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Introduction: Management of the large gap in long bone fractures is a challenging problem after compound injuries. A novel technique called 
as Masquelet's technique of “induced membrane formation”, is used to bridge a gap of more than 5 cm using bone cement as a spacer in first stage 
and autologous cancellous bone graft to fill the gap in second stage.
Case presentation: We present two different and difficult cases with bone defects after open injuries associated with long bone fractures in this 
paper. First case is a 50-year-old lady with grade IIIa open fracture right distal femur with intra-articular extension and bone loss. She underwent 
wound debriment, stabilization of the fracture with locking compression plate along with antibiotic cement spacer, which is removed latter and 
underwent bone grafting. Another is a 15-year-old boy with open grade IIIb fracture tibia and fibula (mid-distal third junction) of right leg, 
wound debridement and ankle spanning triangular external fixation was applied on same day and after two months, external fixation was 
removed due to florid infection and plaster of Paris was applied. Instead of the tedious and demanding treatment options like Ilizarov, a new 
technique described by Masquelet is used here. It uses bone cement as a spacer to fill the cavity to form pseudo-membrane around it and in the 
second stage autologous cancellous bone graft fills the gap of even more than 5 cm, to achieve union.
Conclusion:  The membrane also secretes vascular and osteo-inductive factors to stimulate bone regeneration  and also prevents resorption of 
the bone graft and achieves early fracture healing avoiding tedious options like bone transport in external fixator. By this two staged technique, 
union occurred clinically and radiologically in these two cases.
Keywords: bone defect, bone cement, induced pseudo-membrane, Masquelet, cancellous bone graft

What to Learn from this Article?
Treatment of large bone defect primarily or following infected non-union is no more a nightmare as induced membrane prevents 
the resorption of autograft.
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Management of Large Bone Defects in Diaphyseal Fractures 
by Induced Membrane Formation by Masquelet's Technique 

Introduction
Management of the gap in long bone fractures is a challenging problem after 
compound injuries.  For this, the treatment options are limited to external 
fixation like Ilizarov or LRS (limb reconstruction system) with bone transport, 
vascularised bone graft, fibular strut graft, etc. These techniques are associated 
with their morbidity and complications and require expertise. Vascularised 
grafts may not be useful in the presence of infection. A novel technique called as 
Masquelet's technique of “induced membrane formation” [1-3], is used to 
bridge a gap of more than 5 cm using bone cement as a spacer in first stage and 

autologous cancellous bone graft to fill the gap in second stage.

Materials And Method
Two open fractures (one distal femur and another open and infected distal tibia) 
with bone defect treated with antibiotic bone cement in first stage followed by 
definite bone graft of the defects. Initially wound debridement/sequestrectomy 
and stabilization of fracture with internal or external fixation with bone cement 
spacer done. The bone cement is kept in place for 4-6 weeks and in second sitting 
it is removed and the pseudo-membrane cavity is filled with autologous 
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cancellous bone graft.
First case: A 50-year-lady was hit by a car while riding a bike and presented with 
a grade IIIa open fracture right distal femur with intra-articular extension and 
bone loss. After stabilization and assessing her injuries, she was taken up for 
stabilization of  fracture. Through lateral approach the distal femur was 
exposed and the fracture was found to be just bag of bones (Fig. 1) with lots of 
free bone fragments. These were removed and wound debridement 
completed. The fracture was stabilized with distal femur locking compression 
plate (Fig. 2). The bone gap created was measured to be 6 cm and is filled with 
40g bone cement with 2g Vancomycin as spacer made on the table with a 

measure from the cavity, using a technique of gauze rolls described [4]. 
Vancomycin is used because it is heat-resistant. The wound closed over 
draining tube. Post-operative intravenous antibiotics were given for 2 weeks 
and oral antibiotics for 1 month. Post-operative period was uneventful. Six 
weeks later, she was taken to second stage surgery for removal of the cement 
spacer and grafting. Through incision scar of the previous surgery, the 
membrane formed around the spacer (Fig. 6) was sharply incised and the 
cement was extracted out (Fig. 5 ). Autologous iliac crest cancellous bone graft 
is harvested (Fig. 7) and the defect is filled and wound closed. Intravenous 
antibiotics were given for two weeks. At the end of two weeks the wound was 

