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Abstract
Reconstruction of osseous and soft tissue defects
after high-energy lower extremity trauma remains a
challenge in trauma surgery. An initial planning of
the reconstruction management is crucial in the
therapeutic concept of these severe injuries. In Gu-
stilo type II and IIIa fractures with minimal contam-
ination a primary definite osseous stabilization by
internal fixation along with primary soft tissue
reconstruction is preferable. A variety of local, re-
gional, and even free microvascular flaps are avail-
able for acute wound closure in such cases. Staged
reconstruction with initial external fixation and vac-
uum-assisted wound closure is recommended for
severe contaminated wounds and extended defects.
Early secondary osseous reconstruction of larger
osseous defects can be performed either by distrac-
tion lengthening technique or by a free vascularized
bone graft. Early secondary soft tissue reconstruction
necessitates a wide therapeutic repertoire in order to
plan the optimal individual strategy. With a modern
therapeutic strategy limb salvage with an adequate
function after reconstruction of lower extremity
fractures with soft tissue defects can be achieved in
the majority of patients.
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Introduction
High-energy lower extremity trauma with open frac-
tures, osseous defects, and extensive soft tissue injury
are frequently encountered at trauma centers, neces-
sitating a profound therapeutic strategy in attempting
limb salvage. Although the total number of injuries did
not change vastly within the last decade, new surgical
techniques have lead to changes within the therapeutic
strategies recently [1]. Minimal invasive osteosynthesis
and broader indications of primary or early secondary
intramedullary stabilization of shaft fractures have re-
duced the number of delayed osseous reconstruction
[2]. Furthermore, vacuum closure with serial debride-
ments [3] and perforator flaps have gained importance
in soft tissue reconstruction within the last decade
[4–6]. However, microsurgical procedures being on top
of the reconstructive ladder still are an essential ther-
apeutic option for reconstruction of lower extremity
fractures with soft tissue defects.

Open lower extremity fractures with exposed bone
and extensive soft tissue defect have a high incidence
of mal-union, infection and non-union [1]. The
inflammatory response of the soft tissue of a trauma-
tized limb extends beyond the gross wound resulting in
increased friability of the vessels, edema, and increased
perivascular scar tissue. Diminished primary or sec-
ondary perfusion of the defect zone is besides systemic
reactions one factor for the diminished immunity
increasing the risk of infection. Therefore, wound size,
degree of soft tissue damage, and amount of contami-
nation are the most important determinates of out-
come of open fractures of the lower limb [7]. The
classification by Gustilo and Anderson and the AO
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classification are widely accepted to categorize the
degree of open fractures and soft tissue defects [8]. The
Gustilo classification being more commonly used in the
Anglo-American literature defines three grades
depending on the severity of injury (Table 1). The
more complex AO classification is graduating the de-
gree of injury independently for bone, skin, muscle-
tendon, and nerve-vessel. The classification of the
severity of injury is the first important step in planning
the therapeutic strategy.

Therapeutic Strategy
In planning the therapeutic strategy, several consider-
ations have to be taken into account. Is a primary
definite internal osteosynthesis possible or a primary
external fixation in combination with a secondary
osseous reconstruction needed? Can a primary soft
tissue coverage without or with local flaps be achieved
or is a serial debridement with delayed wound closure
preferable? In some cases even a primary coverage by
an ‘‘emergency flap’’ can be considered.

The therapeutic strategy is influenced by the
amount of bone and soft tissue defect, the location of
injury and the extent of contamination. Severe con-
comitant injuries leading to systemic inflammatory re-
sponse syndrome ‘‘SIRS’’ necessitate a damage control
surgery. In order to decrease the antigenic load in
those cases with severe polytrauma, a staged recon-
struction is recommended [9]. Furthermore, the age,
the general medical condition, existing systemic dis-
ease, and the compliance of the patient have to be
considered in planning the therapeutic strategy [7].

