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Abstract

Soft-tissue management and subsequent salvage of the lower extremity following trauma has long presented
difficult challenges to the plastic surgeon. Trauma to the lower extremity can produce long-term sequelae
consisting of psychological trauma, functional deficits, and increased costs to the healthcare system. Avoiding
incorrect management is important, and is compounded by the fact that few guidelines exist on appropriate
treatment and patient counseling. This study aims to describe the authors’ experience at a large limb salvage
center in order to further delineate management strategies.
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INTRODUCTION

Composite lower extremity reconstruction has long presented delicate challenges to surgeons and requires a
comprehensive multidisciplinary approach. Defects, most often secondary to trauma and oncology,
necessitate appropriate diagnostic strategies and timely interventions if limb salvage is to be successful. The
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burden of lower extremity trauma, in particular, cannot be overstated. In 2005, it was found that 1.6 million
people living in the United States suffer from lower extremity loss, with the number projected to double in
the coming years". Nearly 50% of cases of lower extremity loss are due to traumatic etiology'..
Furthermore, even in those with salvaged limbs, there exists a long-term functional deficit, with the
psychological burden to patients, and costs to both the patient and the health care system™”.

The role of the plastic surgeon in lower extremity reconstruction in larger centers largely centers upon
ensuring adequate soft-tissue coverage. This is often particularly challenging in the setting of traumatic
defects, as local soft-tissue can be limited, necessitating the utilization of free tissue transfer'*”. Regardless,
selecting the optimal method per clinical scenario is a critical junction between limb salvage and the need
for amputation. The urgency in achieving limb salvage was highlighted by The 2002 Lower Extremity
Assessment Project, which showed that outcomes might be similar between those who undergo limb salvage
and those necessitating amputation'. Thus, the question of salvage vs. amputation remains nuanced and
must be considered within the context of several factors. In 2009, the British Association of Plastic,
Reconstructive and Aesthetic Surgeons and British Orthopaedic Association published guidelines for open
limb fractures, though this has not been widely adopted as definitive”. There remains very little objective
and widely applicable data regarding the appropriate treatment algorithm in relation to a patient-centered
approach®. Furthermore, given the difficulty presented by many of these cases, some centers lack the
adequate means or personnel to appropriately treat the traumatic lower extremity".

Despite advances in the role of the plastic surgeon, as well as leaps made in wound care management, such
as the development of negative pressure wound therapy (NPWT), limb salvage remains a difficult clinical
scenario. The use of free tissue transfer for reconstruction has the highest flap failure and complication rates
of any anatomic region and may result in amputation secondarily""”. Failed limb salvage remains an
unfortunate outcome that results in functional deficits, psychological trauma, and an increasingly elevated
cost burden. Avoiding incorrect management is important, and is compounded by the fact that few
guidelines exist on appropriate treatment and patient counseling. This study aims to describe the authors’
experience at a large limb salvage center in order to further delineate management strategies.

DIAGNOSIS, MULTIDISCIPLINARY COLLABORATION, AND INITIAL APPROACHES

The general approach to lower extremity trauma requires a thorough examination and appropriate
diagnosis of deficits and treatment strategies. This is facilitated by experts of several disciplines, including,
but not limited to, trauma surgeons, vascular surgeons, orthopedic surgeons, and plastic surgeons. The ever-
growing orthoplastic approach, a term coined by Dr. L. Scott Levin and Dr. Sterling Bunnell, incorporates
philosophies of orthopedic and plastic surgeons for management of traumatic lower extremity injuries, and
has been shown to improve outcomes!""'?!,

At the authors’ institution, a thorough physical examination helps guide the next steps of management.
Every patient receives radiographic imaging to evaluate bony structure and stability. The role of vascular
imaging is less liberalized, indicated in the setting of an equivocal physical examination that introduces the
potential or suspicion for vessel injury. In this situation, the authors employ computer-topographic
angiography, outlining the presence of major vessel injury [i.e., anterior tibial, posterior tibial (PT), and
peroneal artery]. This serves the purpose of not only involving vascular surgeons, but also in the pre-
operative planning if microsurgical intervention is necessary for soft-tissue restoration.

