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INTRODUCTION 

The availability of orthopaedic resources is uneven in the 

world. There might be only basic resources available in 

hospitals of low and middle-income countries. Our 

hospital is located on the east edge of Indonesia, in the 

rural city of Merauke, South Papua. In this setting, 

procedures to bridge large bone defects are limited. In this 

case report, we present a case of femoral chronic 

osteomyelitis with a 6.6 cm bone defect treated with 

Masquelet technique in Merauke Public Hospital, South 

Papua, Indonesia. 

The Masquelet technique is a two-stage orthopaedic 

procedure with the aim of treating large bone defects.1 In 

the first stage, debridement of all infected and devitalized 

tissue is done. The defect is then filled with a cement 

spacer, with polymethylmethacrylate (PMMA) being the 

most popular. The body responds with a foreign body 

reaction to the spacer, creating a fibrous membrane. This 

membrane has the ability to release high concentrations of 

growth, osteogenic, and pro-angiogenic factors.2 The bone 

defect with the spacer is then fixed with external fixation, 

intramedullary nail, or plate.1 In the second stage, the 

surgeon carefully preserves the membrane, removes the 

spacer, and fills the membrane with bone graft.1 Intact 

membrane able to prevent resorption of bone graft by the 

immune system.2 Masquelet technique has been reported 

to treat large diaphyseal, metaphyseal or epiphyseal 

defects in infected, irradiated, or poorly vascularized 

bone.3 From previous reported cases, Masquelet technique 

could bridge bone defects up to 25 cm.4 On the other hand, 

the absolute contraindication for the procedure is poor 
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compliance among patients. Relative contraindications are 

chronic steroid use, smoking, malnutrition, radiation and 

massive tissue necrosis, which are conditions that inhibit 

bone healing.5 

Masquelet technique has shown good outcomes, but 

further study has to be done to decrease its complication 

rate. The overall success rate of the technique from various 

pathologies and anatomical locations has been reported to 

be 86% (478/554 defect).6 Another source by Mi et al who 

looked into cases from the year 1985 to 2018 (680 defects) 

has found an 88,82% union rate.7 This result increased to 

92.35% after 24 cases reached union with additional 

procedures. The mean time of union on average was 245 

days after stage 2. The complication rate was 26.03%, with 

non-union (8.97%) and deep infection (8.09%) being the 

most common complications.7 This high rate of 

complication might be happened because Masquelet 

technique is relatively new and less researched than 

distraction osteogenesis, so the technique may still not be 

optimal yet. 

Masquelet technique is relatively new. It has been reported 

and researched further, but there is still more research to 

be done for technique optimisation. This technique has a 

promising future for treating large bone defects, especially 

in low-resource settings. We present a case report of a 

patient who underwent Masquelet technique in a low-

resourced, rural hospital with a non-union osteomyelitis of 

the femur.  

CASE REPORT 

A 27 years old male experienced a traffic accident where 

he was riding a motorcycle in the rain when he slipped and 

broke his right femur bone. He experienced an open 

fracture to his right femur and a traumatic amputation of 

his right middle finger. The patient went unconscious and 

was brought into a hospital nearby where he underwent 

open reduction and internal fixation of his right femur bone 

and treatment of his other injuries.  

Four weeks after the operation, the patient experienced 

fever and increasing pain in his right thigh. There was 

wound dehiscence with pus. He went back to the hospital. 

His x-ray showed signs of osteomyelitis and at week 

seven, he underwent debridement and his osteosynthesis 

changed into external fixation. After several debridement 

attempts and antibiotic regiments, his wound still showed 

signs of infection and his x-rays still showed osteomyelitis. 

At this moment of the narrative, it had been 74 weeks from 

the initial trauma. 

