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Management of Severely Comminuted Open Floating Knee Injuries using Hinged Ilizarov Frames: A Case Report

ABSTRACT
Floating knee injuries, involving ipsilateral fractures of the femur and tibia, are typically high-energy traumas associated with significant soft tissue damage and poor outcomes. The presence of comminuted, open fractures further complicates management. Traditional internal fixation may not be feasible in such cases, especially when there is risk of infection or soft tissue compromise. The Ilizarov fixator, particularly the hinged construct, provides a viable alternative for limb salvage and functional recovery. We report the case of a 35-year-old male who presented with a gunshot wound causing severely comminuted distal femoral and proximal tibial fractures with hemarthrosis. Clinical and radiographic evaluation confirmed open fractures of the distal femur and midshaft tibia (Gustilo-Anderson type IIIB). Initial management involved aggressive debridement and external stabilization. Due to extensive soft tissue damage and bone loss, definitive fixation was achieved using a hinged Ilizarov external fixator that allowed knee articulation during the healing phase. The patient underwent serial wound inspections, secondary closure, and physiotherapy during follow-up. Radiographic union was achieved, and functional recovery, including partial weight-bearing and knee range of motion, was noted by four months postoperatively. In cases of complex open floating knee injuries with severe comminution and soft tissue involvement, the hinged Ilizarov fixator offers a limb-salvaging option. It enables early joint mobilization, facilitates wound management, and may improve long-term functional outcomes compared to conventional fixation methods in such challenging clinical scenarios.
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INTRODUCTION
Floating knee injuries represent a rare but complex subset of high-energy trauma, typically defined as concomitant ipsilateral fractures of the femur and tibia.1-3 These injuries are often associated with significant soft tissue damage, neurovascular compromise, and a high risk of infection, particularly when they are open and severely comminuted.4 The incidence of floating knee injuries is estimated at approximately 2% to 5% of all femoral fractures and 4% to 10% of all tibial fractures, predominantly affecting young males involved in high-speed motor vehicle accidents or falls from significant height.5 These injuries predominantly affect young males6  and are frequently associated with other serious injuries, including soft tissue damage, open fractures, and multisystem trauma, which complicate management and worsen prognosis .7
The severity of these injuries has been classified by Fraser into Type I (diaphyseal fractures) and Type II (involving the knee joint), with further subclassifications based on soft tissue condition and fracture pattern.8 The prognosis worsens with increasing fracture comminution and open wounds.9 Open floating knees are commonly associated with Gustilo-Anderson Type IIIB injuries, where there is extensive soft tissue loss, periosteal stripping, and contamination.10
Traditional management of floating knee injuries involves internal fixation techniques such as intramedullary nailing or plating.11 However, these methods are often unsuitable in cases with severe comminution, bone loss, or compromised soft tissue envelopes.12 Internal fixation in open injuries increases the risk of deep infections, delayed union, and implant failure.13 In contrast, the Ilizarov method of circular external fixation offers unique advantages, especially in complex open fractures.14 The system allows for stable fixation without further compromising the soft tissues, facilitates gradual deformity correction, and supports early weight-bearing and knee mobilization.15 
Although the Ilizarov technique has been widely studied in Eastern Europe and Asia, its application in sub-Saharan Africa, including Nigeria, remains underreported. In Nigeria, trauma care systems face unique challenges such as delayed presentations, limited access to advanced imaging, shortages in orthopaedic implant inventory, and the burden of managing injuries in under-resourced settings (Akinlade et al., 2024).16 This report presents the management of a severely comminuted open floating knee injury in a young Nigerian patient using a hinged Ilizarov fixator. It highlights the decision-making process, surgical technique, and functional outcome, while reflecting on the utility of this method in the Nigerian trauma care landscape.
CASE PRESENTATION
A 35 year old male was brought to the emergency department approximately one hour after sustaining a close range gunshot injury to the right knee during an assault. On arrival, the patient was alert, hemodynamically stable, and in significant pain. Examination revealed an entry wound located anterolaterally on the distal third of the right thigh, and a clearly visible exit wound with an associated soft tissue defect over the proximal aspect of the leg. Figure 1 shows a severely comminuted open distal femoral fracture involving extensive soft tissue disruption and visible bone fragmentation. This is consistent with a Gustilo-Anderson Type IIIB open fracture, which is a component of a floating knee injury, a high-energy trauma characterized by fractures of the ipsilateral femur and tibia. Despite the severity of the local trauma, neurovascular examination of the limb was unremarkable. Dorsalis pedis and posterior tibial pulses were present and symmetrical, and there were no sensory or motor deficits in the affected extremity.
