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ABSTRACT 

Background: Osteomyelitis is a major problem in orthopedic surgery and is usually associated with open 

fracture surgery, bone reconstruction surgery, or orthopedic implants. Antibiotics alone cannot eradicate 

chronic osteomyelitis, surgical debridement and sequestrectomy is required to debride all necrotic and 

infected bone, soft tissue and sinuses. The treatment of broad bone gaps is still a surgical challenge, and there 

is no consensus about the best reconstruction methods. 

Objective: To evaluate the results of Masqulete technique in treatment of chronic osteomyelitis. 

Patients and Methods: This was a prospective study that was conducted on 10 patients with chronic 

osteomyelitis done at Al-Azhar University and El Minia Health Insurance Hospitals during the period 

between May 2019 and May 2020. All patients were subjected to Masquelet Procedure, bone ends were 

debride until bleeding. The bone temporarily stabilized by external fixator, plate or intramedullary nail. The 

cement spacer was implanted with an overlap to the bone ends to provide a more extensive introduction of 

the membrane. After several weeks, the resultant then fibrous membrane was incised and the cement spacer 

removed. The contained void was filled with cancellous autograft. Autograft was obtained from iliac crest. 

     In the Masquelet Procedure, bone ends were debride until bleeding. The bone temporarily stabilized by 

external fixator, plate or intramedullary nail. The cement spacer was implanted with an overlap to the bone 

ends to provide a more extensive introduction of the membrane. After several weeks,the resultant then 

fibrous membrane was incised and the cement spacer removed. The contained void was filled with cancellous 

autograft. Autograft was obtained from iliac crest.  

Results: This study comprised 6 men and 4 women. The average age of the included patients was 44.00 ± 

2.62, and the average BMI was 25.20 ± 2.70. Among them 4 (40 %) patients did exercise, 3 (30 %) patients 

had smoking history, and 3 (30 %) patients had hypertension history. The study showed that post Masque let 

Technique complications are: 60% of patients had no complications, 20% had partial necrosis at edge of the 

flap, and 20% had superficial infection around the incision. 

Conclusion: Masquelet technique was a good new challenge in reconstruction treatment of chronic 

osteomyelitis with simple surgical procedure and low incidence of postoperative complications. 

Keywords: Chronic Osteomyelitis, Masquelet Technique. 

 

INTRODUCTION 

     Osteomyelitis is an infection of bone or 

bone marrow with a concomitant 

inflammation involving the bone marrow 

and the surrounding tissues. These 

infections can originate from many 

different mechanisms. The common cause 

of osteomyelitis is a bacterial infection 

with Staphylococcus aureus after surgical 

intervention. Osteomyelitis is a major 
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complication in orthopedic surgery and is 

usually associated with open fracture 

surgery, bone reconstruction surgery, or 

orthopedic implants. Despite the 

numerous cases of osteomyelitis in 

orthopaedic surgery, there is no precise 

epidemiological data available (Inzana et 

al., 2016). 

     A sequestrum derives from the 

destruction of bone tissue and bone matrix 

from inflammatory factors, including 

leucocytes and cytokines that increase the 

osteoclasts activity. Because of the lack of 

vascularization, and hence the 

impossibility to be reached by immunity 

cells and drugs, the sequestrum is the 

cause of persistent infection, since the 

pathogens are embedded in it. Several 

bacteria and fungi are common infecting 

microorganism. Staphylococcus aureus 

and Staphylococcus epidermidis are the 

most common pathogens (Ramsden et al., 

2017). 

     The goal of surgery is to achieve a 

viable vascularized environment free of 

dead bone. Antibiotics alone cannot 

eradicate chronic osteomyelitis; surgical 

debridement and sequestrectomy is 

required to debride all necrotic and 

infected bone, soft tissue and sinuses (Yeh 

et al., 2020). 

     After debridement of the infected site, 

there is an area left that is termed dead 

space. Dead space management typically 

involves harvesting autologous or 

autogenousbone grafts, most often from 

the pelvic iliac crest, followed by 

implantation into the defect site. 

Autologous bone grafts remain the gold 

standard for promoting healing, with 

almost 2.2 million procedures estimated 

per annum (Palestro, 2015). However, the 

use of autologous bone grafts is limited by 

considerable donor site morbidity, 

postoperative pain, and risk of infection 

and the lack of available tissue. 

