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Abstract: Lower limb salvage in severely injured burned patients with bone or tendon exposure may be a reconstruc-
tive challenge. In this cases, local or regional flaps and other more conservative therapies such as dermal substi-
tutes and negative-pressure wound therapy are usually not available or are not good enough to solve the problem.
In such situations, microsurgical reconstruction with distant flaps seems to be the best option, even though the
particularities of the severe burn patient may decrease free flaps’ success rate. We report the case of a patient
with severe electrical injuries affecting 70% of the total body surface area who had full-thickness burns to the lower
extremity with wide bone exposure and extensively drug-resistant Pseudomonas aeruginosa infection. We achieved
limb salvation using rectus femoris muscle free flap plus lateral and medial gastrocnemius muscle flaps and soleus
muscle flap, after two failed microsurgical coverture attempts and a long not useful periplus with conservative thera-
pies such us negative-pressure wound therapy and dermal substitutes. After 3 years of follow-up, the patient can

walk without aid, and he has recovered his social and employment situation prior to the accident.
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Introduction

Severely damaged lower limb reconstruction
with bone and tendon exposure is still a recon-
structive challenge for plastic surgeons. There
are many different reconstructive techniques
to deal with this problem: full-thickness skin
grafts, dermal substitutes, negative-pressure
wound therapy (NPWT), tissue expansion, local
flaps, regional flaps, and free microvascular
flaps. Nevertheless, limb amputation is still a
relatively frequent outcome. The limb recon-
struction attempt is harder in the severe burn
patient due to the affectation of the general
condition and the limitation of the reconstruc-
tive alternatives as a result of the extent of the
burn itself, increasing even more the difficulty
for the limb salvage success. In the case of
high voltage electrical injuries, the need for
amputation of one or more limbs can occur in
almost 20% of cases [1]. Besides, in this type
of burns, the success rate of free microsurgical
flaps is under 85%, which is lower than in the
general population, according to the existing lit-
erature [2].

In this article, we report our experience with a
patient who had an electrical burn injury affect-
ing 70% of the total body surface area. The
patient presented an extensive bone exposure
in the right tibia (25 x 4 cm) and wound infec-
tion by an extensively drug-resistant Pseudo-
monas aeruginosa. The aim of this manuscript
is to discuss the alternatives for limb salvage in
each reconstructive stage and to explain the
foundation for our decisions. As well as to
expose the lessons we learnt from this complex
case and to propose a decision algorithm based
on existing scientific evidence.

In this work, no data is revealed that would
allow the identity of the patient to be known.
Besides, we obtained verbal informed consent
of the patient for taking the pictures and for
their publication for scientific purposes.

Case report

A 25 year old male arrived at the emergency
department of our Burn Centre with an electri-
cal injury and kindling of his clothes in 2016. He
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Figure 1. Large initial defect exposing the tibia and
anterior compartment tendons.

Figure 2. Wound size reduction using regional flaps:
medial gastrocnemius muscle flap and hemisoleus
muscle flap.

showed deep second-degree burns and third-
degree burns in 70% of the total body surface
area (TBSA), preserving only the head, upper
extremities in a discontinuous fashion, left
flank, and both soles. In the course of his hos-
pitalization, the patient required surgery upto 7
times for tangential and fascia level burn exci-
sion and coverage with homograft skin, which
was then sequentially replaced by autograft
skin when the available donor areas healed.

After serial debridement, on the 21st day after
the accident, the patient had an exposure of
the right tibia about 25 x 4 cm wide with expo-
sure of the anterior compartment tendons as
well (Figure 1). The rest of the limb had already
undergone fascial excision and had been cov-
ered with MEEK micrografting technique.

