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Introduction orthopaedic infections 

Prothesis are alien to the body 

and attractive for bacteria 



Pathofysiology orthopaedic infections 

•  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    !! 
 



Race for the surface (Gristina 1987, 1992) 

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  



Biofilm 

Biofilm composition 
 
•  Extracellular polymeric 

substance (EPS) composition 
 - extracellular DNA 
- proteins 
- polysaccharides 

 
 
 

 
•  Bacteria in biofilm 

- Low metabolism 
- Low rate of multiplication 

 
 



Biofilm 

Bacterial attachment, adhesion and aggregation on biomaterial 
  

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) 



Biofilm development stages 

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



Biofilm 

2 h incubation 12 h incubation 

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



Biofilm          Courtesy to Dr Danielle Neut, UMC Groningen for sharing images.  

Biofilm on throat prothesis 



Biofilm 

•  Bacteria attached to biomaterials are securely anchored and hardly 
reachable for immune response cells and antibiotics 

 
•  Biomaterials infections are hard to treat 
 
•  Eventually implant removal may be necessary 



Infection types 

•  Division by time:  
- Early  (< 3 months)* 
- Delayed   (3 -24 months) 
- Late  (> 24 months) 
 
 

•  Division by route: 
- Exogenous 
- Endogenous (Haematogenous) 
 
 

•  Division by tissue (CDC classification **): 
- Superficial (skin or subcutis) 
- Deep (joint) 
- Organ/cavities 

* Silvano Esposito; International Journal of Antimicrobial Agents 32 (2008) 287–293 
** Horan TC et al.  Am J Infect Control 2008;36(Jun (5)):309–32. 
*** Mangram AJ et al. Am J Infect Control. 1999 Apr;27(2):97-132. 

Superficial (skin) Deep (joint) 



Take home message 1 

•  Infection quantitative and qualitative problem vs host resistance 

•  Wound contamination primarily on OR 

•  Race of the surface è biofilm hampers and impairs treatment 

•  Infection treatment is difficult and may lead to implant extraction 



Infection prevention 

•  Improve host resistance pre-operatively 
 - Nutrition state 
 - Diabetes 
 - Hypothermia 
 - Antibiotic use 

 
•  OR hygiene: prevent bacteria from entering body (contamination) 

 - Clothing 
 - Behavior (washing discipline / no unnecessary door openings) 
 - Air treatment systems 

 
 
•  Antibiotics:  kill bacteria entering the wound (profylaxis) 

 - IV 12-24 hours 
 - Local around prosthesis  PMMA bone cement with AB 

      AB attached to fixation or as part of coating 
 



Infection prevention 

1. Improve host resistance 
 
Malnutrition    è10 days preop. Additional nutrition 
 
Immune deficiency   èpreop. vaccination, local IgG 
 
Pre-op hospitalisation duration  èreduce number pre-operative days 
 
Pre-op skin desinfection   èIodine, chloorhexidine (no shaving) 
 
Per-op hypothermia   èadditional  per-operative heat supply 
 
Antibiotics    èsystemic IV or local using AB in PMMA cement 
 



Infection prevention 

2. Hygiene on OR 
 
Reduce OR air contamination by 

 - Wear tight fitting hat and mask 
 - Speak not to much and not too loudly 
 - Clothing: semi- /im-permeable, better design 
 - Minimise instrument exposure 
 - Minimise OR movements and personnel transfers 
 - Minimise number of personnel on OR 
 - Limit wound / incision size 
 - Limit surgery time 

 



Infection prevention 

2. OR hygiene 
  

Wound contamination at OR 
   - 2 % from patient 

  - 98 % from OR air 
  - 30 % directly due OR air    
  - 70 % indirectly due hands and instruments 

 
Bacteria in OR air by people: skin flakes and chips containing bacteria are 

transported by OR air (particles 2-15 µm)   
   
 - small: transport by air flow 
 - large: fall to ground  

 
 



Infection prevention 

2. OR hygiene : Air treatment downflow systems 



Sterile air blown form 
ceiling to OR floor and 
subsequently extracted 
 

OR  

overpressure system 
 

Infectie prevention 
 



Infection prevention 

2. OR hygiene 
 
Air systems (Convection:  airflow transports skin cells loaded with bacteria) 



