
In cases that are determined to be amenable to limb salvage for a mangled foot, if the patient wanted it, limb salvage should be the first-line 
treatment. It is essential to cooperate with experienced plastic surgeons from an early phase to achieve limb salvage.
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Limb Salvage for a Mangled Foot: A Case Report
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Case Report: The patient was a 30-year-old man who sustained a crush injury to his left foot and ankle and lower legs in a car crash; he had severe 
open left foot and ankle fracture and bilateral open tibial shaft fractures. Blood flow was maintained by the posterior tibial artery, and the tibial 
nerve was intact. We stabilized the ankle using Kirschner wires on the day of injury. Plastic surgeons were consulted for early soft tissue coverage. 
Final fixation was performed 12 weeks after flap grafting; we grafted an autologous bone on the defect, according to the Masquelet technique. 
Four months after the final surgery, fullweightbearing gait was initiated. The patient is now capable of walking independently, with no pain, and is 
highly satisfied.

Introduction: It remains controversial whether amputation or limb salvage is the best approach for mangled foot cases because there are no clear 
criteria for treatment. We report a case of successful limb salvage for a mangled foot, with good outcomes.

Conclusions: Limb salvage can be successfully performed even in a patient with a severely mangled foot. For successful salvage surgery with 
good outcomes, such patients should be managed by a team of experienced orthopedic and plastic surgeons from an early stage to achieve 
appropriate bone alignment and soft tissue coverage.
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Abstract

Case Report

A 30-year-old man with no underlying disease sustained a crush 
injury to his foot and ankle and lower legs in a car crash. He was 
brought to our hospital in an ambulance. He sustained open 
fractures to the left foot and ankle (Gustilo Anderson 
classification Type IIIB) and bilateral open tibial shaft 

We informed the patient that data from his case would be 
submitted for publication, and he provided consent.

Introduction

Case Report

A mangled foot is characterized by injury to multiple organ 
systems, such as the bone, muscle, vascular system, nerves, and 
soft tissue, around the foot. It often occurs in severe traffic 
crashes,and the patients commonly experience compound 
fractures with significant soft tissue loss. Therefore, surgeons 
often have to make the difficult choice between amputating and 
salvaging the limb [1,2]. In addition, limb salvage does not 
necessarily lead to good results [3,4]. No scoring system has 
been established regarding the methods of treating a mangled 
foot. In addition, it remains controversial whether amputation 
or limb salvage is the bestapproach because there are no clear 
criteria for treatment. If limb salvage is selected, the goal is to 
reconstruct the foot to enable the patient to walk without pain 
and to wear shoes. To achieve this, the surgical team must 

include experienced orthopedic and plastic surgeons. Selecting 
the appropriate reconstruction method and timing are also 
important. We describe the case of a patient with a mangled foot 
who was successfully treated with limb salvage, with good 
outcomes.
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The final surgery was performed 12 weeks after the second flap 
was graf ted.  We grafted an autologous bone block 
(corticocancellous bone, 1 cm × 1 cm × 1.5 cm) from the iliac 
crest on the bone defect, according to the Masquelet technique, 
and inserted a cannulated cancellous screw (CCS) from the fifth 
metatarsal bone to the talus, which passed through the 
autologous bone. We also grafted cancellous bone chips around 
the other bone defect (Fig. 5a-c).

Open reduction and internal fixation (ORIF) for both tibial 
shaft fractures was performed with intramedullary nails on the 
6thday after the trauma. Two days postoperatively, we 
performed ORIF for the left foot and ankle fracture.

fractures(the right was aTypeI and the other was a TypeII). The 
tarsal bones were crushed, and a part of the bone protruded 
from the wound (Fig. 1). There was no damage to important 
internal organs, such as the brain or heart, and his physical status 
was stable. The radiograph and computed tomography scan 
showed dislocation of the ankle joint; severe foot and ankle 
instability were seen (Fig. 2a and b). The mangled extremity 
severity score (MESS) was six and the limb salvage index (LSI) 
was five on arrival. Amputation is recommended when the 
MESS is ≥7 and LSI is ≥6 [5,6]. We opted to perform limb 
salvage, because the blood flow was maintained by the posterior 
tibial artery and the sensory nerve in the foot sole was intact. 
Table 1 summarizes the lesion characteristics.

