
Introduction
The treatment of complicated fractures in the

lower leg depends on many factors such as the
energy of the trauma, the anatomic location and
morphology of the fracture, the degree of dis-
placement and soft-tissue injury, concomitant
injuries and diseases, the age of the patient, and
the surgical facilities available. Problems faced
by surgeons treating such fractures include
soft- and bone-tissue defects, delayed union or
nonunion, malalignment, shortening, and os-

teomyelitis. In the past, the vast majority of
massive lower leg injuries resulted in amputa-
tion. The introduction of free microvascular tis-
sue transfer 20 years ago has enabled hundreds
of legs with severely complicated tibial frac-
tures to be salvaged [1]. Small bone defects of
the tibia are treated with external fixation and
cancellous bone grafting, with satisfactory re-
sults.

The management of extensive and complex
defects is more challenging and often results in
leg amputation or shortening. Leg amputation
is a severe mutilation that alters the patient’s
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work and social life by limiting ambulation and
self-sufficiency. In cases of complex injuries of
the leg with destruction of soft tissue & bone
patients usually require  more than one opera-
tion but we suggest a forgotten method, i.e.,
with chimera flap in which we can substitute
skin, muscle &bone  in a one stage operation.  

Technique
The LD muscle is a type 3 muscle of Nahai

classification, with one major vascular supply
and several minor ones, this muscle is almost
always transferred on its major blood supply,
the thoracodorsal vessels, but it can also be har-
vested  on its minor pedicles which are perfora-
tors of intercostal arteries. In our series we have
harvested the muscle using standard technique
but the minor pedicles have been saved for one
or two ribs and the ribs had been harvested  with
their intercostal arteries intact  so when the rib is
elevated off the chest wall it has its blood sup-
ply reestablished from the LD muscle connect-
ing branches as confirmed by arterial bleeding
from the cut ends of the ribs. When there is need
for two ribs every other rib is harvested so chest
wall collapse is prevented. Bisecting or trisect-
ing of the rib is possible as has been performed
in two of our cases.

Case report
We report 4 cases of leg crush injury during

2003-2006 due to  motor-car accident or pedes-
trian car accident.

Case 1
A 24-year old  man, a car driver, was admit-

ted to our hospital for upper leg injury with a 10
cm defect in the tibial bone. We found also skin
loss & soft tissue injury.We used the right latis-
simus dorsi muscle and rib beneath it with vas-
cular pedicle  and two levels up  of nonvascular-
ized ribs were also harvested. After vascular
anastomosis to the popliteal vessels external
fixation was used. The patient had an unevent-
ful postoperation period. Three months later he

has started walking.

Case 2
Another case was a 3 year old child  admitted

by major trauma to the left lower leg and ankle.
A chimera flap of latissimus dorsi  and two ribs
were taken from the right chest wall and trans-
ferred to the leg, then the vascular pedicle was
anastomosed to the posterior tibialis artery and
vein. 

After a year we reoperated the patient for cor-
rection of severe valgus deformity and defect. A
year later he started  walking normally.

Case 3
A 23-year-old man presented with  proximal

left leg traumatic injury leading to an 8 cm de-
fect in the  proximal  tibia  with skin & muscle
loss. After harvesting the right latissimus dorsi
& rib beneath it the rib from two levels higher
was also harvested. The composite was trans-
ferred to the defect. After bone fixation the flap
vessels were anastomosed to the popliteal ar-
tery & vein. The defect was resurfaced with a
skin graft. Two weeks later we reoperated the
patient for arterial graft thrombosis. And 4
months later for removal of the plate for treat-
ment of osteomyelitis. Postoperatively the flap
survived completely, with primary healing, and
the patient began weight bearing at 8 weeks.

Case 4 
An 18-year-old man presented with traumat-

ic avulsion of his heel, with the calcaneal bone
involved.  The defect had been left to heal by
secondary intention due to technical difficul-
ties. When he came to us, a  soft tissue defect of
5×5 cm2 size was present at the calcaneal re-
gion. The bone defect was about 10cm and was
substituted with an osteomuscular rib free
flap.The defect was  resurfaced with a distal-
based posterior tibial fasciocutaneous flap.
Postoperatively the flap survived completely,
with primary healing, and the patient began
weight bearing at 4 weeks. At the last follow-
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up, 25 months postoperatively, the flap had
healed well without trophic ulceration although
no sensory nerve anastomosis was performed.
There was proprioceptive sensation and ability
to detect deep pressure.

