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Abstract 

Purpose Severe open forearm fractures commonly involve segmental bone defects. Although several methods have 
been proposed to treat segmental bone defects with such fractures, research comparing the radiological and clinical 
outcomes of free vascularized fibular grafts (FVFG) and the Masquelet technique (MT) is rare.

Methods Data on 43 patients with open forearm fractures and segmental bone defects treated surgically in our hos-
pital from January 2005 to January 2021 were retrospectively analyzed, and these patients were divided into an FVFG 
group (18 cases) and an MT group (25 cases). Clinical and radiological evaluations were performed regularly, 
and the minimum follow-up was 18 months.

Results All 43 patients were followed up for 18 to 190 months, with a mean of 46.93 months. The mean follow-up 
time was significantly longer in the FVFG group than in the MT group (p = 0.000). Bone healing time was 3–16 months, 
with a mean of 4.67 months. The QuickDASH score at the last follow-up was 0–38.6, with a mean of 17.71, and there 
was no statistically significant difference between the two groups. Operative time, hospital stay, and intraopera-
tive bleeding for bone defect reconstruction were higher in the FVFG group compared to the MT group (p = 0.000), 
whereas the number of procedures was lower in the FVFG group than in the MT group (p = 0.035).

Conclusions FVFG and the MT showed satisfactory clinical results for segmental bone defects of the forearm. Com-
pared with FVFG, the MT exhibited a lower operative time, hospital stay, and intraoperative bleeding.

Level of evidence Level IV.

Trial registration This study was registered in the Chinese Clinical Trial Registry (registration no. ChiCTR2300067675; 
registered 17 January 2023), https:// www. chictr. org. cn/ showp roj. html? proj= 189458.
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Introduction
High-energy forearm fractures are typically severe and 
complicated, with extensive soft-tissue injuries and seg-
mental bone defects. The surgical treatment of open 
forearm fractures is clinically demanding due to the 
intricate anatomy of the forearm, given that the length 
and angulation of both the ulnar and radial bones need 
to be restored [1, 2]. Repairing extended segmental bone 
defects remains clinically challenging [3], and the repair 
methods include conventional bone grafting, distraction 
osteogenesis, vascularized bone grafting (e.g., free vas-
cularized fibular grafts), and the Masquelet technique 
(MT).

Vascularized bone graft is the classical surgical 
approach to covering the trauma surface. Bone segments, 
along with blood vessels, skin, subcutaneous tissue, and 
muscles, are harvested using microsurgical techniques. 
The fibula, iliac crest, and ribs are the most commonly 
dissected bone segments for bone grafts [4]. Among 
them, a fibular bone graft is the most commonly used 
option. The use of free vascularized fibular grafts (FVFG) 
in post-traumatic upper-extremity reconstruction sur-
gery was proposed by Taylor et  al. [5] in 1975. The fib-
ula, with dual endosteal and periosteal blood circulation, 
allows for rapid healing of the grafted bone. Although 
this technique is now widely used clinically, its applica-
tions in reconstructing post-traumatic forearm bone 
defects are limited to a few clinical cases [6].

The MT, also known as the induced-membrane tech-
nique, was first reported by Masquelet et al. [7] in 2000. 
This technique consists of two phases. The first phase 
(T1) involves thorough bone and soft-tissue debridement 
and bone cement implementation in the bone defect. The 
bone cement stimulates the surrounding tissue to form 
an induced membrane by an allogeneic response. The 
second phase (T2) usually takes place 4–8 weeks after the 
bone cement placement in the first phase and involves 
the removal of the bone cement and bone grafting within 
the induced membrane. The MT is reportedly an effec-
tive therapeutic approach to treating long-bone segmen-
tal defects.

Considering the clinical application of FVFG and the 
MT in treating open forearm fractures accompanied by 
segmental bone defects, it is evident that there is a con-
spicuous lack of direct comparative studies examining 
their radiological and clinical outcomes. Our retrospec-
tive cohort study endeavors to fill this research gap by 
comparing the efficacies of both treatment modalities. 
The ultimate objective is to give clinicians more pre-
cise recommendations based on our research findings. 
As emphasized in previous literature [8], no consensus 
has been reached regarding the optimal management of 
these fractures. Therefore, our investigation thoroughly 

examines cases treated at a tertiary trauma center span-
ning the past 15 years. Through this endeavor, we aim to 
assess and contrast the outcomes associated with FVFG 
and the MT in reconstructing segmental bone defects 
resulting from open forearm fractures.

Materials and methods
Demographic information gathering—patient 
characteristics
The current retrospective cohort study included patients 
admitted to a local hospital between 2005 and 2021 with 
open forearm fractures with a bone defect longer than 
2 cm who underwent FVFG or the MT for bone defect 
reconstruction. The study excluded patients under 18, 
those with malignancy or other non-traumatic causes 
of a segmental bone defect, those with traumatic bone 
defects less than 2  cm long, and those with multiple 
organ injuries.

We conducted a retrospective analysis of patients pre-
senting with consecutive open forearm fractures accom-
panied by a bone defect who underwent reconstruction 
using either FVFG or the MT at a referral center between 
2005 and 2021.

The inclusion criteria were adults (≥ 18 years) with 
open forearm fractures with a bone defect longer than or 
equal to 2 cm treated with FVFG or the MT and with a 
minimum follow-up of 1 year.

The exclusion criteria were patients under 18; indi-
viduals diagnosed with malignancy or presenting with 
segmental bone defects resulting from non-traumatic 
etiologies; patients with traumatic bone defects shorter 
than 2 cm in length; those who underwent conventional 
bone grafting, distraction osteogenesis, or alternative 
techniques; and patients suffering from multiple organ 
injuries.

A total of 43 patients were screened out and divided 
into an FVFG group (18 cases) and an MT group (25 
cases) according to the treatment for the bone defect. 
All patients received appropriate initial treatment in 
an emergency setting, and the bone defect was recon-
structed after general stabilization. The general infor-
mation is listed in Table 1. There were 24 male and 19 
female cases with a mean age of 40.07  years (20–61). 
Regarding the causes of injury, 22 cases were injured 
by machine strangulation. Ten cases were hurt by heavy 
weight smashing. Eleven cases were hit by cars in road 
accidents. According to the Gustilo–Anderson classifi-
cation, there were nine cases of grade IIIA, 27 cases of 
grade IIIB, and seven cases of grade IIIC. In 14 cases, 
only the radius was involved. In 21 cases, the ulna was 
involved exclusively. In eight cases, both bones were 
involved. Bone defects were classified using the long-
bone defect typology system proposed by Tetsworth 
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et  al. [9]. Ten cases were classified as D3 (A) and 33 
as D3 (B). The length of the bone defect ranged from 
2.6 to 7.4 cm, with a mean of 4.84 cm. Before 2013, the 
local institute had treated most cases using the FVFG 
technique. After 2013, as the Masquelet technique 
had matured, segmental bone defects were primarily 
treated using the MT.