In the case of obvious vascular injury, the vascular surgeon must emergently be consulted if not done so
already to avoid an ischemic limb. Even so, vascular injuries should promptly be identified as this also
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serves a role in successful soft-tissue coverage through increased tissue vascularization as well as providing
recipient sites in the case where a free flap may be necessary.

Simultaneously, orthopedic surgeons will address bony defects. In order to optimize the wound bed and
soft-tissue efficiency, collaboration at this stage is crucial; the goals for soft-tissue coverage in concordance
with orthopedic planning will ensure an appropriate pathway in the initial stages, particularly in the
complex patient. Regardless, this phase begins with bony restoration. Oftentimes, the defects will necessitate
hardware for bony restoration by orthopedic surgeons. Unfortunately, even with proper collaboration,
communication, and pre-operative planning, this may require additional debridement or discontinuity of
native soft-tissue in order to ensure bony correction'™"*>'*. This is highlighted in the setting of prolonged
orthopedic rehabilitation, as further soft-tissue coverage may be required. Regardless, the expected phases of
recovery can be planned for with early onset collaboration and planning.

When collaboration is ensured, the plastic surgeon must optimize the wound bed and surrounding soft-
tissue regardless of the repair strategy. Early debridement is essential for success, as multiple studies have
indicated that warding off potential infection, or minimizing already-seeded harmful microbes, increases
the rate of salvage of bone and soft-tissue, as well as overall limb preservation"*. The authors advocate for
meticulous debridement as needed (i.e., save tissue that can be saved), as this helps facilitate definitive
reconstruction by minimizing the ultimate area of the final defects. It goes without saying that this can be
the difference between a local flap and more invasive procedures such as the recruitment of a free flap or
staged local reconstruction. Anecdotally, we find that this collaboration and open communication with
expert colleagues in other disciplines facilitate these goals'®.

TISSUE TEMPORIZATION

Once the initial repair and debridement have commenced, the authors aim for immediate reconstruction.
However, oftentimes, the setting of extensive trauma will not allow for immediate reconstruction. This can
be for several reasons - the complicated trauma patient may require several urgent interventions prior to
lower extremity intervention, i.e., life over limb. Secondly, extensive defects may present to centers lacking
|, Finally, orthopedic
and vascular intervention may require staged approaches that complicate the ability to achieve definitive
coverage'”. The late Dr. Godina"”, a pioneer across plastic surgery and in the realm of limb salvage and
lower extremity trauma, advocated for early soft-tissue coverage within three days of presentation in his
landmark article published in 1986. Though this long held up as an important tenant of limb salvage,
subsequent advances in wound care, microbial management, and soft-tissue temporization have made it

[4,5,14

the microsurgical expertise necessary to address the extent of soft-tissue coverage

possible to achieve strong outcomes in a delayed fashion.

In recent years, several studies from high-volume trauma institutions, including our own, have advocated
for anywhere between 7-90 days in achieving strong outcomes"*". Central to this principle has been the
advent of the wound vacuum and NPWT. In brief, NPWT facilitates increased blood flow and infection
mitigation within the wound bed, helping to provide some of the advantages of soft-tissue coverage
Subsequently, this may allow for “ladder stepdown”, where initial careful debridement and subsequent
granulation can minimize defect size to allow for local tissue options that were previously untenable"**.
The early application of NPWT has been shown to increase reconstructive success; however, this
necessitates several important caveats - early debridement and clearance of gross infection and necrotic
tissue are crucial to maximizing NPWT success”". Further, the use of NPWT over exposed bone, tendon,
nerves, or blood vessels must be met with careful consideration, and is most often times not indicated. This

is especially true in the setting of osteomyelitis. In these situations, wounds can be temporized through a
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variety of methods, including traditional wet-to-dry with appropriate antibiotic-impregnated dressings,
antibiotic beads, and/or selective coverage. However, the authors reiterate that early debridement is the
most adequate and important first step to optimal wound bed preparation.

