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Abstract 

Objective  To investigate the clinical effect of anterolateral femoral free flap combined with Masquelet technique 
in the treatment of tibial osteomyelitis with wound surface.

Methods  A retrospective study was conducted to analyze the clinical data of 25 patients with tibial osteomyelitis 
combined with defected wounds in Xijing Hospital of Fourth Military Medical University from Jun 2017 to Oct 2021. 
After one-stage treatment with free flap combined with Masquelet technique, the infection index, lower extrem-
ity function score (LEFS), and Mazur ankle function score were compared before bone defect repair and at the last 
follow-up.

Results  The anterolateral femoral free flaps of 25 patients in phase I survived. The healing time of bone fracture 
after stage II operation was 8–12 months [(7.2 ± 0.9) months]. At the last follow-up, the infection index was signifi-
cantly lower than that before bone defect repair (P < 0.01). The LEFS and Mazur ankle function scores [(56.2 ± 7.9) 
and (78.2 ± 16.1)] of the affected limb were significantly higher than those before bone defect repair [(26.0 ± 8.6) 
and (44.7 ± 18.2)] (P < 0.01). Wounds of all patients’ legs healed well, without complications (foot drop, joint dysfunc-
tion, or deformity in the affected limbs).

Conclusion  The anterolateral femoral free flap combined with Masquelet technique is an effective treatment 
strategy for tibial osteomyelitis combined with soft tissue defects. This technology can effectively repair limb trauma, 
inhibit infection, and improve flexion and extension functions of knee and ankle joint.
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Introduction
Musculoskeletal diseases remain the main chronic dis-
turbs for human beings [1–6]. The treatment of tibial 
osteomyelitis with concomitant soft tissue defects is 
challenging, with high demands for the repair of soft 
tissue wounds and bone defects. It is a current clini-
cal focus and is recognized as a difficult point [7]. 
Traditional treatment methods require the complete 
removal of infected bone and soft tissue, often lead-
ing to more extensive soft tissue and bone defects. First 
developed in the late 1970’s by AC Masquelet but only 
recently popularized, the chief advantages of this strat-
egy include control of the local infection with radical 
debridement, placement of a polymethylmethacrylate 
(PMMA) cement spacer for maintenance of dead space, 
and induction of a periosteal membrane that protects 
against graft resorption. Masquelet technique is length-
independent and is therefore a viable option for the 
treatment of larger osseous defects [8]. The Masque-
let technique represents a two-staged reconstructive 
procedure that overcomes several of the shortcomings 
in the treatment of osteomyelitis defects, particularly 
those located to the long bone and associated with 
infected and/or non-viable soft tissue [9].

Due to the absence of soft tissue coverage, the bone 
cement failed to form an osteoinductive membrane for 
osteomyelitis with accompanying wounds. This renderd 
the subsequent bone defect reconstruction unachiev-
able, resulting in a prolonged overall treatment time, 
increased surgical complications, difficulties in infection 
control, and poor limb function recovery [10]. Recently, 
studies found that simultaneous treatment of bone and 
soft tissue can be carried out during a single debridement 
session for osteomyelitis with wounds. The Masquelet 
technique employed antibiotic bone cement to control 
bone infection, and flaps were used to repair soft tis-
sue defects. This approach aimed to control infections, 
shorten treatment cycles, reduced the number of surger-
ies, and achieved good therapeutic effects [11, 12].

A few studies used the induced membrane technique 
combined with free flaps to treat lower limb composite 
tissue defects, with produced favorable results. However, 
there lacked extensive clinical evidence on the treatment 
outcomes for tibial osteomyelitis with wound forma-
tion [13, 14]. Thereby, we conducted a retrospective case 
series study analyzing the clinical data of 25 patients with 
tibial osteomyelitis accompanied by wounds, treated at 
the Xijing Hospital of the Fourth Military Medical Uni-
versity from Jun 2017 to Oct 2021. The study aimed to 
explore the therapeutic effects of using the anterolat-
eral thigh-free flap combined with the induced mem-
brane technique to treat tibial osteomyelitis with wound 
formation.