The study was approved by the Ethics Committee of the 
local institute (no. LW20220053), and all patients signed 
the informed consent form. This study was registered on 
https:// www. chictr. org. cn in accordance with the World 
Medical Association’s Declaration of Helsinki 2013. It is 
also in accordance with the STROBE reporting checklist 
[10].

Table 1 Patient demographics

FVFG free vascularized fibular grafts, MT Masquelet technique

Overall FVFG MT p value

N 43 18 25

Age (y) (mean ± SD) 42.07 ± 8.95 39.22 ± 7.98 44.12 ± 9.20 0.076

Sex 0.564

 Male 24 11 (61.1%) 13 (52.0%)

 Female 19 7 (38.9%) 12 (48%)

BMI (kg/m2) (mean ± SD) 24.86 ± 2.18 25.16 ± 1.70 24.64 ± 2.48 0.444

Mechanism of injury 0.565

 Machine injury 22 9 (50%) 13 (52%)

 Smashed by heavy weight 10 3 (16.7%) 7 (28.0%)

 Traffic accident 11 6 (33.3%) 5 (20%)

Gustilo type 0.936

 IIIA 9 3 (16.7%) 6 (24%)

 IIIB 27 13 (72.2%) 14 (56%)

 IIIC 7 2 (11.1%) 5 (20.0%)

Bone defect site 0.835

 Radius 14 6 (33.3%) 8 (32.0%)

 Ulna 21 9 (50%) 12 (48%)

 Radius + ulna 8 3 (16.7%) 5 (20%)

Defect size (cm) (mean ± SD) 4.84 ± 1.26 5.23 ± 1.18 4.56 ± 1.27 0.085

Defect type 0.115

 D3(A) 10 2 (11.1%) 8 (32.0%)

 D3(B) 33 16 (88.9%) 17 (68%)

 D3(C) 0 0 0

Initial fixation 0.019*

 External fixation 22 13 (72.2%) 9 (36%)

 Internal fixation 21 5 (27.8%) 16 (64%)

Wound coverage 0.852

 Direct closure 7 3 (16.7%) 4 (16%)

 Skin graft 17 7 (38.9%) 10 (40%)

 Local flap 4 1 (5.6%) 3 (12%)

 Free flap 15 7 (38.9%) 8 (32%)

Duration of wound coverage (days) (mean ± SD) 7.49 ± 3.02 9.28 ± 3.29 6.20 ± 2.04 0.000*

Bone defect reconstruction operation time (min) (mean ± SD) 190.70 ± 97.75 284.44 ± 82.55 123.20 ± 23.58 0.000*

Hospital length of stay for bone defect reconstruction (days) (mean ± SD) 10.72 ± 2.38 12.67 ± 1.81 9.32 ± 1.65 0.000*

Bone defect reconstruction hemorrhage (ml) 154.65 ± 73.04 219.44 ± 54.61 108.00 ± 42.52 0.000*

Operation time 3.79 ± 0.77 3.50 ± 0.62 4.00 ± 8.16 0.035*

Comorbidity

 Hypertension 5 2 (11.1%) 3 (12%) 0.931

 Diabetes 4 2 (11.1%) 2 (8%) 0.736

 Smoking 8 4 (22.2%) 4 (16.0%) 0.615

https://www.chictr.org.cn
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Initial treatment
After admission, vital sign monitoring and anti-shock 
treatment were routinely employed. Tetanus immuno-
globulin and antibiotics (cefazolin sodium pentahydrate 
1.0  g or cefuroxime 1.5  g every 8  h) were injected as a 
precaution. Brachial plexus nerve block anesthesia or 
general anesthesia was administered to the patients. A 
thorough debridement was conducted layer by layer from 
the skin to the fractured ends. Contaminated tissues 
with poor blood supply were dissected. After debride-
ment, internal fixation with a plate was carried out for 
wounds with adequate soft-tissue coverage. When there 
was insufficient soft-tissue coverage at the fracture site, 
external fixation was used, followed by vacuum sealing 
drainage (VSD, Wuhan VSD Medical Science & Technol-
ogy Co., Ltd., Wuhan, China). Postoperative prophylactic 
antibiotics were routinely administered for 72 h.

Bone defect reconstruction
FVFG group. One-stage reconstruction was performed 
when the wound was clean or when a single composite 
bony flap could cover the wound. However, a two-stage 
reconstruction was performed in the case of extensive 
injury and wound infection; i.e., soft-tissue reconstruc-
tion was performed first, and then FVFG was performed 
after the wound had stabilized.

Postoperatively, patients were administered prophylac-
tic low-molecular-weight heparin as part of the routine 
anticoagulation therapy. They were advised to undergo 
strict bed rest for 1 week. For patients presenting with 
skin defects necessitating flap coverage, we also procured 
a fibular flap besides the fibular graft. Notably, the cuta-
neous component of the composite graft functioned as 
an observation window to assess vascular patency.

MT group. In the first step, radical debridement of all 
injured tissues and the implementation of PMMA bone 
cement spacers  (Palacos®, Heraeus Kulzer GmbH) in 
the segmental bone defect were conducted. Masquelet 
stage II surgery was performed 6–8  weeks later when 
the wound was completely healed, and the white blood 
cell count, erythrocyte sedimentation rate, and C-reac-
tive protein were all within normal limits. The induction 
membrane around the cement was carefully incised and 
protected to preserve its biological activity. The cement 
was removed and replaced with autologous iliac bone. 
The induced membrane was then sutured. Definitive 
internal fixation was performed on an emergency basis or 
at the time of wound coverage.

Follow‑up and efficacy evaluation
All patients were followed up regularly at 1, 2, 3, 6, 
and 12  months after surgery and annually after that. 

Bone healing, limb function, and complications were 
monitored. Clinical bone healing was judged accord-
ing to the method of Commeil et  al. [11] based on 
radiographs. Bone was considered healed if three bone 
bridges were visible at two CT slides, and the time of 
bone healing was recorded. Non-healing was defined as 
bone non-union or limited healing progress observed 
on X-ray or CT when the patient stopped their treat-
ment at our institution after more than 1 year of follow-
up. The diagnosis of postoperative infection was based 
on the definition of fracture-associated infection [12], 
clinical symptoms, and laboratory tests. Clinical signs 
of postoperative infection include localized redness and 
swelling of the surgical wound, pus or pus-like drain-
age, unexplained postoperative fever, poor wound heal-
ing, and sinus tract formation in the surgical wound, 
requiring debridement and intravenous antibiot-
ics. Laboratory tests included leukocytosis, elevated 
C-reactive protein levels, and elevated sedimentation 
erythrocyte sedimentation rate (ESR) [13].

