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amputation. He was seen and evaluated both 
in the Orthopedic Surgery Clinic and Plastic 
Surgery Clinic regarding his suitability for limb 
salvage.  At the time of initial evaluation in each 
clinic, the patient was advised to quit tobacco 
smoking due to the unacceptably high risk of 
adverse events. 

The patient returned to clinic approximately 
one year later having quit smoking tobacco. 
Again, he preferred attempts at limb salvage 
rather than amputation. Both surgeons had a 
lengthy conversation with the patient about the 
risks involved in reconstruction including the 
very real risk of an amputation. He was seen and 
counseled on multiple occasions regarding the 
potential for limb salvage.

To treat this limb, a staged reconstruction was 
planned to address both the bony and soft tissue 
challenges. The goals of this reconstruction 
would be getting the limb straight, allowing him 
to clear his infection with provisional fixation, 
getting definitive soft tissue reconstruction, 
and ultimately reconstructing the bone in a 
delayed fashion.  From a bony standpoint, he had 
significant loss of length, alignment, and chronic 
infected nonunion/malunion. From a soft tissue 

Introduction
There are various types of soft tissue 

coverage options including skin grafting, local 
tissue rearrangement, rotational flaps such as a 
gastrocnemius or soleus or a microvascular free 
flap. For large soft tissue defects in these injury 
patterns, rotational muscle flaps or free flaps are 
generally the first choice for soft tissue coverage 
in the leg. There continue to be, however, some 
clinical situations in which these flaps are often 
not possible or the best option for the patient. 

Another option for soft tissue coverage is 
the cross-leg flap. The cross-leg flap was first 
described by Hamilton in 1854. The cross-leg 
flap was used extensively for lower extremity 
trauma prior to the introduction of the free flap 
in 1970.1 Since its introduction, the free flap has 
become the gold standard for post traumatic 
lower extremity soft tissue reconstruction. 
While infrequently performed, the cross-leg flap 
plays a unique role in orthoplastic limb salvage. 

This case study describes a patient with 
a severe initial open tibial fracture which 
was subsequently complicated by malunion, 
osteomyelitis, erosion through soft tissue 
reconstruction, and delayed presentation for and 
consideration of a cross leg flap for orthoplastic 
limb salvage. 

Case Report
The patient is a male 70-year-old male with 

a PMH of smoking, coronary artery disease 
status post stent placement, hyperlipidemia, and 
AAA status post stent who sustained an open, 
high-energy left tibial fracture in 1984. This 
was initially treated with open reduction and 
internal fixation. Since that time, the patient 
developed a chronically infected malunion/
nonunion. This was complicated by exposed 
hardware with a chronically draining sinus tract, 
broken instrumentation, and a significant varus 
deformity of his left lower extremity. In addition, 
he had hypertrophy of his fibula.  

At the time of his initial visit at our center, the 
patient had been suffering from this problem for 
many years prior to referral. The patient wished 
to have a limb reconstruction rather than 
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Image 1. Limb at the time of initial presentation to our medical center.
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In the first series of operations, he first underwent removal 
of hardware, excision of the infected tibia and fibula with 
sequestrum debridement, osteotomy of the tibia and fibula, 
external fixator application, and antibiotic spacer placement. 
Five days later, he underwent antibiotic spacer removal, 
tibial debridement and washout, and antibiotic nail and bead 
placement. Intraoperative cultures at this time demonstrated 
methicillin-sensitive Staph Aureus, for which infectious disease 
was consulted. This patient also had an anaphylactic reaction 
to cephalexin, thus infectious diseases recommended he be 
treated with six weeks of intravenous vancomycin therapy. 