 

He arrived in our hospital in Merauke, South Papua at 

week 74th of his disease progression. He still experienced 

fever and worsening pain in his right thigh. His wound was 

still exposed with pus discharge. In addition, there was 

some significant leg length discrepancy and stiffness in his 

right knee and hip. Pre-operation antibiotic with Cefazolin 

1 gr was administered. The patient underwent the first 

stage of Masquelet technique with debridement and 

sequestrectomy of infected bone and tissue. Incision and 

exposure were made at the previous procedure scar. Dead 

tissues and bones were excised, which left us with 6.6 cm 

of bone defect. PMMA cement impregnated with 

gentamycin was moulded into shape and put in the bone 

defect as a spacer and external fixation was placed to give 

some stabilization and allow dynamization of the limb 

(Figure 1). Ceftriaxone 1gr BID and gentamycin 80 mg 

BID were used for post-operative antibiotics. 

 

 

Figure 1: Stage 1 of Masquelet technique-PMMA 

spacer inside bone defect. 

The second stage of Masquelet technique was done 5 

weeks after the first stage. Signs of infection had subsided 

with good wound healing, absence of pain, and no fever. 

Incision and exposure were made to the skin and muscle, 

following the previous scar. The membrane that formed 

around the PMMA spacer was then cut longitudinally. We 

removed the spacer and then debrided the bone end until 

bleeding could be seen. Iliac crest bone graft was obtained 

and mixed with synthetic bone graft as a volume expander 

in a ratio of 8 to 2. The mixed graft was placed inside the 

membrane (Figure 2) and the wound was stitched up. A 

similar antibiotics regimen as stage 1 was used for stage 2.  

Serial femoral x-rays were taken at 4, 10, 20, 28, and 54 

weeks after the second stage with signs of radiological 

union found at 54 weeks after (Figure 3). Then, the 

external fixation was removed and changed into an internal 

fixation with a plate and screw for easier mobilization. The 

wound had healed completely and he experienced minimal 

stiffness and pain in his knee and hip joint. He still had 

some leg length discrepancy but could weight-bear to the 

extremity without pain (Figure 4). Despite the deformity, 

the patient and family were satisfied and could accept the 

deformity. Correction to the leg-length discrepancy could 

be planned in the future. An overview of the patient’s 

history is summarized in Table 1. 
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Figure 2 (A and B): Stage 2 of Masquelet technique-

preservation of the membrane and mixed bone graft 

inside membrane. 

 
 

Figure 3 (A and B): Union achieved 54 weeks after 

stage 2 of Masquelet technique and ORIF procedure. 

 
 

Figure 4 (A and B): Result of the procedure. 

Table 1: Patient care timeline. 

Time from 

trauma (week) 
Event 

0 
Motor vehicle trauma and initial 

open reduction and internal fixation 

4 Osteomyelitis, debridement 

7 

Osteomyelitis, debridement and 

change osteosynthesis into external 

fixation  

21 

Chronic osteomyelitis, debridement 

and change osteosynthesis into new 

external fixation 

74 

Patient arrived in our hospital. 

Chronic osteomyelitis, first stage of 

Masquelet technique 

79 
Second stage of Masquelet 

technique 

132 

Radiographic union (54 weeks 

from 2nd stage), revision of 

osteosynthesis into internal fixation 

with plate and screw 

DISCUSSION 

Other than Masquelet technique, procedures such as fibula 

transfer or Ilizarov intercalary bone transport have been 

reported to bridge bone defects of more than 6 cm. For this 

A A 

B 
B 

A 

B 
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patient, Masquelet technique is the best procedure. 

Resources and tools for both fibula transfer and Ilizarov 

bone transfer are not available in our hospital. In addition, 

infection is a contraindication for fibula transfer.8 Ilizarov 

technique also has been reported to get unsatisfactory 

results in osteoporotic bone, bad soft tissue condition, 

tissue edema, and infected non-union, which are present in 

this patient.9  

A concern comes up when antibiotics are combined with 

PMMA cement because some antibiotics are heat-

sensitive. The exothermic reaction of PMMA during 

curing could decrease antibiotic concentration. The main 

example is gentamycin which undergoes a 25% decrease 

in concentration, while other aminoglycosides are 

unaffected.10 Some antibiotics could change the 

biomolecular environment inside the membrane which 

could lower the number of osteogenic cells.11 However, 

antibiotic-loaded PMMA has been widely used in reported 

Masquelet technique without any effect on the union rate. 

