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Abstract
Background. Management of open proximal metaphyseal fractures poses a significant challenge and is fraught with 
complications. These injuries are severe, often accompanied by extensive soft tissue and vascular damage, leading to high 
risks of infection and long-term disability.
Case presentation. A 72-year-old male was severely injured in a road traffic accident. Plain X-rays and CT angiogram 
identified a comminuted proximal tibial fracture with transection of the popliteal artery and vein. Initial emergency 
treatment included fasciotomies, external fixation, and vascular primary repair. On the 12th day of admission, the patient 
underwent open reduction and internal fixation (ORIF) with dual plate fixation using a two incision technique. A plastic 
surgeon performed skin grafting, harvested from the patient’s thigh, to allow closure of his fasciotomy wounds immediately 
following ORIF. Four weeks post-operatively, the patient developed a wound breakdown over the lateral fasciotomy site, 
exposing the metal plates with a small defect developing on the medial fasciotomy wound in tandem. The patient’s course 
was further complicated by persistent polymicrobial infections. Over 6 months of antibiotic regimes, operative intervention 
was ultimately required. All of the infected metal implants were removed, the non-union sites were aggressively debrided. 
The tibial canal was reamed to prepare for a tibial nailing. An antibiotic loaded bio-composite was then inserted through the 
non-union sites into the canal followed by an intramedullary nail. A blocking screw was used to address the procurvatum 
deformity in the sagittal plane. The patient currently shows signs of recovery, mobilizing over short distances, weight-
bearing with assistive aids and with healing wounds and early signs of callus formation on recent CT scans and plain 
X-rays. 
Conclusions. The management of complex tibial fractures with vascular involvement demands an aggressive 
multidisciplinary approach and continuous adaptability in treatment plans to address the evolving challenges of such 
severe injuries. This case exemplifies the utility of injectable antibiotic-loaded bio-composites in a limb-salvage setting 
and their ability to provide high doses of local antibiotics to an infection site which, in conjunction with appropriate 
stable fixation and systemic antibiotics, can aid in eradicating and treating fracture-related infections.
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Лечение инфицированного несросшегося оскольчатого перелома 
проксимального отдела большеберцовой кости методом 
интрамедуллярного остеосинтеза в сочетании  
с биокомпозитом, импрегнированным антибиотиком: 
клинический случай
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Реферат
Актуальность. Лечение открытых переломов проксимального метаэпифиза большеберцовой кости сопровожда-
ется сложностями и чревато осложнениями. Эти тяжелые травмы часто сочетаются с обширным повреждением  
мягких тканей и сосудов, что приводит к высокому риску инфекции и долгосрочной инвалидизации.
Описание клинического наблюдения. В результате дорожно-транспортного происшествия 72-летний мужчина 
получил тяжелые травмы. Обзорная рентгенограмма и КТ-ангиограмма выявили оскольчатый перелом прокси-
мального отдела большеберцовой кости с повреждением подколенной артерии и вены. Первичное неотложное 
лечение включало фасциотомию, внешнюю фиксацию и восстановление сосудов голени. На 12-й день госпита-
лизации пациенту были выполнены открытая репозиция и внутренняя фиксация (ORIF) перелома большебер-
цовой кости двумя пластинами. Для закрытия раны голени после фасциотомии была выполнена пересадка кожи 
с бедра. Через четыре недели после операции у пациента произошло расхождение краев ран голени над местом 
фасциотомий: по латеральной стороне — с обнажением металлической пластины; по медиальной стороне —  
с небольшим дефектом мягких тканей. Течение заболевания у пациента усугубилось персистирующей поли
микробной инфекцией. Неэффективность консервативного антибактериального лечения в течение более 6 мес.  
в конечном итоге привела к хирургическому вмешательству. Все инфицированные металлические имплантаты 
были удалены, несросшиеся участки костей были очищены. Костномозговой канал большеберцовой кости был 
рассверлен для установки интрамедуллярного стержня. Через участки костных дефектов в области несращения 
большеберцовой кости в канал был введен биокомпозит с антибиотиком, затем установлен интрамедуллярный 
стержень. Для устранения антекурвационной деформации большеберцовой кости был использован отклоняющий 
винт. В настоящее время у пациента наблюдаются признаки выздоровления, он может передвигаться на короткие 
расстояния, также у него наблюдается заживление ран и визуализируются ранние признаки образования мозоли 
на КТ-сканах и рентгенограммах. 
Заключение. Лечение сложных переломов большеберцовой кости с вовлечением сосудов требует агрессивного меж-
дисциплинарного подхода и постоянной адаптации планов лечения для решения меняющихся проблем при таких 
тяжелых травмах. Этот случай иллюстрирует полезность применения инъекционных биокомпозитов с антибио-
тиками при спасении конечности. Их способность обеспечивать высокие локальные дозы антибиотиков в месте  
инфекции в сочетании со стабильной фиксацией и системными антибиотиками помогает достичь успеха при лече-
нии инфекций, связанных с переломом.

