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Role of Perforating Artery Pedicled Neurotrophic
Flap in the Treatment of Compound Tissue Defect
of Tibia Using the Ilizarov Technique
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Objective: To describe our experience with the combined use of pedicled neurotrophic flap and distraction osteogene-
sis in the management of complex lower extremity injuries with composite bone and soft tissue defects and assess
the functional and cosmetic results of this method.

Methods: A pedicled flap with a marked perforator artery was applied for soft tissue coverage after radical debride-
ment and temporary external fixation. In the second stage, the llizarov external fixator was used in place of the tempo-
rary external fixator for reconstruction of the segmental bone defect by distraction osteogenesis. Twenty-five patients
(16 men and nine women; mean age, 39.2 years) were treated by using this combined technique between 2008 and
2016. All cases were graded initially as Gustilo—Anderson grade IlIB open fractures. The soft tissue defect after radical
debridement ranged from 9 cm x 5 cm to 14 cm x 11 cm, and the average size of segmental defect was 5.2 (Range,
2.5-8.5) cm. Seventeen of these patients had a history of local infection. The bone structure and function were evalu-
ated by two independent evaluators using Paley’s criteria.

Results: Twenty-five patients were followed up for an average of 28.96 (Range, 15-48) months. The distally based
sural neurovascular flap was applied in 13 patients, and the greater saphenous neurocutaneous perforator flap in
12 patients. The flap area ranged from 10 cm x 5 cm to 14 cm x 12 cm. Sufficient coverage of soft tissue defect
was achieved in all cases. All flaps survived completely without complications. The bone defects were corrected by a
mean lengthening of 6.94 (Range, 4.5-9.5) cm. The residual discrepancy was <1 cm in all cases, which was not clini-
cally significant. The function was evaluated as excellent in 12 patients and good in 13 patients. Bone results were
graded as excellent in 18 patients and good in seven patients. Complications during treatment included pain, pin tract
infections, ankle midfoot joint stiffness, and docking site nonunion. No recurrence of infection was observed in
infected patients. All cases achieved successful limb salvage and satisfactory function recovery without recurrence of
infection.

Conclusions: The combined technique of a perforator artery pedicled neurotrophic flap and distraction osteogenesis
is an effective alternative approach in the salvage treatment of massively traumatized and chronically infected lower
extremities.
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Introduction
High—energy lower extremity fractures with massive soft
tissue and bone defects remain a considerable challenge
for both orthopaedic and reconstructive plastic surgeons.' ™
These injuries are typically classified as Gustilo Type III frac-
tures and are commonly related to significant morbidity cau-
sed by concomitant vascular and soft-tissue injury™”.
Currently, orthopaedists have >30 years of experience deal-
ing with lower limb reconstruction for cases with Gustilo
IIB or IIIC open tibial fractures. However, the decision
between attempted limb salvage and early amputation con-
tinues to pose a dilemma for both surgeons and patients.
Many studies support limb salvage with results that indicated
upgraded quality of life, although some studies present poor
outcomes, such as debilitated activities of daily life, following
limb salvage.® Most surgeons would agree that protracted
dysvascular limbs or limbs with severe nerve defects are not
suitable for limb salvage. Limb salvage seeks to restore limb
function. However, when limb salvage is performed, restora-
tion of function and anatomical structure is commonly lim-
ited by bone and soft tissue healing. The process can be
lengthy and accompanied by risks of infection, deformity,
joint contractures, limb length discrepancy, and even
amputation.®

With the development of microsurgical techniques in
recent years, skin flap transplantation has become routine
practice for reconstructing massive soft tissue defects of the
lower extremity.” "% Single-stage reconstruction with an oste-
ocutaneous flap is an alternative for treating such compli-
cated injuries.'"”'* This technique immediately fills bone
defects, provides soft tissue coverage, and establishes vascu-
larity to the bony bed. However, several factors hinder the
popularity of the technique in clinical settings. The bone
grafts usually do not match the tibia, which makes a long
non-weight-bearing period inevitable to achieve compensa-
tory hypertrophy. Moreover, a single operation to address
soft tissue and bone defects using a single large composite
flap or multiple free flaps is not recommended due to the
high risk of infection in infected cases. Additionally, this pro-
cess is associated with a high risk of refracture or nonunion
and has an unpredictable outcome. Francel et al'’ have
demonstrated that the management of Gustilo III fractures
with radical debridement, skin flap transfer, external fixation,
and bone grafting may significantly improve the rate of limb
salvage. However, the researchers showed that incidence of
impaired function of the treated limb—which was caused by
nonunion, bone malunion, limb length discrepancy, and
angulation deformities—was still high in their patients.