Given this soft-tissue defect, on the 30th day
after the accident, we proceeded to remove
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necrotic, sclerotic and avascular bone with high
speed burr until pinpoint bleeding bone (papri-
ka sign) was obtained and to cover it with a chi-
meric serratus and latissimus dorsi free muscle
flap. It was end-to-end anastomosed to the
anterior tibial vessels and covered with meshed
autograft skin. 24 hours after surgery the mus-
cle displayed signs of congestion. It was revised
in the operation room (OR), and it revealed
thrombosis of the vein. We performed throm-
bectomy and venous reanastomosis. Despite
the reintervention, the flap had an unfavorable
evolution, becoming completely necrotic 12
days after the operation.

Considering that the contralateral subescapu-
lar system was not available because of the
burn injury, we opted for partial coverage of the
proximal third of the wound with both gastroc-
nemius muscle flaps and medial hemisoleus
muscle flap (Figure 2); we grafted all three mus-
cles with split-thickness meshed skin. There
were no complications in this surgery. However,
an extensively drug-resistant Pseudomonas
aeruginosa (XDR-PA), only susceptible to colis-
tin, grew in the soft-tissue culture obtained in
the OR. The former occurred in the context of
an outbreak that our Burn Center suffered that
year [3].

The resultant soft tissue defect was reduced to
15 x 4 cm, therefore we projected a new
attempt for microsurgical coverage on the 55th
day after the accident. Seeing the size and
shape of the defect, a contralateral rectus fem-
oris muscle free flap was selected, and we
anastomosed it end-to-end to the posterior tib-
ial vessels. Previously to the flap coverage, we
performed chiseling of the cortical bone.

After 72 hours without complications, it app-
eared a relevant pulsating bleeding which
seemed to emerge from the vascular pedicle
area. The bleeding was controlled with local
pressure and the patient was then transferred
to the OR. An arterial thrombosis was found,
with purulent secretion underneath the flap.
Although we performed a thrombectomy, we
did not obtain any arterial flow. Given that the
flap presented no signs of vitality, we decided
to remove it and to install an NPWT with -120
mmHg of continuous pressure.

Despite the failure of the previous 2 attempts
of microsurgical coverage and the XDR-PA
infection of the area, we resolved, in a multidis-
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Figure 3. Muscle rectus femoris free flap for covering
the wound resulting after the partial coverage with
regional flaps.

Figure 4. Final result. Two months after the last sur-
gery.

ciplinary team meeting, that attempting to pre-
serve the limb had more potential benefits than
an amputation. We made the decision on the
grounds that it would imply a short and shoddy
below-the-knee stump (the limb had been
debrided to the fascia level and autografted
with split-thickness skin) which would not be
suitable for conventional prosthesis rehabilita-
tion; thus, it would have required above-the-
knee amputation. We decided to wait until the
granulation tissue, stimulated by the NPWT,
covered the whole wound before planning
another coverage. Since the evolution was slug-
gish, on the 85th day after the accident, we
performed scattered perforations in the corti-
cal bone down to the bone marrow to promote
granulation from these cortical holes. One
month later (day 115th), the whole bone was
practically covered with granulation tissue, and
we proceeded to its coverage with Integra®
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(Integra Lifesciences Corp., USA); but we had
to remove it a few days later because of
infection.

We decided to perseverate with the NWPT, aim-
ing for complete granulation once again. How-
ever, the evolution was torpid, alternating peri-
ods of improvement and periods of reinfection
when much of the granulation tissue was lost.
After three months there was still a 14 x 2 cm
defect over the tibia. Computerized tomography
(CT) ruled out osteomyelitis and showed only
significant osteopenia. We assembled a new
multidisciplinary team meeting and the resolu-
tion was still in favor of limb salvage and against
amputation. We started intravenous antibiotic
treatment with Colistin to treat the XDR-PA
infection and scheduled a joint surgery with the
orthopedic surgeon on the 235th day. Despite
CT did not identify osteomyelitis, XDR-PA grew
in soft tissue cultures, so in the OR we proceed-
ed to perform anterior tibial decortication, bone
marrow reaming, obliteration of the dead space
with Stimulan® (Biocomposites Ltd, England)
and coverage of the defect with an ipsilateral
rectus femoris muscle free flap (Figure 3) with a
left cephalic vein graft to reach the tibiofibular
trunk, where we performed an end-to-side
anastomosis. Both flap and vascular graft were
covered with a skin graft. This flap had an opti-
mal evolution (Figure 4) and one month after
surgery the patient could begin to ambulate
with partial weight load and orthosis. After 3
years of follow-up, the patient can walk without
aid, and he has recovered his social and
employment situation prior to the accident.

