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Abstract
Background The aim of this research is to present our experience with the combined use of pedicled
neurotrophic �ap and distraction osteogenesis in management of complex lower extremity injuries with
composite bone and soft tissue defects and assess the functional and cosmetic results of this method.

Methods Between 2008 and 2016, soft tissue coverage with pedicled neurotrophic �ap followed by
distraction osteogenesis using Ilizarov external �xator was performed in 25 patients for reconstruction of
segmental bone defects of lower extremity complicated by massive loss of soft tissue. There were 16
men and 9 women: their mean age was 39 years (23 to 57) at the time of surgery. The soft tissue defect
after radical debridement ranged from 5 × 9 cm2 to 11 × 14 cm2, and the average size of segmental
defect was 5.02 (2.5 to 7.5) cm.

Results The distally based sural neurovascular �ap was performed in 13 patients, and the greater
saphenous neurocutaneous perforator �ap in 12 patients. All �aps survived completely without
complications. The bone defects were corrected by a mean lengthening of 6.74 (4.5 to 9.5) cm. The
function was judged to be excellent in 12 patients and good in 13 patients. Bone results were graded as
excellent in 18 patients and good in 7 patients. Complications observed in the process of the treatment
included pain, pin tract infections (PTI), ankle midfoot joints stiffness, and nonunion of docking sites. All
the cases achieved successful limb salvage and satisfactory function recovery without recurrence of
infection.

Conclusions The combined technique of a perforator artery pedicled neurotrophic �ap and distraction
osteogenesis should be considered to be an effective alternative approach in the salvage treatment of the
massively traumatized and chronically infected lower extremity.

Background
High-energy lower extremity fractures with massive soft-tissue and bone defect remains a considerable
challenge for both orthopaedic and reconstructive plastic surgeons. These injuries are typically classi�ed
as Gustilo type III and are commonly related to signi�cant morbidity caused by concomitant vascular and
soft-tissue injury [1,2]. The purpose of limb-salvage treatment of these patients is restoration of limb
function. However, the process can be lengthy and accompanied with risks of infection, deformity, joint
contractures, limb length discrepancy, and even amputation [3].

With the development of microsurgical techniques in recent years, skin �ap transplantation has become
routine practice enabling massive soft tissue defects of the lower extremity to be reconstructed [4,5].
Francel and Yaremchuck have demonstrated that management of Gustilo III fractures with radical
debridement, skin �ap transfer, external �xation and bone grafting may signi�cantly improve the rate of
limb salvage [6]. However, the incidence of impaired function of the treated limb, which was caused by
nonunion, bony malunion, limb length discrepancy, and angulation deformities, was still high in those
patients.
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The technique of distraction osteogenesis can not only reconstruct the segmental defect but also address
the coexisting troubles of limb discrepancy, deformity, and joint contractures [7-9]. It is also reported that
this technique can repair a combined soft tissue defect in a one stage procedure [10]. However, this only
can be accomplished under the condition that the defect of the soft tissue is smaller than that of the
bone.

Therefore, the combination of the two potent approaches of Ilizarov technique and free tissue transfer for
limb salvage is expected to merge the advantages of both sides, which may lead to an improved
functional outcome in patients suffering from Gustilo type III fractures.

The aim of this research is to illustrate our experience with the united use of pedicled neurotrophic �ap
and distraction osteogenesis in management of complex lower extremity injuries with composite bone
and soft tissue defects and assess the functional and cosmetic results of this method.

Methods
Patients

This study was reviewed and approved by our institutional review board, and informed consent was
obtained from all patients. The combined surgical technique of pedicled neurotrophic �ap and distraction
osteogenesis was applied to 25 patients with high-energy tibial fractures between May 2010 and August
2016 at our hospital, and all elected for this management as an alternative to amputation. The patients
were composed of 16 males and 9 females with an average age of 47 (22 to 67) years at the time of
surgery (Table 1). All the cases were initially Gustilo-Anderson grade IIIB open fractures. Patients who
underwent femoral transport, did not consent to this study, or were younger than 18 years were excluded
from the study. The average time from injury to initial surgery at our institution was 9.32 (1 to 20) weeks.
The soft tissue defect after radical debridement ranged from 5 × 9 cm2 to 11 × 14 cm2, and the average
size of segmental defect was 5.02 (2.5 to 7.5) cm. Seventeen of these patients had a history of local
infection, which was diagnosed through bacterial culture of pathogenic tissue biopsy. The details of the
patients including the organisms in those with an infection, and the previous operations, are shown in
Table 1.