Infection prevention 

2. OR hygiene 
 
Clothing stops bacteria 



Infection prevention 





Infection prevention 

3. Antibiotics 
 
A- Systemic 

   - Effective for deep and superficial infection prophylaxis è 75% reduction 

 
 
B- PMMA bone cement  (Polymethyl methacrylaat= PMMA) 

   - powder polymer and liquid monomer 
   - Polymerisation in about 10-20 minutes 
   - No cement but a filler material 
   - AB: Diffusion proces with penetration of 100 µm to 1 cm 
   - Initial release: controlled by surface roughness 
   - Sustained release: controlled by porosity   [<in time] 
   - Bone cement higher porosity è more AB release 

 
C- Implant coatings  

    



Infection prevention 

 
•  The type of pathogen and the time of infection occurrence 

determine the antibiotic agent or agents to be administered 
 
•  MIC – minimum inhibitory concentration 
 
•  Antibiotic release profile at least 3-4 weeks above MIC 

  
 1. Initial burst release 1-2 days till 100x MIC 

 
 2. Prolonged release 3-4 weeks 5xMIC 

* Geurts J et al. Injury, Int. J. Care Injured 42 (2011) S82–S86 



Infection prevention 

•  Pharmacokinetic Gentamicine release profile at least 2-3 weeks 
above MIC 

 



In vitro molecular ELISA 

•  ELISA = Enzyme-linked Immunosorbent Assay 
•  ELISA detection limit ± 1 ng/ml 

•  Use of specific antibodies for the quantitative detection of biochemical 
compounds, like e.g. Proteins 

 
•  Quantification of pharmacokinetic antibiotic release 
 

Assays allow acurate  
detection of gentamicin 
and vancomycin in  
protein rich liquids like 
patient material 

Specific and sensitive assays 
• Gentamicin ELISA range 2-500 ng/ml 
• Vancomycin ELISA range 20-5000 ng/ml 

 



Infection prevention 

3. Antibiotics  PMMA cement demands 
 heat stable (PMMA)   broad spectrum 
 watersoluable   bactericidal 
 small volume   low MIC ((MIC = minimum inhibitory concentration)  
 little mechan. infl.   low resistance rate 
 not toxic    low allergy rate 

 
 

•  AB release 
•  Ideally a high concentration (MIC) release pattern of antibiotics is needed in the 

first 1-2 weeks 

•  Thereafter a prolonged release of a lower concentration (but still above MIC) 
should be maintained for another 4 weeks. Below MIC you induce bacterial 
resistance 

•  The penetration depth of the antibiotic agent should be 1 centimeter in the 
surrounding tissues and the concentration as high as possible without leading to 
environmental toxicity. F.I.: cortical bone 4mm, muscle 8 mm 

* Geurts J et al. Injury, Int. J. Care Injured 42 (2011) S82–S86 



Infection prevention 

1.  PMMA beads 
 * porosity important for proper AB release 
 * large surface area important 
 * small beads higher release profile 

* Geurts J et al. Injury, Int. J. Care Injured 42 (2011) S82–S86 



Infection prevention 

1.  PMMA beads 
 * MUMC hand made beads in molds (Geurts J) 
 * Vancomycin, clindamycin improved release AB 

 

Walenkamp G. Acta Ortho 80(5):505-507, 2009 



Infection prevention 

•  Antibiotic use has also disadvantages 
  - selection of resistent bacteria exist 
  - limited effect after biofilm formation 
  - side effects  
  - costs 

 
 
•  It is far more effective and more logical to prevent bacteria from 

entering the wound: 
 - prevent contamination!!! 

 
  



Take home message 2 

Infection prevention works and is much needed !! 
 
 
 
 
 
 

 Without special precautions: ca 10 % 
 

 With systemic antibiotics:  75 % less infection risk 
 

 With AB PMMA bone cement : 50 % less infection risk 
 

 With proper air treatment: 50 % less infection risk 
 

 It adds up cummulatively!! 
 

10% 

2,5% 

1,5% 
< 1% 



Infection diagnostics  

 Is there an infection ? 
        Diagnosis 

 
 Where is the infection ? 