The bone defect size was defined as the average 
length of the largest cortical defect observed in the 
anterior–posterior and lateral radiographic views, 
based on the method reported by Haines et al. [14], as 

Fig. 1 The size of the cortical gap was measured at the perimeter 
of the cortical bone on the radial, ulnar, anterior, and posterior 
cortical projections on anteroposterior and lateral radiographs, based 
on the method reported by Haines et al. [14]. These measurements 
were averaged over four cortices to obtain the radiographic apparent 
bone gap for each fracture
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shown in Fig. 1. Functional outcome was assessed post-
operatively according to the QuickDASH score [15].

Statistical methods
Statistical analyses were performed using SPSS 26.0 sta-
tistical software (SPSS Inc., USA). Correlations between 
categorical variables were analyzed using the chi-square 
test or Fisher’s exact test. The independent t-test or Wil-
coxon rank-sum test was used to compare means of con-
tinuous variables, and the Mann–Whitney U test was 
used to compare medians of continuous variables. The 
Shapiro–Wilk test was used to test whether the data were 
normally distributed. p < 0.05 was considered to indicate 
a statistically significant difference.

Results
Forty-three patients were followed up for 
18–190 months, with a mean of 46.93 months. The mean 
follow-up time was significantly longer in the FVFG 
group than in the MT group (74.78 ± 41.11 months ver-
sus 26.88 ± 6.03 months, p = 0.000). Bone healing time 
was 3–16  months, with a mean of 4.67  months. The 
QuickDASH score at the last follow-up was 0–38.6, with 
a mean value of 17.71. No significant difference between 
the two groups was observed.

Twenty-two cases were fixed by external fixation in 
the first stage of treatment, while for the other 21 cases, 
internal fixation was employed directly. As for the wound 
coverage, seven cases were directly closed. Skin grafts 
were used in 17 cases. Local and free flaps were adopted 
in four and 15 cases, respectively. The average duration of 
wound coverage was 7.49 days, ranging from 3 to 17 days. 
The average operating time for bone defect reconstruc-
tion was 190.70 ± 97.75  min, the average hospital stay 
for bone defect reconstruction was 10.72 ± 2.38 days, the 
average intraoperative bleeding for bone defect recon-
struction was 154.65 ± 73.04 ml, and the average number 

of operations was 3.79 ± 0.77. Operative time, hospital 
stay, and intraoperative bleeding for bone defect recon-
struction were higher in the FVFG group compared to 
the MT group (284.44 ± 82.55 min versus 123.20 ± 23.58 
min, p = 0.000; 12.67 ± 1.81 days versus 9.32 ± 1.65 days, 
p = 0.000; 219.44 ± 54.61 ml versus 108.00 ± 42.52 ml, 
p = 0.000), while the number of procedures was lower in 
both the FVFG group than in the MT group (3.50 ± 0.62 
versus 4.00 ± 8.16, p = 0.035).

Complications were observed in six cases, including 
one bone non-union in the FVFG group. The MT group 
contained two cases of deep infection, one case of bone 
non-union, and two instances of bone bridge formation 
between the ulnar and radial bones. In cases of deep 
infection, we conducted a comprehensive debridement 
and administered sensitive antibiotics for treatment. 
In the event of non-union, we opted for an additional 
autologous cancellous bone graft to address the bone 
non-union. The radioulnar synostosis was treated con-
servatively. No donor-site complications were observed 
in the FVFG group, while there were two donor-site com-
plications in the MT group and one case of lateral femo-
ral cutaneous nerve injury. The numbness disappeared 
6 months after surgery, and one case of hematoma 
improved with conservative treatment. The follow-up 
results are shown in Table 2. Typical cases are shown in 
Figs. 2–3.

Discussion
In this study, we evaluated and compared the radiologi-
cal and clinical outcomes of segmental bone defects after 
the reconstruction of open forearm fractures using FVFG 
and the MT over the past 15 years and found that both 
FVFG and the MT showed satisfactory clinical outcomes, 
with a shorter operative time, a shorter length of stay, less 
intraoperative bleeding, and a slightly higher number of 

Table 2 Follow-up and clinical outcomes

FVFG free vascularized fibular grafts, MT Masquelet technique

Overall FVFG MT p value

Follow-up (months) 46.93 ± 35.78 74.78 ± 41.11 26.88 ± 6.03 0.000*

Union time (months) 4.67 ± 2.53 4.39 ± 2.48 4.88 ± 2.60 0.841

Quick DASH 17.71 ± 9.68 17.05 ± 10.43 18.18 ± 9.29 0.710

Recipient-site complications 6 1(5.6%) 5(20%) 0.186

Deep infection 2 0 2

Nonunion 2 1 1

Radioulnar synostosis 2 0 2

Donor-site complications 2 0 2 (8%) 0.229

Temporary sensory disturbance 0 1

Hematomas 0 1
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Fig. 2 Case 1. a–c Male, 26 years old, with an open distal forearm fracture (Gustilo IIIA) caused by machine strangulation. He was treated 
with emergency debridement, internal fixation of the ulna, external fixation of the radius, and tendon repair. d–f The radial bone defect was treated 
with a free vascularized fibular graft 2 months after primary surgery. g Four years after surgery, with good bone healing. h–o Last follow-up, 
with satisfactory function. QuickDASH: 2.3

Fig. 3 Case 2. a–d Female, 50 years old, with an open fracture of the right distal radius (Gustilo IIIB) caused by machine strangulation. She 
was treated with emergency debridement, external fixation, and tendon and vascular repair. The bone defect was filled with bone cement. e–g 
Seventy-two hours later, a free anterolateral femoral flap was performed to cover the wound while the radius was internally fixed. h–k Two months 
after surgery, the cement was removed and replaced with autologous iliac bone. i Two years after stage II of the MT, with bone healing. m–r Last 
follow-up, with satisfactory function. QuickDASH: 9.1
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procedures required with the Masquelet technique com-
pared with FVFG.

Open forearm fractures due to high-energy injuries 
often result in comminuted or multisegmented fractures. 
Free bone masses are frequently removed during the first 
debridement stage, resulting in forearm bone defects that 
are clinically challenging for surgeons [16]. Based on ani-
mal experiments, Schmitz et al. [17] defined bone defects 
with a length greater than 1.5 times the diameter of the 
long bone as critical bone defects that required surgical 
treatment.

Currently, the main therapeutic strategies for bone 
defects include free bone grafting, bone flap grafting with 
blood vessels, bone transport techniques, and the MT 
[18, 19]. Due to bone resorption after free bone grafting 
[20], the traditional indications for free bone grafting are 
limited to bone defects less than 2 cm in length [21, 22]. 
Bone transport techniques are typically associated with 
complex external fixation systems that are susceptible 
to pin tract infections, pain, prolonged treatment dura-
tions, and non-union. Consequently, their application in 
the upper extremity remains restricted [23, 24]. Revision 
surgery rates of up to 23.8% have been reported in the lit-
erature [25]. In addition, external fixation can harm the 
mental health of patients, and this harm may persist even 
after the removal of the external fixator [26]. Therefore, 
new techniques for treating bone defects are constantly 
being explored.

