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Reconstruction of composite leg defects post-war injury
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Abstract
Background In a high conflict region, war injuries to the distal lower extremity are a major source of large composite defects
involving bone and soft tissues. These defects are at the edge between using a single free flap [osteo-(+/-myo) cutaneous] vs
double free flap reconstruction (bone and soft tissue). In this paper, we present our experience and outcomes in treating patients
with leg war injury reconstructed using a single free fibula flap.
Methods Fifteen patients with distal leg composite defects secondary to war injuries were treated between January 2015 and
March 2016. All patients were reconstructed using single barrel free fibula osteo-(+/-myo)cutaneous flap where single or double
skin paddles were used according to the soft tissue defect requiring coverage.
Results There were no cases of total or partial flap loss. Complications were limited to three cases including traumatic fibula
fracture, venous congestion with negative findings, and residual soft tissue defect requiring coverage. There were no cases of
wound dehiscence or infection. Mean follow-up time was 418.8 days. Mean bone healing time was nine months after which
patients were allowed full weight bearing.
Conclusion A single barrel free fibula osteo-(+/-myo)cutaneous flap is a valid and reliable tool for reconstruction composite
lower extremity defects post-war injury. Adequate planning of fibula flap soft tissue components (skin, muscle) rearrangement is
essential for success in such challenging reconstructions.
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Introduction

The multiplicity of current wars is a constantly replenishing
source of debilitating injuries. Advances in the arsenal of
weapons and the widespread use of improvised explosive de-
vices cause colossal volumes of severe and complex injuries.
In parallel, developments in body armour and helmets are
providing adequate protection to the head, neck, thorax, and
abdomen, leaving the extremities relatively exposed and more
liable to injury [1]. Lower extremity injuries are of particular
concern as they are more common than those of the upper
extremity [2, 3]. Medical and surgical advances have im-
proved the survival outcome, decreasing the number of war
casualties. Consequently, war surgeons are left with more
complex and technically challenging wounds to treat, neces-
sitating the employment of superior reconstructive proce-
dures. Even though amputation remains an option, limb sal-
vage is becoming more common with medical advances as in
internal fixation, with success rates reported as high as 80%
even when vascular injuries are present [4–7].

The nature of war-related extremity injuries is unique; there
is substantial soft tissue and bone loss. The immense majority
of injuries encountered in war are often high in energy and
velocity. Whether it is blasts, explosives, bullets, or rifles,
there frequently is concomitant burns, crush, and shockwave
trauma; the injuries are frequently multilevel. The wounds are
often contaminated with dirt and shrapnels, raising the risk of
infection. The injury is often more extensive than expected on
initial examination. In the setting of microsurgical tissue trans-
fer, the shockwave can cause diffuse intimal damage, making
the microsurgical anastomosis more surgically demanding
and consequently increasing the rate of both arterial and ve-
nous thrombosis. Because of the logistics of transfer to a ter-
tiary care centre, patients often present in the subacute phase,
deeming the reconstruction a more arduous one.

This incurs prolonged hospitalization and significantly
increased treatment costs [3]. Frequently, open fractures
are encountered with stripped periosteum, exposed ten-
dons, nerves, and devitalized tissue [8]. Heavy bacterial
contamination is also a concern [9]. The zone of injury is
usually extensive, limiting local reconstructive options.
With the rapid advancement of microsurgical practice,
its role in ballistic trauma has become crucial. This recon-
structive option has the advantage of delivering healthy
tissue far from the zone of injury [10]. Microsurgery is a
technically demanding surgery, requiring special equip-
ment and trained personnel. Although few reports exist
of performing free flap transfers in low-resource settings
in rural medical care centers, it can rarely be performed in
the acute setting where resources are restricted, and con-
ditions are austere [11]. Technical limitations also exist,
principally in the recipient vessels, where microdamage to
the endothelium may prohibit a successful anastomosis.