       Surgery planning  



Infection diagnostics  

Medical history   periodical pain +/- fever   SE 50-80% 
   relative thrust of secretion 
   recurrence free periods 

 
Laboratorium  ESR, CRP, Leuco's :    SE >90% (80-100) 

   normal in non-acute phase 
   Aspiration fluid    SE >70% (11-100) 

    

X-ray    Sclerosis, fistula, sequesters,  Cannot exclude infection
   Periost reaction, lysis, rough cortex 

 

MRI    Abces, anatomy, specific 
   cave edema  

 

Scintigrafy   3-phase Tc, Gallium, IgG etc ?  SE 60%; SP 70%  
   No value when infection if chronic   

 

PCR    Polymerase chain reaction  SE>95%;  SP 60%  
      Live and dead bacteria 

PET       Positron emissie Tomograhpy     SE>90%, SP 93% 



Infection diagnostics  

1.  Bacteriology 

Fistula:  50% wrong bacteria diagnosis 
   contaminated skin (huid) and colonised (canal) 
   best: deep tisue fragments and pus 
   always determine genta MIC value! 

 
Lab:   2 (better 3) weeks culturing 

    cave false  + / - results !! 
 
 
Best information: 

   deep tissue cultures 
   pus in syringe 
   (cotton stick is a transport medium) 

 

 



Infection diagnostics  

•  Agents in 100 osteomyelitis cases MUMC  

Gram positive  69 

 
St.aureus ($ lact.+)  34 
St.aureus ($ lact.-)    6 
St.epidermidis   12 
$-Haemol. streptoc.    5 
Str. faecalis     2 
Streptococci     2 
Prop.acnes     1 
Staph.Saprophyt.    1 

   

Gram negative 42 
 
 
 
 
E.Coli     7 
E.Cloacae    7 
Klebsiella    6 
Proteus    5 
Pseudomonas  13 
Citrobacter    1 
Salmonella    1 
Flavobacterium  1 
Acinetobacter    1 



Infection diagnostics  

X-rays 

Haematogeneous and posttraumatic Osteomyelitis tend to 
look alike in a chronic state  



Infection diagnostics  

CT: axial (3-D) information and fistulography and sequesters 



Infection diagnostics  

1.  MRI: granulation tissue edema (abces)  
2.  Extension infection in soft tissues 

  



Infection diagnostics  

3 Phase bone scan 

3 phase Bon scan Technetium (Tc) 
 1e phase arterial 
 2e phase venous 
 3e phase bone apposition 

 
 
Infection:  1e + 2e phase positive 

  3e phase dependable on
  stage on infection 



Infection diagnostics 

PCR 
 

 *Polymerase chain reaction 
 * Molecular analysis technique / amplify DNA pieces 
 * purpose is detection of infectious pathogens as well as discrimination 
between pathogen and non-pathogens due to specific genes 

 
 * New technique with high sensitivity to show bacterial DNA of living as well 
as  dead bacteria. 

 
 * identification of bacterial strains in progress. Clinically limited available… 



Infection diagnostics 

PCR 
  



Infection diagnostics 

1.  Positron Emission Tomography 18F-Fluoride PET CT scan 
 *tracer specific for a single type of bacteria strain such as MRSA or CNS  
  



Infection diagnostics 

Clincal imaging PET-CT and X-ray 



Take home message 3 

•  Infection diagnostics is a multi disciplinary task 

•  Be mindful for false positive signals 

•  Culturing minimal 2 weeks, better three weeks 

•  PCR and combined PET-CT analysis future methods! 



The problem  

•  Kishony Lab at Harvard Medical School 
•  Movie antimicrobial resistance 

https://www.youtube.com/watch?v=plVk4NVIUh8  



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  

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 

 
 
 

    



Infection treatment  

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  

Two important factors for treatment of SSI 
 
Time   * Early < 1,3,6 months (Coventry,Gustilo, Fitzgerald) 

   * Delayed < 2 years 
   * Haematogenous > 2 years 

 
 Type   * Superficial  

   * Deep 
  

 
 
 

* Mangram AJ et al. Am J Infect Control. 1999 Apr;27(2):97-132. 



Infection treatment  

A) Early vs late infection treatment algorythm 
 
 

•  Early post-operative infection 
  - just post-operative haematoma infected 
  - prosthesis can be saved  
  - in situ 

 
•  Late post-operative infection 

  - bone (cement) prosthesis interface infected 
  - prosthesis cannot be saved 
  - extraction 



Infection treatment  

B) Superficial vs deep early infection treatment algorythm 
 
 

•  Superficial 
  - Antibiotics IV 

 
•  Deep 

  - Debridement prosthesis in situ 
  - Systemic and local antibiotics 

 
 
 

•  Late infection is always deep! 