Ключевые слова: оскольчатый перелом большеберцовой кости, инфекционные осложнения перелома, интра
медуллярный остеосинтез, импрегнированный антибиотиком биокомпозит.
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Introduction

Management of tibial fractures, particularly open 
proximal metaphyseal fractures pose a significant 
challenge and are fraught with complications [1, 2, 3].  
These injuries are severe, often accompanied by 
extensive soft tissue and vascular damage, leading 
to high risks of infection and long-term disability 
[4, 5, 6, 7, 8]. This report illustrates the critical need 
for immediate and effective management strategies 
and discusses the subsequent challenges of infection 
control and chronic wound management.

Case presentation

A 72-year-old male was severely injured in a road 
traffic accident, whereby his leg was trapped between 
a moving car and stationary vehicle. Plain X-rays and 
CT angiogram identified a comminuted proximal 
tibial fracture with transection of the popliteal 
artery and vein (Figure 1). He presented with severe 
hypotension, delayed capillary refill, and an absence 
of pedal pulses. Initial emergency treatment included 
fasciotomies, external fixation, and vascular primary 
repair conducted on the day of admission. Initially 

an external fixator was applied to give stability  
(Figure 2, 3). The patient was then turned prone and 
the popliteal artery was repaired primarily following 
a posterior approach. The patient’s post-operative 
period in the Intensive Care Unit (ICU) was complicated 
by an acute kidney injury due to rhabdomyolysis,  
his creatinine kinase at the time was 34.617 U/L 
(reference range 39-308). His rhabdomyolysis was 
managed by the ICU team with fluid resuscitation and 
diuretics, he did not require dialysis.

On the 12th day of admission the patient underwent 
open reduction and internal fixation (ORIF) with 
dual plate fixation using a two incision technique  
(Figure 4). After discussion at the multidisciplinary 
team meating, ORIF was favoured over external 
fixation as it was deemed that external fixation would 
not provide adequate ability to reduce the fracture 
fragments. In addition, the patient already had 
large fasciotomy wounds and so the advantage of a 
percutaneous frame had been lost. A plastic surgeon 
performed skin grafting, harvested from the patient’s 
thigh, to allow closure of his fasciotomy wounds 
immediately following ORIF.

Figure 3. Right lower limb post-fasciotomies  
and application of external fixator on the day of initial 
surgery

Figure 1. X-rays in the AP and lateral views of the right 
knee displaying proximal tibial fracture upon admission

Figure 2. Three-dimensional reconstruction of images 
from CT angiogram demonstrating interrupted flow  
of the right popliteal artery
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Four weeks post-operatively the patient 
developed a wound breakdown over the lateral 
fasciotomy site, exposing the metal plates with a 
small defect developing on the medial fasciotomy 
wound in tandem (Figure 5). Due to the reliance on 
the plate fixation to stabilise the fracture and protect 
the vascular anastomosis, a decision was made to 
leave the plates in situ but aggressive debridement 
and washout was performed as has been described in 
existing literature in an attempt to salvage the leg  
[9, 10, 11]. As a result, the wound was managed 
initially with VAC Veraflo therapy.

Diagnostic assessments throughout the treatment 
were guided by imaging studies and microbial 
cultures, which were essential for monitoring the 
progression and effectiveness of the treatment 
interventions. The patient’s course was further 
complicated by persistent infections with various 

organisms cultured from deep tissue sites, including 
Enterococcus Faecalis, Staphylococcus Haemolyticus 
and Candida Parapsilosis. In light of the severity 
of his injuries, poor soft tissue coverage and 
polymicrobial infection of metal work, amputation 
was considered by a number of orthopedic surgeons, 
vascular surgeons and infectious disease colleagues. 
A decision was made in conjunction with the patient 
to attempt a final salvage procedure.

Over 6 months of antibiotic regimes, which 
at various timepoints included 6 antibiotics 
(cefuroxime, pip-tazobactam, linezolid, meropenem 
and cetazidine) and an antifungal (fluconazole) 
as guided by our infectious disease specialists, 
operative intervention was ultimately required. In 
considering further operative interventions it was 
felt a circular external fixator would be ideal given 
the fracture configuration and history of infection. 
The patient was not deemed a suitable candidate for 
frame fixation as it was felt with their poor mobility 
baseline and early dementia they would struggle to 
cope. The possibility of needing a frame for anything 
within 3-6 months was not acceptable to the patient 
given the numerous of onerous interventions they 
had already been through.