Segmental bone loss in lower extremity war-related injury
is a particular entity. Specifically in lower extremity injuries,
bone loss is a risk factor for failure of limb salvage and asso-
ciated with an increased risk of early complications [12, 13].
Data regarding its prevalence and management is lacking [14].
In the non-war setting, it is generally accepted that defects less
than 6–8 cm in size are be treated with bone grafts and those
larger than 6–8 cm require vascularized bone transfers; this is
extrapolated to war-related injuries [15]. The free fibula flap
was first described by Taylor in 1975 [16]. It is a robust flap
for bony reconstruction. In the literature, there is a definite
scarcity in the description of this flap for lower extremity
reconstruction in war-related injuries.

Our experience at the American University of Beirut
Medical Center is unique due to being a tertiary care and
referral centre in the Middle East region. This has facilitated
exposure to cases from the recent Islamic State of Iraq and
Syria (ISIS)-related war. The purpose of this study is to high-
light the importance and practicality of the free fibula flap in
reconstruction for lower extremity composite defects. Both
military and civilian injuries are included.

Patients and methods

After obtaining Institutional Review Board approval that con-
forms to the Helsinki Declaration, a retrospective review was
conducted on all patients who underwent lower extremity re-
construction with a vascularized free fibula flap from January
2015 to March 2016 at the American University of Beirut
Medical Center. Our aim was to identify patients whose inju-
ries were associated with the ISIS-related war. Both civilian
and military injuries were included. Inclusion criteria were
patients injured in the ISIS war who have underwent free
fibula reconstruction of the leg at any chronological presenta-
tion. Patients were excluded from the analysis if they had
undergone pedicled fibula flap reconstruction.

Patients satisfying the inclusion criteria were identified,
and relevant data was extracted from the electronic medical
records. Patient data collected included demographics, age,
sex, body mass index, medical comorbidities, smoking status,
length of follow-up, timing of reconstruction, timing of pre-
sentation, length of the bone defect, method of bony fixation,
and outcome. Outcome included complications, confirmation
of bone union, and time to full weight bearing. Complications
were divided into early and late complications. Early compli-
cations were defined to occur in the peri-operative period; this
encompassed flap complications such as problems with the
arterial or venous anastomosis, venous congestion, partial or
total flap loss, and bleeding. Long-term complications catego-
ries included infection, bone non-union, and fractures.

Patients were followed up with plain radiographs at -one to
twomonth intervals. The time of bony union was defined with
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complete and stable integration of the fibula at both ends.
After confirmation of the bone union, full weight bearing
was allowed. Full weight bearing was defined as walking
without assistive devices.

Results

From January 2015 to March 2016, a total of fifteen patients
underwent a vascularized free fibula flap for reconstruction of
a lower extremity composite defect (Table 1). The mean age
was 33 years (range from 12 to 62 years). The study popula-
tion consisted of three females and 12 males, with an average
body mass index of 24 (range from 20 to 34). Only two pa-
tients suffered from medical comorbidities. Mean follow-up
time was 418.8 days (range 176–768 days). All patients were
in stable condition at presentation.

The composite defect included either skin, muscle, or bone.
All the defects were in the distal half of the leg. Wounds were
either open or closed depending on the injury and on what
previous interventions were done; chronic patients had closed
wounds with only bony loss, while patients in the acute and
subacute presentation had soft tissue loss requiring either flap
or skin graft coverage in addition to the bone transfer. Eleven
patients had open wounds with soft tissue loss at the time of
reconstruction. Seven patients had undergone previous sur-
gery for debridement of their wounds, and five patients had
underwent surgery for split thickness skin grafting for their
soft tissue defect. In total, 13 of 15 patients had underwent
surgical procedures for their wounds before presentation.
Reconstructed areas included only the tibia. Bone defects’
mean was 12.73 cm (range from 9 to 17 cm), all necessitating
vascularized bone transfer.

