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Lower limb defectsmaybe present due tovarious causes, such
as infections, vascular diseases, tumor resections, and crush
or avulsion injuries. If a defect in the lower extremity cannot
be reconstructed with a skin graft, the choice of defect
reconstruction will favor local flaps and free tissue trans-
fers.1–5 In appropriate cases, skin graft and local flaps can be
well tolerated by both patients and surgeons. However, lower
limb defects need to be reconstructed using free flaps, and
suitable vessels need to be present in the same extremity. In
some cases, it is not possible to locate suitable vessels,
particularly in cases of trauma such as crush or avulsion
injuries.6 Dissection toward the proximal site of the damaged

vessels may require finding a suitable zone for microvascular
anastomosis. However, a vein graft or a long flap vascular
pedicle may be required in such cases.

Vein grafts also pose some distinctive problems, such as
limited application and the risk of thrombosis and col-
lapse.7–10 Long vascular pedicled free flaps are also generally
inadequate. The cross-bridge method, described by Taylor et
al in 1979, prevents recipient vessels problems. That was the
first report to demonstrate that the vascular pedicle of the
free flap can be anastomosed to the recipient vessels in the
contralateral leg and then divided after adequate neovascu-
larization of theflap.11 Subsequent researchers have reported
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Abstract Background The absence of suitable adjacent recipient vessels for microvascular
anastomosis due to trauma poses a major challenge to the reconstructive surgeon. The
anterior and posterior tibial vessels of the contralateral leg are the two other alternatives
for use as recipient vessels for microvascular anastomosis. This method is known as the
cross-leg free flap.
Methods Twenty-seven patients (20 males, 7 females) underwent cross-leg free flap
operations due to absence of a suitable adjacent recipient vessel between 2007 and
2015. The mean soft tissue defect dimension was 12 � 11 cm (smallest: 6 � 7 cm;
largest: 20 �14 cm). Gustilo type 3B tibia fractures were present in 19 patients, but no
fractures were present in the other 8. Six different flaps were used: 14 anterolateral
thigh flaps, 6 latissimus dorsi flaps, 3 gracilis muscle flaps, 2 vastus lateralis muscu-
locutaneous flaps, 1 tensor fascia latae flap, and 1 deep inferior epigastric perforator
flap.
Results Two anterolateral thigh flaps failed, while the rest of the flaps survived
completely. There were no donor-site complications.
Conclusion We think that the cross-leg free flapmethod can be safely and successfully
used with all flap types in complex lower extremity injuries in which the adjacent
recipient vessel option is unavailable.
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various successful cross-leg freeflaps, including deep circum-
flex iliac artery flaps, latissimus dorsi (LD) muscle flaps, and
rectus abdominis muscle flaps.12–15

The purpose of this study is to describe our experience with
the cross-leg free flap in 27 patients for the reconstruction of
severely damaged lower extremities with no suitable adjacent
recipient vessels available for microvascular anastomosis.

Materials and Methods

The study data were collected between 2007 and 2015, from
cases involving the use of cross-leg free flaps to reconstruct
soft tissue defects of the lower extremities in 27 patients
(20 male and 7 female) with a mean age of 37.4 years (range,
7–54) at the Department of Plastic and Reconstructive Sur-
gery at the Akdeniz University, Faculty of Medicine, Turkey.
The etiology of the injuries consisted of traffic accidents in
22 patients, fire gun injuries in 2, electrical burns in 2, and
Marjolin ulcer in 1. Mean defect dimensionwas 11.5 � 12 cm

(smallest: 6 � 7 cm; largest: 20 � 14 cm). Gustilo type 3B
tibia fracture was present in 19 patients, but no fractures
were present in the other 8. Seventeen patients had a history
of smoking. No patients had any significant comorbidity, such
as peripheral artery disease or diabetes, in their medical
histories. Preoperatively, arterial angiographywas performed
on all patients. Cases in which no sufficient recipient vessels
existed in the regions surrounding the defect were identified.
Twenty-seven cross-leg free flap transfers were performed.
The details of each case are summarized in ►Table 1.