Allogeneic bone grafts can also be 

employed, most commonly by 

transplantation of sterilized cadaverous 

bone (Calhoun et al., 2012). 

     The aim of the present study was to 

evaluate the results of Masqulete 

technique in treatment of chronic 

osteomyelitis. 

PATIENTS AND METHODS 

     This was a prospective study that was 

conducted on 10 patients with chronic 

osteomyelitis at Al-Azhar University 

Hospitals and El Minia Health Insurance 

Hospitals during the period between May 

2019 till May 2020.All patient were 

subjected to Masquelet Procedure, bone 

ends were debride until bleeding. The 

bone temporarily stabilized by external 

fixator, plate or intramedullary nail. The 

cement spacer was implanted with an 

overlap to the bone ends to provide a more 

extensive introduction of the membrane. 

After several weeks, the resultant then 

fibrous membrane was incised and the 

cement spacer removed. The contained 

void was filled with cancellous autograft. 

Autograft was obtained from iliac crest. 

Inclusion Criteria: Any age, both sexes, 

all cases of symptoms of chronic 

osteomyelitis, good soft tissue condition, 

and long and short bones. 

Exclusion criteria: Flat bones, bad soft 

tissue condition, and patient complaining 

of acute osteomyelitis. 
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Masquelet Technique was used in this 

study. 

1. Preoperative preparations: 

A. History taking including age, sex, 

BMI, smoking, exercise, hypertension, 

anatomic location & side involved. 

B. Radiology:  

▪ X ray: Anteroposterior (AP) and 

lateral views of the affected bone. 

▪ CT angiography to evaluate 

arterial supply.  

▪ CT scan to evaluate the extent and 

anatomy of the lesion. 

2. Intraoperative measures (Figure 1): 

     Preoperatively, microbiological 

cultures were taken and preoperative 

standardized antibiotics with a second 

generation cefazolin were started. 

Masquelet Procedure:  

▪ It was done under general anesthesia 

and spinal anesthesia. 

▪ In the first step, radical debridement 

was performed by debridement of all 

compromised tissue, proviosion of 

healthy vascularized tissue, 

elimination of dead space and 

implantation of antibiotics, and bone 

cement was performed. 

▪ Taking three biopsies from 

compromised tissue that underwent 

culture and sensitivity to administer 

good systemic antibiotic coverage to 

eliminate the infection. 

▪ Debridement was performed to expose 

normal cortical bone interface that 

known by fresh blood seen on edges. 

▪ Bone defect was fixed using 

intramedullary nails or plates and 

screws. Vancomycin or vibramycin 

and PMMA bone cement were mixed 

at a ratio of 1:20, and put into bone 

defect to connect both ends, then the 

incision was closed (Figure 1). 

Figure (1): Intramedullary nail positioning after a wide curettage and infected 

bone removal in a distal tibia osteomyelitis. 
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     Bone defect was reconstructed by 

cancellous bone grafting inaddition to 

fixation by intramedullary nai or plate and 

screw. An incision was made to expose 

the induced membrane formed around the 

defect. Membrane was cut longitudinally 

and then bone cement was removed 

carefully (Figure 2). 

Figure (2): Cement spacer, shaped like the removed bone, fills the void. 

 

     The defect was filled with morselized 

cancellous bone graft. The incision was 

closed with regard good soft tissue 

coverage, washed with saline and 

disinfected with iodophor. 

Follow Up: 

▪ Mean follow up every two weeks. 

▪ An X-ray in two planes was essential. 

The X-ray images were taken and 

examined under optimal conditions. 

     Laboratory diagnostics were CRP, 

ESR. IL-6, CBC. 

▪ Consolidation occurred after 7-10 

weeks. 

Statistical Analysis:  

     Data were collected, revised, coded 

and entered to the Statistical Package for 

the Social Science (IBM SPSS) version 

20. The qualitative data were presented as 

number and percentages while 

quantitative data were presented as mean, 

standard deviations and ranges. 
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RESULTS 

 

     This study comprised 6 men and 4 

women. The average age of the included 

patients was 44.00 ± 2.62, and the average 

BMI was 25.20 ± 2.70. Among them 4 

(40%) patients did exercise, 3 (30%) 

patients had smoking history and 3 (30%) 

patients had hypertension history (Table 

1). 