The harvested fibula flaps were either osteocutaneous (n =
7) or osteomyocutaneous (n = 8). Two patients were treated in

Table 1 Patient characteristics (CAD coronary artery disease, DM diabetes mellitus, HTN hypertension, PVD peripheral vascular disease)

Patient Gender Age BMI Comorbidities Smoking status,
pack years

Last follow-up
(days)

Patient
condition

Time from presentation
to definitive surgery

1 M 20 20 5 196 Stable 2 weeks

2 M 51 25 20 558 Stable 1 week

3 M 52 23 15 415 Stable 1 week

4 F 31 20 Non-smoker 726 Stable 2 weeks

5 M 27 25 13 588 Stable Immediate

6 M 12 20 Non-smoker 368 Stable Immediate

7 M 29 21 Non-smoker 700 Stable 2 weeks

8 F 62 27 CAD, DM, HTN, PVD Non-smoker 211 Stable 2 weeks

9 M 28 20 Past smoker, 14 246 Stable Immediate

10 M 56 31 CAD, DM, HTN, PVD 45 176 Stable 1 week

11 M 16 21 Non-smoker 276 Stable 1 week

12 M 39 34 Non-smoker 314 Stable 1 week

13 F 12 21 Non-smoker 423 Stable Immediate

14 M 31 20 20 768 Stable Immediate

15 M 29 27 24 317 Stable 2 weeks

Fig. 1 a Acute presentation with 8 cm bone loss and subtotal soft tissue loss. b Fibula osteomyocuatneous flap tailored with two skin paddles, one on
each side with the soleus muscle interposed. c Eight months post-operatively with full weight bearing
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the acute phase (≤ 2 weeks from injury) (Fig. 1), eight patients
were treated in the subacute phase (between 2 and 6 weeks
from injury) (Fig. 2), and five in the chronic phase (≥ 6 weeks
from injury) (Fig. 3, Table 2).

All patients underwent between 0 and 3 surgical debride-
ments before definite surgery. The time from presentation to
our institution to definite surgery ranged from zero to 14 days.
Nine patients had blast injuries as mechanism of injury while
six patients had gunshot wounds.

The arterial anastomoses were done using 9.0 or 10.0
nylon sutures. The venous anastomoses were done using
coupler in seven patients, and the rest were done with 9.0
or 10.0 nylon sutures. When possible, two vena
comitantes were anastomosed (n = 12) (Table 3). All flaps
were used as single-barrel flaps. Fixation of the fibula to
the tibial stumps was done via either an intramedullary
nail (n = 9) or plate and screws (n = 6) (Table 2).

Complications and functional outcomes

Only three out of the 15 patients suffered from complications
(26.67%) (Table 4). The first patient required urgent explora-
tion of the pedicle on the first post-operative day due to ve-
nous congestion of the flap. There was no evidence of venous
thrombus at the anastomosis site. The congestion resolved and
the patient did not require any further interventions.

The second patient required reoperation on the first post-
operative day for coverage of residual bone defect using a
fasciocutaneous propeller flap from the skin paddle of the flap
(Fig. 2) (see video, supplemental digital content 1). We opted not
to perform the propeller flap directly at the time of the primary

Fig. 2 a Subacute presentation with actively infected wound. b Wound
after coverage with osteomyocutaneous fibula flap and a residual soft
tissue defect distally with propeller flap of the fibula skin paddle based

on the distal perforator (P, proximal; D, distal). c Wound after rotating
propeller flap. d, e Seventeen months post-operatively with full weight
bearing on a fully healed hypertrophied fibular bone

Fig. 3 a Chronic presentation with healed soft tissue wound. b Twelve
centimetres tibial bone defect. c, d Six months post-operatively with fully
healed hypertrophic fibula and full weight bearing

b
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surgery because the arterial anastomosis was difficult and had to
be redone multiple times, making the viability of the flap uncer-
tain. After viability was confirmed the next day, the propeller flap
was performed. That same patient developed ankle ankylosis in
the plantar flexion position, which required placement of an ex-
ternal fixator to correct this deformity. Consequently, the patient
developed bone non-union and required one more re-operation
for bone grafting. The patient was in full weight bearing ambu-
lation at 17 months post-operatively.