Clinical data and methods
General information
Inclusion Criteria: (1) A confirmed diagnosis of the 
chronic tibial osteomyelitis with concomitant soft tissue 
wounds (more than the range of 14.0 cm x 8.0 cm). (2) 
There was no significant improvement after conventional 
anti-infective treatment and multiple debridements; (3) 
The culture result of purulent secretion of the wound was 
positive, and SPECT/CT showed that local bone metab-
olism of the tibia was active, which was consistent with 
the manifestations of osteomyelitis. (4).≥ 18 years old. 
Exclusion Criteria: (1) A definitive vascular lesion or a 
history of high-level vascular trauma in the affected limb. 
(2) A history of cardio-cerebrovascular events within 3 
months. (3) The patient had a history of blood disease, 
abnormal coagulation function, and hemangioma [15].

Twenty-five patients diagnosed with tibial osteomy-
elitis accompanied by wounds were included. Among 
these, 19 were males and 6 were females, ranging from 
22 to 65 (x̄ ± SEM: 36.4 ± 6.6) years old. The causes of 
the injuries: 10 cases from traffic accidents, 8 crushed by 
heavy objects, 5 from medically-induced infections, and 
2 from hematogenous osteomyelitis. Enrolled patients 
were with soft tissue and bone infection, purulent secre-
tion examination of positive results, and high infection 
index. Preoperative SPECT/CT showed surrounding soft 
tissue and bone infection. After thorough debridement of 
soft tissue defect in the range of 14.0 cm x 8.0 cm ~ 30.0 
cm x 16.0 cm, the tibia defect length is 3.0 cm ~ 11.0 cm/
(5.3–1.9) cm. After the first-stage intraoperative debride-
ment, the local soft tissue defect in the calf ranged from 
14.0 cm×8.0 cm to 30.0 cm×16.0 cm, and the length of 
the tibial bone defect reached 3.0 ~ 11.0 cm. All patients 
were informed about the treatment plan and signed 
an informed consent form. This study was approved by 
the Medical Ethics Committee of Xijing Hospital of the 
Fourth Military Medical University.

Treatment method
First Stage‑Masquelet induced membrane technique 
combined with anterolateral thigh free flap
After thorough debridement of the patient’s infected 
bone and soft tissue, the soft tissue defects was covered 
with an anterolateral femoral free flap, and the tibial bone 
defect area was filled with antibiotic bone cement. The 
surgical process entailed the following: After successful 
anesthesia, the localized sinus tracts, periosteal scars, 
poorly vascularized tissue, and necrotic bone tissue in 
the infection site were completely removed. Tissues for 
culture were sampled from multiple infection sites dur-
ing surgery. Postoperatively, bacterial cultures and drug 
sensitivity tests were conducted. Infected soft tissue and 
bone samples were sent for pathological examination. 
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The tibial defect area was completely filled with vanco-
mycin antibiotic bone cement (40 g bone cement con-
taining 3 g vancomycin), and the bone cement covered 
about 1 cm of the broken end on both sides [14]. The 
bone defect was fixed with a reconstruction plate (pro-
duced by Xiamen Dabo Medical Equipment Co., Ltd.), 
and external fixation was applied when needed. After 
thorough debridement, an anterolateral thigh-free flap 
was designed on the opposite limb, ensuring that the flap 
size was about 2 cm wider than the soft tissue defect. 
The smallest flap size harvested during surgery was 16.0 
cm×10.0 cm, and the largest was 32.0 cm × 18.0 cm. 
After harvesting the free flap, it was transplanted to the 
soft tissue defect site, where the flap’s vascular pedi-
cle was anastomosed with the anterior tibial artery and 
vein. The flap survival was then observed. Among them, 
4 patients had vascular crisis after the operation of free 
flaps. The flap showed bruising and swelling. Surgeons 
dredged the vessels, extracted thrombus, which relieved 
the symptoms of 4 patients. Eight patients had a small 
amount of necrosis at the edge of the flaps, which were 
sutured and repaired after debridement, and the wounds 
could still be completely covered. If the donor site wound 
was large, split-thickness skin grafting was employed; 
if it was small, direct suturing after tension release was 
done. Vacuum Sealing Drainage (VSD) negative pres-
sure drainage was employed on the grafted skin. Post-
operative standard treatment included anti-infection and 
antithrombotic therapies, as well as limb function exer-
cises. The anti-infective plan (4 weeks in total i.v.) is that 
initially empirical anti-infective treatment with third-
generation ceftriaxone (ceftriaxone sodium i.v.). There-
after, it will be replaced with corresponding sensitive 
antibiotics according to drug susceptibility results.