Plain radiographs of the femur, knee, and tibia revealed a severely comminuted distal femoral fracture involving both the metaphyseal and epiphyseal regions (Figure 2). The proximal tibia also demonstrated a complex multifragmentary fracture with intra articular extension. Joint distension consistent with traumatic hemarthrosis was noted.  Given the complexity of the fracture morphology, the visible soft tissue defect from the exit wound, and the intra articular disruption, a joint preserving and staged surgical approach was indicated. The case was reviewed by the orthopaedic trauma team in consultation with the plastic surgery unit.
MANAGEMENT AND OUTCOMES
Initial care followed standard advanced trauma life support principles. The patient was hemodynamically stable upon presentation, and limb assessment prioritized vascular integrity and soft tissue preservation. After clinical and radiological confirmation of the complex periarticular fracture pattern, the patient was taken to the operating theatre for urgent surgical intervention.
Under general anesthesia, a thorough debridement of the entry and exit wounds was carried out. The soft tissue defect resulting from the bullet exit wound was clearly visualized intraoperatively. The fracture fragments were comminuted but not grossly displaced, and a decision was made to fix them in situ. Given the extent of comminution and intra articular involvement, immediate internal fixation was not feasible.
The intraoperative image (Figure 3) shows a patient’s left lower limb stabilized with a hinged Ilizarov external fixator following debridement and fracture alignment for a floating knee injury. The frame provides rigid fixation while allowing controlled knee motion and access for soft tissue care, making it ideal for managing complex open fractures with extensive soft tissue involvement. Two separate preconstructed Ilizarov circular external fixators were used. One frame was mounted for the femur and another for the tibia. The femoral frame was applied first, followed by the tibial construct. Both frames were anchored using olive wires placed at the zones of comminution to provide secure fixation without fragment displacement. The fixation technique was selected to preserve fracture alignment and reduce additional trauma to already compromised bone. In the absence of commercially available Ilizarov hinges, the team improvised by constructing a hinged mechanism using a combination of male posts and long bolts. These improvised hinges were strategically positioned to align with the anatomical axis of the knee, enabling controlled motion and helping to delay the onset of post traumatic osteoarthritis.
Perioperative antibiotics were administered, and the patient was monitored in a high-dependency unit for the first twenty four hours. Early postoperative care included passive joint mobilisation, limb elevation, and isometric quadriceps exercises. The patient was transferred to the orthopaedic ward for ongoing rehabilitation. The hinged configuration of the external fixators allowed limited knee range of motion within the first few weeks of recovery. Flap coverage of the exit wound was performed later by the plastic surgery team using a local rotational flap to ensure soft tissue healing. Weight bearing was deferred during the early healing phase to allow callus formation. Serial radiographs were obtained at two week intervals to monitor bone healing and frame integrity. Figure 4 shows the postoperative radiograph.
OUTCOMES
The patient’s early postoperative course was uneventful. There were no episodes of deep infection, implant failure, or neurovascular compromise. He remained compliant with pin site care and physiotherapy protocols. Range of motion exercises were introduced early and gradually intensified. At six weeks, radiographic evidence of callus formation was visible at both fracture sites. By twelve weeks, progressive consolidation was observed. Weight bearing was initiated under supervision using crutches, and the intensity of physiotherapy was increased.
The Ilizarov frames were removed at five months after confirmation of fracture union. At the time of frame removal, the patient had regained active knee motion from zero to approximately seventy degrees of flexion. He continued with outpatient physiotherapy focused on gait retraining, strengthening, and balance improvement. At the six month follow-up, the patient maintained independent ambulation and functional joint stability, although with a slightly reduced flexion arc. There were no complications related to the flap or signs of joint subluxation. By one year, he had returned to most daily activities, though deep knee flexion remained limited and mild anterior knee pain was reported during prolonged squatting. The combined use of staged soft tissue coverage, two frame constructs, and an improvised hinged Ilizarov system allowed for effective fracture stabilization and early joint mobilization. This approach proved successful in achieving bony union, preserving joint function, and preventing early onset joint degeneration.
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Figure 1: Clinical photograph showing a high-energy open distal femoral fracture with gross comminution and exposed bone, consistent with a Type IIIB open injury in a floating knee pattern. Extensive soft tissue damage and contamination are evident. This image was taken intraoperatively prior to wound debridement and application of a hinged Ilizarov frame for limb stabilization.
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Figure 2: Lateral radiograph of the left leg showing a comminuted distal femoral fracture with associated tibial shaft fracture, consistent with a floating knee injury.