Infection treatment  

Treatment algorithm infected prosthesis 
 
 
1.  Systemic antibiotics 

2.  Debridement in situ and placement of PMMA bead with AB 

3.  Debridement with extraction 
  * no re-implantation : Girdlestone / arthrodesis (3A) 
  
  * re-implantation: 1-stage (3B), 2-stage (3C), 3-stage (3D) 



Infection treatment  

1.  Systemic antibiotics 
 
•  Only in superficial early post-operative infection 

  - IV / high dose AB + rifampicine 
  - 3 months 

 
•  If no healing: debridement in situ 



Infection treatment  

2. Debridement in situ 
 
• Early postoperative infections 
• Late haematogenous infections if implant is stable 

• Debridement infected tissues 
• Local AB:  beads or –fleeces 
• Repeat every 2 weeks if necessary (1-2 x) 
• Systematic antibiotics: high dosed, IV, 3 months + rifampicin ! 



Infection treatment 

Debridement nettoyage 
 
"Blutsperre" 
fistula excision (PA!) 
Remove implants, sequesters 
Untill healthy tissue 
saucerisation, cortical windows 
I.M. reaming + 1mm 
reduce sclerotic cortex 
pulse-lavage use 
 



Debridement in situ 

- Complete cavity filling Genta beads 
- Close all layers separtely and watertight  
- If needed use artificial skin (Epigard®) 

- (Overflow) drain 1 day?  
- 2 weeks later:  

 - repeat debridement if needed 
 - or stabilise / reconstruct 



Infection treatment  

2. Debridement in situ 



Infection treatment  

Prosthesis in situ: local antibiotics 
 
•  PMMA beads  THA 120-180 

    TKA  60-120 
 
•  Collagen fleeces  max 4-5 

•  Exhibit secretion 
•  Incomplete resorbtion 
•  Can maintain infection 

•  Close fascia/ joint capsule 
 
•  Drain?   deep/superficial 



Infection treatment  

3.A Girdlestone (resection arthroplasty) 
 
•  Inadequate bone stock 
•  When healing is inprobable 
•  Patinet cannot endure > 1 operation procedure 
•  Patient cannot endure another revision procedure ! 

   - physical / psychological 



Infection treatment  

3.A Girdlestone (resection arthroplasty) 
 



Infection treatment  

3.A Girdlestone (resection arthroplasty) 
 



Infection treatment  

3.A Girdlestone (resection arthroplasty) 
 



Infection treatment  

Re-implantation questions 
 
•  One or two stage 
 
•  Local antibiotic carriers 

  - beads, fleeces, spacers 
 
•  Number of debridements 

•  Systematic antibiotics 

•  Duration of treatment interval 

•  Reimplantation: uncemented: 
  - AB PMMA cement / AB grafts 



Infection treatment  

Re-implantation 
 
•  3B One stage revision 

  - in aseptic loosening (cave diagnosis) 
  - septic:  - in specialized centres 
    - rontgen, nucl medicine, bacteriology, infectiology 
    - surgical skills 

 
•  3C Two stage re-implantation  

  - step wise treatment 
 
 



Infection treatment  

3.A One-stage re-implantation 
 
•  Extraction prosthesis 

  - all components + cement 
•  Extensive debridement 
•  Re-implantation during same OR with AB cement 



Infection treatment  

3C Two-stage re-implantation 
 
•  Two stage re-implantation = step wise treatment 
 

 1. debridement:  
  - extraction all components 

        - two weeks gentamicin PMMA beads 
  - systemic antibiotics three months 

        - if necessary redo's 

  
 2. re-implantation:  
  - low grade:   short-term: after N x 2 weeks 
  - evident:        long-term: after 6 (-12) months 

 



Infection treatment  

3.C Re-implantation 

2-stage short-term revision: 2 weeks 



Infection treatment  

3.B Re-implantation 

2-stage long-term re-implantation: 0,5 – 1 year 



Infection treatment  

3.B Re-implantation 

2-stage long-term re-implantation: 0,5 – 1 year 



Infection treatment  

3C Three-stage re-implantation = step wise treatment 
 

 1. debridement:  
  - extraction all components 

        - two weeks gentamicin PMMA beads 
  - systemic antibiotics three months 

        - if necessary redo's 

  
 2. Spacer implantation 
  - 2 weeks beads, 3 months AB 
      - 6 months spacer > when aspiration joint is positive 
       - Reïmplantation after negative  culture 