Surgical Technique
The posterior tibial vessels of the contralateral leg were
prepared as recipient vessels for all patients. Following
debridement, the flap was harvested and sutured with the
soft tissue of the recipient site. End-to-end anastomoses of
the vessels were performed. Both lower extremities were
fixed using external fixators in 24 patients, while plasters
were used in 3 patients. Donor sites of 10 anterolateral thigh

Table 1 Patient Summary

Patient Etiology Defect localization Defect size Flap choice

1 Traffic accident Left tibia anterior 10 � 6 cm ALT

2 Traffic accident Right tibia anterior 10 � 12 cm ALT

3 Traffic accident Right lateral malleolus 10 � 13 cm VL MF

4 Traffic accident Left tibia anterior 10 � 15 cm VL MCF

5 Traffic accident Left heel 8 � 9 cm Gracilis MF

6 Traffic accident Bilateral femur 15 � 17 cm LAT MCF

7 Fire gun injury Left tibia anterior 20 �14 cm LAT MCF

8 Marjolin ulcer Left tibia anterior 10 � 8 cm ALT

9 Traffic accident Right tibia anterior 15 � 16 cm ALT

10 Traffic accident Right heel 6 � 7 cm Gracilis MF

11 Traffic accident Left tibia anterior 8 � 9 cm ALT

12 Traffic accident Right tibia anterior 18 � 16 cm LAT MCF

13 Traffic accident Left tibia anterior 10 � 9 cm DIEP

14 Traffic accident Right tibia anterior 22 � 10 cm TFL

15 Traffic accident Right tibia anterior 17 � 19 cm LAT MCF

16 Traffic accident Right tibia posterior 11 � 12 cm ALT

17 Traffic accident Left tibia medial 8 � 7 cm ALT

18 Traffic accident Left tibia anterior 10 � 12 cm LAT MCF

19 Electrical burn Right foot dorsum 8 � 10 cm ALT

20 Electrical burn Left foot dorsum 10 � 9 cm Gracilis MF

21 Traffic accident Right tibia medial 10 � 15 cm ALT

22 Fire gun injury Right tibia anterior 10 � 9 cm ALT

23 Traffic accident Left tibia anterior 10 � 15 cm ALT

24 Traffic accident Right tibia anterior 18 � 10 cm ALT

25 Traffic accident Left tibia anterior 25 � 12 cm ALT

26 Traffic accident Right heel 8 � 5 cm LAT MCF

27 Traffic accident Left tibia anterior 8 � 8 cm ALT

Abbreviations: ALT, anterolateral thigh; DIEP, deep inferior epigastric perforator; LAT, latissimus dorsi; MCF, musculocutaneous flap; MF, muscle flap;
TFL, tensor fascia lata; VL, vastus lateralis.
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(ALT) flaps were covered by skin grafts, while the remaining
donor sites were closed primarily. All patients were
hospitalized during this period and received acetylsalicylic
acid 100 mg/day. After 1 week, in-bed mobilization of the
extremitieswas permitted. After 21 days, the vascular pedicle
was divided. Physiotherapy was started on the second day
postoperatively to prevent joint stiffness.

Results

Twenty-seven cross-leg free flap transfers were performed.
The most frequently performed flap was the ALT flap, used in
14 cases. Six LD flaps, three gracilis muscle flaps, two vastus
lateralis (VL) musculocutaneous flaps, one tensor fascia lata
(TFL) flap, and one deep inferior epigastric perforator (DIEP)
flapwere also used. TwoALTflapswere lost due to thrombosis
of the arterial pedicle 5 days after surgery. We changed the
failed ALT flaps to LD flaps, and no further complications
developed. Venous congestion occurred on the second post-
operative day in one patient undergoing reconstruction with
a free cross-leg VL musculocutaneous flap. Necrosis of the
distal part of the flap developed andwas subsequently healed
by secondary intention. No local infection, hematoma, or
seroma was observed in the recipient site. No complications
occurred in the donor area, and no pathology associated with
bone unionwas observed in the patients with bone fractures.
Cosmetically satisfactory results with reconstructed areas
and equal limb lengths were achieved in all patients.

Case Reports

Case 1
A 19-year-old patient was admitted for surgery by the
orthopedics department for left lower limb fractures result-
ing from amotorcycle accident. The fracture in the left medial
malleolus was repaired with K-wire, an internal fixator was
applied to the left tibia fracture, and a semicircular laceration
between the two malleoli was sutured. A necrotic area 8
cm � 9 cm in size developed postoperatively. Angiography
was performed, but no appropriate recipient vessel was
identified, and a cross-leg free flap was planned. The tibialis
posterior artery and vein in the contralateral leg were pre-
pared as recipient vessels. Anastomosis was performed after
placing the gracilisflap on the defect site. Themuscleflapwas
covered superiorly with a partial-thickness skin graft. Both
lower extremities were fixated with plaster splints. The flap

was divided in the third postoperative week. Physiotherapy
was initiated 3 months later, and the patient experienced no
problems with walking after 6 months (►Figs. 1A–C).