 

Table (1): Distribution of the studied cases according to age, sex, BMI, any exercise, 

smoking and hypertension 

 No.= 10 

Age 
Mean ± SD 44.00 ± 2.62 

Range 40 – 48 

Sex 
Female 4 (40.0%) 

Male 6 (60.0%) 

BMI (kg/m2) 
Mean ± SD 25.20 ± 2.70 

Range 20 – 28 

Smoking (%) 
No 7 (70.0%) 

Yes 3 (30.0%) 

Diabetes (%) 
NO 

Yes 

6 (60%) 

4 (40%) 

Hypertension (%) 
No 7 (70.0%) 

Yes 3 (30.0%) 

 

     The cause of the preoperative infection 

was enterococcus faecalis in 2 (20%) 

patients, staphylococcus aureus in 5 (50%) 

patients, and staphylococcus epidermidis 

in 3 (30%) patients. The site of infection 

was in femur 3 (30%) patients, tibia 5 

(50%) patients and toe 2 (20%) patients. 

Specialist visits frequency was every three 

months in 4 (40%) patients, every half 

year in 3 (30%) patients, every year in 2 

(20%) patients, and less than once a year 

in 1 (10%) patients. 

     SAS assessment in the current study, 4 

(40%) patient suffered from mild anxiety, 

5 (50%) patient suffered from moderate 

anxiety, and 1 (10%) patient suffered from 

severe anxiety. 

     The complications of induced 

membrane technique, 6 (60%) patients 

developed no complications, 2 (20%) 

patients developed partial necrosis at edge 

of the flap, and 2 (20%) patients 

superficial infection around the incision, 

and 1 (10%) patient developed 

postoperative infection (Table 2). 
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Table (2): Distribution of the studied cases according to organisms, site of infection, 

specialist visits frequency, health assessment questionnaire assessment, 

activities of daily living assessment, standards aligned system assessment, 

36-item short form survey (SF-36) assessment, complication type 

 No. % 

Organisms 

Enterococcus faecalis 2 20.0% 

Staph. Aureus 5 50.0% 

Staph. Epidermidis 3 30.0% 

Site of infection 

Femur 3 30.0% 

Tibia 5 50.0% 

Toe 2 20.0% 

Health Assessment 

Questionnaire (HAQ) assessment 

Score 0 1 10.0% 

Score 1 2 20.0% 

Score 2 4 40.0% 

Score 3 3 30.0% 

Activities of daily 

living (ADLs) assessment 

Function 3 30.0% 

Normal function 7 70.0% 

Standards aligned 

system (SAS) 

assessment 

Mild anxiety 4 40.0% 

Moderate anxiety 5 50.0% 

Severe anxiety 1 10.0% 

36-item short 

form survey (SF-36) assessment 

Normal 6 60.0% 

Probable depression 4 40.0% 

Complication type 

No complications 6 60.0% 

Non union 1 10.0% 

Fracture 0 0% 

Reinfection 2 20.0% 

Stiffness 1 10.0% 

 

     Regarding the limb examination in this 

study, the range of motion was not 

affected at all patients while the muscle 

power is only affected in 2 patients (20%) 

as shown in All the studied patients went 

through auto graft (Table 3). 

 

Table (3): Range of motion and muscle power and types of graft used in this 

technique  in the studied groups 

  No. % 

Limb examination Results of Examination   

Range of motion 
Affected 

Not affected 

0 

10 

0 % 

100% 

Muscle power 
Affected 

Not affected 

2 

8 

20% 

80% 

Type of graft   

Auto-graft 10 100.0% 

Allograft 0 0 % 
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     Sixty percent 60% of patients 

developed no complications, 20% patients 

developed partial necrosis at edge of the 

flap, and 20% patients superficial 

infection around the incision, and 10% 

patient developed postoperative infection 

(Table 4). 

     Primary bone healing was achieved in 

80% of patients with an average healing 

time of 13.30 ± 2.50 weeks. Among them, 

60% restored weight-bearing function 

after 19.70 ± 2.79 weeks (Table 4). 