The third patient fractured his fibula after falling off a tree
one year after his surgery, four months after full weight bear-
ing was allowed. The fracture was fixed by an external fixator.

None of the patients had partial or total flap loss. There
were no cases of hardware exposure, wound dehiscence, in-
fections, haematomas, or seromas. There were no takeback
procedures with arterial or venous anastomosis revision. All
the patients achieved full weight bearing. The mean time to
full weight bearing was nine months.

Due to the small number of both patients and com-
plications, no multivariate analysis could be carried out
to link complications to any factors. The complications
were divided amongst all factors such as mechanism of
injury and time of presentation with no risk factors be-
ing inferred.

Table 2 Wound characteristics (STSG split thickness skin graft, IM intramedullary, OC osteocutaneous, OMC osteomyocutaneous)

Patient Previous
surgery

Presentation Open wound
status

Number of
debridements

Fixation
method

Flap
type

Bone
defect
(cm)

Mechanism
of injury

1 STSG Subacute Infected 2 Plate OC 11.5 Blast

2 Debridement Subacute Contaminated 1 Plate OMC 13 Blast

3 Debridement Subacute Contaminated 1 IM nail OMC 12 Blast

4 Debridement Subacute Infected 2 IM nail OMC 15 GSW

5 Debridement Chronic 0 Plate OC 17 GSW

6 Subacute 0 IM nail OC 10 Blast

7 STSG Chronic Infected 2 IM nail OMC 9 Blast

8 Debridement Subacute Infected 3 IM nail OMC 12 GSW

9 STSG Chronic 0 Plate OC 14 Blast

10 STSG Subacute Contaminated 1 IM nail OMC 14 GSW

11 Acute Contaminated 1 Plate OMC 11 Blast

12 Debridement Chronic Contaminated 1 IM nail OC 16 GSW

13 Acute Clean 0 Plate OC 10 GSW

14 STSG Chronic 0 IM nail OC 12.5 Blast

15 Debridement Subacute Infected 2 IM nail OMC 14 Blast

Table 3 Flap characteristics (FC femoral circumflex)

Patient Recipient
site skin
graft use

Pedicled
flap usage

Pedicled flap
within free flap

Recipient artery Recipient
vein vena
comitantes
anastomosed

Great
saphenous
vein use

Coupler
use

Vein graft
to artery

Vein graft
to vein

Systemic
anticoagulation

1 Anterior tibial Two
2 Yes Perforator FC Anterior tibial Two
3 Yes Flexor hallucis Anterior tibial Two Yes
4 Yes Flexor hallucis Posterior tibial Two Yes Yes Yes Heparin
5 Yes Yes Perforator FC Anterior tibial Two Yes
6 Anterior tibial One Yes Yes
7 Yes Anterior tibial One
8 Yes Posterior tibial Two
9 Anterior tibial One
10 Yes Anterior tibial Two
11 Yes Soleus Posterior tibial Two
12 Posterior tibial Two
13 Anterior tibial Two Yes
14 Yes Anterior tibial Two Yes
15 Yes Anterior tibial Two Yes
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Discussion

The fibula and iliac crest are the most frequently used options
for microsurgical bone reconstruction. The structural character-
istics of the fibula make it a better option in long bone recon-
struction. It is a straight cortical bone with a reliable vascular
pedicle and a relative ease of dissection [15, 16]. Another prin-
cipal advantage of the fibula is the ability to include skin and
muscle [13, 17]. Consequently, all the segmental bone losses in
our series were treated with a free fibula flap. Hence, larger
bone defects with significant soft tissue loss including muscle,
subcutaneous tissue, and skin require the utilization of a free
fibula flap for treatment of the composite defect [13].