Discussion

One of the first aspects to consider in a patient
with severely injured lower extremity is to
assess whether he will benefit more from limb
salvage or, conversely, from below-the-knee
amputation (Table 1). Scales developed for this
purpose have shown limited utility [4]. Besides,
we have not found specific literature address-
ing this issue in burn patients.

Improvement in surgical technique has elevat-
ed our capability of limb salvage. However,
amputation is technically easier, it requires less
hospitalization time and the evolution of pros-
thetic devices has improved its functional out-
comes. Literature shows no significant differ-
ences between these two therapeutic alterna-
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Table 1. Summary of the bibliography used on the most controversial topics

TOPIC AUTHORS STUDITYPE YEAR RESULTS
Amputation vs. lower limb reconstruc- Russell Esposito et al [5] Observational 2017 A general similarity in key lower extremity biomechanics between amputation and reconstruction.
tion retrospective However, reconstruction group exhibited less ankle power and range of motion while the amputee group
(humans) exhibited lower knee flexor and extensor moments and power generation.
Akula et al [6] Meta-analysis 2011 There was no statistically significant difference in terms of physical outcomes. However, reconstruction
(humans) group had a better outcome with SF-36 (p = 0.008) and psychosocial SIP (P = 0.05).
Mackenzie et al [7] Observational 2007 Including initial hospitalization, rehospitalizations, post-acute care and prosthesis-related costs during
retrospective the first two years, the difference of mean health-care costs was significant ($81.316 reconstruction
(humans) vs. $91.106 amputation; P < 0.05). The projected lifetime health-care cost for the patients who had
undergone amputation was three times higher than that for those treated with reconstruction ($509.275
vs. 163.282).
Mackenzie et al [8] Observational 2005 No significant differences between rates of return to work and self-reported disability in amputation vs.
retrospective reconstruction.
(humans)
Microsurgical flaps Ofer et al [2] Observational 2007 Muscle free flaps were the most common option (58%) for limb salvage in electrical burn injuries. Flap
retrospective survival rate was 85%. All the failed flaps were performed within 5-21 days after trauma (early recon-
(humans) struction).
Villaverde-Doménech et al [11] Observational 2015 Fasciocutaneous free flaps were the most common option (66.6%) in burn patients (this study included
retrospective secondary and sequelae reconstructions and it does not differentiate between them). Flap survival rate
(humans) was 80.05%. All the failed flaps in primary reconstruction were performed in early reconstruction.
De Lorenzi et al [12] Observational 2001 Fasciocutaneous free flaps were the most common option (67.9%), but the majority of cases were sec-
retrospective ondary reconstructions or sequelae (65%). Flap survival rate was 94%.
(humans)
Baumeister et al [13] Observational 2005 Muscle free flaps were the most common option (42.6%) and most flaps were performed in the first six
retrospective weeks after the trauma (57%). Flap survival rate was 86.6%. 80% of the failed flaps were performed in
(humans) early reconstruction.
Pan et al [26] Observational 2007 38 free fasciocutaneous flaps in acute burn-hand injuries. Flap survival rate was 100% and most of the
retrospective flaps (60.5%) were performed in early reconstruction.
(humans)
Kuo [32] Experimental 1990 Blood vessels 3 cm beyond the margin of the electrical injury are safe if they have normal elasticity of
(rabbits) vessel wall, intact endothelium with no separation from the media and good arterial bleeding.
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Muscle flaps vs. fasciocutaneous flaps

Kovar et al [14]

Cho et al [15]

Cherubino et al [16]

Calderon et al [17]

Gosain et al [18]