The technique of distraction osteogenesis, which was
introduced by Ilizarov, is a biological approach to restore
large segmental bone defects. It has been universally applied
to the management of non-union, osteomyelitis, deformity,
traumatic bone loss, and leg length discrepancy. This tech-
nique is based on the biological feature of the bone and the
capacity of the neighboring soft tissues to regenerate by ten-
sion stress induction. Therefore, it can not only reconstruct
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the segmental defect but also address the coexisting troubles
of limb discrepancy, deformity, and joint contractures.'*™'®
However, the associated drawbacks of the technique still
limit its overall applicability. Unsatisfactory regeneration that
may occur as a result of different causes, poor condition of
soft tissues, and infection in the defected area may progress
through various stages to restore the defect, especially when
it is extensive. Almost all relevant clinical studies conclude
that bone transport with distraction osteogenesis is a safe
alternative in managing infected and aseptic nonunion of the
femur and tibia, despite the complications encountered.
Cierny and Zorn'” compared the outcomes of surgery
between 23 patients with segmental tibial defects (average
size of 8.5 cm) treated with soft tissue transfer and massive
cancellous bone grafts and 21 patients with tibial bone
defects (average size of 6.4 cm) treated with distraction oste-
ogenesis using the Ilizarov circular apparatus. They con-
cluded that reconstruction of bone defects using Ilizarov
method was safer, faster, easier to perform, and less
expensive.

This technique can repair associated soft tissue defects
in a one-stage procedure.'® However, this outcome can only
be accomplished under the condition that the soft tissue
defect is smaller than the bone defect. Therefore, the bone
segment used for bone transport must be covered by vascu-
larized soft tissues in cases with large soft tissue defects. Fur-
thermore, the combination of the two potent approaches in
the Ilizarov technique and free tissue transfer for limb sal-
vage are expected to synergize the advantages of both proce-
dures. This combination may lead to an improved functional
outcome in patients with Gustilo Type III fractures.

This study sought to describe our experience with the
combined use of pedicled neurotrophic flap and distraction
osteogenesis in managing complex lower extremity injuries
with composite bone and soft tissue defects. Additionally, it
sought to assess the functional and cosmetic results of this
method and analyze the complications of this technique and
discuss the corresponding treatment strategy.

Materials and Methods

Participants

This study was reviewed and approved by the institutional
review board of Shanghai Sixth People’s Hospital, and
informed consent was obtained from all patients. The inclu-
sion criteria: (i) patients in this study were initially diagnosed
with Gustilo-Anderson grade III open tibial fractures, and
they had local destruction with bone and associated soft tis-
sue defects before operation; (ii) the intervention was pedi-
cled neurotrophic flap transfer combined with distraction
osteogenesis; (iii) comparison was between the surgical tech-
nique used in this study and other techniques described by
other studies; (iv) outcomes, including radiographic results,
functional results, and complications, were presented in the
results section; (v) the study design was retrospective. The
exclusion criteria included: (i) patients who underwent
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femoral transport; (ii) patients with non-reconstructable soft
tissue destruction; (iii) poor compliance with postoperative
management; (iv) patients who did not consent to this study.

The combined surgical technique of pedicled neuro-
trophic flap and distraction osteogenesis was applied to
25 patients with high-energy tibial fractures between May
2010 and August 2016 at our hospital. All patients chose this
management as an alternative to amputation. The patients
were composed of 16 males and nine females with an aver-
age age of 39.2 (range, 23-57) years at the time of surgery.
The average time from injury to initial surgery at our institu-
tion was 9.32 (range, 1-20) weeks. The soft tissue defect after
radical debridement ranged from 9 cm x5 cm to
14 x 11cm?, and the average size of segmental defect was 5.2
(range, 2.5-8.5) cm. Seventeen of these patients had a history
of local infection, which was diagnosed through bacterial cul-
ture of pathogenic tissue biopsy.

Surgical Technique

Preoperative Assessment

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

Radical Debridement and Flap Transfer

Any remaining metal implants from previous surgeries were
removed. A temporary external fixator, followed by aggres-
sive debridement of necrotic or infected soft tissues and
bones, was performed before the application of the flap
cover.

When the wound was considered clean, pedicled flaps
with a marked perforator artery were applied for soft tissue
coverage (Figures 1 and 2). The choice of flap depended
mainly on the defect size and location and required pedicle
length. The distally based sural neurovascular fasci-
ocutaneous flap, providing a long pedicle and being
nourished by the sural nerve and peroneal artery, was
designed to repair the soft tissue defects of the lower leg and
ankle. Additionally, the greater saphenous neurocutaneous
perforator flap, yielding a relatively short pedicle and being
nourished by the greater saphenous vein and saphenous
nerve, was applied to cover defects located on the medial
and anterior aspects of the injured extremity. The color and
temperature of the flaps were monitored to predict perfusion
and venous conditions.