Second stage‑bone defect reconstruction
The skin flap wound was completely healed after 6–8 
weeks after the first-stage surgery. The edge of the flap 
directly heals well, were connected with the surround-
ing skin and soft tissue closely, without exudation or red-
ness. The tension, color, and the temperature of the flap 
is normal. The second-stage surgery was performed after 
the infection indicators returned normal in the re-exam-
ination. If the patient still had clinical manifestations of 
infection, or laboratory tests revealing the possibility of 
infection, or the deep tissue purulent exudation and poor 
induced membrane formation in the second stage opera-
tion, the first stage operation should be repeated until the 
infection is completely controlled and the induced mem-
brane formation is satisfactory. In this study, 3 patients 
underwent secondary debridement, and the remaining 
patients underwent primary debridement. The broken 
ends of the bone defects in the second-stage surgery were 

all subjected to strong internal fixation (Xiamen Dabo 
Medical Equipment Co., Ltd, China). An incision was 
made along the edge of the skin flap. The first choice for 
repairing bone defects is autogenous iliac bone, which is 
cut into 0.5 cm (Allograft: autogenous bone < 1:2). Early 
postoperative exercises mainly focused on active plantar 
flexion, dorsiflexion, and isometric contraction of the 
quadriceps and functional training of flexion and exten-
sion of ankle joint. Weight-bearing started after the callus 
appears on the X-ray review. The bone grafting area was 
mineralized and the clinical examination was completed. 
After there is no slight movement, pain or discomfort in 
the area and no longitudinal percussion pain, patients 
fully bear body weight.

Postoperative treatment
The patients were routinely treated with antibiotics, 
anti-vasospasm, microcirculation improvement, and 
anti-thrombosis after operation. They were actively 
given visible light to keep warm, regularly observed and 
changed dressing, and timely corrected anemia and 
hypoproteinemia. Early rehabilitation exercise and nutri-
tion were provided. The infection indicators were regu-
larly reviewed, and the general conditions and functional 
status of the affected limbs were observed, including 1) 
Swelling levels, color, and temperature of limbs; 2) Ten-
sion, temperature, and color of the flap; 3) The heal-
ing status of the wound; 4) Joint function and muscle 
strength; 5) Patient’s subject feeling of pain.

Observation indicators
One week after the first-stage surgery, the survival of the 
free flap and graft was observed. Blood tests were con-
ducted to determine white blood cell counts, procalci-
tonin, erythrocyte sedimentation rate, and C-reactive 
protein to monitor infection indicators. After the sec-
ond surgery, the time taken for bone defect repair was 
observed. The lower extremity functional scale (LEFS) 
and the Mazur ankle joint functional score were used to 
evaluate limb function before bone defect repair and at 
the last follow-up [16]. Three-dimensional CT scans of 
the affected area were taken during the final follow-up 
to assess the status of bone defect repair. The functional 
outcomes of the patients were evaluated using the Joh-
ner-Wruhs score [8, 17]. Clinical diagnosis and treatment 
process as shown in Fig. 1.

Statistical methods
Statistical Analysis SPSS 20.0 statistical software was 
employed. Kolmogorov-Smirnov method was used to 
test the normality of the measurement data. The meas-
urement data in accordance with normal distribution 
were expressed as Mean ± SD, and paired sample t test 
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was used for statistical analysis. P < 0.01 defined as statis-
tical significance.