Vascularized bone grafts are widely used in bone recon-
struction surgery. They can be obtained from the fibula, 
ilium, ribs, radius, ulna, scapula, femur, humerus, pubic 
bone, or metatarsus [27, 28]. Vascularized bone grafts 
help provide nutrients to the deep structures of the graft 
and achieve stable bone healing, thus allowing for early 
limb movement and functional recovery. The most widely 
used technique is FVFG, which can be used in many sites 
[29]. FVFG has been an irreplaceable method for the 
reconstruction of large segmental bone defects since the 
classic FVFG technique was reported by Taylor et al. [5] 
in 1975, and cases of defects up to 22 cm in length have 
been reported in the literature [30]. Fixed vascular tips 
have vessels of a sufficient caliber (2–4 mm in diameter) 
to allow tension-free anastomosis for the blood supply to 
the endosteum and periosteum. One of the main benefits 
of FVFG for the forearm is that it enables one or both 
forearm bones to be replaced in a single procedure; it also 
allows the coverage of soft-tissue defects in patients who 
have experienced complex trauma or infected areas [27]. 
In addition, the fibula is suitable for bone reconstruc-
tion in this anatomical region because it resembles the 
forearm bone in shape and diameter [31]. Noaman [32] 
reported 16 upper limb bone defects that were treated 
with FVFG and had a mean healing time of 3.5 months. 

Cano-Luís et al. [6] reported long-term results of 14 fore-
arm bone defects that were treated with FVFG and had 
a mean healing time of 4.2 months. FVFG has been used 
in our institution since the early 1990s. The time to bone 
healing in the FVFG group of patients in this study was 
3.7 months, similar to what has been reported in the lit-
erature. One case with diabetes mellitus had bone non-
union, which may be attributed to the poor blood supply 
to the grafted bone site due to occlusion of the FVFG 
vessels.

In the case of FVFG, donor-site morbidity is one of the 
significant issues. The common complications of fibular 
harvest include neurovascular injury, compartment syn-
drome, extensor dysfunction, abductor weakness, and 
ankle instability. However, no such complications were 
observed in this case series, which may be partly related 
to the small number of cases.

Since its initial publication in 2000, the MT has had 
relatively modest technical requirements and was initially 
utilized to treat infected bone defects in long bones. [33, 
34]. Basic studies [35, 36] have shown that the induced 
membranes produced after cement filling are rich in sev-
eral cytokines, including vascular endothelial growth fac-
tor and bone morphogenetic protein-2 (BMP-2), which 
can promote new bone formation. In the literature, the 
application of the MT for post-traumatic bone defects 
has been reported, with bone healing rates of more than 
90% (up to 100% in some cases) [20, 37] and relatively 
low rates of bone resorption [38]. Although the MT has 
been proposed for over 2 decades [7], it was first used 
in our institution in 2013 [39]. Current studies on MT 
techniques have focused on the lower extremity, and 
there are few studies on the application of the MT to the 
upper extremity, especially forearm bone defects [18, 
40]. Luo et al. [41] reported seven patients with infected 
bone defects in the forearm—the mean radial defect 
length was 5.8 cm and the mean ulnar defect length was 
5.5 cm—which were treated with the MT, and all patients 
showed bone healing.

Walker et al. [42] applied the MT to successfully treat 
nine cases of post-traumatic bone defects in the fore-
arm with a mean bone defect length of 4.7  cm, includ-
ing five acute open fractures and four cases of bone 
non-union. In this study, we treated 25 cases of segmen-
tal bone defects of the forearm using the MT, and all 
patients healed well except for two cases of infection and 
one case of bone non-union. We believe that filling the 
bone defect with bone cement at the emergency stage for 
open forearm fractures can fill the dead space, prevent 
fibrous tissue from growing, and stimulate the surround-
ing tissue to induce membrane formation. Besides, bone 
cement can maintain the stability of the fracture end and 
avoid internal fixation failure [43, 44]. In this study, two 
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other patients in the MT group who had bone defects in 
both the ulnar and radial bones had postoperative bone 
bridge formation between the ulnar and radial bones, 
which may be related to the destruction of the interos-
seous membrane between these bones and the excessive 
volume of bone cement filling.

Although FVFG and the MT have been widely used 
clinically with good prognoses (Table 3), a comparison 
between the two techniques when they are applied in 
the forearm has not been performed [52]. Wen et  al. 
[53] compared three treatment modalities (free vascu-
larized fibular graft, distraction osteogenesis, and the 
Masquelet technique) for extended bone defects after 
lower-extremity trauma and showed similar clinical 
outcomes for all three modalities. Lan et al. [54] com-
pared the results of FVFG and the MT for the recon-
struction of Gustilo III tibial fractures. They found that 
FVFG has greater potential for reconstructing larger 
bone defects. In contrast, the MT may be essential in 
smaller bone defects, severe surgical site infections, and 
osteomyelitis. A recent review [55] has shown that one 
of the most recent developments in massive allograft 
reconstruction post-tumor resection does not attempt 
to mimic a vascularized bone flap. Instead, the focus is 
on osteointegration of the allograft bone segment ends. 
The bulk of the graft is shielded with PMMA to prevent 
graft resorption. They believe that the Masquelet tech-
nique is safe, cheap, and, most importantly, effective. 
Singh et  al. [52] conducted a meta-analysis by sepa-
rately searching for studies on treating upper-extrem-
ity bone defects using vascularized bone grafting 

(VBG) and the Masquelet technique. Their findings 
indicate no statistically significant difference in union 
rates between VBG and the Masquelet technique for 
upper-extremity bone defects, regardless of the defect 
size. These studies highlight the shift in our surgical 
approach from the previous predominance of FVFG 
to the current predominance of the MT technique. We 
found that the MT technique had a shorter operative 
time, was less technically challenging, and did not sig-
nificantly increase bone healing time. The results con-
firm our clinical observations, and with the increased 
experience accrued during the study period, we have 
established a standardized team and approach to these 
cases [2, 56], reducing complications and operative 
times. Therefore, segmental bone defects have mainly 
been treated with the MT since it started to be used in 
our institution in 2013.

This study has several limitations. Firstly, its retro-
spective and non-randomized design constrained the 
data collection scope. Secondly, the small sample size 
hinders the generalizability of the findings. Addition-
ally, each bone defect reconstruction was unique, with 
the defect size determining the reconstruction scale, 
making it challenging to control all relevant variables 
and identify comparable scenarios. Furthermore, the 
reconstructions were performed at a single institu-
tion, potentially limiting the applicability of the results. 
Finally, the varying follow-up periods may obscure 
crucial long-term differences. Therefore, prospective 
studies with larger samples are essential to validate the 
study’s conclusions.