Harry et al [19]

Harry et al [20]

Glass et al [21]

Evans et al [22]

Hamrick et al [23]

Hamrick et al [24]

McPherron et al [25]

Meta-analysis
(humans)
Observational
retrospective
(humans)
Systematic
review
Experimental
(dogs)
Experimental
(dogs)
Experimental
(mice)

Experimental
(mice)

Experimental
(mice)

Experimental
(rabbits)

Review

Experimental
(mice)
Experimental
(mice)

2020

2018

2017

1986

1990

2008

2009

2011

2009

2011

2010

1997

No statistically significant differences in osteomyelitis recurrence (P = 0.165), partial flap loss (P =
0.701) and hematomas (P = 0.235).

No significant differences in cumulative limb salvage rates in acute trauma (P = 0.56) or chronic trauma
(P =0.51). Neither in rates of flap thrombosis, flap loss, tibial nonunion and secondary flap refinement.

Both techniques are equal in terms of efficiency. The choice should be relegated to the experienced
surgeon independently from the result.

After inoculation of bacterial concentration under the flap, musculocutaneous flaps showed a rapid
decrease in bacterial load. Fasciocutaneous flaps showed a slight decrease in bacterial load (P < 0.01).

Musculocutaneous flaps demonstrated significantly lower bacterial concentrations on postoperative days
1,3 and 6 (P < 0.001).

Muscle flap group showed faster bridging of the fracture site by callus, with almost 50% higher bone
mineral content (P < 0.001). Biomechanical investigations demonstrated a threefold stronger union in
the muscle group.

Fasciocutaneous tissue covering of an open tibial fracture showed a higher vascular density at all times
(P <0.0001).

Cells isolated from muscle adjacent to the fracture clustered and expressed alkaline phosphatase (a
marker of early osteogenic differentiation) and they produced bone nodules when they were cultured to
day 28. None of this happened with cells isolated from fasciocutaneous tissue adjacent to the fracture.
Adenovirus vector (Ad.BMP-2) activated muscle graft and fat graft showed promise as tissue for use in
endogenous facilitated bone repair, but muscle grafts showed more bone mineral formation (P < 0.05).
The muscle may be a source of secreted osteogenic factors (myokines) that can influence bone mass,
such as interleukin 6 and leukemia inhibitory factor.

Three injections of a recombinant myostatin inhibitor increased muscle mass (P < 0.01) and bony callus
tissue formation (P < 0.05).

Increased skeletal muscle mass in myostatin null mice compared to wild-type (existed hyperplasia and
hypertrophy).

SF-36: Short Form-36; SIP: Sickness Impact Profile.
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tives in terms of physical perspectives and
future biomechanical functioning of the limb [5,
6]. Despite this, statistically significant differ-
ences have been found in the psychological
results, obtained with the Short Form-36 and
Sickness Impact Profile scales, in favor of
reconstruction of the lower limb [6].

Once we have established that functional out-
comes will be similar, we have to consider the
costs for the healthcare system of these two
therapeutic options. A priori, if amputation
requires a simpler surgical technique and less
hospitalization days, one could assume that
this option should be cheaper for the health
care system. A North American study published
in 2007 shows that the lifetime estimated cost
of an amputee patient is more than three times
higher than that of a patient undergoing lower
extremity reconstruction [7]. This difference
lies mainly in the purchase and maintenance
expenses for the different prostheses that the
patient is going to need during his life. In this
study, the acute treatment cost, rehospitaliza-
tion, follow-up visits, rehabilitation, prostheses
and orthoses were considered. The same
authors previously reported that there are no
significant differences regarding the indirect
cost associated with the loss of the job or with
the residual disability [8].

Despite this evidence, there are currently no
widely accepted protocols for treatment of
gravely damaged extremities, even less in
severe burn patients. Hence, personalized
assessment of each case is essential, and so is
considering the functional outcome that will be
achieved throughout limb reconstruction [9].