 

Table (4): Distribution of the studied cases according to Primary bone healing, 

Restoration of weight-bearing function and Postoperative infection 

Treatment outcomes No. % 

Primary bone healing 
No 2 20.0% 

Yes 8 80.0% 

Restoration of weight? bearing function 
No 4 40.0% 

Yes 6 60.0% 

Postoperative infection 
No 9 90.0% 

Yes 1 10.0% 

 

     The duration to union from the date of 

the second stage ranged from 2.5 to 8.5 

months (a mean of 4.5 months) in both 

upper and lower extremity segmental 

defects (Table 5). 

 

Table (5): Distribution of the studied cases according to the time between first and 

second stage of the Masqulete technique, healing time (weeks), Time for 

restoration of weight‑bearing function (weeks), pain scale (visual analogue 

scale) before and after Masquelet technique 

  No. 10 

Time between first and 

second stage (months) 

Mean ± SD 7.4 ± 2.70 

Range 5-12 

Healing time (weeks) 
Mean ± SD 13.30 ± 2.50 

Range 10 – 17 

Time for restoration of weight? 

bearing function (weeks) 

Mean ± SD 19.70 ± 2.79 

Range 15 – 24 

Pre-operative pair scale 
Mean ± SD 6.3 ± 1.9 

Range 6-9 

Post-operative pair scale Mean ± SD 1.5 ± 1.3 

 

DISCUSSION 

     This study comprised 6 men and 4 

women. The average age of the included 

patients was 44.00 ± 2.62, and the average 

BMI was 25.20 ± 2.70. Among them 40% 

did exercise 30% had smoking history, 

and 30% had hypertension history. 

     Preoperative mean ESR, CRP, and 

WBC were 11.71 ± 1.61, 23.80 ± 3.79, 

53.25 ± 3.48 respectively. In addition, 

PCT (ng/mL), TNF- α (pg/mL) and IL-6 

(pg/mL) were 0.31 ± 0.05, 11.72 ± 3.47 

and 11.36 ± 3.08 respectively. Similarly, 

Sarah (2012) showed that in subacute or 

chronic osteomyelitis, the ESR usually is 

mildly elevated (25 to 40 mm/hour), but 

can be normal. The sensitivity and 

specificity of CRP (cut-off value >14 
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mg/L) in diagnosis of osteomyelitis were 

0.85 and 0.83. These values were 0.84 and 

0.75 for ESR (cut-off value > 67 mm/h), 

0.75 and 0.79 for WBC (cut-off value > 

14 × 109/L), and 0.81 and 0.71 for PCT 

(cut-off value > 0.30 ng/mL), respectively, 

in study (Michail et al., 2013). 

     Preoperative mean HbA1c (%), FBG 

(mmol/L), and HOMA-IR were 5.59 ± 

0.50, 6.31 ± 0.66, 1.83 ± 0.28 

respectively. In addition, LDL (mmol/L), 

Total cholesterol (mmol/L) and 

Triglyceride (mmol/L) were 2.13 ± 0.35, 

4.83 ± 0.71 and 1.67 ± 0.28 respectively. 

These results are matched with those 

obtained by Wang et al. (2017) study 

which showed that all patients enrolled 

had laboratory studies concerning glucose 

and lipid metabolism. Patients in the 

DDM group had higher HbA1c, fasting 

blood glucose, fasting insulin (10.5 ± 2.4 

µU/ml vs. 8.9 ± 2.1 µU/ml, p < 0.001) and 

calculated HOMA-IR than those in the 

control group.  

     In this study, the cause of the 

preoperative infection was enterococcus 

faecalis in 20% of patients, 

staphylococcus aureus in 50%, and 

staphylococcus epidermidis in 30%. The 

site of infection was in femur in 30% of 

patients, tibia in 50% and toe in 20%. 

     In addition, Wang et al. (2017) showed 

that Staphylococcus aureus accounted for 

26.7% (4 strains) of bacteria strains. 

Conceding with the results obtained in this 

study, Careri et al. (2019) reported that 

staphylococcus aureus is responsible for 

44% of cases, followed by staphylococcus 

epidermidis (17%), and streptococcus 

family (16%). The most common affected 

sites are forefoot, toes (43%) and lower 

extremities (20%). Like traumas and 

tumors, bone infections can cause 

extensive diaphyseal bone defects.  