Though the authors outline their principles in delayed coverage, the authors advocate for immediate
reconstruction when possible. This helps reduce patient morbidity and hospital course, improves cost-
analysis and health care savings, and may be associated with improved outcomes. Furthermore, even in
wounds with adequate debridement and tissue temporization, the bacterial burden is prone to increase over
time, and unnecessary delays to definitive coverage should be avoided.

DEFINITIVE COVERAGE

Once adequate debridement and tissue temporization have taken place, the plastic surgeon must evaluate
the existing wound bed for reconstructive options. Though several options may be feasible, the role of the
plastic surgeon is to take the clinical scenario into context to select the most appropriate modality.

Local tissue and dermal matrices

Several options exist for local tissue rearrangement as well as dermal matrices, skin grafts, or multiple
combinations therein, often correlated with the famed “reconstructive ladder””. More defects are often
amenable to skin grafting and dermal wound matrices. This has been enhanced in the setting of NPWT;
when temporizing tissue, and allowing increased granulation, an appropriate wound bed can be
established"".

The authors utilize dermal wound matrices whence possible to avoid free tissue transfer, particularly in the
lower extremity where oftentimes adjacent soft-tissue is scarce, and to avoid a more invasive procedure, and
we have found good success in a variety of settings”*°. Indeed, we prefer local tissue, though when this is
not possible, or when there is scarcity of tissue, or in cases with a well-vascularized and clean wound bed,
the authors will utilize skin grafts and dermal wound matrices. Other times, local tissue rearrangement for
lower extremity salvage may lack the aesthetic match that patients seek in comparison to full-thickness skin
grafting and dermal wound matrices””. Further, the utilization of local tissue requires smaller wounds of
healthy patients with lower comorbid risk factors for delayed wound healing (i.e., non-smoker, non-
diabetic) in order to succeed™. For these reasons, the authors again pivot to dermal wound matrices as a
powerful adjunct option. However, several cases preclude its use. Wounds with active infection or
questionable need for secondary re-operation are not strong candidates for these reconstructive modalities.
Our institution has found good outcomes in this setting, indicating that dermal wound matrices can often
show equivalent or better outcomes to their local- and free-flap counterparts®**. However, in situations
with extensive vessel, nerve, and/or bony exposure, skin-grafting and dermal wound matrices are likely
lesser options, with many surgeons opting to avoid these altogether in this context.

Several freestyle, random pattern local flap options, as well as named vessel local flap options, are available
for reconstruction dependent upon the location of the defect as well as the adjacent zone of injury. The
authors prefer these pedicled flaps, particularly the fasciocutaneous variety, for defects requiring likely
future re-operation and those without filling defects or extensive dead space™. In the setting of trauma,
where local tissue may be lost or unusable, delayed elevation techniques may be necessary to ensure flap
survival and maximize the area of coverage. When harvesting random pattern flaps, the authors utilize
hand-held Doppler probes to ensure adequate vascularity in the harvesting of the flap. These include
rotational, transposition, and advancement flaps. The advantage of these local flaps is they can be used
anywhere along the extremity where the anatomy and injury permits, as well as saves tissue except in some
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cases requiring secondary skin grafting to the donor site, though this is much less common in the lower
extremity reconstruction™. One popular flap design is the propeller flap, allowing for distal or proximal
coverage at significant lengths when rotated 180°. However, the authors prefer to avoid this flap where
possible, as we have not seen high success rates as others have reported in the literature, likely due to the
tenuous nature of the flap design mixed with the inflammatory milieu presenting in acute trauma settings"'.