Results
All patients were followed up with the follow-up period 
ranging from 10 to 54 months [(28 ± 8.1) months]. After 
the first-stage surgery, all patients exhibited good survival 
of the anterolateral thigh free flap, effectively covering the 
soft tissue wound surface. The donor site wounds either 
closed naturally or survived through grafting. Inflam-
matory infection indicators at the last follow-up showed 
a significant decrease compared to the indicators before 
the second-stage surgery (P < 0.01, Table 1).

The lower extremity functional scale (LEFS) scores of 
the affected limb improved from 26.0 ± 8.6 points before 

the bone defect repair to 56.2 ± 7.9 points. The Mazur 
ankle joint functional score increased from 44.7 ± 18.2 
points to 78.2 ± 16.1 points (P < 0.01, Table 2). At the last 
follow-up, all bone defect areas were repaired well, with 
the bone ends completely healed. The healing time for the 
bone defect ends ranged from 8 to 12 months [(7.2 ± 0.9) 
months]. At the last follow-up, the lower limb’s Johner-
Wruhs score had a 96% excellent to good rate, with 23 
cases rated as excellent, 1 as good, 1 as moderate, and 0 
as poor. A typical case is shown in Fig. 2.

Discussion
Interpretation
Tibial osteomyelitis is commonly observed in clini-
cal settings. Due to the thinness of the soft tissue on 

Fig. 1  The flowchart for a retrospective clinical study. Twenty-five patients with tibial osteomyelitis accompanied by soft tissue defects were 
selected for a clinical retrospective study. The cohort consisted of 19 males and 6 females. Among them, there were 10 cases resulting from traffic 
injuries, 8 cases caused by heavy object crush injuries, 5 cases due to iatrogenic infections, and 2 cases originating from hematogenous 
osteomyelitis. All patients presented with concurrent soft tissue and bone infections at the time of enrollment, as confirmed by positive results 
in purulent secretion cultures. The infection index was elevated. Preoperative MRI and SPECT/CT scans revealed surrounding soft tissue and bone 
infections. Following one-stage debridement, wound repair was performed using the anterolateral thigh free flap combined with the Masquelet 
technique to reconstruct the bone defect area. In the second stage, once signs of infection had subsided, bone grafting and internal fixation 
were conducted in the affected region. Postoperative X-ray imaging along with reexamination of CRP (C-reactive protein), ESR (erythrocyte 
sedimentation rate), PCT (procalcitonin) levels were carried out to assess limb function
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the anterior side of the tibia, it is prone to concomi-
tant wound infections. Following surgical debride-
ment, in addition to the bone defect, there was often 
a significant soft tissue deficit, necessitating flap trans-
plantation for repair [18, 19]. For tibial osteomyelitis 
with accompanying bone and soft tissue defects post-
debridement, the conventional treatment approach 
entailed staged treatments for soft tissue coverage and 
bone defect fixation. However, this often resulted in 
delayed coverage of soft tissue, prolonged exposure of 
deep tissues, and difficulties in infection control. Due 
to the extended treatment duration, patient rehabilita-
tion exercises becomed limited, impeding limb func-
tional recovery.

The current treatment methods for postoperative bone 
defects of chronic tibial osteomyelitis include Ilizarov 
distraction osteogenesis technology, titanium mesh bone 
grafting technology, vascularized bone grafting technol-
ogy, genetic engineering technology, and Masquelet tech-
nology. The Ilizarov technique is easy to operate with 
accurate therapeutic results, which can improve bone 
defects and soft tissue defects simultaneously. However, 
its treatment cycle was long and with complications such 
as nail tract infection, loosening, broken nails, poor frac-
ture alignment, and poor survivability. Titanium mesh 
bone grafting technology was only applicable to partial 
soft tissue, especially, free skin flaps are essential in this 
technology to repair soft tissue defects. Its application 

value was limited in patients with long bone defect 
segments.

