Case Report 

Single-Stage Reamed Intramedullary Nailing for the Management of Infected Tibial Nonunion: A Case Report
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ABSTRACT

	Aims: To present a successful single-stage salvage strategy for a chronic infected tibial nonunion using aggressive mechanical debridement, sequential reaming, and autologous bone grafting in a resource-limited clinical setting.
Presentation of Case: A 61-year-old male presented with a non-healing wound, exposed hardware, and serosanguinous discharge on his left middle tibia, following a complex surgical history since 2018 including multiple ORIFs and external fixation. Clinical examination and laboratory tests (elevated WBC, ESR, and CRP) confirmed a chronic, low-grade Fracture-Related Infection (FRI). The patient underwent a single-stage procedure involving removal of the colonized plate, aggressive debridement until the "paprika sign" was observed, and sequential intramedullary reaming. Stability was achieved using a reamed intramedullary nail, supplemented by an autologous cancellous bone graft harvested from the proximal tibia and a chipping osteotomy to create a "biological chamber" for healing.
Discussion: While two-stage revisions are often considered the standard for FRI, this case demonstrates that a single-stage approach can be effective by combining rigid internal stability with thorough biological restoration. The transition from load-bearing plating to load-sharing intramedullary nailing follows the Rittmann Principle, where stability serves as a potent anti-infective measure. Aggressive debridement and sequential reaming were critical in disrupting the bacterial biofilm, while the chipping osteotomy and autograft provided the necessary osteoinductive and osteogenic environment for bridging the nonunion.
Conclusion: A single-stage protocol involving aggressive debridement, reamed intramedullary nailing, and chipping osteotomy is a viable and cost-effective strategy for managing infected tibial nonunions, particularly when advanced antimicrobial hardware is unavailable.
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1. INTRODUCTION 
Managing infected tibial nonunions is among the most challenging issues in orthopedic surgery. Contributing factors include open fractures, loss of muscle or bone tissue, post-fixation infections, persistent osteomyelitis with pathological fractures, and surgical removal of infected bone[1].
These complex cases are now recognized within the standardized diagnostic framework for Fracture-related Infection (FRI), which often leads to prolonged morbidity and reduced quality of life for patients [2,3]. The overall FRI rate is about 5%, ranging from 1 to 2% after internal fixation of closed fractures to over 30% after open fracture fixation[2]. The tibia is especially susceptible to FRI due to its limited soft tissue coverage and blood supply. Nonunion occurs in about 12% of all tibia fractures, rising to 23% in open fractures[4]. Management is further complicated by bacterial biofilms on hardware, which protect pathogens from antibiotics and immune responses [4,5].
A single-stage approach removes infected hardware, performs thorough debridement, and implants new hardware in one surgical session. This method can reduce the number of surgeries, shorten treatment duration, and lower healthcare costs [6]. In contrast, a two-stage revision is preferred for patients with sepsis, severe soft-tissue damage, or when multidisciplinary support is unavailable. This allows time for systemic and local antibiotics before final fixation[3,6].
This case report presents a single-stage salvage of a chronic, previously operated, infected tibial nonunion in a 61-year-old male, using aggressive debridement, intramedullary reaming, and autologous from the proximal tibia bone grafting.

2. CASE REPORT
A 61-year-old male presents with a chronic non-healing wound and exposed hardware on the anterior aspect of the left middle tibia. The patient’s surgical history is extensive, beginning in 2018 with Open Reduction Internal Fixation (ORIF) for a tibia-fibula fracture. Six months post-operatively, the patient developed chronic osteomyelitis, requiring hardware removal and conversion to an external fixator on the left tibia for infection control. In 2021, following a period of perceived infection clearance, the external fixator was removed, and the patient underwent repeat ORIF on the left tibia for definitive stabilization. However, the patient now presents with a breakdown of the soft tissue envelope and direct exposure of the left tibia implant.
Physical examination (Fig.1) revealed a 2x1.5 cm skin defect over the middle third of the left tibia with visible metallic implant. Serosanguinous discharge was present, but there was no purulence, fluctuance, or cellulitis. Distal pulses were palpable and sensation was intact. Laboratory tests showed mild leukocytosis (WBC: 12.53 × 10^3/μL) and elevated inflammatory markers (ESR: 35 mm/hr; CRP: 17 mg/L), consistent with a chronic, low-grade infection-related nonunion.
Anteroposterior and lateral radiographs of the left cruris revealed (Fig.2) a plate and screw internal fixation construct in situ on the middle third of the tibial shaft, with a fracture line visible at the middle third of the tibia, despite the presence of localized callus formation, indicating an infected nonunion. There is a completely healed (union) fracture of the proximal third of the left fibula.
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	Fig 1. Left tibia implant exposed
	Fig 2. Preoperative Xray