Surgical Technique

X-ray radiography, computed tomography (CT), or positron emission tomography-CT (PET-CT) were
performed to preoperatively assess the possible extent of the infected or dead tissues. Limb discrepancy
and mechanical axis deviation were evaluated by long-leg radiographs. Active infection was detected
with laboratory examinations including full blood count, C-reactive protein (CRP), and erythrocyte
sedimentation rate (ESR).

Any remaining metal implants from previous surgeries were removed. A temporary external �xator
followed by aggressive debridement of necrotic or infected soft tissue and bone (Fig. 1a) was carried out
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before the application of �ap coverage.

When the wound was considered clean pedicled �aps with a marked perforator artery were performed for
soft tissue coverage. The choice of �ap depended mainly on the defect size and location, and the
required pedicle length. The distally based sural neurovascular fasciocutaneous �ap, providing a long
pedicle and being nourished by the sural nerve and the peroneal artery, was designed to repair the soft
tissue defects of lower leg and the ankle. In addition, the greater saphenous neurocutaneous perforator
�ap, yielding a relatively short pedicle and being nourished by greater saphenous vein and the saphenous
nerve, was performed to cover defects located on medial and anterior aspects of the injured extremity.
The color and temperature of the �aps were monitored in order to predict perfusion and venous
conditions. 

After the �ap has healed and the edema subsided, normally four to six weeks subsequent to the soft
tissue reconstruction, an Ilizarov circular or unilateral frame was used in place of the temporary external
�xator. However, in six of our cases we performed the replacement of external �xator immediately after
�ap coverage on account of the relatively superior soft tissue conditions.

Postoperative Care

Prophylactic antibiotic was administrated intravenously for one to two weeks after operation to prevent
infection. The selection of antibiotics is targeted according to the results of previous bacterial culture.
Distraction rate of 4 × 0.25 mm per day was commenced following a latency period of 5 to 7 days. The
compression of the docked ends continued for 5 days after the achievement of docking to get full
contact. Moderate range of motion training of knee and ankle joint was started on the second day
postoperatively. Gradual partial weight-bearing was encouraged during the process, and full weight
bearing exercise was permitted when docking was completed. A clinical and radiographic examination
was performed once two weeks during the distraction phase, and once a month during the consolidation
phase. Consolidation was considered satisfactory when the formation of a bridging callus was visible on
at least three cortices in the anteroposterior and lateral radiographs. If there were no signs of clinical and
radiographical union within three months after the bone contact having been completed, bone grafting,
resection of atrophic bone ends, or plate �xation replacement were carried out. The results of bone and
function was evaluated by two independent evaluators with the criteria reported by Paley (Table 2). 

Results
Twenty-�ve patients were followed up for an average of 28.96 (15 to 48) months. The distally based sural
neurovascular �ap was performed in 13 patients, and the greater saphenous neurocutaneous perforator
�ap in 12 patients. The �ap area ranged from 5×10 cm to 12× 14 cm. Su�cient coverage of soft tissue
defect was achieved in all cases. All �aps survived completely without complications. The bone defects
were remedied by an average lengthening of 6.74 (4.5 to 9.5) cm. The residual discrepancy was < 1 cm in
all cases, which was not clinically signi�cant. No recurrence of infection was found in infected patients.
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According to the criteria reported by Paley, bone results were judged excellent in 18 cases and good in the
rest 7 cases, functional results were graded as excellent in 12 patients and good in 13 (Table 3).

Pain was the most frequent complaint that we encountered in the course of treatment. In most cases, the
patients felt relieved by using oral analgesics. While two patients who found the pain was intolerable
were treated effectively with decreasing the lengthening rate. Pin tract infection graded as II (in�amed)
and III (in�amed with serous discharge) based on Dahl’s classi�cation were found in 6 patients [11]. They
responded well to frequent dressing changes and oral antibiotic treatment. Infection of grade V (in�amed
with osteolysis) occurred in one patient who was successfully treated by pin extraction. Six patients
developed mild ankle midfoot joints stiffness, which improved after physiotherapy. The docking sites
failed to achieve bony union in 5 patients. 12 of them were treated with resection of atrophic bone ends
and bone grafting, while 6 of them were treated with plate �xation.