Table 3 Literature review of the outcome studies regarding FVFG and the MT

FVFG free vascularized fibular grafts, MT Masquelet technique

Author Year Cases, n Mean defect 
size, cm (range)

Mean time to union, 
months (range)

Reported 
union, n (%)

Mean follow up, 
months (range)

Complications, n (%)

FVFG

 Dell [45] 1984 4 N/A N/A 3 (75%) N/A 0

 Olekas [46] 1991 15 9.3 (5–12) N/A 11 (73.3%) 23.5 (7–60) 4 (26.7%)

 Jupiter [47] 1997 9 7.9 (4.5–11) N/A 8 (88.9%) 24 3 (33.3%)

 Adani [31] 2004 12 8.5 (6–13) 4.8 (2.5–8) 11 (91.6%) N/A (10–93) 3 (25%)

 Safoury [48] 2005 18 N/A 4 (N/A) 17 (94.4%) N/A N/A

 Cano-Luís [6] 2018 14 N/A (6–11) 4.3 (2.5–7) 13 (92.9%) 166.8 (96–276) 4 (28.58%)

MT

 Luo [41] 2017 7 5.6 (4–8) N/A 7 (100%) 86.7 (41–150) 4 (57.14%)

 Dhar [49] 2019 12 5 (3.5–7) 7.8 (6–12) 12 (100%) N/A 0

 Walker [42] 2019 9 3.9 (1.7–5.4) 4.7 (3–12) 9 (100%) 4.7 (3–12) 1 (11.11%)

 Bourgeois [50] 2020 6 6.4 (4.8–11.0) 4 (2.3–6.3) 5 (83.3%) 103.4 (67.4–144.3) 3 (50%)

 Commeil [11] 2021 10 4.3 (2–8) 9.2 (4–13) 9 (90%) 50.3 (14–74) 1 (10%)

 Lauthe [51] 2021 13 4 (0–12) 5 (3–8) 12 (92.3%) 30 2 (15.38%)
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Conclusions
FVFG and the MT have shown satisfactory clini-
cal results when used to treat forearm segmental bone 
defects, with a decreased operative time, hospital stay, 
and intraoperative bleeding seen in the MT group com-
pared to the FVFG group. Although the number of pro-
cedures was higher in the MT group than in the FVFG 
group, the technical difficulty of the MT was lower. Con-
sidering the complexity and unpredictability of trauma, a 
flexible treatment strategy or even a combination of both 
approaches for the reconstruction of segmental forearm 
defects may achieve satisfactory outcomes.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s10195- 024- 00787-x.

Supplementary Material 1. Appendix 1. Preoperative 3D CT scans of both 
the donor and recipient sites to accurately determine the necessary bone 
graft volume in case 2: a 3D CT reconstruction of the forearm.b 3D CT 
reconstruction of the forearm after cement removal. c, d The extent of the 
anterior iliac bone graft harvest

Supplementary Material 2. Appendix 2. A male patient, 39 years old, with 
an open fracture of the left ulna (Gustilo IIIA) caused by machine strangu-
lation. a, b Preoperative anteroposterior and lateral radiographs.c, d Post-
emergency-surgery anteroposterior and lateral radiographs.e, f Ulna bone 
defect treated with a free vascularized fibular graft 1 month after primary 
surgery.g, h Twenty-six months after surgery, with good bone healing

Supplementary Material 3. 

Acknowledgements
We thank Medjaden Inc. for the scientific editing of this manuscript. As Ming 
Zhou, the first author of this article, I would like to express my deep gratitude 
to my family and, in particular, to my wife Jie Gao, who has been a constant 
source of strength and encouragement throughout my research journey.

Author contributions
All authors contributed to the study conception and design. Material prepara-
tion and data collection and analysis were performed by Ming Zhou, Yunhong 
Ma, Xueyuan Jia, Yongwei Wu, Jun Liu, Yapeng Wang, Peng Wang, Junhao Luo, 
Fang Lin, Jianbing Wang, and Yongjun Rui. The first draft of the manuscript 
was written by Ming Zhou, Yunhong Ma, and Xueyuan Jia, and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript. MZ and YHM designed the study, performed 
the surgeries, and wrote the preliminary manuscript. YHM, YWW, JL, JBW, and 
YJR performed the surgeries. MZ, XYJ, YWW, YPW, PW, JHL, and FL did the 
analysis and interpretation of data and prepared the manuscript. JBW and YJR 
contributed to the study design and the final manuscript revision. All authors 
read and approved the fnal manuscript.

Funding
This study was provided by the Wuxi Top Medical Expert Team of the Taihu 
Talent Program (TTPJY2021).

Availability of data and material
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the ethics committee of the local institute (no. 
LW20220053). Data were analyzed anonymously; patients approved the 

results by consent. All clinical investigations were conducted under the guide-
lines of the Declaration of Helsinki.

Consent for publication
All authors have read and approved the content and agree to submit for 
consideration for publication in the journal.

Competing interests
The authors declare that they have no competing interest.

Author details
1 Department of Orthopaedic Surgery, Wuxi Ninth People’s Hospital Affiliated 
to Soochow University, Liangxi Road, No. 999, Binhu District, Wuxi, Jiangsu, 
China. 

Received: 29 November 2023   Accepted: 3 September 2024

References
 1. Schemitsch EH, Richards RR (1992) The effect of malunion on functional 

outcome after plate fixation of fractures of both bones of the forearm in 
adults. J Bone Joint Surg Am 74:1068–1078

 2. Luo J, Zhou M, Lin F, Wang J, Rui Y (2022) Clinical effectiveness of early 
internal fixation combined with free flap technique in the treatment of 
Gustilo IIIB open forearm fracture. Orthop Traumatol Surg Res. https:// doi. 
org/ 10. 1016/j. otsr. 2022. 103346

 3. Mauffrey C, Barlow BT, Smith W (2015) Management of segmental bone 
defects. J Am Acad Orthop Surg 23:143–153. https:// doi. org/ 10. 5435/ 
JAAOS-D- 14- 00018

 4. Pederson WC, Person DW (2007) Long bone reconstruction with vascular-
ized bone grafts. Orthop Clin North Am 38(23–35):v. https:// doi. org/ 10. 
1016/j. ocl. 2006. 10. 006

 5. Taylor GI, Miller GD, Ham FJ (1975) The free vascularized bone graft. 
A clinical extension of microvascular techniques. Plast Reconstr Surg 
55:533–544. https:// doi. org/ 10. 1097/ 00006 534- 19750 5000- 00002

 6. Cano-Luis P, Andres-Cano P, Ricon-Recarey FJ, Giraldez-Sanchez MA (2018) 
Treatment of posttraumatic bone defects of the forearm with vascular-
ized fibular grafts. Follow up after 14 years. Injury 49(Suppl 2):S27–S35. 
https:// doi. org/ 10. 1016/j. injury. 2018. 07. 021