This procedure is not free of complications, and donor site
morbidity is a serious factor to consider, especially in the
combat-related injuries where the other remaining extremity
is precious. Patients are at risk of deep peroneal nerve injury,
adhesions at the flexor halluces longus, ankle instability, and
delay in ambulation [18]. Though long-term morbidity is low,
serious considerations and pre-operative planning are warrant-
ed to help limit injury to the remaining limb.

In this paper, we report a series of 15 cases of lower ex-
tremity reconstruction with a vascularized free fibula flap in-
jured in the recent ISIS-related war. Excellent functional out-
come is exemplified by a 100% flap survival and 93.33%
bone union. War-related free fibula transfers to the lower ex-
tremity in the literature showed a non-union rate of 90.90%,
with resorption of the bone in the rest of the cases [19]. This
proves that the reliability and sturdiness of the vascularized
fibular flap is not only limited to tumour resections but also
has comparable result in blast injuries. Full weight bearing
was achieved in our study by an average of nine months.
This result is comparable or even better than the literature
results where bony union after tumor resection with recon-
struction using a free fibula vascularized flap occurred after
9.3 months and 1.7 years in two different studies [20, 21].

The mechanism of combat-related extremity injuries is un-
like that of civilian trauma. Warfare injuries are usually het-
erogeneous in nature, combining blunt, penetrating, crush,
and burn injuries. All these factors contribute to the challenges
in dealing with these types of injuries. Irrespective of the

injury, early stabilization and resuscitation are fundamental.
Optimal management includes proper airway control, vascular
access, and rapid recognition and treatment of haemorrhage to
prevent mortality from exsanguinations [22].

All wounds should be urgently explored. These wounds are
grossly contaminated, with presence of foreign bodies and
devitalized tissue. The role of aggressive debridement cannot
be stressed enough [23]. Serial debridements could be per-
formed until the wound is clinically clean with signs of well-
vascularized tissues [24]. On average, our patients underwent
one aggressive surgical debridement prior to the definitive
reconstruction.

In an ideal setting, these extremity injuries should be re-
constructed in the acute setting, within the first 72 hours.
Godina et al. recommended early wound coverage in civilian
extremity trauma. They reported a mere 1% flap failure rate
when the reconstruction was done early, as compared to 20%
when the reconstruction was delayed. This was attributed to
the lack of fibrosis around the vessels acutely. Other compli-
cations and infections were also lower when reconstruction
was done early on [25]. It is advisable to take both deep soft
tissue and bone cultures when performing internal fixation
surgery at non-union sites [26].

Early reconstruction cannot be generalized to combat-related
injuries. First, it is logistically arduous to perform such compli-
cated microsurgical procedures in areas of conflict where re-
sources are scarce. Reconstruction is often delayed until transport
to a tertiary care centre is possible. In combat injuries, most
reconstructions are performed in the subacute period. Kumar
et al. report a reasonable 98% flap success rate with reasonably
low rates of post-operative infections (8%) when reconstruction
was done in the subacute period [27, 28]. In our series, although
the bulk of the reconstructions were done in the subacute phase
where the flap failure rates are high, we still managed a 100%
flap survival.

Second, in ballistic injury, the zone of injury is difficult to
define on presentation. Soft tissue injury is usually far more
extensive than initially appreciated, and sufficient time must
be given for it to delineate [15]. Whether blasts, explosives, or
bullets, there frequently is a shockwave trauma. This shock-
wave causes extensive shearing and avulsion. It can cause

Table 4 Complications

Patient 1 3 4

Intra-operative complications Inadequate hardware coverage

Acute complications Venous congestion

Late complications Fractured fibula Non-union of fibula

Re-operation post-operative day 1 224 1

First take-back re-operation procedure Exploration with negative finding Fracture repair Pedicled flap

Second take-back re-operation procedure Bone graft

Second re-operation post-operative day 386
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diffuse intimal damage, making the microsurgical anastomo-
sis more surgically demanding and consequently increasing
the rate of arterial and venous thrombosis.