The immediate irrigation of the wound and thor-
ough debridement of all necrotic tissue along with
early soft tissue coverage is the primary objective in
dealing with lower extremity fractures with soft tissue
defect [1]. Grossly contaminated fragments and small
avascular bone fragments that do not contribute to
fracture stability are removed. Besides debridement
of the devitalized and contaminated structures, sta-
bilization of the fracture has to be achieved. The
degree of wound contamination determines the need

for planned re-debridements within 36 to 72 h. The
use of internal fixation in open fractures is still con-
troversial. However, several studies have demon-
strated good results for non- or minor contaminated
open fractures which were stabilized primarily by
internal fixation [2, 10]. In the cases of highly con-
taminated wounds, certainly external fixation is the
choice of primary bony stabilization [11]. The degree
of contamination should be considered in soft tissue
management, as well. As the risk of infection in-
creases, the option of primary closure with a local or
free flap is less likely [12]. In wounds that are con-
sidered highly contaminated vacuum-assisted closure
sponge with staged debridement is a widely accepted
method necessitating secondary soft tissue recon-
struction (Figure 1). In those cases with secondary
limb reconstruction the timing of the second proce-
dure influences the outcome among other factors.
Early secondary soft tissue coverage within 5 to
7 days is generally accepted, having a good prognosis
in terms of decreased risk of infection, flap survival,
and fracture healing [13–16]. It has been shown that
in delayed reconstruction the time to definite union,
the time to full weight bearing, the rate of infection,
and the number of re-operations were significantly
higher [17]. On the other hand following the principle
of ‘‘damage control’’, extensive reconstructive surgery
is not recommended before day 5 in multiple trau-
matized patients [9, 18].

Therapeutic Options
In general achieving the structural stability for limb
function by osseous reconstruction and creating a vital
soft tissue envelope to cover it are the major objectives
of limb reconstruction. Although, the therapeutic op-
tions for reconstruction of the osseous and soft tissue
defect after severe lower limb injury have to be con-
sidered together the various reconstructive procedures
will be discussed separately for osseous and soft tissue
reconstruction.

Osseous Reconstruction
Therapeutic options of the high-energy lower extrem-
ity fractures vary greatly. Basically, a definite primary
internal osteosynthesis of the fracture or secondary
defect reconstruction are the two therapeutic options
for open fractures of the lower limb.

Primary Internal Stabilization
In the case of Gustilo grade I and the majority of grade
II injuries and in the absence of marked wound con-
tamination, primary definite internal osteosynthesis is
the therapy of choice. Obviously, the location of the

Table 1 The Gustilo and Anderson classification for open fractures.

Gustilo and Anderson Classification of open fractures

Grade I < 1 cm
Grade II 1–10 cm and moderate tissue damage
Grade III > 10 cm
Grade IIIA Sufficient soft tissue for bone coverage
Grade IIIB Extensive tissue damage with periosteal stripping
Grade IIIA Vascular injury requiring repair
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fracture influences the type of internal fixation.
Metaphyseal and joint fractures of the knee and distal
tibia are preferably stabilized by preformed internal
locking plates. These systems enable a biological fixa-
tion in combination with limited soft tissue trauma.
Locking plates function as internal fixators with less
impairment on the perfusion of periosteum than tra-
ditional plates. In shaft fractures or metaphyseal frac-
tures with sufficient distance to the joint line
intramedullary nailing is the recommended osteosyn-
thesis. Intramedullary nailing offers reliable bone sta-
bilization and avoids many of the problems associated
with the use of plates or external fixators. Further-
more, interlocking intramedullary nailing facilitates
patient function during the treatment and is suitable
for uncooperative patients. Unreamed nailing is
thought to have advantages over reaming in open shaft
fractures as the damage to the endosteal blood supply
caused by reaming may theoretically increase the risk
of non-union and infection. Therefore, the definite
primary stabilization is usually recommended by the
use of unreamed solid titanium implants at least for
the tibia. However, in a study by J. F. Keating com-
paring reamed versus unreamed nailing in open tibial
fractures no increase in non-union and infection rate
was noted for the reamed group [19]. For open femoral
fractures intramedullary nailing after reaming is now
accepted as the method of choice [20]; however, a
smooth reaming is only allowed. In severe open tibial
fractures like Gustilo grade IIIA and IIIB, there is a
tendency for an extended use of intramedullary nailing