Named local flaps, particularly myofascial and myocutaneous based flaps, are well described in the literature
based on the area of defects. The gastrocnemius has long been a workhorse in lower extremity
reconstruction of the proximal third of the leg, owning to its wide reach, muscular bulk, and reliable
anatomy, most commonly whence harvesting the medial head based on the medial sural artery. The soleus
flap is traditionally taught as a useful tool for middle-leg trauma and dead space defects requiring the filling.
Recently, it has also been described as useful for some distal defects, increasing its flexibility'”>*”. The soleus
has multiple dominant vascular pedicles dependent upon location, from proximal to distal being peroneal
and PT, which also for this versatility and ability to harvest for various defects.

One named fasciocutaneous flap that introduces flexibility for both proximal and distal defects is the medial
sural artery perforator flap®. As mentioned, this can be particularly advantageous when smaller 3-
dimensional defects are present that do not warrant free flap reconstruction. Additionally, for proximal
defects, perhaps reaching the knee, the anterolateral thigh (ALT) flap has been described successfully as a
“reverse ALT”, though its usage for this purpose requires retrograde based perforation and is often not the
first choice for this purpose . Additionally, in the traumatic setting, the zone of injury can be extended to

the distal blood supply, compromising the perforators on which the flap is based upon.

Unfortunately, for defects of the distal third, the traditional teaching is that these are often limited in the
local tissue options available. Recent years have demonstrated this to be more of an archaic dogma, though
it can be argued that wide range adoption of local options is still in its infancy given the difficulty and
limited soft-tissue available to this area, especially when factoring in tissue loss that can accompany
traumatic defects. However, when tissue is available, beyond the above-discussed options, some authors
have detailed success utilizing several named perforator flaps based upon the peroneal artery, medial sural,
and lateral sural arteries”**.

Free tissue transfer

When dermal matrices and local tissue options are not feasible, it is then the authors will pivot to free tissue
transfer. This can be for several indications, including, but not limited to, extensive tissue loss, inadequate
wound beds, wounds requiring multiple future re-operation, and exposure of critical structures. When
selecting a recipient site, factors that must be taken into consideration include the anatomic location of
defect and the status of vascular perfusion. It has been suggested that vascular injury may serve as a
surrogate for severity of defect, and injury to the posterior tibial artery, in particular, may be associated with

e[19,39

worsened limb-salvage and flap-based outcomes, including flap failure"**. The posterior tibial artery is the

most commonly selected recipient target for free flap reconstruction. Further, anastomosis outside the zone

of injury or at a disease-free site is paramount to successful free tissue transfer in the lower extremity.

The traditional teaching for free tissue transfer centers upon the debate between muscle-based and fascia-
based free flaps. The initial school of thought was that muscle flaps may be better for filling dead space,
particularly in infection-prone areas, and thus they were traditionally the preferred choice for most lower
extremity trauma requiring free tissue reconstruction. However, recent research, including our own, has
demonstrated that the clinical scenario should guide flap selection, and that each flap type has its preferred
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[41-43]

modality

One indication for a fasciocutaneous flap is determined by the presence of orthopedic hardware. More
specifically, fasciocutaenous flaps have greater ease of re-elevation, and when extensive orthopedic revision
and re-operation is expected, the authors opt for these fasciocutaneous flaps'*! [Figure 1]. This not only
helps during the re-operative process, but also facilitates the time to definitive coverage, as anticipating re-
operation may lend paucity in some surgeons in harvesting an immediate muscle flap due to the difficulty of
re-insetting, instead opting for various tissue temporization techniques, which in turn may lead to worsened
outcomes secondary to reduced time of vascularized soft-tissue coverage'>***. Indeed, we have found that
although Dr. Godina’s original findings may not be as applicable to the current era, the general principles
remain that extensive delays are likely associated with flap failure and loss of limb salvage"**’. Again, the
importance of open collaboration is highlighted. Similarly, when the three-dimensional volume of the defect
is not extensive, we opt for the fasciocutaneous flap due to ease of harvest and general reduced donor site
morbidity, pivoting on the fact that outcomes are at least likely equal in these scenarios.

