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Bone healing 
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Bone healing 

Normal bone healing 



Bone healing  

Potential complications 
 

•  Failure to relieve pain or misalignment [10-20%] 
•  Pseudoarthrosis = delayed union [ 5-10%] 
•  Infection (5-15%] 
•  Implant loosening 
•  Implant (biomaterial) migration 
•  Nerve damage 
 
 

Patient specific risk factors for delayed fusion include 
•  Smoking 
•  Diabetes 
•  Osteoporosis 
•  Age 



Infection 

Infection is a quantitative problem  
  - number of bacteria 

Infection is a qualitative problem 
  - virulence of bacteria 

   VERSUS 

  
Resistance of the host 

!!      Wound contamination happens primarily during surgery    !! 



Infection 



Infection 

Bacterial infection of bone or bone marrow 
 
Pathophysiology: 

•  Infection after trauma or surgery 
•  Infection associated with vascular insufficiency  
•  Hematogenous osteomyelitis 

 
Common pathogens 

•   S. aureus, S. epidermidis, Pseudomonas aer. 

Types: 
•  Acute osteomyelitis: <2 weeks 
•  Subacute ostemyelitis: 2-4 weeks 
•  Chronic Osteomyelitis >6 weeks 

•  Chronic osteomyelitis classification 
•  Cierny-Mader: physiological & anatomical 

 

Lew and Waldvogel 2004 



Infection 

Race for the surface (Gristina) 
 
•  Microbial adhesion and biofilm formation compete with tissue integration of host  

* Gristina R. Biomaterial-centered infection: microbial adhesion versus tissue integration. Science 237:1588-95,1987. 
** Gristina AG, Shibata Y, Giridhar G, Kreger A, Myrvik QN. The glycocalyx, biofilm, microbes, and resistant infection. Semin Arthroplasty. 1994 Oct;
5(4):160-70. Review. 
 
 

If host tissue cells win    è   infection risk < 
If the bacteria win   è   formation biofilm on implant  



Infection 

Biofilm 

Biofilm composition 

•  Extracellular polymeric substance (EPS) composition 
•   - extracellular DNA 
• - proteins 
• - polysaccharides 

•  Bacteria in biofilm 
• - Low metabolism 
• - Low rate of multiplication 

 
 



Infection 

Biofilm 
 
- Produced by bacteria 
- Protects bacteria against macrophage cell and AB 
- Reinforces adhesion to implant by persisters formation 

 ê 
< natural immune response  

< effect AB (antibiotics) 

 
 



Infection 

Biofim development stages 

1.  Initial attachment 
2.  Irreversible attachment 
3.  Maturation I 
4.  Maturation II 
5.  Dispersion 



Infection 

Biofilm 
 

•  Polymers  predeposition for st.epidermidis 
•  Metals  predeposition for st.aureus    
•  Relative risk  CrCo  > stainless steel  >  titanium         WHY? 
 

2 h incubation 12 h incubation 



Take home message 1 

•  Infection quantitative and qualitative problem vs host resistance 

•  Wound contamination primarily on OR 

•  Race of the surface ⎝ biofilm hampers and impairs treatment 

•  Infection treatment is difficult and may lead to implant extraction 



Infection 

Treatment  
 

•  Treatment of orthopaedic infections is based on a combination of 
 

 
 
 

   MEDICAL  - high dose antibiotics 
      - systematic and/or local  
      - optimized for bacteria strain 

 

 
   Surgical   - extensive debridement 
      - implant revision? 



Infection 

Treatment thoughts  
 

•  Low grade inflammation, persisting micro-organisms 
•  Less / no systemic symptoms 
•  Often polybacterial 

•  Development necrosis à not reached by antibiotics 
•  Sequesters en fistula 

•  No clear cut-off between acute and chronic 
•  >10 days persisting: association with necrosis / chronic. infection     

•  Only antibiotic treatment not enough 
•  Surgical treatment needed 

•  Continuous focus or vascular insufficiency: almost always chronic infection 



Infection 

Treatment thoughts  
 

•  Bacteria persist endlessly in dead tissue 
•  Bacteria persist endlessly in biofilms 

•  Dead tissue cannot be sterilized with antibiotics 
•  Necrosis only removed surgically 

•  Biofilms are not removed with only antibiotics 
•  Living tissue: neutrophils need to cooperate 
•  Retain foreign body materials?:  
•  Antibiotic needed with activity vs biofilms, and 
•  Remove as much biofilm as possible by “cleaning” the prosthesis 

•  A 



Infection 

Treatment results   
 



Infection 



Take home message 

•  5-20% complications in bone healing  

•  Predominant mal-alignment, delayed union and infection 

•  Infection both a quantitative and qualitative problem vs host resisitance  

•  Treatment medical and surgical  

•  Level of  evidence of current antibiotic carriers for osteomyelitis treatment is 
low.  



Questions 