healthy and suture was removed. The patient was discharged. The patient was 
reviewed regularly on 1st, 3rd, 6th and 12th months. Functionally and radio 
graphically the graft had incorporated into the bone and the continuity was 
restored at the fracture site (Fig. 2,  8, 9).The range of movement was 0 degree to 
90 degree of flexion with full extension. 
Case 2: 15-year-old boy with grade IIIb open fracture tibia and fibula (mid-distal 
third junction) of right leg along with closed fracture of the sub-trochanteric 
region of left femur. The left femur was immobilised in traction and three weeks 
later was fixed with DCS (dynamic condylar screw).
    For the right leg wound, wound debridement and ankle spanning triangular 

external fixation was applied on the same day of injury (Fig.10). The patient has 
persistent discharge in his leg wound for next two months. His leg radiographs 
showed large sequestrum (Fig.10, 11, 12). External fixation was removed due to 
florid infection and plaster of Paris was applied (Fig. 11).
Later sequestrectomy followed by limb reconstruction system (LRS) was 
applied to stabilise the fracture (Fig. 12).
The large defect of 7 cm created following sequestrectomy was filled with 40g 
bone cement with 2g Vancomycin (Fig.12). Postoperatively intravenous 
antibiotics were given for 2 weeks and oral antibiotics for 1 month. Post-
operative period was uneventful. Six weeks after the sequestrectomy and cement 
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Figure 1: Pre-operative radiograph-right femur with knee 
joint

Figure 4: The previous plating and cement 
Figure 5: The cement spacer of previous plating 
removed in the second stage, is placed on a towel.

Figure 6: The previous plating (lower arrow) and 
membrane lined cavity formed by the cement (upper 
arrow) marked with arrows

Fi g u r e  2 :  Im m e d i a t e  p o s t -
operative radiographs after cement 
implantation- right femur- antero-
posterior and lateral views

Figure 3: The scar of the first surgery just before the second stage surgery
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Figure 7: Harvested bone graft from the 
iliac crest of the patient –in a kidney tray.

Figure 8: Immediate post-operative 
radiograph after second stage surgery.

Figure 9: Post-operative radiographs 
one year after second stage surgery 
showing union of the posterior cortex.

Figure 10: R adiographs after the 
debridement and application of the 
external fixation.
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application, he was taken to second stage of surgery for bone grafting.
Through previous scar, the membrane formed around the spacer was sharply 
incised and the cement was extracted out. Autologous iliac crest cancellous 
bone graft is harvested to fill the gap and wound closed. Intravenous antibiotics 
was given for two weeks. At the end of two weeks the wound was healthy and 
suture was removed.  The LRS was kept for 2 months following bone graft and 
replaced by plaster of Paris for one more month. The patient was reviewed 
regularly on 1st, 3rd, 6th and 12th months (Fig. 13). Functionally and 
radiographically the graft had incorporated into the bone and the continuity 
was restored at the fracture site.

Discussion
The management of segmental long bone defects is a challenge. Techniques 
available are difficult and have complications. Smaller defects can be treated 
with autologous bone graft and rigid fixation, but not when the defect size 
exceeds 5 cm.  The significant bone defect is described by Key et al in 1953 is 1 
½ times the diameter of the bone at the place of the defect in the host bone. 
Because beyond 4-5 cm defect, the bone graft gets resorbed1 and the defect 
remains. Even though cancellous bone graft have higher osteo-conductive and 
osteo-inductive capacities [1, 5, 6]. Larger defects can be treated by 
vascularised bone transfer or distraction histiogenesis. The transfer of 
vascularised bone is limited by pedicle length and training of microsurgical 
anastomose technique [7]. 