     In this study, visits frequency was 

every three months in 40% of patients, 

every half year in 30%, every year in 20% 

patients, and less than once a year in 10%. 

    Regarding HAQ assessment of this 

study, 10% of patients was score 0, 20% 

were score 1, 40% were score 2, 30% 

were score 3. Similarly, most of patients 

experienced mild to moderate disability 

after the disease, as assessed by the health 

assessment questionnaire disability index 

(HAQ-DI) (Irianto et al., 2019).  

     Regarding ADL assessment of the 

present study, 30% of patients had 

abnormal function, while 70% had normal 

function. These findings were matched 

with Groll et al. (2018) who concluded 

that concomitant septic arthritis may be 

the presenting diagnosis. It is an acute 

infection of the synovial membrane of the 

joints resulting in acute painful synovitis 

that can significantly limit activities of 

daily living. Regarding SF-36 assessment 

of this study, 60% of patients were 

normal, while 40% were probably 

depressed. In agreement with this study, 

Hosseini et al. (2018) concluded that the 

significant differences between the SF-36 

results of the OM patients and the normal 

population in all eight dimensions indicate 

a poor quality of life for people who suffer 

from OM of the ankle-foot.  

     Regarding SAS assessment in the 

current study, 40% of patients suffered 

from mild anxiety, 50% suffered from 

moderate anxiety, and 10% suffered from 

severe anxiety. 

     Sixty percent 60% of patients 

developed no complications, 20% patients 
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developed partial necrosis at edge of the 

flap, and 20% patients superficial 

infection around the incision, and 10% 

patient developed postoperative infection. 

     In the work of El Alfy and Ali (2015), 

there are 13 patients with an infected tibia, 

but no volume is being measured nor is 

the functional outcome reported. By 

contrast, the review shows that only in the 

papers from Olesen et al. (2015) and Ley 

et al. (2019) all patients had an additional 

infect. A recent study from Gupta et al. 

(2016) describes a prospective case series 

of the Masquelet technique in 9 tibia 

defects. Eight of these were infected. The 

same applies to Ley et al. (2019) in which 

all tibia defects had an infect but also no 

clinical outcome is being provided.  

     Moreover, Ahmed et al. (2018) 

reported that rates of septic complications 

leading to reconstruction failure range 

from zero to 8%; most of these failures are 

attributed to inadequate debridement.  

     However, Taichi et al. (2020) reported 

good clinical and radiological outcomes of 

treatment using the Masque let technique 

with iliac bone autograft for patients with 

septic arthritis in small joints of the hand. 

No complications such as non-union, 

recurrence of infection, or residual pain 

were observed.  

     In the present study, primary bone 

healing was achieved in 80% of patients 

with an average healing time of 13.30 ± 

2.50 weeks. Among them, 60% restored 

weight-bearing function after 19.70 ± 2.79 

weeks. These results are matched with 

those of Ahmed et al. (2018) study which 

concluded that union was achieved in 85% 

of patients. Nonunion occurred in three 

15%. The duration to union from the date 

of the second stage ranged from 2.5 to 8.5 

months (a mean of 4.5 months) in both 

upper and lower extremity segmental 

defects.  

     Similarly, Mühlhäusser et al. (2017) 

reported that full weight bearing was 

achieved after a median time of 16 (11-

24) weeks. However, Zeng et al. (2020) 

reported that there was a high degree of 

variability in time to weight bearing. 

CONCLUSION 

     Masquelet technique is a good new 

challenge in reconstruction treatment of 

chronic osteomyelitis with simple surgical 

procedure and low incidence of 

postoperative complications. 
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التهاااالع الأحاااام اعااااا اليساااال جلا الالعظااااع   اااا   ااعاااا  الأحاااال   خلفيةةةةة البحةةةة  

و اااالا  راااال رااااالكس ر ااعاااا  ال ظاااا إ اليجت عاااا  او  ااعاااا    اااالا  ر اااال  الأحاااال  او 

زإا اااا  الأحاااال ط و  لظاااات عل اليساااالااا الاع راااا  وعااااا ل ال ساااال    اااا  التهاااالع 