 7. Masquelet AC, Fitoussi F, Begue T, Muller GP (2000) Reconstruction of the 
long bones by the induced membrane and spongy autograft. Ann Chir 
Plast Esthet 45:346–353

 8. Ferreira N, Saini AK, Birkholtz FF, Laubscher M (2021) Management 
of segmental bone defects of the upper limb: a scoping review with 
data synthesis to inform decision making. Eur J Orthop Surg Traumatol 
31:911–922. https:// doi. org/ 10. 1007/ s00590- 021- 02887-4

 9. Tetsworth KD, Burnand HG, Hohmann E, Glatt V (2021) Classification of 
bone defects: an extension of the Orthopaedic Trauma Association open 
fracture classification. J Orthop Trauma 35:71–76. https:// doi. org/ 10. 1097/ 
BOT. 00000 00000 001896

 10. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 
JP, Initiative S (2007) Strengthening the reporting of observational studies 
in epidemiology (STROBE) statement: guidelines for reporting obser-
vational studies. BMJ 335:806–808. https:// doi. org/ 10. 1136/ bmj. 39335. 
541782. AD

 11. Commeil P, Seguineau A, Delesque A, Erbland A, Harly E, Lecoanet P, 
Fabre T, Dunet B (2021) Post-traumatic forearm bone defect reconstruc-
tion using the induced membrane technique. Orthop Traumatol Surg 
Res. https:// doi. org/ 10. 1016/j. otsr. 2021. 103036

 12. Govaert GAM, Kuehl R, Atkins BL, Trampuz A, Morgenstern M, Obremskey 
WT, Verhofstad MHJ, McNally MA, Metsemakers WJ, Fracture-Related 
Infection Consensus Group (2020) Diagnosing fracture-related infection: 
current concepts and recommendations. J Orthop Trauma 34:8–17. 
https:// doi. org/ 10. 1097/ BOT. 00000 00000 001614

 13. Moriarty TF, Metsemakers WJ, Morgenstern M, Hofstee MI, Vallejo Diaz A, 
Cassat JE, Wildemann B, Depypere M, Schwarz EM, Richards RG (2022) 
Fracture-related infection. Nat Rev Dis Prim 8:67. https:// doi. org/ 10. 1038/ 
s41572- 022- 00396-0

https://doi.org/10.1186/s10195-024-00787-x
https://doi.org/10.1186/s10195-024-00787-x
https://doi.org/10.1016/j.otsr.2022.103346
https://doi.org/10.1016/j.otsr.2022.103346
https://doi.org/10.5435/JAAOS-D-14-00018
https://doi.org/10.5435/JAAOS-D-14-00018
https://doi.org/10.1016/j.ocl.2006.10.006
https://doi.org/10.1016/j.ocl.2006.10.006
https://doi.org/10.1097/00006534-197505000-00002
https://doi.org/10.1016/j.injury.2018.07.021
https://doi.org/10.1007/s00590-021-02887-4
https://doi.org/10.1097/BOT.0000000000001896
https://doi.org/10.1097/BOT.0000000000001896
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1016/j.otsr.2021.103036
https://doi.org/10.1097/BOT.0000000000001614
https://doi.org/10.1038/s41572-022-00396-0
https://doi.org/10.1038/s41572-022-00396-0


Page 10 of 11Zhou et al. Journal of Orthopaedics and Traumatology           (2024) 25:44 

 14. Haines NM, Lack WD, Seymour RB, Bosse MJ (2016) Defining the lower 
limit of a “critical bone defect” in open diaphyseal tibial fractures. J Orthop 
Trauma 30:e158-163. https:// doi. org/ 10. 1097/ BOT. 00000 00000 000531

 15. Beaton DE, Wright JG, Katz JN, Upper Extremity Collaborative Group 
(2005) Development of the QuickDASH: comparison of three item-reduc-
tion approaches. J Bone Joint Surg Am 87:1038–1046. https:// doi. org/ 10. 
2106/ JBJS.D. 02060

 16. Wang Y, Zhou M, Wu Y, Ma Y, Liu J, Rui Y (2020) One-bone forearm 
reconstruction and distal radioulnar joint fusion for emergency one-stage 
operation in traumatic major bone defect of forearm. Injury 51:1828–
1833. https:// doi. org/ 10. 1016/j. injury. 2020. 06. 024

 17. Schmitz JP, Hollinger JO (1986) The critical size defect as an experimen-
tal model for craniomandibulofacial nonunions. Clin Orthop Relat Res 
205:299–308

 18. Piacentini F, Ceglia MJ, Bettini L, Bianco S, Buzzi R, Campanacci DA (2019) 
Induced membrane technique using enriched bone grafts for treatment 
of posttraumatic segmental long bone defects. J Orthop Traumatol 20:13. 
https:// doi. org/ 10. 1186/ s10195- 019- 0522-6

 19. Khira YM, Badawy HA (2013) Pedicled vascularized fibular graft with 
Ilizarov external fixator for reconstructing a large bone defect of the tibia 
after tumor resection. J Orthop Traumatol 14:91–100. https:// doi. org/ 10. 
1007/ s10195- 013- 0225-3

 20. Luengo-Alonso G, Aunon Martin I, Rodriguez Vega V, Capel Agundez A, 
Caba Doussoux P (2021) Long term results of lower limb posttraumatic 
acute bone defects treated with masquelet technique. Injury 52(Suppl 
4):S99–S103. https:// doi. org/ 10. 1016/j. injury. 2021. 02. 057

 21. Hatashita S, Kawakami R, Ejiri S, Sasaki N, Toshiki N, Ito M, Konno SI, 
Hakozaki M (2021) ‘Acute Masquelet technique’ for reconstructing 
bone defects of an open lower limb fracture. Eur J Trauma Emerg Surg 
47:1153–1162. https:// doi. org/ 10. 1007/ s00068- 019- 01291-2

 22. Faldini C, Pagkrati S, Nanni M, Menachem S, Giannini S (2009) Aseptic 
forearm nonunions treated by plate and opposite fibular autograft 
strut. Clin Orthop Relat Res 467:2125–2134. https:// doi. org/ 10. 1007/ 
s11999- 009- 0827-5

 23. Hosny GA (2020) Limb lengthening history, evolution, complications 
and current concepts. J Orthop Traumatol 21:3. https:// doi. org/ 10. 1186/ 
s10195- 019- 0541-3

 24. Aktuglu K, Erol K, Vahabi A (2019) Ilizarov bone transport and treatment 
of critical-sized tibial bone defects: a narrative review. J Orthop Traumatol 
20:22. https:// doi. org/ 10. 1186/ s10195- 019- 0527-1

 25. Yokoyama K, Itoman M, Nakamura K, Tsukamoto T, Saita Y, Aoki S (2001) 
Free vascularized fibular graft vs. Ilizarov method for post-traumatic 
tibial bone defect. J Reconstr Microsurg 17:17–25. https:// doi. org/ 10. 
1055/s- 2001- 12684