within the past few years as well [1, 19]. Those open
fractures with extended soft tissue and bone defects
have been reported to be successfully treated by pri-
mary nailing with superior results, compared with
studies based on staged reconstruction [2]. However,
the border of primary definite internal fixation and
primary external fixation with secondary osseous sta-
bilization, especially for tibial fractures, remains a
matter of discussion. In the cases with advanced bone
defects an initial nailing and soft tissue coverage might
not be possible. In those cases a staged reconstruction
or an initial shortening of the limb can be considered
as a therapeutic option. Comparison with a cohort of
patients treated with traditional staged bone and soft
tissue reconstruction suggested that patients treated
with primary shortening and acute wound closure
underwent fewer secondary operations and experi-
ences a better outcome [21]. In difference to the pri-
mary definite internal stabilization principles
mentioned above, vastly contaminated wounds, even
of lower Gustilo grade, necessitate primary external
fixation. Patients suffering from severe concomitant
injuries with an injury severity score higher than 16 are
recommended to be treated by a damage control-gui-
ded staged reconstruction with primary external fixa-
tion [9]. External fixation especially by the Ilizarov
technique or by hybrid systems can even be used as a
definite fixation in difficult cases (Figure 2). However,
mostly a primary external fixation of the fracture or
bone defect, in particular with traditional pins and
rods, will be followed by a secondary bone recon-

Figures 1a to 1c. Clinical example of a 44-year-old female after a motorcycle accident, using primary vacuum-assisted wound closure, till
stabilization of the patient after multiple trauma (chest, upper, and lower extremity) and final skin necrosis was obvious. The open wound
over the tibia was covered with a sponge and a vacuum sealing. The fracture of the distal tibia and fibula was stabilized with plates and
screws (a). After stabilization the sponge was removed. Exposed bone and tendon were visible, as well as additional skin necrosis reaching the
implant at the distal fibula (b). The defect was covered with a parascapula-free flap and additional skin graft (c). Final clinical appearance after
3 years.
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struction. In order to decrease the infection rate, the
change from an external to an internal fixation should
be performed within the first 2 weeks [18].

Secondary Osseous Reconstruction
After primary stabilization with an external fixator, a
secondary intramedullary nailing or the use of internal
fixators in metaphyseal fractures combined with soft
tissue coverage is frequently performed. Depending on
the severity of injury and the amount of bony loss
various therapeutic options exists for reconstruction of
an osseous defect. Minor defects can be treated by
cancellous bone graft only. However, in advanced
segmental bone defects this method is not sufficient,
and vascularized bone grafts and distraction osteo-
genesis are basically the two therapeutic options.

Free vascularized bone grafts alone without
accompanying composite soft tissue transplants have
been recommended for bone defects larger than 6 cm
[22]. They provide their own vascular supply and have
their own osteoinductive and osteoconductive potency.
Vascularized bone grafts have good mechanical
strength, which readily respond to imposed stress, resist
infection and are associated with rapid remodeling and
hypertrophy. The contralateral fibula, the iliac crest,
and occasionally the rip have been used as free vascu-
larized bone grafts [23]. Free bone grafts like fibula and
iliac crest can also be used as composite osteocutan
transplants with the advantage to address to the osseous
and the soft tissue defect at once [10]. However,
microsurgical experience is needed and surgery is time
and cost consuming in utilizing a free vascularized bone

Figures 2a to 2c. Primary stabilization of an open distal tibia fracture (Grade IIIB) in a 24-year-old male with hybrid external fixation (a). After
repetitive debridement and minor changes of the device the defect, including the ankle joint and distal tibia, was covered with a parascapula-
free flap (b). Final X-ray after removal of the external fixation (c).
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graft [24]. Another option to bridge tibial defects is the
ipsilateral fibula which can be used as a pedicle graft
[23]. Obviously, this simple and reliable method can
only be utilized in patients with no fibular defect.

The method of distraction osteogenesis is the
other option in treating posttraumatic bone defects of
the lower limb. Stabilization is mostly achieved by
external fixation using the Ilizarov technique or with
hybrid systems [25]. The principle of this concept is to
resect the devitalized bone in terms of acute short-
ening and to perform a primary compression at the
fracture site. In order to achieve the original length, a
corticotomy or osteotomy of the bone is established at
another level for distraction lengthening. With this
method acute shortening of approximately 3 cm can
be performed [26]. In acute shortening of greater
defects the perfusion of the distal limb is at risk due
to kinking of blood vessels. Therefore, defects
extending 3 cm in length a gradual shortening is rec-
ommended. The bifocal compression–lengthening
method necessitates a prolonged external fixator
period of approximately 1.4 months per centimeter
lengthening [26]. Alternatively, the original bone
length can be restored by external fixation in combi-
nation with soft tissue coverage. The bone segment is
transported gradually to fill the defect. The aftercare
of distraction lengthening is complex and the average
pin infection rate is about 10% [2, 26]. On the other
hand, this method enables exact reconstruction of
length and alignment of the limb.