Results
We should mention that in all cases we used

the fifth and sixth rib and the fourth also in two
cases. Approach was  from the right posterolat-
eral chest wall from the midaxillary line
through the posterior axillary line. In operated
patients, all the flaps survived. There was no
gross ischemia (except in the distal zone of  one
flap). All patients were immobilized through-
out the operation. According to the main dis-
ease of the patients, mobilization periods were
balanced to prevent the damage of the flaps and
fractured bone. Mean immobilization period
was 21 days in three patients, and in the other,
there was a distal tibiofibular fracture, and this
period was extended until 4 weeks. At follow-
up, there were no complications related to the
flap and patients. All operated flaps were sen-
sate. The follow-up period was from 31 to 36
months. Time to bony union ranged from 4 to 7
months. Time to full weight bearing was from 5
to 9 months after operation. All of the trans-
ferred tissue showed hypertrophy after weight
bearing. Nonunion occurred in one case, which
was treated with a long leg cast.  Arterial throm-
bosis was another complication that happened
one week after surgery and lead to ischemia of
the flap but it resolved spontaneously. One of
the patients had another operation to correct se-
vere valgus deformity. The limb had been short-
er by an average of 0.5cm in three cases, longer
by 1.1 cm in one case, and in the last case, it was
uncheckable because the opposite limb had
been previously amputated. Limited arc of rota-
tion was not a problem. Other disabling compli-
cations were not seen. There is no need for a
sensation test of two point discrimination since
all these flaps are located in nonweight bearing
areas such as the tibial plateau or medial of the

foot.

Discussion
The introduction of free microvascular tissue

transfer 20 years ago has enabled hundreds of
legs with severely complicated tibial fractures
to be salvaged [1].

The first successful microvascular transplan-
tation was performed in 1973,  and since then,
free flaps have been used to cover soft-tissue
defects in open tibial fractures and to manage
infected fractures of the tibia[2-8]. In early ex-
perience, the free flap failure rate was between
8% and 9% with an amputation rate of 5% to
6%. Free vascularized fibular transfer has be-
come the standard practice to bridge long (>6
cm) bone defects of the extremities [9,12].

In the 1970s, microsurgical techniques were
mainly used in emergency settings to reestab-
lish the vascular perfusion of amputated limbs
and salvage them. Complex tibial fractures or
extensive bone defects were usually treated by
orthopedic surgeons with autologous nonvas-
cularized cancellous bone grafting stabilized
with external fixation. Complex open fractures
of the tibia were associated with an increased
incidence of delayed union (20-40%),
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Fig.1. Two ribs were harvested and prepared for trans-
position.
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nonunion (7-45%), and osteomyelitis (2.7-
27%). These contributed to a high incidence of
delayed amputation, ranging from 20-75%
[13].

Later, cortical bone grafting with rigid inter-
nal fixation was introduced. The early results of
the use of the fibula graft for the tibia appeared
satisfactory. In 1980, Enneking et al reported a
95% success rate in the postneoplastic recon-
struction of tibial gaps greater then 7.5cm with
large, nonvascularized fibular autografts. This
procedure demonstrated several complications,
such as stress fractures (32%), bone nonunions
(27% at 6 months), and tibial curvatures [14].
To reduce the complication rate, which in-
creased in infected and poorly vascularized
wounds, the use of free bone transfer microsur-
gically revascularized to the recipient area was
proposed.

In 1973, Ueba and O’Brien evaluated the
fibula as a donor site for the free microvascular
bone flap [13]. The first report of a successful
free bone transplant was in 1974 by Ostrup and
Fredrickson, who successfully transplanted free
rib grafts vascularized on intercostal arteries in
dogs [14].

In 1975, Taylor et al performed the first 2 free
microvascular fibula transfers on human pa-
tients to reconstruct tibial bone gaps. Microvas-
cular bone flaps were shown to heal more rapid-
ly, with fewer complications and earlier func-
tional recovery than conventional nonvascular-

ized grafts[15]. Gradually, microvascular bone
flaps have gained popularity, becoming the
treatment of choice for bone defects larger than
6 cm or located in poorly vascularized and con-
taminated wound beds.

The first free rib transfer was done in 1979 by
G.Ian Taylor from Australia which is around 30
years ago.

The reconstruction of partially comminuted
fractures or small bone gaps usually benefits
from cancellous or devascularized cortical
bone grafting and external fixation.

On the contrary, the reconstruction of seg-
mental, comminuted tibial fractures or exten-
sive bone defects requires vascularized bone
grafts to overcome infection and restore bone
continuity and blood supply. The Ilizarov tech-
nique is a procedure used for the reconstruction
of such defects, but the bulky apparatus, long
lengthening and union times, and pin tract in-
fection limit the present method.

Generally, the goal in the reconstruction of
tibial defects is to restore the anatomy of the al-
tered segment, gaining a satisfactory functional
recovery. Finding a bone substitute of adequate
length and width, customized to the defect, cov-
ered by vascularized muscle or skin, and stabi-
lized in the most anatomic position compatible
with maximal functional return is often a great
demand. Currently, microvascular free bone
grafts are the best answer.