 26. Abulaiti A, Yilihamu Y, Yasheng T, Alike Y, Yusufu A (2017) The psychologi-
cal impact of external fixation using the Ilizarov or Orthofix LRS method 
to treat tibial osteomyelitis with a bone defect. Injury 48:2842–2846. 
https:// doi. org/ 10. 1016/j. injury. 2017. 10. 036

 27. Bumbasirevic M, Stevanovic M, Bumbasirevic V, Lesic A, Atkinson HD 
(2014) Free vascularised fibular grafts in orthopaedics. Int Orthop 
38:1277–1282. https:// doi. org/ 10. 1007/ s00264- 014- 2281-6

 28. Allsopp BJ, Hunter-Smith DJ, Rozen WM (2016) Vascularized versus 
nonvascularized bone grafts: what is the evidence? Clin Orthop Relat Res 
474:1319–1327. https:// doi. org/ 10. 1007/ s11999- 016- 4769-4

 29. Houdek MT, Bayne CO, Bishop AT, Shin AY (2017) The outcome and 
complications of vascularised fibular grafts. Bone Joint J. https:// doi. org/ 
10. 1302/ 0301- 620X. 99B1. BJJ- 2016- 0160. R1

 30. Tang CH (1992) Reconstruction of the bones and joints of the upper 
extremity by vascularized free fibular graft: report of 46 cases. J Reconstr 
Microsurg 8:285–292. https:// doi. org/ 10. 1055/s- 2007- 10067 09

 31. Adani R, Delcroix L, Innocenti M, Marcoccio I, Tarallo L, Celli A, Ceruso M 
(2004) Reconstruction of large posttraumatic skeletal defects of the fore-
arm by vascularized free fibular graft. Microsurgery 24:423–429. https:// 
doi. org/ 10. 1002/ micr. 20067

 32. Noaman HH (2013) Management of upper limb bone defects using free 
vascularized osteoseptocutaneous fibular bone graft. Ann Plast Surg 
71:503–509. https:// doi. org/ 10. 1097/ SAP. 0b013 e3182 a1aff0

 33. Masquelet A, Kanakaris NK, Obert L, Stafford P, Giannoudis PV (2019) Bone 
repair using the masquelet technique. J Bone Joint Surg Am 101:1024–
1036. https:// doi. org/ 10. 2106/ JBJS. 18. 00842

 34. Han W, Shen J, Wu H, Yu S, Fu J, Xie Z (2017) Induced membrane 
technique: advances in the management of bone defects. Int J Surg 
42:110–116. https:// doi. org/ 10. 1016/j. ijsu. 2017. 04. 064

 35. Aho OM, Lehenkari P, Ristiniemi J, Lehtonen S, Risteli J, Leskela HV (2013) 
The mechanism of action of induced membranes in bone repair. J Bone 
Joint Surg Am 95:597–604. https:// doi. org/ 10. 2106/ JBJS.L. 00310

 36. Pelissier P, Masquelet AC, Bareille R, Pelissier SM, Amedee J (2004) Induced 
membranes secrete growth factors including vascular and osteoin-
ductive factors and could stimulate bone regeneration. J Orthop Res 
22:73–79. https:// doi. org/ 10. 1016/ S0736- 0266(03) 00165-7

 37. Karger C, Kishi T, Schneider L, Fitoussi F, Masquelet AC, French Society 
of Orthopaedic Surgery and Traumatology (2012) Treatment of post-
traumatic bone defects by the induced membrane technique. Orthop 
Traumatol Surg Res 98:97–102. https:// doi. org/ 10. 1016/j. otsr. 2011. 11. 001

 38. Cho JW, Kent WT, Oh CW, Kim BS, Cho WT, Oh JK (2020) Bone-graft 
resorption reduced by the induced membrane technique and factors 
affecting volumetric changes: an analysis of 120 serial computed 
tomographic scans in 40 patients. J Bone Joint Surg Am 102:1269–1278. 
https:// doi. org/ 10. 2106/ JBJS. 19. 00804

 39. Wang P, Wu Y, Rui Y, Wang J, Liu J, Ma Y (2021) Masquelet technique for 
reconstructing bone defects in open lower limb fracture: analysis of the 
relationship between bone defect and bone graft. Injury 52:988–995. 
https:// doi. org/ 10. 1016/j. injury. 2020. 12. 009

 40. Deng L, Yu A, Qi B, Lei J, De Souza C, Zhu S, Yu L (2020) The Masquelet 
technique combined with the muscle flap for use in emergency manage-
ment of acute Gustilo type III trauma of the lower limb with segmental 
bone loss: Case series. Int J Surg 81:85–93. https:// doi. org/ 10. 1016/j. ijsu. 
2020. 07. 013

 41. Luo TD, Nunez FA Jr, Lomer AA, Nunez FA Sr (2017) Management of 
recalcitrant osteomyelitis and segmental bone loss of the forearm with 
the Masquelet technique. J Hand Surg Eur 42:640–642. https:// doi. org/ 10. 
1177/ 17531 93416 650171

 42. Walker M, Sharareh B, Mitchell SA (2019) Masquelet reconstruction for 
posttraumatic segmental bone defects in the forearm. J Hand Surg Am. 
https:// doi. org/ 10. 1016/j. jhsa. 2018. 07. 003

 43. Masquelet AC, Begue T (2010) The concept of induced membrane for 
reconstruction of long bone defects. Orthop Clin North Am 41:27–37. 
https:// doi. org/ 10. 1016/j. ocl. 2009. 07. 011

 44. Demitri S, Vicenti G, Carrozzo M, Bizzoca D, De Franceschi D, Moretti B 
(2018) The Masquelet technique in the treatment of a non-infected open 
complex fracture of the distal tibia with severe bone and soft tissue loss: 
a case report. Injury 49(Suppl 4):S58–S62. https:// doi. org/ 10. 1016/j. injury. 
2018. 11. 039

 45. Dell PC, Sheppard JE (1984) Vascularized bone grafts in the treatment of 
infected forearm nonunions. J Hand Surg Am 9:653–658. https:// doi. org/ 
10. 1016/ s0363- 5023(84) 80006-4

 46. Olekas J, Guobys A (1991) Vascularised bone transfer for defects and 
pseudarthroses of forearm bones. J Hand Surg Br 16:406–408. https:// doi. 
org/ 10. 1016/ 0266- 7681(91) 90013-e

 47. Jupiter JB, Gerhard HJ, Guerrero J, Nunley JA, Levin LS (1997) Treatment of 
segmental defects of the radius with use of the vascularized osteosep-
tocutaneous fibular autogenous graft. J Bone Joint Surg Am 79:542–550. 
https:// doi. org/ 10. 2106/ 00004 623- 19970 4000- 00009