We corrected the alignment of the hallux and fixed it with a 
titanium plate. We also fixed the lateral arch with some K-wires 

(Fig. 4a). Simultaneously, plastic surgeons performed soft 
tissue coverage with a latissimus dorsi flap (Fig. 4b). 
Thoracodorsal blood vessels were anastomosed to the posterior 
tibial artery and vein. However, the flap necrosed quickly. 
Therefore, a second grafting was performed using an 
anterolateral thigh (ALT) flap on the 21st day from injury. 
Perforating branches of the descending lateral femoral 
circumflex artery were connected to the anterior tibial artery 
and vein. To reduce the risk of infection, we removed the plate. 
We also removed necrotic navicular bone and stabilized the foot 
with K-wires. Then, we placed cement blocks into the bone 
defect.

The ankle and foot were stabilized using Kirschner wires (K-
wire) on the day of injury. We maximally removed the necrotic 
tissue and bone. We also provided temporary fixation for both 
open tibial shaft fractures with external fixators and covered the 
soft tissue defect with artificial dermis. On the next day, we 
performed second-look surgery and started negative pressure 
wound therapy(NPW T). After several debridement 
procedures, a wide bone defect had developed in the midfoot 
(Fig. 3a and b).
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Figure 1: A photograph of the injured foot. The tarsal bones are 
crushed, and a part of the bone is protruding from the wound.

Figure 2: Radiogram (a) and computed tomography image (b) of 
the patient’s foot on arrival to our hospital. Both images show 
dislocation of the ankle joint and crushing of the tarsal bones.

Figure 3: Radiogram of the foot after debridement (a). The 
ankle and foot are stabilized with Kirschner wires. Computed 
tomography image (b) showing a wide defect in the midfoot 
(the whitened area indicates the area of the bone defect).

Figure 4: Intraoperative findings. Reproduction of the alignment of the hallux and fixation with 
a titanium plate (a). Kirschner wires are used to maintain the lateral arch of the foot. 
Reconstruction of soft tissue is performed with a latissimus dorsi flap (b).

Figure 5: Grafted skin flap without infection at 12 weeks after the second flap is grafted (a) 
radiogram of the foot after final fixation: Anteroposterior view (b) and lateral view ©.

Figure 6: Clinical findings at 7 months postoperatively. (a) No callosities are seen in either 
sole.(b) The patient can walk independently without pain.



Previously, Godina suggested that the optimal timing of free-
flap transfer is the first 72 h after injury, reporting that the flap 
failure rate was significantly lower than that with reconstruction 
at later stages [7]. However, performing free-flap transfer within 
72 h is often impossible because of the patient’s condition or the 
hospital’s situation. A recent study reported that NPWT 
reduces the complication rates of infection or osteomyelitis in 
open fractures in patients with delayed soft tissue coverage [8]. 
Steiert et al. reported that in the patients in whom soft tissue 
reconstruction was performed more than 72 h after the trauma, 
using NPWT before soft tissue coverage yielded similar results 
to those of immediate reconstruction [9]. The timing and 
method of soft tissue coverage are also very important. 
Therefore, it is essential to cooperate with experienced plastic 
surgeons from the early phase [10].
The latissimus dorsi muscle and ALT flap are considered graft 
sources for reconstruction. In our case, the latissimus dorsi flap 
was used first, and the ALT flap was then used since the former 
necrosed. The choice of flap also depends on the case; however, 
use of the ALT flap is generally a good technique for covering 
the foot, as it allows for thin, pliable coverage, enabling easy 
wear of shoes.
During the reconstruction of the bones of the foot, we were 
careful to maintain not only the fundamental longitudinal arch 
but also the lateral arch to achieve an anatomical position as 
close to normal as possible. Several studies have reported that 
the induced membrane technique (Masquelet technique) is an 
effective treatment for post-traumatic bone defects [11,12]. 
The Masquelet technique is adapted to patients with large 
diaphyseal defects undergoing bone reconstruction. It is 
performed in two stages. The first stage is the insertion of a 
cement spacer into the bone defect to induce a membrane. The 
second stage is the reconstruction of the defect autologous 
cancellous bone. The membrane prevents the resorption of the 
graft and favors its vascularity and corticalization [13]. In this 
case, there were large bone defects in the midfoot. We grafted a 
corticocancellous autologous bone from the iliac crest into the 
induced membrane; this is called the modified Masquelet 
technique[14]. Then, we fixed it using a CCS that passed 
through the fifth metatarsal, autologous bone, and talus for 
reconstruction. Moreover, we grafted cancellous bone chips 
around the other bone defect. Consequently, we achieved 
fixation of the forefoot and hind foot. After fixation, we fixed the 
ankle in a neutral position with a plaster cast for 8 weeks and 
allowed walking with partial weight-bearing after removing the 
cast. Full weight bearing gait was initiated 4 months after the 
final surgery. The rocker bottom shoe improves functional 
mobility and energy expenditure in post-stroke hemiplegic 