 
 3. Re-implantation:  
  - long-term: after 6 (-12) months 

 
 



Infection treatment  

3C Three-stage re-implantation = step wise treatment 
 

  



Infection treatment  

3C Three-stage re-implantation = step wise treatment 
 

  

•  Man, 23 years: septic artritis left hip joint 
•  After debridement spacer waiting for result culture 
•  When negative: THP implantation <12 weeks total treatment period 



Infection treatment  

•  SPACERS facilitate reimplantation after weeks/months 
  - especially in TKA 

 
 
 
 
 
 
 
 
 
 
•  SPACERS create inferior local antibiotic therapy 

  - this results in inadequate treatment by inexperienced surgeons 



Infection treatment  

One-stage treatment 

disadvantages: 
 interface cultures: results postop 
 too late for special ABC choice 
 local AB concentration lower 
 if re-extraction: well fixed prostheses 

advantages : 
 one operation 

 less morbidity 
 better soft tissues 



Infection treatment  

Two or three stage treatment 

advantages: 
 better information bacteria: tissue cultures 
 higher local AB concentration 
 treatment choices stepwise, planned 
 first healing than reconstruction 
 reconstruction can be planned 

disadvantages: 
 > 1 operations, higher morbidity 
 reimplantation more difficult especially TKA 



Gentamicin beads vs spacers 

Beads   
Therapy of infection 
High concentration locally 
Increasing concentration 

 max. day 3 
Local peak genta: 50 - 500 ug/ml 
Implant as much as possible 
 
 

Spacers 
Facilitate re-implantation 
Inferior local AB therapy 
Short release (1-3 days) 
 
Problems: 
Prolonged subinhibitory AB 
concentration 
Adhered bacteria on surface 
Fractures and dislocation 



Take home message 4 

1.  A 
 *A 
 * 



Infection treatment results MUMC 

Results: 
•  At MUMC, we have a high succes rate (84%) of in situ treatment in 

early postoperative THA infections according to literature. 

•  The success rate of an in situ treatment for early postop THA 
infections is not depending on postop interval, pathogen, 
temperature, bloodmarkers, host-scores, soft tissue condition, 
gender, cement use, revision 



Take home message 5 

•  Infection treatment is lengthy and difficult 

•  Choice between early or late intervention 

•  Debridement always very excessive 

•  Choice 1 or 2 stage treatment 

•  AB release PMMA beads é compared to PMMA spacers 



Take home message 6 

When is a patient healed? 
 
•  clinical:   no abces or fistula? 

     no secretion 
     negative cultures 
     no pain 

     
Persisting pain ? 
•  Blood:   check for normalised CRP / ESR 
 
•  Most recurrence:  < 1-2 jaar 

     "survival analysis" Instead of healing % 



Take home message 7 

•  Infection  
 
•  Pathofysiology multifactorial è try not to loose race for the surface 
 
•  Prevention is effective and much needed 
 
•  Antibiotics play a key role in treatment of orthopaedic joint 

infections. èPMMA beads still gold standard 
 
•  Single stage versus two stage è eradicate infection first 

 
•  Research focus om  è imaging, AB carriers and coatings 



Increasing infection %?  

 

but: more difficult germs 

  - gentamicin high resistant 
  - MRSE, MRSA 

and: more inexperienced orthopaedic surgeons 
  - use spacers > easier re-mplantation 
  - bad bacteriological diagnosis 
  - no idea of bacteria / antibiotic release 
  - too early reïmplantations 

 



Discussion 

•  Prosthetic infection diagnosis and treatment are difficult, lengthy and costly 

•  Do not underestimate the role of the microbiologist as crucial 
 
•  Yeast, fungal infections on the rise and expremely difficult to treat !! 

•  No consensus in best practice for diagnosis and treatment 
 
•  PET-CT / PET-MRI and PCR high potential for improvement 

•  Focus should be placed on AB alternatives with other working mechanisms to 
prevent/delay resistance 

•  Bioactive glass change local pH and somotic prssure and lead to “mechanical 
killing” of bacteria 

•  (an)organic antimicrobial compounds need to be tested 

•  AB resistance can be delayed by controlled prescription of antibiotics by GPs è not 
every sore throat needs an antibiotic to heal 

•  Multidisciplinary alignment and registries are essential !! 