Case 2
A 28-year-old male patient was successfully operated by the
orthopedic team for Gustilo type 3B right tibia fracture
following a traffic accident. At presentation, soon after the
injury, a 10 cm � 6 cm open soft tissue defect was observed
on the anterior aspect of the tibia (►Fig. 2A). The tibialis
posterior artery was uninjured, and pulsation was present in
the right leg. However, pulsation in the peroneal and tibialis
anterior arteries was detected using angiography. There were
no problems with circulation in the foot, such as pallor or
coldness. The wound was debrided three times. The defect
was reconstructed with an ALT cross-leg free flap 32 days
after the initial injury. The tibialis anterior artery was dis-
sected to the proximal, but no competent vessels were
identified for anastomosis. The distal part of the contralateral
tibialis posterior artery was therefore prepared for anasto-
mosis with the vascular pedicle of the free flap. Simulta-
neously, another team harvested the ALT flap. The ALT pedicle
was subsequently anastomosed with the contralateral tibial
posterior artery (TPA). Both legs were fixed with an external
fixator, Schanz screws were used for immobilization, and the
flap was placed on the defect (►Fig. 2B). No complications
were encountered postoperatively, such as anastomosis prob-
lems, partial necrosis, tension on the pedicle, or osteomyelitis
of the noninjured leg due to the tibial Schanz screw. The
vascular pedicle was divided, and the Schanz screws were
removed from the left tibia under sedation at the end of the
third week of reconstruction. Surgery time was 20 minutes
(►Fig. 2C). The patient was ambulant on the same day, and no
problems were encountered with the flap circulation. The
patient was discharged 2 days later (►Fig. 2D).

Case 3
A 7-year-old boy was referred to the emergency department
following a traffic accident. The bilateral legs were amputated
from the distal part of the femur, and the proximal part of the
right femur was broken. The right femur was fixed with
plates, and avulsed skin parts were excised due to insufficient
skin circulation. Wound care was performed for 10 days. At
the end of 10 days, the bilateral distal parts of the femur and
plates were exposed (►Fig. 3A). The distal part of the left
femoral vessels was prepared for anastomosis with the

Fig. 1 (A) Preoperative appearance of a necrotic region in the left heel. (B) Early postoperative appearance of the gracilis muscle cross-leg free
flap. (C) Postoperative sixth month appearance.
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pedicle of the free flap. Simultaneously, another team
harvested the free LD flap (►Fig. 3B). The pedicle of the
flap was subsequently anastomosed with the left femoral
vessels (►Fig. 3C), and the two amputation stumpswerefixed
with K-wires for immobilization. The flap was placed on the
bilateral soft tissue defect (►Fig. 3D). The remaining thigh
defects were covered with a split-thickness skin graft. Both
the flap and skin graft survived completely.

Threeweeks later, the pediclewas divided, and the K-wires
were removed. The patient, who was in Turkey as a tourist,
subsequently returned to his home country following com-
pletion of acute treatment.

Discussion

Thewidespread use of freeflaps hasmade it possible to repair
complex soft tissue defects of the lower limb. A successful
repair is achieved not only by appropriate convenient flap
planning and with an experienced microsurgery team, but
also by identifying a suitable donor vessel. Suitable donor
vessels frequently cannot be found for soft tissue defects of
the lower extremity where joints, tendons, nerves, or vessels
are open or where fracture lines and bone defects accompany
periosteal bone structures. The pedicled cross-leg fasciocuta-
neous flap, long vein graft assistance in addition to recipient
vessel elongation, and cross-leg freeflaps represent the repair
options in these difficult defects.16 Pedicled cross-leg flaps
are usually insufficient in closing large defects.6 Vein grafts
are currently most commonly used to obtain healthy recipi-
ent vessels in the reconstruction of extremities. The most

frequently encountered problem in the use of long vein grafts
is the creation of a kink and a high risk of thrombosis.7–10,17

Lin et al reported a case series of 65 traumatic limb injuries
reconstructed with free tissue transfers using vein grafts of
significant length (>20 cm for the arterial gap). They used
vein grafts for arterial defects, and a temporary arteriovenous
loop in the case of both artery and vein defect. They observed
a higher re-exploration rate associated with greater graft
length, although this did not achieve statistical significance.18

The vascular pedicle of the free flap can be temporarily
anastomosed to the recipient vessels in the contralateral
healthy leg and then divided after adequate neovasculariza-
tion of the flap that constitutes the wound bed. In this way, it
has been possible to use the “cross-leg free flap,” first
described by Taylor et al in 1979, to repair skin and bone
defects in the lower leg with a free osteocutaneous flap.11

Various successful results have been published using the
cross-leg method.19–30 Yu et al published an 85-case series
using the cross-bridge method and reported a success rate of
95.29%.20 The advantages of reconstruction with cross-leg
free flaps include the possibility of preparation with the
required tissue components such as bone and muscle of the
requisite sizes and allowing the anastomosis line to be
completely outside the trauma zone.

