4. Stability for soft tissue healing 

5. Maintains or restores length, alignment and rotation

6. Early weight bearing



AO Principles
hematoma

AO Principles of Fracture Management _ Acute and chronic infections (2017)

“Early infections need to be distinguished from wound dehiscence and 

necrosis of the wound edges as well postoperative hematoma…”

”A painful or fluctuating hematoma requires 

immediate drainage and debridement…”

“Time is tissue…”



AO Principles

AO Principles of Fracture Management _ Acute and chronic infections (2017)

Treatment plan  : Debridement      Wound lavage

Dead space management

Soft tissue management and 

bone fragment stability

Microbiology 

Targeted treatment

Implant        

retention or 

removal

Supression

Definite reconstruction



AO Principles 
Debridement

AO Principles of Fracture Management _ Acute and chronic infections (2017)

1. In case of a sinus → infuse methylene blue

2. Excise skin wound margins

3. Remove hematoma

4. Abscess membrane

5. Excessive granulation tissue removal

6. Necrotic and devascularized tissue

7. Dead bone splints and sequestra (paprika sign)

8. Tissue sample from bone-implant interface

9. Rigorous surgical site irrigation → reduce cfu 10^6

10. 2nd debridement and irrigation after 24-48h → 10^6

11. Wound closure over suction drain or 

negative pressure wound treatment or cement beads

12. In case of bone loss → antibiotic loaded cement spacer



AO Principles 
Debridement



AO Principles
Implant retention in FRI

AO Principles of Fracture Management _ Acute and chronic infections (2017)

”The entire implant should be considered infected with a biofilm 

covering through its entire length, width and depth…”

“Fracture healing will not take place in presence of infection without 

mechanical stability…”

Stable implant    

YES → Retain until bridging → Supression

NO → Remove and Ex-Fix → Eradication



AO Principles

Infected Intramedullary nails

AO Principles of Fracture Management _ Acute and chronic infections (2017)

Nail    

Retain , if stable / bridging / sensitive micro → In the 

end remove nail and ream 

Remove and ream the canal 0.5-1.5mm to a distal opening

(RIA : Reamer – Irrigator – Aspirator) 

One stage nail exchange Two-stage nail exchange → antibiotic cement 

beads / antibiotic loades nail + Ex-Fix 



AO Principles

Infected Intramedullary nails



AO Principles

Infected Intramedullary nails



AO Principles
Pin track infection

AO Principles of Fracture Management _ Acute and chronic infections (2017)

External fixation   → Pin track infection and ring sequestra

Remove and replace the pin

Perform curettage and remove sequestra

Irrigate and take tissue cultures from insertion site

Do not remove the Ex-Fix



AO Principles
Bone defects

AO Principles of Fracture Management _ Acute and chronic infections (2017)

Defect    

If < 5-6 cm → Delayed cancellous bone graft (ilium)

✓ sterile biopsy and/or decortication

If > 10 cm 

Distraction osteogenesis →

allows for correction!

(Ilizarov, Taylor frame, etc) 

Masquelet technique 
(spacer → membrane → late 

grafting plus nail/plate → 1-2 years 

Free vascularized strout graft (Ilium, fibula)



BONE GRAFTING TECHNIQUES
Free or vascularized graft



BONE GRAFTING TECHNIQUES
Distraction osteogenesis



BONE GRAFTING TECHNIQUES
Masquelet technique



AO Principles
Flaps

AO Principles of Fracture Management _ Acute and chronic infections (2017)

“If a bone graft must be applied, the 

establishment of healthy soft tissue 

cover (flap) should precede grafting. 

Placement of a flap over an infected bed 

will result in necrosis of the flap…”

“Negative pressure wound therapy should 

not be a surrogate for early flap cover…the 

earliest the better…if successful…”



BONE GRAFTING TECHNIQUES

Bone and soft tissue defects



“In the treatment of segmental lower extremity bone defects following posttraumatic 

osteomyelitis, both IBT and MT can lead to satisfactory bone results while MT had better 

functional results, especially in femoral cases. IBT should be preferred in cases of limb 

deformity and MT may be a better choice in cases of periarticular bone defects.”

















Dr. Gavril Ilizarov

The Taylor frame











SEPTIC ARTHRITIS

Monoarthritis : Knee > Hip ( Knee + Hip >85%)

Joint aspiration → Gold standard + fastest method 

1. Cell count  2. Microbiology  3. Crystals

Gram stain → Sensitivity  Vs      Specificity

Margaretten, Jama 2007

“Time is cartiladge”
Ochsner 2016



SEPTIC ARTHRITIS

Treatment principles :       1. Joint decompression

2. Systemic antibiotics for 4-6w 

(  perfusion rate of synovia)

3. Physiotherapy

4. Lavage but not antiseptics

Mathews et al. Lancet 2010

“Dilution is the solution to pollution”



SEPTIC ARTHRITIS

Arthroscopy                         Synovitis → Conservative treatment

Fibrinous deposits & Synovial tissue 

overgrowth/ debri→ Cartiladge

compromise → Synovectomy

Repetition in 48-72h → If no remission → Arthrotomy

Conen A, et al. AOTrauma, Thiemeverlag 2016



SPONDYLODISCITIS

Microorganisms : Spinal 

Infections_An Update



Ευχαριστώ πολύ!