Ellington et al. reported no significant differences between the 
amputation group and the salvage group in terms of pain, 

walking speed, and return-to-
work rate at 2 years, despite a 
longer time to full weight-
bearing in the salvage group [3]. 
Shawen et al. reported that 75% 
of patients with failed limb 
salvage would have selected 
p r i m a r y  a m p u t a t i o n  i n 
retrospect [4]. Limb salvage as 
the initial treatment should be 
s e l e c t e d  a f t e r  c a r e f u l 
consideration. Limb salvage is 
primarily aimed at enabling the 
patient to walk without pain 

and to wear shoes. Early reconstruction of the soft tissue and 
stabilization of the bones are necessary to achieve these goals.

Several scoring systems have been suggested for evaluating the 
severity of a mangled extremity, and some guidelines have been 
proposed[1,6].However, to the best of our knowledge, no 
scoring system has been established regarding methods of 
treatment of a mangled foot. Absolute indications for primary 
amputation of the mangled extremity are complete anatomical 
disruption of the posterior tibial nerve or crush injuries with a 
warm ischemia time longer than 6 h. These indications were not 
applicable to the current patient. We evaluated this case with the 
MESS[2,5] and LSI. No scoring system recommended limb 
salvage. Due to the patient’s young age, we opted to perform 
limb salvage. In this case, the most important factors for 
successf ul  salvage were the t iming and method of 
reconstruction of soft tissues and bones.

Eight weeks after the final fixation, we allowed the patient to 
walk, with partial weight-bearing, while wearing a rocker 
bottom shoe. Fullweightbearing gait was initiated 4 months 
post-surger y.  Presently,  he can walk independently 
withoutpain, and there are no callosities in either sole (Fig. 6a 
and b). He was able to return to work 1 year after the injury and 2 
years after the final operation, all screws were removed. He 
reported a high level of satisfaction. Regarding his ankle range of 
motion, plantarflexion was 15°, dorsiflexion was 0°, and the 
lower extremity functional scale score was 51 points at the time 
of return to work. On the radiograph, the M1-M5 angle was 22°, 
and the calcaneal pitch angle was 0°.Three years after the final 
fixation, when we performed the final follow-up examination, 
the sole sense was maintained, ankle plantarflexion was 20°, and 
dorsiflexion was 0°. At the same time point, on the radiograph, 
bone fusion was complete and no notable complications were 
observed (Fig. 7).

Discussion
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Figure 7: Radiogram of the foot after screw 
removal at the time of the final follow-up: 
Anteroposterior view.
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patients[15]. It was very useful in this patient during walking 
with weight-bearing because it allowed him to exercise his foot 
and regulate his ankle, enabling smooth plantarflexion. The 
patient reported a high level of satisfaction, and he is currently 
healthy.

Conclusion
Limb salvage can be successfully performed even in a patient 
with a severely mangled foot. For successful salvage surgery 
with good outcomes, such patients should be managed by a 
team of experienced orthopedic and plastic surgeons from an 
early stage to achieve appropriate bone alignment and soft 

tissue coverage.
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Clinical Message

No scoring system has been established regarding the 
methods of treating a mangled foot. The MESS and LSI can be 
used as alternative scoring systems for determining the best 
course of treatment. In cases that are determined to be 
amenable to limb salvage, there are many disadvantages, such 
as high cost. However, if the patient is open to it, limb salvage 
should be the first-line treatment. If limb salvage is performed, 
it is essential to cooperate with experienced plastic surgeons 
from an early phase.
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