The most important advantage of the cross-leg free flap is
the possibility of saving the limb by transferring well-vascu-
larized tissue to the leg in injuries with serious defects, even
when amputation is considered. This method is especially
suitable for patients with sensation in the soles of the feet and
with a stable bone skeleton. Additionally, proximal and distal

Fig. 2 (A) Preoperative appearance of the tibial bone and soft tissue defects. (B) Postoperative appearance of the ALT cross-leg free flap
(10th day). (C) Appearance of the ALT flap and TPA anastomosis site on the second day after pedicle cutting. (D) Postoperative sixth month
appearance.
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neovascularization develops from these flaps in the long
term, even if the dominant artery of the limb is not present.27

As the cross-leg free flap is regarded as one of the last
reconstruction options, everything possible for successful
anastomosis should be performed in a seriously injured leg.
However, end-to-side anastomosis may harm the vasculari-
zation of the damaged leg, and the posterior tibial vessels of
the contralateral leg were prepared as recipient vessels for all
our patients. We elected to use posterior tibial end-to-end
anastomosis in our cases due to ease of positioning and
anastomosis safety. Although using vessels from the healthy
leg might be perceived as a disadvantage in the first stage,
saving a lower extremity that could not be repaired by any
other method of reconstruction represents the major advan-
tage of the technique. Two pairs of major arteries and veins
provide circulation in the leg, and when one of these is used,
the othermajor artery and collaterals provide sufficient blood
circulation to that limb.20 The cross-leg free flap is therefore a
safe option for both transported free tissue and the donor leg.

Separation time of the cross-leg free flap pedicle depends
on the tissue included in theflap (muscle or fasciocutaneous),
the size, and recipient bed vascularization.14 One experimen-
tal study with 25 dogs demonstrated that approximately a
period of 3weeks is sufficient to establish revascularization of

a random pedicled flap.19 We separated the flap pedicle
3 weeks after the first operation in all cases. During the
operation, clamps were placed on the pedicles to confirm
flap circulation. No problem in flap circulation after clamp
application was observed in any of the cases. Some authors
advise a delay before flap separation; however, superficial
necrotic areas have been reported in flaps subjected to
delay.31 It should also not be forgotten that the muscle flap
and fasciocutaneous flap have different circulation pat-
terns.17 As skin flaps demonstrate better neovascularization
due to the presence of the subdermal plexus, neovasculariza-
tion is a gradual process in muscle flaps, for which reason
preoperative clamping has an important role to play. Ischemic
preconditioning is defined as a brief period of ischemia
followed by tissue reperfusion, thereby increasing ischemic
tolerance for a longer ischemic period. Some studies have
reported that the ischemic preconditioning for the early
division of a flap’s vascular pedicle can be applied extensively
with minimal discomfort.26,32 This is also an option for
surgeons to consider. In theory, all types of free flaps can
be applied in cross-leg free flaps. A suitable flap should
therefore be selected for reconstruction based on the patient’s
condition.12 We applied various different types of free flaps
for reconstruction, such as the LD myocutaneous flap, ALT

Fig. 3 (A) Preoperative appearance of the bilateral amputation stump. (B) Latissimus dorsi flap, intraoperative appearance. (C) Appearance of the
latissimus dorsi flap after vascular anastomosis. (D) Immediate postoperative appearance.
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flap, TFL flap, gracilis flap, DIEP flap and, VL myocutaneous
flap as examples of cross-leg free flaps. Our series therefore
supports this theory.

We generally prefer external fixators for leg stabilization.
Placing a shunt through the healthy tibia and potential
subsequent development of osteomyelitis might be consid-
ered a disadvantage of external fixators. However, osteomye-
litis rarely develops, even in fractures stabilized by external
fixators, if the surgical technique is performed correctly.
Additionally, information about the process was provided
and patient education was given at preoperative meetings
with families. Patients were informed about not only possible
postoperative pressure ulcer formation, but also how to
perform regular daily nursing tasks. Another potential disad-
vantage was contracture in the healthy extremity due to
immobilization. This was resolved by effective application
of physiotherapy following flap separation. Although the
cross-leg free flap is a well-known technique, it is usually
not widely used in clinical practice. Our case series includes
various types of flaps, such as fasciocutaneous flaps, muscle
flaps, and perforator flaps. This report shows that cross-leg
free flap method can be used safely when there are no
suitable vessels for anastomosis in the same leg. It also shows
that different kinds of flap can be employed in the cross-leg
free technique.

Conclusion

Weconclude that “the cross-leg freeflapmethod” is a difficult
but not unsafe technique for patient and surgeons. This report
may encourage reconstructive surgeons to use the cross-leg
free flap method when recipient vessel problems arise.
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