The classification of tibial fractures consid-
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Fig. 2. Internal and external fixation. Fig. 3. Two  months later.
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ers the mechanism of the trauma, the location,
the extent and type of fracture, involvement of
soft tissues, and neurovascular impairment.
The type of tibial fracture is related to the mech-
anism involved in its pathogenesis, ie, contu-
sive, clean-cut, tear, degloving, crushing, avul-
sion, and burst (high speed). Usually, crushing,
avulsions, or high-speed bursting injuries lead
to more complex defects. 

Conventional treatments (i.e, bone grafting,
Ilizarov technique) are best indicated for limit-
ed (<6 cm) defects because of the long time
needed for newly formed bone to consolidate.

Microsurgical bone transfers are indicated
when conventional treatments are not useful
(ie, bone defect >6 cm, poorly vascularized or
infected recipient beds) or have previously
failed.

Primary indications for free bone transfer to
tibial defects are as follows:

-Severely comminuted fractures or wide
bone loss greater than 6 cm (grade 3a-3c from
Gustilo classification, type III from Byrd clas-
sification)

-Wide (>6 cm) en bloc tibial resections for
cancer.

-Wide bone resection (>6 cm) for congenital
pseudoarthrosis of the tibia.

Secondary indications for free bone transfer

are as follows:
-Wide bone resection of acquired

pseudoarthrosis or chronic osteomyelitis fol-
lowing nonunions for failed conventional treat-
ment of fractures,

-Short limb (>6 cm) following conventional
treatment of fractures or reimplantation of an
avulsed limb, with or without distraction,

-Amputation stump lengthening,
-Wide soft tissue coverage of bone defects

(<6 cm) of the lower third of the leg (osteocuta-
neous, myo-osteocutaneous flap)[14].

Timing of reconstruction in open fractures
has always been a matter of discussion. In fact,
performing primary closure of traumatic
wounds with tissue viability that is still in ques-
tion is often discouraged; however, primary
flap coverage within 72 hours has been deter-
mined to yield better results and a lower infec-
tion rate than delayed or late closure. Therefore,
an early reconstruction may underestimate or
overestimate the amount of bone to excise and
replace, while a delayed reconstruction may be
at higher risk of infective and vascular compli-
cations. The timing of bone reconstruction de-
pends on the time passed from injury at the first
referral of the patient, on soft tissue involve-
ment and viability, and on the width of the bone
gap to be filled [15].
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Fig. 4. Six  months after operation. Fig. 5. Nine months  later. Time to full weight bearing.
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Within the first 72 hours after the trauma,
simple lesions with limited or no soft tissue in-
volvement are treated immediately with radical
debridement and bone grafting or bone flap
transfer in one stage. Complex lesions with soft
tissue involvement are treated with muscle free
flap and delayed bone grafting or a one-stage
free osteomyocutaneous flap.

Patients referred 72 hours after trauma usual-
ly present with infected wounds and require de-
bridement and delayed reconstruction. In sum-
mary, the following options are available:

-Immediate reconstruction (within 72 h) 
-One-stage surgery - Soft tissue and bone re-

construction (muscle flap and bone grafts/os-
teocutaneous-osteomyocutaneous flap),

-Two-stage surgery - Soft tissue cover (pedi-
cled free muscle flap); bone reconstruction
(bone graft/flap).

Usually, reconstruction of the tibia for open
fractures is a function of the characteristics of
the bone gap (>6 cm) resulting from wound de-
bridement and fracture reduction and of the
characteristics of soft tissue damage (local or
free flap).

Soft tissue reconstruction has been clearly
demonstrated to affect fracture healing and cal-
lus formation in open fractures. For defects of
the superior third of the leg, use of  the
medial/lateral gastrocnemius, free muscle flap,
or free osteocutaneous fibula has been recom-
mended. For defects of the middle third of the
leg, use of a soleus flap, a free muscle flap or
free osteocutaneous fibula has been recom-
mended. For defects of the inferior third of the
leg, use of a free muscle flap or free osteocuta-
neous fibula has been recommended.

Conclusion
Upper tibia large bone  and soft tissue defects

are the main indication of this flap which brings
a large muscle and skin coverage to the leg and
also a vascularized bone which can be divided
in up to six  parts  when two ribs are transferred.
These struts when arranged near each other can

almost completely fill the upper tibia bone de-
fects.Transferring the fibula with its scarce
muscle coverage needs an additional free flap
with the increased operating time and hazard of
two free flaps at one setting. The second option
which is favored by orthopedic surgeons is cov-
ering these defects with a muscle only flap and
at a second stage bone transport is performed,
which is a very difficult and time consuming
method in these scarred tissues.

We conclude that, this forgotten procedure
can be a suitable technique in tibial complex in-
juries. In one stage the surgeon could fill the de-
fect by this kind of chimera flap. There is no
need to do another operation except for control-
ling postoperation complications.  
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