 48. Safoury Y (2005) Free vascularized fibula for the treatment of traumatic 
bone defects and nonunion of the forearm bones. J Hand Surg Br 
30:67–72. https:// doi. org/ 10. 1016/j. jhsb. 2004. 09. 007

 49. Dhar SA, Dar TA, Mir NA (2019) Management of infected nonunion of the 
forearm by the Masquelet technique. Strategies Trauma Limb Reconstr 
14:1–5. https:// doi. org/ 10. 5005/ jp- journ als- 10080- 1411

 50. Bourgeois M, Loisel F, Bertrand D, Nallet J, Gindraux F, Adam A, Lepage D, 
Sergent P, Leclerc G, Rondot T et al (2020) Management of forearm bone 
loss with induced membrane technique. Hand Surg Rehabil 39:171–177. 
https:// doi. org/ 10. 1016/j. hansur. 2020. 02. 002

 51. Lauthe O, Gaillard J, Cambon-Binder A, Masquelet AC (2021) Induced 
membrane technique applied to the forearm: technical refinement, 
indications and results of 13 cases. Orthop Traumatol Surg Res. https:// 
doi. org/ 10. 1016/j. otsr. 2021. 103074

 52. Singh S, Toci GR, Kapadia K, Colon A, Greenberg P, Iyer H, Katt B, Shah A 
(2023) Vascularized bone grafting versus the 2-stage Masquelet tech-
nique for upper-extremity bone reconstruction: a meta-analysis. J Hand 
Surg Am 48:984–992. https:// doi. org/ 10. 1016/j. jhsa. 2023. 06. 008

https://doi.org/10.1097/BOT.0000000000000531
https://doi.org/10.2106/JBJS.D.02060
https://doi.org/10.2106/JBJS.D.02060
https://doi.org/10.1016/j.injury.2020.06.024
https://doi.org/10.1186/s10195-019-0522-6
https://doi.org/10.1007/s10195-013-0225-3
https://doi.org/10.1007/s10195-013-0225-3
https://doi.org/10.1016/j.injury.2021.02.057
https://doi.org/10.1007/s00068-019-01291-2
https://doi.org/10.1007/s11999-009-0827-5
https://doi.org/10.1007/s11999-009-0827-5
https://doi.org/10.1186/s10195-019-0541-3
https://doi.org/10.1186/s10195-019-0541-3
https://doi.org/10.1186/s10195-019-0527-1
https://doi.org/10.1055/s-2001-12684
https://doi.org/10.1055/s-2001-12684
https://doi.org/10.1016/j.injury.2017.10.036
https://doi.org/10.1007/s00264-014-2281-6
https://doi.org/10.1007/s11999-016-4769-4
https://doi.org/10.1302/0301-620X.99B1.BJJ-2016-0160.R1
https://doi.org/10.1302/0301-620X.99B1.BJJ-2016-0160.R1
https://doi.org/10.1055/s-2007-1006709
https://doi.org/10.1002/micr.20067
https://doi.org/10.1002/micr.20067
https://doi.org/10.1097/SAP.0b013e3182a1aff0
https://doi.org/10.2106/JBJS.18.00842
https://doi.org/10.1016/j.ijsu.2017.04.064
https://doi.org/10.2106/JBJS.L.00310
https://doi.org/10.1016/S0736-0266(03)00165-7
https://doi.org/10.1016/j.otsr.2011.11.001
https://doi.org/10.2106/JBJS.19.00804
https://doi.org/10.1016/j.injury.2020.12.009
https://doi.org/10.1016/j.ijsu.2020.07.013
https://doi.org/10.1016/j.ijsu.2020.07.013
https://doi.org/10.1177/1753193416650171
https://doi.org/10.1177/1753193416650171
https://doi.org/10.1016/j.jhsa.2018.07.003
https://doi.org/10.1016/j.ocl.2009.07.011
https://doi.org/10.1016/j.injury.2018.11.039
https://doi.org/10.1016/j.injury.2018.11.039
https://doi.org/10.1016/s0363-5023(84)80006-4
https://doi.org/10.1016/s0363-5023(84)80006-4
https://doi.org/10.1016/0266-7681(91)90013-e
https://doi.org/10.1016/0266-7681(91)90013-e
https://doi.org/10.2106/00004623-199704000-00009
https://doi.org/10.1016/j.jhsb.2004.09.007
https://doi.org/10.5005/jp-journals-10080-1411
https://doi.org/10.1016/j.hansur.2020.02.002
https://doi.org/10.1016/j.otsr.2021.103074
https://doi.org/10.1016/j.otsr.2021.103074
https://doi.org/10.1016/j.jhsa.2023.06.008


Page 11 of 11Zhou et al. Journal of Orthopaedics and Traumatology           (2024) 25:44  

 53. Wen G, Zhou R, Wang Y, Lu S, Chai Y, Yang H (2019) Management of post-
traumatic long bone defects: a comparative study based on long-term 
results. Injury 50:2070–2074. https:// doi. org/ 10. 1016/j. injury. 2019. 07. 029

 54. Lan CY, Lien PH, Lin YT, Lin CH, Hsu CC, Lin CH, Chen SH, Yu YH (2022) 
Comparison of the clinical outcomes between vascularized bone graft 
and the Masquelet technique for the reconstruction of Gustilo type III 
open tibial fractures. BMC Musculoskelet Disord 23:1036. https:// doi. org/ 
10. 1186/ s12891- 022- 06010-4

 55. Dalisson B, Charbonnier B, Aoude A, Gilardino M, Harvey E, Makhoul N, 
Barralet J (2021) Skeletal regeneration for segmental bone loss: vascular-
ised grafts, analogues and surrogates. Acta Biomater 136:37–55. https:// 
doi. org/ 10. 1016/j. actbio. 2021. 09. 053

 56. Kang Y, Wu Y, Ma Y, Liu J, Gu J, Zhou M, Wang Y, Lin F, Rui Y (2020) 
“Primary free-flap tibial open fracture reconstruction with the Masquelet 
technique” and internal fixation. Injury 51:2970–2974. https:// doi. org/ 10. 
1016/j. injury. 2020. 10. 039

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.injury.2019.07.029
https://doi.org/10.1186/s12891-022-06010-4
https://doi.org/10.1186/s12891-022-06010-4
https://doi.org/10.1016/j.actbio.2021.09.053
https://doi.org/10.1016/j.actbio.2021.09.053
https://doi.org/10.1016/j.injury.2020.10.039
https://doi.org/10.1016/j.injury.2020.10.039

	Comparison of free vascularized fibular grafts and the Masquelet technique for the treatment of segmental bone defects with open forearm fractures: a retrospective cohort study
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Materials and methods
	Demographic information gathering—patient characteristics
	Initial treatment
	Bone defect reconstruction
	Follow-up and efficacy evaluation
	Statistical methods

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