In severe burn patients we have to consider
other nuances. For example, that an amputa-
tion stump made up with debrided and grafted
tissues may be less suitable for conventional
prosthesis rehabilitation.

Once we have justified the reconstruction of
gravely damaged lower extremities, we will dis-
cuss the reconstructive techniques and its
peculiarities. Standard treatment for deep
burns consists of tangential excision and cover-
age of the debrided areas with skin grafts [11].
Microsurgical flaps play a minor role in the
treatment of burn patients, they are only per-
formed in 1.5-2% of the total of patients hospi-
talized in a Burn Center [11, 12]. Despite this
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marginal role, at present, free flaps have
become an essential tool in selected acute
cases for coverage of noble structures (bone,
tendon, nerves, etc.) which might be exposed
after aggressive burn excisions; in this way
amputation could be avoided. They are also
useful in secondary cases for scar contractures
releasing [12, 13]. In the past, before the intro-
duction of microsurgery and free flaps, severely
damaged lower limbs with bone and tendon
exposure in severe burn patients were doomed
to amputation or, when feasible, to cross-leg
flaps.

Choosing between muscle and fasciocutane-
ous free flap in lower extremity traumatic recon-
struction is controversial (Table 1). It is clear,
that clinical, prospective, randomized studies
are needed to answer to this question, unfortu-
nately, this kind of evidence is not available yet.
Considering clinical results, both techniques
seem comparable [14-16]. There is agreement
that muscle flaps are useful for obliterating
dead spaces and that they fit well the contour
of the lower limb. However, fasciocutaneous
and perforator flaps provide a more “like-to-
like” tissue and they are easier and safer to re-
elevate when secondary procedures are
required. Muscle flaps have their main disad-
vantage in terms of donor-site morbidity. On the
other hand, fasciocutaneous flaps may be too
bulky and could require surgical refinement
[16]. Notwithstanding, experimental studies
suggest that muscle flaps may be better, since
they showed further decrease in bacterial load
in infected wounds [17, 18], further bone syn-
thesis and more resistant bone union in open
tibial fractures [19, 20]. Moreover, muscle-
derived stromal cells showed greater potential
for osteogenesis, therefore it is natural to think
that they may be better at promoting bone
repair, than skin-derived stromal cells and fat-
derived stromal cells [21, 22]. Finally, it has
been said that healthy muscles release trophic
factors that stimulate bone formation, promot-
ing the differentiation of stem cells in osteo-
blast [23-25]. The most commonly used flaps
are latissimus dorsi muscle flap and chimeric
flaps from the subscapular system for large
defects, and the gracilis muscle flap for small
defects [2, 12, 13]. For large defects, it is rec-
ommended the use of chimeric flaps over the
use of pre-expanded free flaps or the combina-
tion of free and local flaps [2, 12, 13, 26]. For
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Figure 5. Decision algorithm for the reconstruction of wide defects with bone exposure in the lower limb in a burned
patient. LD: Latissimus Dorsi; ALT: Antero Lateral Tight; NPWT: Negative Pressure Wound Therapy.

these reasons we initially opted for a chimeric
flap of latissimus dorsi and serratus muscles.
Given its failure and the impossibility to use the
contralateral subscapular system due to burn
injury, we decided to combine regional flaps
(which allowed us to reduce the size of the
defect) with a rectus femoris muscle free flap,
which is a large flap, but smaller than the chi-
meric one. In accordance with the literature
and our personal experience, we propose a
decision algorithm for the coverage of exten-
sive defects in the lower limb in a major burn
patient (Figure 5). We think muscle flaps could
be better for covering infected wounds when
there are bones, joints or tendons exposed
than fasciocutaneous. We do self-criticism, and
we advise to insist on microsurgical reconstruc-
tion when it is possible, even if there have been
one or more reconstructive failures.