تئصاااال   سالأحاااام وال  اااا  الياااابرا ععااااا رت  اااان اررااااا   اااااا   ي عاااا    ساااالإ و

 ااعاااا  ةزالاااا   يعااااال الأحاااال  اليعتااااا  واليصاااالر  رللأااااااو  وار ظاااا   الا ااااا   

ل  و   وال عاااا ع ار جعاااا ط و  راااابا   ااااضة الج اااا اا الأارساااا  ري اااا  لاااااار ل  ااععاااا 

 .ر  ا   يلع ع   ا س  طاق   لا  الك ل 

ل عاااعم ل  عااا  رااا   الجاااااع الأحيااا   ااا   اااضة  لتهااالع الأحااال   الهةةةدن مةةةن البحةةة  

 .زي اليبرااوال ع 

راااااا  10كل ااااا   اااااس  اإاسااااا  رظااااات ك ع   سااااال لهااااال  المرضةةةةةق ولةةةةةر  البحةةةةة  

راضاااا  ا لتهاااالع الأحياااا  ال ع اااااوزي الياااابرا رفساااات اا  ل  عاااا  راااا   الجااااااع 

الأحياااا  ولياااا  اليتلرأاااا  رأياااا  ايااااأ  سااااع ع   اااا  وضااااأعا ر ت جااااعا  ا اراااا  

رااالرعا   الاإاسااا   ااا   لرأااا  ارز اااا ورظتلاااج  الي عااال ل تااا رعا الصاااا   ااا  الجتاااا

ط  يعااااال الياضااااا   ساااااأ ا ر ااااااا   ي عااااا  2020عتااااا  رااااالر   2019رااااالر  

اليلساااا  لع  ععااااا رااااتم   ساااالإ ال هلراااالا الأحيعاااا  و رااااتم ل كعاااا  الأحاااال  ر اساااا   

ر كاااا   اااالإ   او يااااارا  و رظاااالرعا او رظاااالإ   اااال   راااال وضاااال ركأااااا اسااااي ت  

ت عاااا  لتلي ااااف الجااااااع الأحياااا  و لت عاااا  ال هلراااالا الأحيعاااا  لتاااا  عا رظاااالع  اككااااا 

رللتلاااال  ال ظااااع  ط رأااااا  ااااا  اساااالرعل رااااتم ازالاااا  ركأااااا ارسااااي   و رياااا  الجااااااع 

 .راقأ   حيع  را  اف الااقج 

mailto:ibrahemsharpasy@yahoo.com
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 ظاااال ط وكاااالع رت سااااس  يااااا  4إ اااال  و  6يااااي    ااااسة الاإاساااا   نتةةةةالب البحةةةة  

 20ط25، ورت سااااااس رليااااااا كت اااااا  ال ظاااااام 62ط2±  00ط44الياضاااااا  اليلااااااي لعا 

٪( راضاااااا  30) 3إساااااا ا التياااااالإرا، رل٪( راضاااااا  40) 4رااااااا رعاااااا هم  ،70ط±2 

٪( راضاااا  لااااارهم لاااالإرن  اااا   إلجاااالع 30) 3لااااارهم لاااالإرن ل تااااا عا و ااااضو    اااا  

ضااااتس الااااا ط وقااااا ا هاااااا ال تااااللل راااال رأااااا ل  عاااا  راااا   الجااااااع الأحياااا  لأااااضة 

% رااااا الياضاااا  لااااع  لااااارهم 60 لتهاااالع الأحاااال  ال ع اااااوزي الياااابرا كاااالرل   اع

  ااااب  بلاااا    ااااا عل اااا  الظااااار   و م % رااااا الياضاااا  لاااااره20 ،اي رساااال جلا

 .% را الياض  لارهم  لتهلع س ا  ع   ر     اللق20 ضو      

لأاااا ل  عااا  رااا   الجاااااع الأحيااا  لااااارل   ارااااا  و عااااا   ااا   اااضة   ااالا   الاسةةةتنتا  

 .ر ل  الأحل      لتهلع الأحل  ال ع اوزي اليبرا

  عااااا  رااااا   الجاااااااع ل  لتهااااالع الأحااااال  ال ع ااااااوزي اليااااابرا، الكلمةةةةةاا الدالةةةةةة 

 الأحي ط