Application of the Ilizarov Technique

After the flap had healed and edema subsided, normally 4-
6 weeks after the soft tissue reconstruction, an Ilizarov circu-
lar or unilateral frame was used in place of the temporary
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peroneal artery

sural nerve

peroneal perforator

Fig. 1 Schematic diagram of distally based sural neurovascular
fasciocutaneous flap which provides a long pedicle and is nourished by
the sural nerve and the peroneal artery

external fixator (Figure 3). However, in six cases, the external
fixator was replaced immediately after flap coverage on
account of the relatively superior soft tissue conditions.

Prophylactic antibiotics were administrated intrave-
nously for 1-2 weeks after operation to prevent infection.
The selection of antibiotics was targeted to the results of
previous bacterial culture. Distraction rate of 4 x 0.25 mm
per day was commenced following a latency period of 5-
7 days. The compression of the docked ends continued for
5 days after docking for full contact. Moderate range of
motion training of the knee and ankle joints 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.

Radiographic Measurements

Clinical and radiographic examinations were performed fort-
nightly during the distraction phase, and monthly during the
consolidation phase. Consolidation was considered satisfac-
tory when the formation of a bridging callus was visible on
at least three cortices in the anteroposterior and lateral radio-
graphs. If no signs of clinical and radiographical union were
present within 3 months after completion of bone contact,
bone grafting, resection of atrophic bone ends, or plate fixa-
tion replacement was performed. Bone structure and func-
tion were evaluated by two independent evaluators with the
criteria reported by Paley et al."”.
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oft tissue defect

¥ b

Fig. 2 Patient 2. (A) A temporary external
fixator was applied. The soft tissue defect

(15 cm x 10 cm) and bone loss (8.5 cm)

can be seen. (B) The great saphenous
neurocutaneous flap was designed. (C, D) The
flap was transferred to cover the soft tissue
defect

Q
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Fig. 3 Patient 2. (A, B) A proximal corticotomy was performed after assembling the llizarov circular external fixator. (C, D) New bone formed after

distraction osteogenesis

Paley’s Evaluation Criteria of Bone Results

The bone results were evaluated based on four criteria:
union, infection, deformity, and leg length discrepancy. An
excellent result was defined as union, no infection, deformity
<7°, and discrepancy of <2.5 cm; good was defined as union
and any two of the remaining criteria; fair was defined as
union and any one of the remaining criteria; poor was
defined as union without any of the three remaining criteria,
non-union, or re-fracture.

Functional Measurement

The functional results were evaluated based on five criteria: a
conspicuous limp, stiffness of either knee or ankle joint
(a loss of over 15° of extension of knee or 15° of dorsiflexion
of ankle compared with normal contralateral joint), soft-

tissue dystrophy, pain that restrains activity or disrupts sleep,
and inability or inactivity to resume daily activities because
of injury. The result was considered excellent when a patient
is now active and has none of the remaining four criteria,
good when a patient is active with any one or two of the
remaining four criteria, and fair when a patient is active with
three or four of the remaining criteria or has an
amputation.19

Complication Assessment

Paley’s Classification System

Using Paley’s classification system, minor complications were
defined as problems that do not influence the result or do
not require unplanned surgery, whereas major complications
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required a more complex additional surgical intervention or
X 20
result in permanent sequelae.

Dahl’s Grading System of Pin Tract Inflammation

Pin tract inflammation was graded according to Dahl’s grad-
ing system and dealt with accordingly®': Grade I, normal pin
site; Grade II inflamed; Grade III, inflamed with serous dis-
charge; Grade IV, inflamed with purulent discharge;
Grade V, inflamed with osteolysis; Grade VI, inflamed with
ring sequestrum.

Results

wenty-five patients were followed up for an average of

28.96 (Range, 15-48) months. The distally based sural
neurovascular flap was applied in 13 patients, and the greater
saphenous neurocutaneous perforator flap in 12 patients.
The flap area ranged from 10 cm X 5 cm to 14 cm X 12 cm.
Sufficient coverage of soft tissue defects was achieved in all
cases. All flaps survived completely without complications.
The bone defects were remedied by an average lengthening
of 6.94 (Range, 4.5-9.5) cm. The residual discrepancy was
<1 cm in all cases, which was not clinically significant. No
recurrence of infection was found in infected patients.

Paley’s Evaluation of Bone and Functional Results
According to the criteria reported by Paley, bone results were
evaluated as excellent in 18 cases and good in the remaining
seven cases. Functional results were graded as excellent in
12 patients and good in 13 patients. The excellent and good
rate was 100%.