At this time, he had undergone resection of his fracture, 
retained hardware, and his limb was provisionally stabilized 

standpoint, he had severely fibrotic tissue as well as exposed 
hardware and soft tissue damage. The chronically infected 
bone and unstable soft tissue envelope needed to be removed.  
The surgeons anticipated large tibial intercalary defect and a 
large soft tissue defect after the removal of the infected bone 
and unstable soft tissue envelope. After this, the surgeons 
planned to pursue microvascular free tissue transfer to 
reconstruct his soft tissue envelope and temporizing fixation 
to provide stability and bony opposition while continuing to 
treat his osteomyelitis. Once his bony infection was cleared 
and he had achieved appropriate alignment, rotation, and soft 
tissue coverage, he then would undergo bony reconstruction 
to restore length to the limb. 

Images 2 and 3. AP and Lateral Xrays 
of the Left Tibia at the time of initial 
presentation to our medical center.

Images 4 and 5. AP and Lateral Xrays after removal of 
hardware, excision of the infected tibia and fibula with 
sequestrum debridement, osteotomy of the tibia and fibula, 
external fixator application, and antibiotic spacer placement.
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occluded in the mid aspect of the lower extremity. This in 
addition to his severe fibrosis of the affected extremity made 
soft tissue reconstruction incredibly challenging. 

Ten days after his initial operation, he underwent soft 
tissue debridement and wound excision, antibiotic spacer 
placements, and Free anterolateral perforator flap to the 
left lower extremity with right saphenous vein graft harvest 

with alignment and rotation restored. However, he still had 
large, intercalary defect and a massive soft tissue defect 
overlying his anterior lower extremity.  To reconstruct this, 
microvascular reconstruction was planned. In his preoperative 
work up, a CT angiogram demonstrated single vessel run off 
via the posterior tibial artery which emanated high in the 
popliteal fossa. His anterior tibial and peroneal vessels were 

Image 6 and 7. Ap and Lateral Xrays after excision of his infected 
bony tissue, removal of broken hardware, restoration of alignment and 
rotation, provisional fixation in the form of an antibiotic nail and external 
fixator, and free flap reconstruction.

Image 8. Lateral aspect of ALT flap 2 months post operatively. 
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wound therapy was placed while preparing to return to the 
operating room for soft tissue coverage of his underlying bony 
defect and NuVasive nail. 

Planning for soft tissue coverage in his case was challenging 
given the dense scar burden, one vessel inflow in the form of 
the posterior tibial artery high in popliteal fossa, and limited 
veins that could be used for interpositional vein grafts. Thus, 
the possibility of cross-leg flap was introduced.  

He returned to the operating room to undergo a cross leg 
flap. A random pattern flap was then designed based proximally 
overlying the medial and posterior aspect of his right lower 
extremity, taking into account his previous incision and scar from 
his saphenous vein harvest site.  This was raised full-thickness 
through the deep fascia on top of the gastrocnemius muscle 
as well.  Intraoperatively, the distal flap did appear to perfuse 
well after being raised, but the surgeons were concerned that 
they did not want to formally inset this in case there was any 
chance of distal flap necrosis as this was a portion of the flap 
that would be necessary. Thus, a decision was made to delay 
this flap. A sheet of Integra skin substitute was placed on top of 
the gastrocnemius muscle so that the flap would have no deep 
tissue contact to the underlying wound bed.  

Post operatively, the cross-leg flap was nonviable in the distal 
aspect and began to necrose. A long discussion was had with 
the patient regarding pursuing limb salvage and the likelihood 
of success versus amputation. Extensive discussions were 
had given the nature of the surgery including the potential 
for partial or complete flap loss and/or inability to achieve 
reconstruction based on the amount of available vein graft.  He 
understood the nature of the anticipated surgical procedure 
as well as the attendant risks and benefits and he wished to 
proceed with a trial of limb salvage with a second free flap 
and vein grafts. The patient again wished to pursue limb 
salvage. He was indicated for a second free flap in the form of 
an anterolateral thigh flap with interposition vein grafts. 