A single-centre case series which used antibiotic-loaded 

PMMA for various bone defects found a 93% (40/ 43 

patients) union rate.12 Moreover, a review listing several 

case series with more than 15 cases each from 2000 to 

2018 (342 patients) also reported indifference of time to 

union and union rate between PMMA with or without 

antibiotics.6 

The success of treating this case was mainly because we 

were able to control the infection of chronic osteomyelitis. 

Stage 2 of Masquelet technique should only be performed 

if the patient is infection-free. Stage 1 could be repeated 

until signs of infection have subsided fully. This was one 

of the reason for delayed stage 2 on previous reported 

cases.13 

There is still a debate about how long the spacer needs to 

be in the defect for optimal membrane formation. From the 

available reports on Masquelet procedure, the interval 

between the first and second stage could range from 4 to 

96 weeks depending on patient circumstances.13 A 

literature review has reported that the optimal time 

between 2 stages is at least 1 month.6 This statement comes 

from biomolecular findings of the membrane, which finds 

the highest level of neo-angiogenesis, bone morphogenic 

protein (BMP-2), and Vascular endothelial growth factor 

(VEGF) at around 4 weeks.6 Conditions like infection 

resolution, patient transfer to more resourced hospital, or 

soft tissue damage resolution are the reason of late second 

stage.13  However, time alone is not a reliable measure of 

membrane readiness.14 Theoretically serum biomarkers, 

such as serum MMP, IGF1 and PDGF could become a 

predictor of a mature membrane but further researches are 

needed.15  

One drawback of Masquelet technique to fill sizeable bone 

defects is that there might not be enough bone grafts to fill 

the defect, especially in people with small stature. To face 

this challenge, surgeons use an allograft, xenograft, or 

synthetic graft as a volume expander. Surgeons have 

reported successful results using volume expander, with 

the optimal amount of volume expander not to be more 

than 30% of total graft volume.12 A higher amount of 

volume expander is associated with higher non-union and 

absorption of bone graft.16 Another way to obtain larger 

graft material is to use a graft from rearmed intramedullary 

bone with the RIA (rearmer/irrigator/aspirator) technique. 

RIA technique appears to obtain a higher volume of bone 

graft with a comparable rate of union with iliac crest bone 

graft.17,18 However, RIA is associated with higher cost and 

blood loss compared to ICBG, with a 5.32 greater 

likelihood for transfusion.17 

Stability throughout the first and second procedures can be 

attained by external fixations, plate fixations, or 

intramedullary nails. In this case, we use external fixation 

to avoid placing osteosynthesis directly on previously 

infected bone. There wasn’t strong evidence to only use 

external fixation for bridging the defect as different types 

of osteosynthesis have been used with successful results. 

Some articles have recommended the use of external 

fixation in chronic infection cases.6 The choice of 

osteosynthesis should be decided by personal preferences, 

but still follow the diamond concept of bone grafting. All 

grafts need a favourable mechanical environment, 

adequate cellular population, inductive stimulating 

protein, osteoconductive matrix and vascularity.12 

CONCLUSION 

Masquelet technique is a promising technique with a good 

success rate for large bone defects, especially in infected 

bone cases. No need for microvascular and other 

specialized tools made Masquelet technique can be done 

in a low-resource setting. Important factors for success are 

eradication of infected or dead tissue and stable 

osteosynthesis. Further researches should aim to optimize 

the procedure and understand the underlying mechanism 

of successful Masquelet technique procedure.  
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