Recent studies demonstrated that a combination of 
flap grafts with induced membrane technique for treat-
ing bone and soft tissue defects is an effective therapeutic 
strategy. However, current clinical reports were sparse, 
and there was a lack of extensive clinical data support-
ing its efficacy in treating tibial osteomyelitis with wound 
formation [13, 14]. Our research, based on 54-month 
follow-up of 25 patients, indicated that the anterolateral 
thigh free flap, combined with induced membrane tech-
nique, provided effective treatment outcomes for tibial 
osteomyelitis with wound formation and merits broader 
clinical application. For cases of tibial osteomyelitis that 
did not involve soft tissue wounds, the induced mem-
brane technique alone can usually suffice for treatment. 
The technique was widely adopted in the treatment of 
osteomyelitis, yielding positive outcomes.

Masquelet proposed induced membrane technique 
for the treatment of long-segment bone defects, which 
was applied clinically and achieved good therapeutic 
results. The core of this technology was the induced 
membrane, which was filled with bone cement in the 
bone defect area and stimulates the surrounding soft 
tissue to form a good biofilm in the body. The mem-
brane was rich in mesenchymal cells and fibroblasts 
and had the ability to promote bone cell differentia-
tion and capillary growth. Cytokines for vascular dif-
ferentiation not only improved local blood circulation, 
but also had the ability to form intramembranous bone 
[10–12]. For patients with chronic tibial osteomyelitis 
with soft tissue defects, infection still existed after anti-
infective treatment and multiple debridements, and the 
difficulty of treatment was gradually increasing. It was 
undoubtedly a great challenge to complete the simulta-
neous repair of soft tissue and bone while treating the 
infected lesions. For patients with chronic osteomyeli-
tis, after one-stage thorough debridement, the removal 
of bone infection lesions led to segmental bone defects 
and large areas of soft tissue loss. For small areas and 
good surrounding soft tissue conditions, peripheral 
pedicled flaps and muscle flaps were selected to cover. 
However, due to trauma, multiple operations, chronic 

Table 1  Comparison of inflammatory infection indicators before the second-stage surgery and at the last follow-up in 25 patients 
with tibial osteomyelitis combined with wound. (Mean ± SD)

Time WBC(x10E9/L) hs-CRP(mg/L) ESR(mm/hr) PCT(ng/ml) IL-6(pg/ml)

Before the second-stage 
bone repair

6.9 ± 0.9 5.2 ± 0.7 14.75 ± 2.2 0.035 ± 0.003 5.2 ± 0.4

Last follow-up 3.7 ± 0.6 3.1 ± 0.4 9.6 ± 1.8 0.017 ± 0.003 3.2 ± 0.4

t value 16.18 14.31 10.06 25.58 19.82

P value <0.01 <0.01 <0.01 <0.01 <0.01

Table 2  Comparison of LEFS and Mazur ankle function scores 
before the second-stage bone tissue repair and at the last 
follow-up in 25 patients with open tibial fractures complicated 
by osteomyelitis. (score, mean ± SD)

Time LEFS Mazur Ankle 
Joint Function 
Score

Before the Second-stage Bone 
Repair

34.8 ± 6.2 56.7 ± 14.6

Last follow up 53.2 ± 8.1 72.2 ± 11.1

T value -9.44 -3.84

P value <0.01 <0.01
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infection, scar healing and other reasons, local pedicled 
flaps, muscle flaps, and myocutaneous flaps failed to be 
transferred to the patients in this study, thereby free 
anterolateral thigh flaps can be the first choice. It had 

the advantages of wide coverage, simple operation, high 
survival rate and strong anti-infection ability [20, 21].

In the past, patients with tibial osteomyelitis and soft 
tissue defects were often treated by staged surgery, such 