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Figure 3: Intraoperative photograph showing application of a hinged Ilizarov fixator spanning the femur and tibia for stabilization of a comminuted open floating knee injury, enabling joint motion and facilitating wound management.
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Figure 4: Postoperative AP radiograph showing a hinged Ilizarov fixator spanning the femur and tibia, applied for stabilization of a comminuted floating knee injury while preserving knee joint motion.

DISCUSSION
Floating knee injuries, especially those involving severely comminuted open fractures with intra articular extension, represent a major challenge in orthopaedic trauma care due to the complex fracture patterns, soft tissue compromise, and risk of infection (Vallier and Manzano 2020; Raju et al 2021; Haqash 2023). This case demonstrates the utility of hinged Ilizarov external fixation in the management of a Type II open floating knee injury, offering insights relevant to both clinical practice and health systems operating under resource constraints.
In the classical approach, internal fixation is the standard for diaphyseal and periarticular fractures of the femur and tibia. Intramedullary nailing or plate fixation has been reported to achieve good union rates and satisfactory functional outcomes when soft tissue conditions permit early stabilization (Kumar and Subash 2024; Nouraei et al 2013). However, in open fractures with extensive comminution and soft tissue loss, internal fixation may be contraindicated due to elevated risk of infection, implant exposure, and delayed union or nonunion (Wang et al 2025). In such scenarios, external fixation offers an alternative that minimizes surgical trauma to already compromised tissues.
The use of Ilizarov circular external fixators in managing floating knee injuries is relatively less common but increasingly supported in literature, particularly in settings with limited access to implant inventories and advanced imaging (Naskar et al 2025; Korkmaz et al 2025). The Ilizarov method enables multiplanar stability, permits adjustment during the healing process, and facilitates early joint mobilization without sacrificing soft tissue integrity. In the present case, the use of two separate frames connected via an improvised hinged mechanism allowed adequate stabilization while enabling controlled knee motion. This contrasts with earlier series in which the knee joint was bridged in a fixed position, often resulting in stiffness and poor functional outcomes (Ran et al 2013; Hegazy et al 2011).
Furthermore, while Fraser’s classification highlights the prognostic implications of intra articular extension in Type II injuries, there remains limited consensus on the optimal strategy for joint-preserving fixation in the setting of ballistic trauma (Fraser 1978; Raju et al 2021). Some studies have suggested that early joint-spanning internal fixation followed by delayed reconstruction yields better results, especially when combined with plastic surgical interventions for soft tissue coverage (Rollo et al 2019; Piedra-Calle et al 2021). However, this is often impractical in sub-Saharan Africa where logistical and infrastructural limitations affect timely surgical planning. In this context, the Ilizarov system offers a feasible, modular solution that accommodates staged intervention.
A unique feature of this case was the use of an improvised hinged construct, designed to replicate commercially available hinges that are often difficult to source locally. This innovation allowed for early range of motion without compromising frame stability. Previous reports from low and middle income countries have similarly emphasized improvisation in trauma care to bridge the gap between ideal surgical constructs and what is locally achievable (Akinlade et al 2024; Kenmegne et al 2023).
Postoperative outcomes in this patient were favorable. Complications commonly associated with Ilizarov fixation such as pin site infection, wire loosening, or neurovascular compromise were actively monitored using a structured protocol of weekly reviews, but none were documented in this case. Axis alignment and limb length were assessed clinically and radiographically at two weekly intervals for the first six weeks, then monthly until frame removal. No malalignment, progressive deformity, or length discrepancy was observed throughout follow-up. Absence of deep infection and successful union without joint subluxation supports the efficacy of meticulous wound debridement, soft tissue coverage, and adherence to physiotherapy. While some degree of flexion limitation and mild anterior knee pain remained, these sequelae are consistent with other reports on functional outcomes after complex floating knee injuries, even with internal fixation (Sagar et al 2020; Vallier and Manzano 2020).
This case demonstrates that hinged Ilizarov external fixation is a viable option for managing severely comminuted open floating knee injuries, especially when internal fixation is not feasible. Compared to traditional approaches, it offers advantages in terms of soft tissue preservation, fracture stability, and functional rehabilitation. The approach also aligns with the realities of trauma care delivery in resource-limited environments where adaptability and innovation are essential.
CONCLUSION
This case highlights the effectiveness of hinged Ilizarov external fixation in managing a severely comminuted open floating knee injury with intra articular involvement. Strict pin site monitoring and scheduled assessments for deformity and length ensured safe progression to union. In the context of limited resources, this method provided stable fixation, preserved joint mobility, and enabled satisfactory functional recovery.
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