Soft Tissue Reconstruction
Immediate coverage of vital structures is the first aim
in soft tissue reconstruction. Bone which is denuded of
periosteum, exposed vessels, nerves, or tendons will
lead to necrosis, wound infection, and the loss of
function. Likewise, open joint involvement necessitates
a primary coverage, too. The soft tissue management is
based on a huge variety of procedures with split skin
graft on the basis and microvascular techniques for free
tissue transfer on top of the reconstructive ladder.

The first step in soft tissue management is to decide
between primary wound closure, a synthetic bacterio-
static biologic dressing, acute closure with local or free
flaps, or by primary vacuum-assisted sponge closure
with secondary soft tissue reconstruction. In Gustilo
type IIIC fractures, the instant repair of the vascular
injury is crucial for limb salvage.

Primary Soft Tissue Reconstruction
Primary wound closure is used rarely and only in clean
lesser grade fractures with minimal edema that can be

closed without tension. A synthetic dressing should
only be used on exposed fat, muscle, and fascia. In
those defects without exposed vital structures, split
skin graft is an easy and reliable early secondary
method for wound coverage.

However, in open Gustilo type III fractures
especially of the tibia coverage with vascularized
tissue is essential. One consideration of acute defect
coverage is to utilize fasciocutaneous flaps (Figure 3).
Clean smaller wounds at the anteriomedial cortex or
crest of the tibia being less than 3 cm in diameter
can be covered primary by bipedicle fasciocutaneous
flaps as has been shown by Cole et al. [11]. A small
anteriomedial distal tibia defect can be covered by a
proximal based medial fasciocutaneus flap. More
contaminated and larger wounds are better treated
by regional well-perfused muscular flaps. The proxi-
mal third of the tibia can effortlessly be covered by
the gastrocnemious flap. The soleus flap is used for
coverage of the middle third of the tibia (Figure 4).
A problem is the distal third of the tibia with no
available muscle to be transposed. This area has
been traditionally covered by free vascularized flaps,
i.e., the latissimus dorsi flap, scapula, and parascapula
flap. Recent publications have completed the range
of local flaps for this region by the reversed saphe-
nous and the lesser saphenous flap [4, 5]. Another
reliable and frequently performed local flap for de-
fects of the ankle region is the suralis flap. However,
the saphenous and suralis flaps are usually performed
as an early secondary procedure. In larger defects an
initial bone shortening and subsequent distraction
lengthening may ascertain a primary closure even
without additional soft tissue reconstruction. In the
case of an extended clean soft tissue defect especially
of the distal tibia or the ankle region, an ‘‘emergency
free flap’’ is an option which should be taken into
consideration. Gopal et al. [2] have demonstrated the

Figure 3. Application of a faciocutaneous flap (saphenus flap) to
cover a soft tissue defect of the patella and knee joint. The sec-
ondary defect was closed with skin graft.
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good results of immediate internal fixation and
healthy soft-tissue coverage with a free muscular flap
in open tibial fractures.

Secondary Soft Tissue Reconstruction
Severe wound contamination is the main indication of
a staged soft tissue reconstruction. In those cases, a
primary thorough debridement and vacuum-assisted
sponge closure is preferable in order to decrease the
rate of severe soft tissue complications. The use of
vacuum-assisted closure therapy has increased dra-
matically within the past few years. It is an easy and
quick method for wound coverage. Its main advantages
are the removal of excessive edema, the increase in
blood flow, the decrease of the amount of bacteria, and
the increased rate of granulation tissue formation [3].
In institutions with no microsurgical duty, the step of
definite reconstruction can be postponed by use of
primary vacuum sponge closure. However, as men-
tioned before in staged wound treatment the definite
closure should be performed before day 7. For patients
without severe concomitant injuries and minor con-
taminated wounds a definite closure within 72 h is even
better [17].

The decision concerning the secondary soft tissue
reconstruction method is based on defect size, location,
and experience. Basically, split skin grafts, local and
regional fasciocutaneous or muscle flaps, as described
above, are simple and reliable options for secondary
reconstruction. Larger defects, diminished bone per-
fusion and initial wound contamination necessitate a
well-perfused wound coverage as enabled by free
microvascular tissue transplantation. Again, there is a
great choice of free flaps to be considered [23]. Among
them the latissimus dorsi flap is the gold standard for

larger defects of the distal lower extremity [27].
Smaller defects can be covered by the scapular, para-
scapular, serratus anterior [28], gracilis, or lateral thigh
flap. Defects of the dorsal foot are preferably covered
by thinner flaps like the serratus, lateral arm, or radialis
forearm flap. The radialis forearm flap can even be
used as a flow through flap to reconstruct a diminished
distal perfusion.