The pillar of reconstruction in combat injuries remains au-
tologous tissue, whether free or pedicled. Microvascular free
tissue transfer is generally a well-accepted reconstructive op-
tion. The major advantage that it offers when compared to
pedicled flaps is that it provides healthy undamaged tissue,
far from the zone of injury [29]. Each flap can also be tailored
to the need of the recipient site, whether fasciocutaneous,
musculocutaenous, or osteocutaneous. In this series, the
choice of oseomyocutaneous flap over oseocutaneous flap
was made based on the soft tissue defect. Including the hemi
soleus or the flexor hallucis longus provided the advantage of
obliterating the dead space. The muscle also provided a sur-
face for application of skin grafts, allowing definite wound
closure in the setting of skin loss.

There is a vast array of flaps that the reconstructive surgeon
may choose from. Sabino et al. reported 395 flaps, both free
and pedicled, for war-related extremity reconstruction. No
difference in overall flap complication was reported.
Difference was in the flap success rates with significantly
higher failure rates reported in the muscle group when com-
pared to the fasciocutaneous group [30].

There exist a significant number of reports and statistics
about soft tissue coverage in combat-related extremity inju-
ries. Management of large segmental bone defects remains a
problematic and underreported issue, both in civilian and mil-
itary settings. The most frequently encountered defects are
those of the tibia; less commonly the femur, humerus, radius,
and ulna are involved [31]. Bone loss stances a clinical chal-
lenge on reconstructive surgeons, especially when accompa-
nied by concomitant vascular and complex soft tissue injuries.
Most of these injuries are Gustillo type III B and C, predis-
posing patients to complications of infection, non-union, and
amputations [32]. These extensive composite defects rarely
can be reconstructed with local pedicled flaps. Vascularized
bone and composite soft tissue transfers is necessary, especial-
ly when the bone defect is more than 6 cm [33]. The use of
bone grafts is not a plausible option for defects more than 6
cm; bone grafts will inevitably be prone to resorption and
necrosis decreasing their survival mass [34].

The Ilizarov bone lengthening method is a valid alternative
option for bone defects. Its use could be very encouraging;
however, it has a very long and cumbersome course. It also
entails adequately trained personnel and experience to help
decrease the overall complication rates reported at 30% [35].
The use of the Ilizarov method is further limited when there is
significant soft tissue defect, as is the case with combat-related
injuries. Microvascular bone transfer offers the advantage of a
single-staged reconstruction of both bone and soft tissue de-
fects, which would decrease the healing time, infection rates,
and provide early structural stability [36].

The uniqueness of this paper stems from the fact that
all injuries are war injuries from a single geographical
region encountered in the same war, a unique cohort.
However, these wounds vary from one injury to the other
by the mechanism of injury, presentation to treatment,
patient characteristics, and wound characteristics. The
challenges in these combat wounds are a result of the
multiplicity of war injuries, often in the same injury.
Patients present at different stages of treatment with acute,
subacute, and chronic wounds. The test for the surgeon’s
abilities is in categorizing these wounds and catering the
treatment to each while taking into consideration the sin-
gular patient factors and wound characteristics.

Limitations of the study

Our study has few limitations which may be an obstacle
in the generalizability of the results. There is a deficit in
the literature of free fibula transfers for the reconstruc-
tion of lower limb war injuries. Hence, our results could
not be compared on all collected measures to other se-
ries in the literature. Additionally, the number of cases
is limited due to the limited access by the injured pa-
tients in the war to the medical facility both logistically
and financially. No association could be made between
the complications and patient or wound characteristics
due to the small sample number.

Conclusion

Combat-related extremity injuries are complex and technical-
ly demanding to treat. Adequate planning is essential for suc-
cess in such challenging reconstructions. The single-barrel
vascularized free fibula flap whether osteocutaneous or
osteomyocutaenous is a valid and reliable tool for reconstruc-
tion composite lower extremity defects after blast injury. Its
distinctive characteristics, high rate of bone union, acceptable
healing time, and full weight bearing ambulation make it a
sturdy option of reconstruction.
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