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Case Report

Massive bone defect in open leg fracture: A case report
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1Department of Orthopedics and Traumatology, Vita-Salute San Raffaele University - San Raffaele Hospital, 2Department of Orthopedics and Traumatology, 
San Raffaele Hospital, Milan, Italy.

INTRODUCTION

Open fractures are among the most challenging conditions to manage in traumatology, especially 
when correlated with large bone defects. Although uncommon, studies report a variable 
frequency, from 2.6% to 23.5%.[1,2] Nevertheless, open fractures present significant sequelae for 
the patients and their quality of life.

Larger wounds are less common and have been reported by Mwafulirwa et al. around 21.7% of all 
open fractures.[3] In this report, we present a rare case handled in an emergency setting in which a 
massive bone defect was encountered and initially treated with a limb salvage strategy to preserve 
the patient’s quality of life. However, this attempt fails, and amputation becomes mandatory.

CASE REPORT

An otherwise healthy 57-year-old male, victim of a motorcycle accident (178  cm, 74  kg, 
body mass index 23.36  kg/m2), was rushed into our emergency department. An initial 
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evaluation revealed an open left leg fracture and no further 
comorbidities [Figure  1]. The patient presented with a 
35-cm-long laceration over the left anteromedial leg and 
several abrasions over the left knee, right distal leg, and upper 
right thigh. No pre-existent pathological bone condition was 
known in this patient.

A computed tomography scan with three-dimensional 
reconstruction showed a 42C comminuted tibial shaft 
fracture (AO classification)[4] with D3C massive bone defect 
and a fibular 4F2B midshaft fracture based on Tetsworth 
classification of bone defects.[5] The vascular surgeon performed 
an emergency lower-limb Doppler ultrasound, and no vascular 
damage was encountered. Following the initial assessment, the 
fracture was classified as Gustilo-Andersen IIIA[6] and scored 7 
on the Mangled Extremity Severity Score (MESS). However, the 
surgeons attempted limb salvage surgery due to the relatively 
preserved soft tissue and young age.

The patient was led to the operation theater, and the surgeons 
prepped the operative field for damage control surgery 
following intravenous Cefazolin administration. After a 
thorough inspection, the bone defect was confirmed. The 
two proximal anterior bone fragments were still attached to 
the remnant origin of the tibialis anterior muscle [Figure 2]. 
There was massive bone loss of the tibial diaphysis and distal 
metaphysis that included the whole distal articular surface. 

Remnants of the deltoid ligament were identified, and the 
great saphenous vein was spared. Besides partial tibialis 
anterior muscle origin (with its bony component) and a small 
part of the medial gastrocnemius belly, all other muscles and 
tendons were intact [Figure 3].

Surgeons performed abundant lavage, disinfection, and 
antibiotic-loaded cemented spacer (ALBC) assemblage in 
preparation for definitive surgery, in accordance with the 
Masquelet technique.[7,8] Following tissue debridement, an 
external fixator was assembled. We inserted two pins at the 
proximal end of the tibia and one trans-calcaneus threaded 
pin. The pins were connected with translucent carbon bars. 
We chose external fixation to maintain the lower limb length 
and alignment; the fibula served as a reference [Figure 4]. To 
prevent tissue shrinkage and possible infection, a 24.5-cm-
shaped ALBC was inserted. The loaded antibiotics consisted 
of vancomycin, gentamicin, and clindamycin [Figure  5]. 
The proximal end of the tibialis anterior muscle was sutured 
to the gastrocnemius in coverage of the ALBC, creating a 
favorable biological environment for future reconstructions. 
The wound was surgically closed [Figure 5], and post-
operative radiographs of the ALBC spacer position and limb 
alignment were obtained [Figure 6].

Post-operative Doppler-ultrasound documented appropriate 
patent femoral, popliteal, tibial, peroneal, and dorsalis 

Figure 1: Left anteromedial distal leg exposition estimated 
around 35 cm.

Figure 2: A three-dimensional reconstruction 
of left lower limb – Computerized tomography.
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pedis arteries, and antibiotic prophylaxis was given with 
amoxicillin and clavulanic acid. The surgeons kept the patient 
non-weight-bearing following surgery. Wound dressings, 
clinical evaluations, and radiographs assessing construct 
stability were performed regularly.

Tibiotalar arthrodesis using a custom-made nail was 
performed 22  weeks following the incident [Figure  7]. The 
custom-made device dictated this timeframe as it required 
modification and remanufacturing. Even though gait was 
possible, the Short-Form Health Survey 36 assessed the 
quality of life at four and eight months following definitive 
treatment. He scored 45 and 50.8, respectively, indicating a 
significantly impaired quality of life.[9] The radiographic and 
clinical patient outcomes at eight months of follow-up after 
definitive surgery are shown in Figure 8 and Video 1.