Paley’s Classification of Complications

Minor complications in our study mainly involved pain
(15 patients), pin tract infection (12 patients), and mild ankle
midfoot joint stiffness (six patients). Major complications
included five cases of nonunion of docking sites. Pain was
the most frequent complaint encountered during treatment.
In most cases, the patients felt relieved after use of oral anal-
gesics. Two patients found the pain to be intolerable; they
were treated effectively with decreased lengthening rate. Six
patients developed mild ankle midfoot joint stiffness, which
improved after physiotherapy. The docking sites failed to
achieve bone union in five patients. Two of the five patients
were treated with bone grafting and plate fixation, whereas
three of them were treated by refreshing the docking ends.

Dahl’s Grading System of Pin Tract Inflammation

Six patients with Grades II (inflamed) and III (inflamed with
serous discharge) based on Dahl’s classification were present.
They responded well to frequent dressing changes and oral
antibiotic treatment. Infection of Grade V (inflamed with
osteolysis) occurred in one patient who was successfully
treated by pin extraction.
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Discussion

Advantages of the Combined Technique of Pedicled
Neurotrophic Flap and Distraction Osteogenesis

The technique of distraction osteogenesis by Ilizarov is a bio-
logical method to reconstruct segmental defects. It has been
universally performed for the management of nonunion,
osteomyelitis, deformity, traumatic bone loss, and leg length
discrepancy. Both microvascular and local flaps can offer soft
tissue envelope, increase blood supply, improve bone healing,
and defend against infection.”' According to the basic surgi-
cal principles for the management of Gustilo III open frac-
tures, early soft tissue coverage has been proven crucial and
effective during treatment.””'"'®

Theoretically, a combination of these two powerful
techniques could be an ideal method for reconstruction of
segmental bone defects complicated by massive loss of soft
tissue. The combined surgical technique of artery pedicled
neurotrophic flap and distraction osteogenesis was used to
treat 25 patients with high-energy tibial fractures graded as
Gustilo Type III fractures. All cases achieved successful limb
salvage and satisfactory function recovery without recurrence
of infection. Additionally, combined free tissue transfer and
distraction osteogenesis is an effective method for limb sal-
vage in composite injuries.'”'” However, the drawbacks of
this technique, including long operation time, donor site
morbidity, and high technical requirement, should not be
ignored. Distraction osteogenesis beneath a free flap would
compromise the vascularized tissue.”>** Therefore, instead of
a free flap, perforator artery pedicled neurotrophic flap,
which is simpler and more efficient, was applied to cover
massive soft tissue defects. In this study, all flaps survived
completely without complications. In addition, disruption of
the pedicle resulting from device placement or subsequent
distraction was not observed in this study. This outcome was
probably due to careful planning, small diameter of the
wires, good stabilization of the flap, tolerable distraction rate,
and technique of percutaneous placement.

Unlike other surgeons,”**> we did not perform tempo-
rary acute shortening and subsequent distraction in any case,
because this technique causes limb disfigurement and may
lead to twist of the vasculature, which may further disrupt
the circulation of the mangled fractured extremity.

Comparison between the Combined Technique and
Osteocutaneous Flap Transfer

Aside from the surgical technique used in this study, single-
stage reconstruction with an osteocutaneous flap is an alter-
native for treating such complicated injuries.">*® This tech-
nique immediately fills bone defects, provides soft tissue
coverage, and establishes vascularity to the bony bed. How-
ever, several factors hinder the popularity of the technique in
clinical settings. The bone grafts usually do not match the
tibia, which makes a long non-weight-bearing period inevita-
ble to achieve compensatory hypertrophy. Moreover, a single
operation to address soft tissue and bone defects using a
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single large composite flap or multiple free flaps is not rec-
ommended due to the high risk of infection in infected cases.
Additionally, this process is associated with a high risk of
refracture or nonunion and has an unpredictable outcome.
Our staged approach offers a number of benefits over single-
stage reconstruction. First, we wait at least 4 weeks after
debridement and soft-tissue coverage before performing the
Ilizarov technique of distraction osteogenesis, during which
any residual infection may manifest itself before bone recon-
struction. Second, 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. Third, the quality of
bone obtained by distraction osteogenesis is better than that
obtained by a vascularized fibular graft.

Disadvantages of the Combined Technique

The combined technique has some disadvantages, including
cost of treatment, complexity of added surgery, requirement
of multiple outpatient adjustments, and long duration of
treatment. The limitations of this study were the small num-
ber of enrolled cases, lack of a control group, and short
follow-up period. Another limitation was that, in comparing
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the time from injury to initial surgery among the patients,
this cohort of patients was heteronomous because patients
were commonly not sent to our hospital immediately.

Conclusion
he combined technique of a perforator artery pedicled neu-
rotrophic flap and distraction osteogenesis should be an
effective alternative approach in the salvage treatment of mas-
sively traumatized and chronically infected lower extremities.
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