Discussion
The technique of distraction osteogenesis put forward by Ilizarov is a biological method to reconstruct
segmental defects and has been universally performed for the management of non-union, osteomyelitis,
deformity, traumatic bone loss, and leg-length discrepancy. 

Both microvascular and local �aps can offer soft tissue envelope, increase blood supply, improve bone
healing, and defend against infection [12]. According to the basic surgical principles for the management
of Gustilo III open fractures, early soft tissue coverage has been proven crucial and effective during the
treatment [4-6,10].

Theoretically, combination of these two powerful techniques could probably be an ideal method for
reconstruction of segmental bone defects complicated by massive loss of soft tissue. We carried out the
combined surgical technique of artery pedicled neurotrophic �ap and distraction osteogenesis to treat 25
patients with high-energy tibial fractures graded as Gustilo III. All the cases achieved successful limb
salvage and satisfactory function recovery without recurrence of infection.

  The united of free tissue transfer and distraction osteogenesis has also been reported as an effective
method for limb salvage in composite injuries [5,12]. However, the drawbacks of this technique including
long operation time, donor site morbidity, and high technical requirement should not be ignored. Also,
distraction osteogenesis beneath a free �ap would compromise the vascularized tissue [13,14]. Therefore,
instead of a free �ap, we performed perforator artery pedicled neurotrophic �ap, which is simpler and
more e�cient, for covering massive soft tissue defects. In this study, all �aps survived completely without
complications. In addition, the concern of jeopardy to the pedicle resulting from device placement or
subsequent distraction was not observed in this study. We attribute this to careful planning, small
diameter of the wires, good stabilization of the �ap, tolerable distraction rate, and the technique of
percutaneous placement.
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Unlike other surgeons [15,16], we did not perform temporary acute shortening and subsequent distraction
in any of our patients. Because this technique causes limb dis�gurement and may also leads to twist of
the vasculature, which may further jeopardize the circulation of the mangled fractured extremity.

In spite of the surgical technique we presented in this study, single-stage reconstruction with an
osteocutaneous �ap is also an alternative to treat such complicated injuries [12,17]. This technique
immediately �lls bone defect, provides soft tissue coverage, and establishes vascularity to the bony bed.
However, there are several factors which hinder the technique to be popular in clinic. The bone grafts
usually cannot match in in caliber with tibia, which makes a long non-weight-bearing period inevitable to
achieve compensatory hypertrophy. On the other hand, performing a single operation to address the soft-
tissue and bone defect using a single large composite �ap or multiple free �aps was not advisable due to
the high risk of infection in infected cases. Also, this process is associated with a high risk of refracture or
nonunion and has an unpredictable outcome. Our staged approach offers a number of bene�ts over
single-stage reconstruction. Firstly, we would wait at least 4 weeks after debridement and soft-tissue
coverage before carrying out the Ilizarov technique of distraction osteogenesis, during which any residual
infection may manifest itself before bone reconstruction. Secondly, it can be used in reconstructing
defects of any length and diameter without the need for a bone bank or the risks of donor site morbidity.
Thirdly, the quality of bone obtained by distraction osteogenesis is better than that in vascularized �bular.

However, disadvantages of this combined technique including cost of treatment, complexity of added
surgery, requirement of multiple outpatient adjustments, and long duration of treatment should be
considered. The shortcomings of this study are the small number of enrolled cases, the lack of control
group, and the short-term following up. Another limitation is that the cohort of patients is very
heteronomous when compared the time from injury to initial surgery due to the fact that patients were
commonly not sent to our hospital immediately.

Conclusion
The combined technique of a perforator artery pedicled neurotrophic �ap and distraction osteogenesis
should be considered to be an effective alternative approach in the salvage treatment of the massively
traumatized and chronically infected lower extremity.
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Figures

Figure 1

Patient 2. a, A temporary external �xator was applied. The soft tissue defect (10×12 cm2) and bone loss
(5cm) can be seen. b, The great saphenous neurocutaneous �ap (10×12 cm) was designed. c, d, The �ap
was transferred to cover the soft tissue defect.

Figure 2

Patient 2. a,b, Dead bone (5 cm) was resected and acute shortening was performed after assembling the
Ilizarov circular external �xator. c,d, New bone (8.5 cm) formed after distraction osteogenesis.
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