In case that the patient is not a candidate for a
microsurgical free flap, there are some more
conservative strategies that may also achieve
salvage of the gravely damaged limb. Direct
coverage of poorly vascularized structures
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(bone and tendon) with Integra® is possible as
long as the foil sits on well vascularized tiss-
ue in adjacent areas. From these areas, cells
will grow to completely colonize the structural
framework [27]. A statistically significant de-
crease in the number of amputations has been
reported in a group of patients, similar to ours,
treated with Integra® vs. another group treated
with local flaps and skin grafts [28]. The main
risk of Integra® coverage is that infections are
relatively frequent, although it is true that the
infection can be easily spotted with visual
inspection and it can be rapidly solved by cut-
ting out the silicone sheet and applying a topi-
cal antiseptic cure [27]. Another technique that
can be used in these cases is a good prepara-
tion of the wound bed through complete burn
excision, tibial cortical bone perforations are
optional, and application of NPWT to promote
the coverage of the bone by granulation tissue
optimal to be grafted [29, 30]. Despite this,
skin grafts over bone or tendon with a granula-
tion tissue layer do not provide stable coverture
over time, thus some authors advise to apply a
dermal substitute over this granulation tissue
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[31]. However, the results achieved with these
techniques are usually not satisfactory in the
long term.

There is controversy in literature with regard to
when microsurgical coverage should be per-
formed (Table 1), since there seems to be a
higher rate of complications (10-20%), espe-
cially if it is performed early after the injury [2,
11-13]. One of the reasons for this controversy
is that there is no unique classification of tem-
porality. Some authors define primary recon-
struction as the one that takes place in the first
6 weeks, and as secondary reconstruction the
one that takes place after 6 weeks. Primary
reconstruction can be subdivided into three
groups: immediate, when it takes place in the
first 5 days; early, when it takes place between
day 5th and day 21th; and intermediate if it
takes place between day 21th and the 6th
week [11, 13]. Following this classification,
some series show lower survival rate of free
flaps in early primary reconstruction [2, 11, 13],
although others argue that flap survival is in-
dependent from when it is performed [26].
This greater complication rate after the 5th day
could be explained by the particularities of
the burn patient (immune alteration and hig-
her infection risk, higher levels of proinflamma-
tory cytokines which alter the equilibrium bet-
ween intravascular and extravascular spaces,
release of prothrombotic factors, etc.). In case
of electric burns, such the case of this patient,
there are also specific supplementary features
to consider (vascular damage in endothelium
and muscular wall, vascular occlusions, arteri-
tis, aneurism formation, thrombosis and nar-
rowing of the main vessels of the limbs and a
notable decrease in the density of small-cali-
ber vessels) [2, 13]. These complications will
appear even more often when the injury is
caused by high voltage [13]. Despite this, a
Chinese experimental study on rabbits defends
that free flaps could be performed safely if the
anastomosis is performed at least 3 cm away
from the wound margins and if the recipient
vessels look normal and they bleed with good
flow when cut [32].

There are not many reported cases of imme-
diate reconstruction in burn patients, since
hemodynamic instability in the acute phase of
this patients with extensive BSA affected usu-
ally contraindicates this type of reconstruction.
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Furthermore, in such an early stage, the need
for a microsurgical flap may not be evident yet.
Even though there may be a higher complica-
tion rate in primary reconstruction, we, as well
as the authors who report this handicap, be-
lieve that in the attempt to save a limb, benefits
outweigh the risks.

As it has been discussed earlier, if the patient is
psychologically more satisfied with reconstruc-
tion than with amputation, the functional out-
come is at least similar, and the long-term cost
for society is lower; then we strongly believe
that a 10-20% of failure rate is justifiable.

Conclusion

Salvaging a gravely injured lower limb in a
severe burn patient is a great surgical chal-
lenge. We defend, supported by scientific litera-
ture, that the salvaging of these limbs is better
than its amputation, for both patient and he-
althcare system; and that microsurgical recon-
struction with muscle flaps could be the best
option in such cases. Despite failures, if the
patient still wants to preserve the limb, we con-
sider that it must be attempted to salvage the
extremity as long as it is feasible using this
technique. Further investigation to establish
therapeutic protocols is needed.
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