Distraction histiogenesis helps to bridge the bone gap but requires training, 
long learning curve and has complications. The technique of "induced 
membrane formation and bone grafting" was first described by Masquelet of 
France in 1986 [1]. This method was used to bridge the diaphyseal defects of 
up to 25 cm in length.
As used in our cases, poly methyl methacrylate cement spacer kept in the cavity 
forms a membrane lined cavity forming a nidus (biological chamber) for the 
later grafting. These membranes have a rich capillary network and secretes 
growth factors (VEGF and TGF-beta 1) and osteoinductive factor (BMP-2) as 
early as 2 weeks [8, 9, 10]. The surface facing the cement is a synovium-like 
epithelium and the outer surface consist of fibroblast, myo-fibroblast and 
collagen. Last but not the least, according to Masquelet, membrane extracts 
were shown to stimulate bone marrow cell proliferation and differentiation to 
osteoblastic line age[1]. 
If the cavity is large, the membrane prevents resorption of the cancellous bone 
graft in the vascular environment. The membrane promotes vascularisation 
and corticalisation of the cancellous bone [7, 8]. The membrane also secretes 
osteoinductive factors[10].

The cement space tends to acts as a filler –spacer material maintaining the space 
erstwhile occupied by the bone, so that the length of the bone and the potential 
space of the removed necrotic bone is later filled by secondary autologous bone 
grafting [11]. This is done by not allowing the soft tissue around the bone to 
collapse at the fracture site [9].
Induced membrane in our case was documented by intra-operative photographs 
(Fig. 6) of the fracture gap after removal of cement spacer.
Established infection present in the second patient (tibia) was managed with the 
instillation of the antibiotic laden acrylic cement .The heat-resistant antibiotic 
vancomycin is used. Antibiotic laden acrylic cement is already used in infections 
of implants and in osteomyelitis [12].
Philosophically it is told that the genesis of life takes place in a veiled 
environment be it a womb of another or a seed in the soil which germinates to 
produce a whole crop[13].
In our series the two cases were followed for an average period of 12 months after 
second procedure and in 12 weeks' time, bony union occurred radiologically 
.This was followed by removal of the external fixation and plaster of Paris 
application for one more month in the tibia patient. Weight bearing was allowed 
after 16 weeks .In the femoral fracture patient, the patient was allowed to weight 
bear after 20 weeks. Both our cases went for complete acceptable union.
The staged procedures are especially useful in infected lesions or when the 
viability of the segment is not initially known in a fool proof manner. The 
procedure is so useful that one need not choose vascularised bone transfers in 
such emergency infected conditions.
The induced membrane technique of bone reconstruction first proposed by 
Masquelet for long bone defects can be used for hand and wrist defects also [1]. 
The induced membrane technique can address and allow early fracture healing 
in larger sizes of the defects. The only option which can come near is the Ilizarov 
method of bone transport which is tedious and needs more expertise.

Conclusion
Masquelet's technique of induced membrane formation is effective in infected 
defects of long bones achieving a conductive milieu to allow graft consolidation 
that is applied in the second stage. The suggestion that the membrane also 
secretes vascular and osteoinductive factors to stimulate bone regeneration 
encourage the use of the procedure.
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Figure 11: Radiographs after the 
debridement and application of 
the external fixation  

Figure 12: Intra-operative photographs of the filling of the defect caused 
by removal of  a large sequestrum  being filled with bone cement spacer.

Figure 13: Post-operative radiographs after debridement, 
removal of a large sequestrum and application of antibiotic 
cement spacer and LRS.
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Novel method of induced membrane formation by Masquelet's cut short 
the prolonged time of bone formation in large gap by bone transport as 
needed in Ilizarov and limb reconstruction procedure. It also avoids the co-
morbidities of  long term external fixation.

Clinical Message
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