Amputation
The variety of osseous and soft tissue reconstruction
has increased the rate of limb salvage. Early amputa-
tion will only be performed in severe injury of the
ipsilateral foot, in the case of sepsis and in severe
neuronal damage like the loss of the nerves tibialis
posterior. The Mangled Extremity Severity Score is a
helpful tool in the consideration of amputation [13].
An even more specific score for tibial fractures has
been recently introduced by Rajasekaran et al. [7].

Clinical Examples
Figures 5 and 6 demonstrate possible solutions for
complex bone and soft tissue reconstructions. In Fig-
ure 5, bone reconstruction was performed using seg-
mental bone transfer (callus distraction). This 28-year-
old male suffered from significant soft and bone de-
fects after a motor vehicle accident. Primary attempts
to reconstruct the bone and soft tissue led to wound
infection resulting in a 15 cm bone loss and significant
skin defect (Figure 5a). Soft tissue reconstruction was
performed with a latissimus dorsi free flap (Fig-
ure 5b). The artery and vein were connected to the
distal femoral vessels above the knee joint. The bone
defect was closed with segmental bone transfer using
an intramedullary nail in combination with external
fixation (Figure 5c). After 4 months the bone defect
was closed. Full weight bearing could be achieved
after another 8 months. Due to recurrence of local
infection, the nail had to be removed and full weight
bearing had to be discontinued for another 6 months.
However, the bone had healed with a deformity
(Figure 5d). The varus deformity was corrected with
an osteotomy and stabilized with external fixation
which was removed after 6 months (Figure 5e). Two
months afterward, full weight bearing could be re-
gained. The final clinical appearance after the re-
moval of the external fixation is shown in Figure 5f
and the X-ray picture in Figure 5g. The whole
reconstruction was started in November 2000 and
finished in April 2003.

In Figure 6, a clinical example of bone and soft
tissue reconstruction using free fibula transfer is shown.

Figure 4. Application of a soleus flap to cover a soft tissue defect at
the anterior margin of the tibia.
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This 16-year-old male suffered from a motor vehicle
accident. Primary surgical procedures could not pre-
vent soft tissue infection and loss of 17 cm bone (Fig-
ures 6a, 6b). The defect of the soft tissue was managed
early on with a latissimus dorsi flap. The bone was
reconstructed with a free vascularized fibula graft from
the opposite side 5 months after wound closure with
the flap (Figure 6c). After another 5 months the
external fixation, which was applied already after
debridement of the necrotic bone, could be removed
and partial weight bearing allowed. To regain full
weight bearing, a corrective procedure of the foot was
necessary, allowing free walking 7 months after the
removal of the external fixator (Figures 6d, 6e). This
type of reconstruction was started in June 2003 and
finished in November 2004.

Summary
Reconstruction of lower extremity fractures with soft
tissue defects necessitates a profound planning of the
therapeutic strategy. The initial thorough debridement
and wound coverage is the first step in treating these
severe injuries. Multiple factors have to be taken into
consideration concerning the timing of osseous and soft
tissue reconstruction. Reconstruction techniques have
to be adapted to size and location of the defect. Bone
defect reconstruction can be done either by distraction
lengthening or by free bone graft. The complete variety
of local, regional, and free microvascular flaps is nee-
ded for adequate defect closure. The present thera-
peutic options allow a high rate of limb salvage with
adequate function in lower extremity fractures with
soft tissue defects.

Figures 5a to 5g. Clinical example of bone and soft tissue reconstruction using segmental bone transfer (callus distraction). This 28-year-old
male suffered from significant soft and bone defects after a motor vehicle accident. Primary attempts to reconstruct the bone and soft tissue
led to wound infection resulting in a 15 cm bone loss and significant skin defect (a). Soft tissue reconstruction was performed with a latissimus
dorsi-free flap (b). The bone defect was closed with segmental bone transfer using an intramedullary nail in combination with external
fixation (c). Final X-ray of the lower leg after closure of the defect (d). The varus deformity was corrected with an osteotomy and stabilized
with external fixation (e). Final clinical appearance after removal of the external fixation (f) and X-ray (g). The reconstruction was started in
November 2000 and finished in April 2003.
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