Three months following the injury it was 
determined that the diaphyseal component had no 
significant union or callus. The patient underwent 
removal of all of the infected metal. Extensive 
purulence was noted in the medullary cavity 
throughout the metaphysis. The non-union sites 
were aggressively debrided to bleeding healthy 
bone (Figure 6). The tibial canal was then reamed 
to prepare for a tibial nail using an infrapatellar 
approach so as to avoid inoculating the knee joint 
with infected debris. An injectable antibiotic loaded 
bio-composite (Cerament V and G — containing 
vancomycin and gentamicin) were then inserted 
through the non-union sites into the canal followed 
by an intramedullary nail (Figure 7). A blocking screw 

Figure 4. Departmental X-rays 14 days after fixation with 
dual medial and anterolateral plate.  
Interfragmentary one-third tubular plates with unicortical 
screws had been used to aid reduction

Figure 5. Intra-operative images of lateral fasciotomy wound breakdown (left) and defect in medial fasciotomy  
graft (right) with visible metal in both wounds
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was used to address the procurvatum deformity in 
the sagittal plane. A medial gastrocnemius flap and 
skin grafting was then performed by plastic surgeons. 
Samples from this surgery grew methiillin resistant 
Staphylococcus Aureus (MRSA), Pseudomonas 
Aeruginosa, Candida Parapsilosis, Enterococcus 
Faecium and Staphylococcus Haemolyticus. Of these 
samples the dominant growths were Pseudomonas 
(sensitive to Gentamincin), Candida (sensitive to 
fluconazole) and MRSA (sensitive to linezolid). 
Post-operative antimicrobial treatment included 
ceftazidime, linezolid, ciprofloxacin and fluconazole.

After a period of three months, the patient’s 
antibiotics have been discontinued, however he 
remains on Fluconazole for at least another 6 months. 
Despite these challenges, the patient currently shows 
signs of recovery, mobilizing over short distances, 
weight-bearing with assistive aids and with healing 
wounds and early signs of callus formation on recent 
CT scans and plain X-rays (Figure 8, 9, 10). His 
inflammatory markers have improved significantly 
with a latest C-reactive protein of 14.7 from 250 mg 
previously (reference range 0-5) and normal white 
cell and neutrophils count.

Figure 7. Plain X-rays after removal of dual plate 
fixation. Cerament V was inserted into canal and then 
intramedullary tibial nail was inserted

Figure 8. Plain X-rays 3 months after removal of dual plate 
fixation with insertion of cerement V and intramedullary 
nail showing satisfactory alignment and early callus 
formation

Figure 9. Wound healing with vacuum therapy  
and split-thickness skin graft subsequently over 
granulation tissue

Figure 6. Intra-operative images demonstrating infected 
non-union sites at 3 months 
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Discussion

The complexity of this case required a coordinated 
approach across multiple specialties, including 
orthopedics, plastic surgery, vascular surgery, and 
infectious diseases. The initial rapid management of 
the vascular injuries was crucial in preventing acute 
limb loss, while subsequent aggressive and adaptable 
infection management strategies were pivotal in limb 
salvage [7, 12, 13, 14, 15]. In the emergency setting, 
prompt treatment to provide relative stability to allow 
vascular repair of the patien’s vessels was the priority. 
Following this, decisions regarding definitive fixation 
and how best to achieve this had to be considered. 
Ultimately the main options available were circular 
frame fixator (which the patient was not agreeable 
to), intramedullary nailing (which was likely to be 
difficult in the setting of multiple proximal diaphyseal 
fragments) and open osteosynthesis. As this patient 
had fasciotomy wounds still open at this point, a 

decision for open osteosynthesis through these 
wounds was made since a plastic surgery was available 
to achieve definitive closure.

In terms of the revision fixation, consideration 
was again given to circular frame fixation, however 
the patient was not a good candidate and was not 
agreeable, and to whether removal of metalwork was 
required. Ultimately, as the wounds were breaking 
down over the metalwork, a decision not to retain them 
was felt to be the best option in terms of eradicating 
infection and allowing fracture union.

The injectable bio-composite used in this case 
was Cerament V and G. This is a useful adjunct in 
the treatment of fracture-related infection [16], bone 
voids [17] and osteomyelitis [18]. Cerament is a bio-
composite of 40% hydroxyapatite and 60% calcium 
sulfate. The producers state this composition allows 
the mixture to absorb at a similar rate to new bone 
formation and the osteoconductive properties allow 
bone to integrate into the solution as it absorbs 
[19]. While this has potential advantages, it also has 
practical disadvantages. In particular injecting the 
solution then inserting the nail may allow the solution 
through the screw holes in the nail and make removal 
difficult.

This case contributes to the existing literature 
by underlining the necessity of aggressive and 
multidisciplinary management in severe orthopedic 
injuries, especially in elderly patients who present 
additional care challenges due to frailty and 
comorbidities.

The patient expressed gratitude for the limb-
saving measures and was happy with the decision not 
to undergo external fixation.

ConclusionS

The management of complex tibial fractures with 
vascular involvement demands an aggressive 
multidisciplinary approach and continuous 
adaptability in treatment plans to address the 
evolving challenges of such severe injuries. This 
case exemplifies the utility of Cerament, or other 
injectable antibiotic loaded bio-composites, in a 
limb-salvage setting such as this and its ability to 
provide high doses of local antibiotics to an infection 
site which, in conjunction with appropriate stable 
fixation and systemic antibiotics where appropriate, 
can aid in eradicating and treating fracture-related 
infections.

Figure 10. Sagittal, coronal and axial CT images 
displaying callus formation at fracture site at 3 months 
post-operatively
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