Despite the low chances[10] of limb salvage on MESS 
assessment, the patient desired to preserve his leg and ride 
his motorcycle again, which required an individualized 
approach. A  custom-made nail arthrodesis of the tibiotalar 
joint was designed for the patient. This treatment was 
esthetically appealing while permitting basic daily activities.

Following surgery, the patient presented with a series of 
recurrent high-fever episodes with swelling and pain. These 
episodes were sometimes associated with a turbid secretion 
from the plantar foot. Samples for Gram stain, culture for 
typical and atypical germs, and fungal species were analyzed 
in four different episodes, and all results were negative. 
Despite the patient’s inability to walk before this treatment, 
he repeatedly refused amputation even though unable to 
return to work, and his normal daily activities were severely 
compromised. After multiple consultations, the patient got 
convinced and consequently received amputation at a 74-
week distance from the nailing procedure.

DISCUSSION

This patient’s unique distal tibia bone loss and disruption of 
the ankle mortise presented in the absence of neurovascular 
injury and relative preservation of the surrounding soft tissue. 

Although the literature’s recurrent attempts to find new 
preservation methods in critical cases were unsuccessful,[10] the 
patient insisted on limb preservation by any means necessary.

Thus, our treatment options besides amputation were the 
following: External fixation followed by tibia allograft 
transplantation. According to Baseri et al., this presents 
a high risk of infection (19.9%),[11] and if not controlled, it 
might lead to amputation.[12] Another option was to perform 
nailing following cadaveric transplantation. This presents the 
same risks as the procedure mentioned before and may not 
be feasible in the case of articular involvement. Even though 
this treatment offers relative stability, it is not absolute and 

Figure  5: Final post-operative result illustrating wound 
closure and external fixator.

Figure  3: (a) Pictures exhibiting the open injury site and (b) the 
right great saphenous vein is indicated and intact.

a b

Figure  4: (a) External fixator assembly and (b) intraoperative 
imaging.
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requires graft integration, which would have slowed down 
the patient’s rehabilitation and weight-bearing.[13]

A study by Haines et al. defined the lower limits of critical 
bone defect; in their paper, the authors concluded that a 
defect larger than 25  mm has a higher probability of non-
union even when nailing is performed.[14] Moreover, potential 
ankle instability in our patient was highly probable without 
possible ligamentous structure reconstruction surrounding 
an eventual distal tibia graft.

A third option is distraction osteogenesis by performing 
a metaphyseal osteotomy. The patient would require an 

Ilizarov-type ring fixator for an extended period.[15] 
Considering the massive bone defect in question, it limits 
his functional capacity for a protracted period. In addition, 
this will not solve the distal joint disorder unless 
ankle fusion or arthroplasty is performed. A  study by 
Adamczyk et al. suggested that bone regeneration time is 
reduced when both ends of a bone are diseased.[16] This 
method might be considered if the distal tibia was intact. 
However, if grafting was performed, we believe prolonged 
rehabilitation times combined with a relatively low success 
rate of ankle arthroplasty would have created more 
problems.[17]

Ilizarov method and the Masquelet technique were 
determined to be comparable in femoral bone defects. 
However, the Masquelet technique seems to be preferred for 
periarticular defects.[18]

Tibiotalar arthrodesis using a custom-made nail was 
performed 22  weeks following the incident, which was 
followed by a series of recurrent high-fever episodes with 
swelling and pain on the plantar foot. Samples for gram stain, 
culture for typical and atypical germs, and fungal species 
were all negative. After multiple consultations, the patient 
received amputation 24 months after the initial presentation 
(approximately 1½ years after nail insertion).

CONCLUSION

The bone is hardly substitutable despite surrounding tissue 
preservation, particularly in massive or articular bone 
defects. Nevertheless, treatments must be driven by each case 
evaluation, as every patient is different. Even though a case 
of large bone defect rarely presents in a relatively conserved Figure 6: Anteroposterior and lateral post-operative radiographs.

Figure  7: Radiographs illustrating post-operative results following custom-made nail implant for 
arthrodesis of the tibiotalar joint. Anteroposterior and lateral radiographs of the proximal and distal 
leg are illustrated.
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Figure 8: Post-operative weight-bearing 
scanogram of the lower limbs.

biological context, its treatment remains challenging. Although 
individualized care provides patients with time and hope, it 
might still fail to guarantee a decent quality of life and risks 
being a temporary solution before recurring to amputation.
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