Options for fascicutaneous flaps are plentiful. The free ALT, with or without a cuff of vastus lateralis, is a
traditionally used flap with a workhorse reputation, versatility, and ease of inset and re-elevation, and has
been shown to be a powerful tool for an abundance of defects. One major limiting factor is that lower
extremity trauma may preclude its use, as the zone of injury can extend to the soft-tissue surface area of the
flap, or vascular damage can render the micro-vasculature inappropriate for use! . Furthermore,
orthopedic fixation may extend proximally, which also limits its use. Although the authors prefer the ALT,
the scapular/parascapular fasciocutaneous or fascial flaps have also been documented with strong
success'“>**!. This also provides the unique opportunity to create a versatile number of chimeric flaps with
vascularized muscle, bone, and nerve as necessary. However, the operative time and relative rare indication
for chimeric components in lower extremity trauma may lend these flaps to be less desirable for this
purpose. The tensor fascia lata flap has also been used for reconstruction of the lower extremity with good
success. We also have used the lateral arm flap, though the teaching of this flap has dwindled in recent years.
Additionally, the superficial circumflex iliac artery flap (SCIP flap) has been shown to be versatile for many
purposes, though the strongest and most abundant literature comes from the Asian population, and its
validity in the western-based population is less documented due to increased obesity" ™.

35-37,45-47

When considering myofascial or myocutaneous flaps, the free latissimus dorsi flap has been well
documented for a number of defects owning to its broad bulk***!. An additional benefit is the possibility of
neurotization if necessary, though this is a less likely use in lower extremity trauma; regardless, the option
exists to attempt to restore meaningful function. A free rectus abdominis flap has also been documented
with great success, and oftentimes, the microsurgeon will have good experience with the anatomy
surrounding the harvest of this flap>*>***?. However, the donor site morbidity may give pause to some given
the potential for bulge and/or subsequent hernia occurrence, which can present its own difficult
reconstructive challenges in the future. Similarly, for smaller defects, the free serratus flap has also been
documented successfully. A free gracilis is an additional possibility, though, like the ALT flap discussed
above, it may be precluded due to trauma and/or orthopedic intervention. However, this option also
provides the ability for neurotization as needed""’.

ADVANCES IN WOUND CARE

Many of the approaches discussed in this article are the culmination of experience and standard of care.
Several future directions are possible in order to enhance the likelihood of success and optimize the odds of
adequate soft-tissue and bony recovery and regeneration. The use of growth factors is previously
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Figure 1. (A) Traumatic ankle fracture with extensive soft-tissue loss of the distal third of the leg. (B) Raised anterolateral thigh flap for
coverage. (C) Flap inset for complete coverage with external fixator for bony stabilization.

documented for a variety of pathologies, including orthopedic bone healing, traumatic, and diabetic
wounds®**. The current evidence indicates a role for traumatic lower extremity injury to enhance healing
through the recruitment of increased blood flow and soft-tissue component migration. This may seem to
indicate that these can safely be used in the setting of lower extremity trauma. More specifically, these
factors compose various bone regeneration and soft-tissue growth factors, such as platelet-derived growth
factor, vascular endothelial growth factor, and fibroblast growth factor. However, the evidence for support
of these factors is thus far limited, with only small experiences published and wide range applicability low.
Though these appear to have a role in healing and traumatic injury, the use of these factors expands, clear
indications will come to fruition to guide their use.

CONCLUSION

A scoping review of lower extremity trauma indicates that an innumerable number of management
strategies and approaches are employed dependent on surgeon preference, center resources, and institution
and national guidelines. While many of these factors cannot be controlled, we advocate for the general and
necessary tenants to remain, and these often fall under the skill level of nearly all plastic and reconstructive
surgeons as well as most institutions. These fall under several general categories that are stressed early and
often. Open collaboration between colleagues managing the trauma patient will facilitate appropriate
planning, save time, and lend to the use of operation and re-operation when necessary. Success requires
early debridement and tissue temporization when the plan the definitive reconstruction is delayed; however,
immediate reconstruction is likely beneficial when possible. Finally, numerous successful options exist for
definitive reconstruction that are selected by surgeon experience, center resources, and clinical scenario.
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