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 « initial case» (1984)



  

  The «first case» (1986)



  

The «first case » (1986)



  

The first series (5 cases)

•  European Congress of Microsurgery
    (Rome 1990,  G Brunelli)
• Discussion with Muhlbauer team (Munich)
• Triple transgression:
    - foreign body (cement) in septic tissue
     - huge reconstruction  (> 10cm) by  convention al
        cancellous autograft
     - foreign body induced membrane maintained
     
     



  

Infected fracture 



  

Infected fracture 



  

Result at 2 years



  

Evolution  of ideas :
1986-1996

• The  MEMBRANE  :
       - impedes  bone  resorption  
        - revascularisation of cancellous bone 
        - bone healing
• Experimental study on sheep (Davos, 1995)
 
     
      Biological chamber ?

     



  

The induced membrane  
Quid ?

•  How does it work ?

ETUDE  DE  Ph. PELISSIER , A.C. MASQUELET et  al. 

  Induced  membranes  secrete growth factors  
including vascular and osteoinductive factors 
and could stimulate bone regeneration  
JOURNAL  OF  ORTHOPAEDIC  RESEARCH 
(2004)



  

The role of the spacer

• Maintains the space 
of reconstruction

• Induces a pseudo 
synovial membrane



  

The  induced  membrane

• Avoids the 
resorption of the 
bone graft

• Promotes the 
revascularisation of 
the graft

• Delivers growth 
factors:TGF, VEGF, 
BMP…



  

The huge bone graft

• Fresh autologous 
cancellous bone graft

• Sometimes associated 
with homograft

      ratio < 1/2



  

Other questions

• How does the membrane vascularise 
the graft ?

• Why a bone resorption in total hip 
prothesis (at the junction of bone and 
cement) ? 



  

STUDY  OF  THE  MEMBRANE   
               (Pelissier et  al. J 

Orthop Res)

HISTOLOGY
• INNERPART :                              

SYNOVIAL-LIKE  EPITHELIUM
• OUTERPART :                             

FIBROBLASTS, MYOFIBROBLASTS 
AND COLLAGEN

• RICHLY  VASCULARIZED



  

Questions

• Hip surgery
• Hand surgery

    ( induced membrane in 
Hunter’s technique)



  

Clinical study : 1986-1999

• 35  Patients :  26 males, 9 females
• Age : 15-66 years. Average : 32 years
• Etiology : infected fracture, septic 

non -union, aseptic non-union, bone 
tumor



  

Results on the bone healing :
31 patients

• « radiologic consolidation » : 4 months
• Weight-bearing with fixator : 6 months
• Total free weight-bearing : 8.5 months (aver.)
    

     Time of healing is independent of the 
length of the reconstructed segment 

      



  

Infected fracture of the leg



  

Infected fracture of the leg

• Excision
• spacer
• Free flap
• 3 Iterative excisions 

« under the flap »



  

Infected fracture of the leg



  

Infected fracture of the leg
• Result: 1 year later



  

Clinical  result



  

Reconstruction in 
congenital pseudarthrosis

• Congenital 
pseudarthrosis of 
the ulna

 C. Romana

(Hopital Trousseau

Paris)



  

Reconstruction in children

1.Excision and 
spacer

2.Cancellous bone 
graft



  

Reconstruction in children

• Secondary graft at 
both extremities 2 
months later



  

Reconstruction in children

• Result at 3 years



  

Is the membrane technique 
widely used ?

• Symposium SOFCOT 2010:

    « Post traumatic long bone defects »

   - multicentric & retrospective study

   - 204 cases

   - leg, femur, humerus, forearm

   - 20% of the defects > 10cm



  

Symposium 2010: Techniques 
of bone reconstruction

• Conventional bone autograft 18%
• Papineau procedure (« open air grafting ») 3,5%
• Vascularised bone transfer 9%
• Intertibiofibular graft & Fibula pro-tibia 15,5%
• Bone mobilisation 16%
• Induced membrane  38%



  

The tendency in treatment 
of bone defect

• Combination of procedures
 - bone transport inside an induced 

membrane
 - vascularised transfer and 

conventional bone graft inside a 
membrane

 - intertibio-fibular graft with bone 
defect reconstruction



  

Is the membrane technique 
widely used?