Fig. 2  A case of free flap combined with Masquelet technique for bone and soft tissue defect after debridement. A male patient, 50 years 
old, suffered from post-operative bone infection, necrosis, and exposure to an open fracture in the left lower leg caused by a traffic accident, 
with the wound persisting for 3 months. The patient had tibial exposure and proximal tibial fracture caused by trauma, and the anteromedial soft 
tissue defect of the lower leg was 8cm×12cm. SPECT/CT showed that the length of bone infection was 10cm. The patient’s leg exhibited extensive 
scarring, indicating a severe soft tissue injury with a significant defect area that cannot be effectively addressed through local flap transfer. In the first 
stage of hospital admission, the patient underwent debridement, lesion removal, internal fixation of the proximal tibial fracture, induced membrane 
technique in the bone defect area, temporary fixation using a reconstructive steel plate and external fixation frame, and coverage of the wound 
with an anterolateral thigh free flap. Eight weeks later, a second-stage procedure was performed to graft the iliac bone and replace the internal 
fixation. A, B: Preoperative appearance of the patient’s lower leg wound, with bone infection, bone exposure, necrosis, and external fixation. C: 
Preoperative X-ray showing post-operative displacement of the proximal tibial fracture, mid-tibial bone defect, and angular deformity. D, E, F: After 
removal of the external frame and resection of the infected bone segment, the appearance of soft tissue and bone defects post-debridement. G, 
H, I: Based on the wound defect, an anterolateral thigh-free flap was harvested from the opposite limb, proximal tibial repositioning and fixation 
were done, and the induced membrane technique was used for the mid and distal bone defect treatment. Post-operative appearance after free flap 
wound coverage. J: Eight weeks postoperatively, the bone defect was reconstructed, measuring a bone defect length of 12cm. K: Preoperatively, 
the patient had partial knee joint stiffness and a drooping deformity of the ankle joint. An intramedullary nail was placed through the patellar 
approach, with intraoperative fluoroscopy. L, M: Post-operative appearance after bone grafting, intramedullary nail fixation in the bone defect area, 
and adequate bone grafting. N, O, P: Four months post-grafting, follow-up appearance and X-rays showing partial mineralization of the grafted area 
in the lower leg. Q: One-year post-grafting follow-up, with a soft flap texture, satisfactory mineralization in the grafted area, and complete healing 
of the bone ends
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as multiple debridements combined with VSD, flap 
surgery again, and finally bone transplantation. Some 
patients choose amputation due to the high cost, number 
of operations, and postoperative limb disability [22, 23]. 
Addressing these challenges, we proposed a comprehen-
sive debridement in one stage, followed by covering the 
soft tissue defect with an anterolateral thigh flap and fill-
ing the bone defect with bone cement for induced mem-
brane. Leveraging the combined anti-infective properties 
of the anterolateral thigh flap and antibiotic bone cement 
yields superior infection control [24]. Once the infec-
tion is under control, a secondary grafting procedure for 
the bone defect was promptly executed. By utilizing the 
osteoinductive membrane formed on the anterolateral 
thigh flap during the primary surgery, graft materials 
were enveloped, accelerating bone defect repair. Follow-
up studies of 25 patients revealed that this method deliv-
ers excellent therapeutic results, facilitating the repair of 
both soft tissue and bone defects, significantly reducing 
infections, and enhancing lower limb functional recovery 
[25].

Limitations
Though innovations, this study bear limitations. Firstly, 
this study was a retrospective study with a small sample 
size, which limited its promotion in most patients with 
osteomyelitis complicated with wounds. Secondly, post-
traumatic tibia osteomyelitis was complicated with soft 
tissue defect due to its complexity of clinical patients, 
namely the area of soft tissue defect, species differences, 
bone exposed parts and area differences, which led to 
difficulties for feasibility of operation and postoperative 
rehabilitation. Finally, this surgical protocol had techni-
cal difficulties and is not easy to promote. This tech-
nology required anastomosis of extremely small blood 
vessels under a microscope and required extremely high 
surgical skills. The first-stage debridement needed to be 
completed by a senior attending physician or associate 
chief physician to meet the requirements of complete 
debridement.

Conclusion
Studies have shown that anterolateral thigh free flap 
combined with Masquelet technique is an effective treat-
ment strategy for tibial osteomyelitis with wound, with 
low infection rate and satisfactory postoperative func-
tion. In the treatment of tibial osteomyelitis patients with 
soft tissue defect and bone defect, this treatment scheme 
preserves the function of the affected limb to the greatest 
extent and reduces the occurrence of complications.
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