Discussion 

Book released october 
2016.  

 



Research partners infection 



Part 2: Osteomyelitis 



Materials and methods 

•  Systematic review Van Vugt et al. Antimicrobial biomaterials and their 
clinical level of evidence 

 
 



Materials and methods 

•  Systematic review van Gestel Vugt et al. Clinical application of S53P4 
bioactive glass in bone healing and osteomyelitic treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



BonAlive bioactive glass 

•  S53P4 BonAlive® granules 
  

 	 S53P4 (BonAlive®)	

Na2O	 23 wt%	

CaO	 20 wt%	

P2O5	 4 wt%	

SiO2	 53 wt%	



Osteomyelitis treatment 



BonAlive bioactive glass 

•  Major advantages over other graft substitutes 

1.) Physicochemical processes on the surface  
  à strong bond to bone 
  à rapid bone regeneration 

 
2.)  Angiogenic effect[1][2] 

  à bone healing 

 

3.) Antibacterial effect 
  on clinically important bacteria 

[1] Gorustovich et al., Tissue Engineering, vol. 16, pp. 219-208, 2010.  
[2] Day RM. Tissue Eng 2005 May;11(5-6):768-77. 



Osteomyelitis treatment MUMC 

•  BonAlive bioactive glass 

Animation: BonAlive®  



Osteomyelitis treatment 

•  Maastricht UMC  
•  Professor Geert Walenkamp / Drs Jan Geurts 
•  Tertiary referral center 

•  Up until 2011:  
 * Two-stage debridement with PMMA beads + AB treatment 
 * One-stage in some selected cases 

 
•  Developed interest in Bonalive bioactive glas as one-stage alternative 

•  After October 2011:  
 * Use of bioactive glass in osteomyelitis treatment 
 * All one-stage debridement with Bonalive bioactive glass 

  



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Osteomyelitis treatment 



Clinical results case 
•  Patient data 

•  Male, 67y 
 
•  Osteomyelitis of R distal femur as 

result of hematogenous spread, 
caused by infected pacemaker 

 
•  1-stage debridement via cortical 

window 
 
•  Defect filled with Bonalive 



Clinical results case 

•  Unfortunately … 

•  Patient non-compliant with regard to 
no-weightbearing instructions…. 

 
•  In retrospect : cortical window too big 

•  Although Linea Aspera was not 
breached 



Clinical results case 

Treatment 

•  Closed reduction 
 
•  External fixator 

•  Wound not closed 



Clinical results case 

Treatment results 4m 

•  Abundant callus 

•  Exfix removed 

•  Patient fully weightbearing 

•  No signs of recurrent infection 



Clinical results 

  •  Absence of clinical symptoms of infection in all patients 
 
•  Decrease in haematological infection parameters 
 
•  Decrease of metabolic activity on PET-CT 
 
•  Bone remodeling due to BonAlive 

 
•  However, for clinical relevance 

 Mechanical properties warrant further investigation 
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In vivo clinical 
•  HRpQCT imaging and FEA 

•  Bone microarchitecture quantification (bone volume and bone density) 
•  Isotropic voxel size 82 µm 
•  Scan time 2.8 min 
•  Effective dose 3 µSv ( 110 slices-1)   
•  FEA modeling of scan 

  
 
 
 
 
 
 
 
•  IN PROGRESS 



Literature  



Take home message 8 

•  S53P4 bioactive glass provides excellent results in one stage 
osteomyelitis treatment 

•  S53P4 bioactive glass provides antimicrobial, pro-angiogenic and 
excellent bone bonding 

 



Take home message 9 

•  Infection  

•  Pathofysiology multifactorial è try not to loose race for the surface 

•  Prevention is effective and much needed 

•  Antibiotics play a key role in treatment of orthopaedic joint 
infections. èPMMA beads still gold standard 

 
•  Single stage versus two stage è eradicate infection first 

 
•  Research focus om  è imaging, AB carriers and coatings 



Questions? 

 
 
 

"Medical statistics are a little bit like a bikini:  
what they reveal is suggestive,  

what they conceal is vital."  
(Irving R. Levine). 



A 

 

A 
A 
A 



Walenkamp GH et al.  



Walenkamp GH et al.  
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