• Using the bi-Masquelet technique and RIA for post-traumatic foot 
reconstruction

     Huffman et al. Foot and Ankle 2009
• Two stage reconstruction of post traumatic segmental tibia bone loss 

with nailing
     Apard et al. Orthop Traumatol Surg Res 2010
• Reamer irrigator aspirator bone graft and bi-Masquelet technique for 

segmental bone defect non union: a review of 25 cases
      Stafford et al. Injury 2010
• Masquelet technique for the treatment of bone defects: tip tricks and 

future directions
      Giannoudis et al. Injury 2011
• Early resection og congenital pseudarthrosis of the tibia and successful 

reconstruction using the Masquelet technique
    Gouron et al. J Bone Joint Surg 2011



  

Conclusion 1

• « biological » surgery
• The main concept is the reconstruction 

of the envelopes :
     1. Soft tissue envelope when needed
     2. envelope for the secondary bone 

reconstruction  : the induced foreign body 
membrane



  

Conclusion 2

• The induced membrane can be considered 
as a « biological chamber » (good 
experimental model)

• All the combinations of osteo-conductive 
material and osteo-inductive substances 
are possible and can be tested



  

Problems and unsolved 
questions with membrane 

induced bone healing

 



  

Problems & unsolved questions

• The enigmatic properties of the membrane
• Bone stabilisation in case of huge defects
• Associated growth factors with the graft
• What could be the best material inside the 

membrane to obtain a quick and strong 
bone reconstruction ?



  

1. Properties of the membrane

• Type of « spacer » (cement, silicone, 
metal..)

• Other factors secreted by the 
membrane (BMP, Interleukines, stem 
cells?)



  

2. Bone stabilisation

• Monoplan external fixator is not rigid 
enough

• Is nail always suitable?
• The best solution is probably a 

circular frame



  

Reconstruction of the tibia : 25 cm



  

Reconstruction : 25 cm

• Where should  the 
osteotomy be done ? 



  

3. Systematic association of a 
growth factor with the graft : a 

prospective study

• in 2001: association of OP1 (BMP-7) 
mixed with fresh bone autograft

• 15 clinical cases
• Is BMP enhancing bone healing ?
• Interpretation of the results: 

difficult!!



  

1st clinical case

• FEMME  DE  40 ans :
• FRACTURE  OUVERTE  

DE  L’HUMERUS (stade 2)
• Plaque par voie latérale
• Greffe iliaque secondaire 

par voie postérieure

• Episode fébrile sans 
fistule



  

Two stages reconstruction



  

  1  Month



  

 2  Months



  

 8 Months



  

Clinical results

• Bone healing : 11.5 months for 10 patients
• ( One patient below the knee amputated )
• Progressive deformity in 4 healed cases
• In 12 cases : radiologic aspect of 

inhomogeneous healed bone ; partial 
resorption of the graft ??



  

Reconstruction : 1.5 year 



  
• 20 months                                    



  

Problems with the BMP-7 ?
  

•  diffusion of the BMP inside the graft
     ( hyperconcentration in localised areas ?)

•  post operative drainage

•  competition with the factors secreted by the 
     induced membrane ?

 

BMP-7 plays a role in the osteoblastic activity and  the 
apoptosis in relationship with the dose..



  

4. What could be the best 
material ?

• The gold standard is probably the cancellous 
bone autograft…

       The unsolved question is the size of the 
« chips »…

• Other prospective solution :
       - cancellous bone allograft or bone substitute + 

BMP
            the problem is to determine the more 

suitable porosity of the material
• Bone graft harvested by RIA seems to give 

promising results



  

Gold standard: fresh autologous 
cancellous bone graft

• Size of the fragments ? 
• Bone healing seems quicker with 

small fragments (< 2-3mm)



  

Post traumatic non union on 
irradiated fémur (40 Y ago)



  

 RIA grafting : a promising perspective
Frolcke et al.: viable osteoblastic of cortical reamings from 

intramedullary reamings J Orthop Res 2004, 22(6): 1271



  

 RIA : reaming, irrigation, aspiration. 
 



  

Septic non union



  

6 months post RIA : full 
weigth bearing allowed



  

Open fracture stage III A (Gustilo)



  

spacer
J2M                  J9M



  

Result at 3 years



  

RIA graft is too compact to be well 
revascularized: the solution is to add 

cancellous bone autograft or allograft  



  

• Finally, the concept of induced 
membrane is raising a lot of 
interesting questions regarding the 
techniques of bone reconstruction 
and the fundamental processes of 
bone healing