He was taken to the operating room for the second 
anterolateral thigh flap. The wound overlying his medial and 

and for vascular inflow and outflow as interposition arterial 
and venous grafts. Intraoperatively, the initial plan was to 
explore the anterior tibial vessels and attempt and end-to-end 
anastomosis. However, this compartment and his anterior 
tibial artery were found to be severely scarred in and unable 
to be dissected for this end. In this case, the posterior tibial 
artery was identified high in the infrageniculate popliteal 
fossa and dissected free for microvascular anastomosis with 
its accompanying veins. With inflow and outflow vessels 
identified, the skin paddle and its dominant perforator were 
dissected and prepared. It became clear that the patient would 
need vein graft to bridge the donor site for his recipient vessel 
inflow and outflow. Thus, the saphenous vein was harvested 
from the contralateral side to be used as interpositional vein 
graft. Prior to leaving the operating room, the flap was found 
to have excellent arterial inflow, venous egress, and doppler 
signals. 

Having undergone excision of his infected bony tissue, 
removal of broken hardware, restoration of alignment and 
rotation, provisional fixation in the form of an antibiotic 
nail and external fixator, and free flap reconstruction of the 
affected extremity, the patient was discharged with six weeks 
of culture directed intravenous antibiotics. 

Three months after the index operation, having healed the 
soft tissue, and being treated with a course of IV antibiotics, he 
returned to the operating room for placement of a NuVasive 
magnetically-driven nail for bone transport to definitively 
manage his limb length inequality and nonunion. The Plastic 
Surgical Service was consulted regarding management of 
the soft tissue as well as elevation of his previous free flap 
reconstruction in order to allow for removal of his existing 
antibiotic spacer, placement of this intramedullary construct 
to allow for bone transport. 

During this operation, the surgeons found his antibiotic 
spacer eroded through the soft tissue resulting in a formal 
defect in the setting of a terribly fibrotic limb and additional 
soft tissue defect. This residual wound overlying the medial 
right lower extremity that could not be closed even with his 
previous free flap reconstruction, therefore negative-pressure 

Image 9. Lateral aspect of ALT flap 2 months post operatively. 

Image 10 and 11. Ap and Lateral Xray after removal of external fixator, removal of 
antibiotic intramedullary nail, placement of Precice magnetically-driven nail.
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immobilizing both legs for 2–3 weeks, joint stiffness, chances 
of thromboembolism, and concern about donor site cosmetic 
deformity especially in women. The use of external fixator for 
immobilization circumvents many of the previous problems 
with both-leg immobilization. The addition of external-fixator 
stabilization aids greatly in wound care, as well as for general 
ease of patient mobility and positioning.17

In this patient, had he received a cross leg flap, external 
fixation would have been used for immobilization. The 
construct that would have consisted of two pins in the 
contralateral tibia, one pin in the ipsilateral femur, and one 
pin in the ipsilateral calcaneus to create a trapezoid-shaped 
construct. This would avoid placing any pins in the tibia given 
the magnetically lengthening intramedullary nail as well as 
the cross leg flap that would have been in place. 

The technique of delaying a flap is to allow for enhanced 
flap length and viability in reconstruction. This has been 
used nearly 500 years in reconstructive surgery for reliably 
transferring a greater amount of harvested tissue than one 
would be able to otherwise.18 This involves incising the 
borders of the flap with or without partial subcutaneous 
elevation and leaving it in situ for a duration of time, usually 
10–14 days. After the period of delay, the flap is fully elevated 
and transposed. Delayed flaps have been shown to have better 
survival than similar flaps that are raised and transposed 
primarily.19

Conclusion
This is a patient with a challenging limb deformity 

presenting for limb salvage after a remote history of high 
energy trauma. His case demonstrates the importance of 
integrated orthoplastic care, considerations in soft tissue 
coverage, and restoring length and alignment in a severely 
shortened and maligned limb. 
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Discussion
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working in concert for the benefit of the patient.” 2,3,4,5 The 
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stays, and higher patient satisfaction. 6
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