	


During the surgical procedure, the patient was positioned supine, and the procedure was performed under spinal anesthesia. Following the administration of intravenous prophylactic broad-spectrum antibiotics, the existing skin defect was cut out, and the colonized plating system was removed from the middle third of the left tibia.
At the non-union site, a comprehensive debridement was performed, supplemented by irrigation with a solution of normal saline combined with 80 mg of Gentamycin. To optimize the biological environment, decortication of the bone ends was applied until the "paprika sign" (punctate cortical bleeding) was observed, ensuring the removal of sclerotic and avascular tissue. The medullary canal was then addressed via recanalization, establishing an open pathway between the proximal and distal fragments to restore endosteal blood flow. Access to the medullary canal was obtained through a standard infrapatellar approach. Before nail insertion, an autologous cancellous bone graft was harvested directly from the entry point at the proximal tibia. Sequential reaming was then performed in 0.5 mm increments to the final diameter. The canal was irrigated with normal saline to minimize the bacterial load and remove debris.
Chipping osteotomy was performed at the proximal and distal margins of the fracture site before applying the bone graft. This technique involves using a chisel to create small, thin bone chips from the cortical surface while maintaining their attachment to the surrounding soft tissue or periosteum. After the reamed intramedullary nail was applied, the harvested autograft was then packed into the non-union site, protected by the chipped cortical fragments. Finally, primary closure was achieved over the hardware, ensuring tension-free coverage of the anterior tibia.
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	Fig 3. Intraoperative
	Fig 4. Postoperative Xray
	Fig 5. Healing wound




Following surgical care, the patient received intravenous ceftriaxone 1 g every 12 hours as an empirical antibiotic for 3 days, while the wound was examined every day. After hospital discharge, 200mg of cefixime was given orally every 12 hours for a week. Moderate weight-bearing, supervised by a physiotherapist, was allowed the day after surgery, along with active physiotherapy to reestablish ankle and knee mobility until the range of motion was sufficient. Following discharge, the patient was monitored weekly for the first month.

3. discussion
This patient’s repeated fixation procedures highlight the challenge of achieving union in a chronically infected environment. Traditionally, a two-stage procedure is the gold standard, involving hardware removal, antibiotic spacer placement, and delayed reconstruction. However, recent evidence shows that single-stage revision can achieve similar infection eradication and union rates [7]. Single-stage protocols reduce the number of surgeries, shorten treatment duration, and lower healthcare costs, which is especially important in resource-limited settings[6].
A key factor in the success of this single-stage intervention was aggressive mechanical debridement, decortication, and medullary canal recanalization. Sequential reaming prepared the bone for the intramedullary nail and disrupted the endosteal biofilm, which protects bacteria from antibiotics [6,8,9]. Reestablishing canal patency and irrigating with saline and local Gentamicin significantly reduced the bacterial load. Where antibiotic-coated nails are unavailable, thorough mechanical debridement and canalization serve as the main antimicrobial defense[9].
Beyond infection control, the biological restoration of the non-union site was addressed through meticulous decortication and a chipping osteotomy [10]. As emphasized by Takahashi et al. (2024), chiIn addition to infection control, biological restoration of the nonunion site was achieved through meticulous decortication and chipping osteotomy [10]. As Takahashi et al. (2024) note, chipping the cortical surface near the fracture creates thin bone fragments attached to the periosteum. This increases the healing surface area and forms a "biological chamber" that enhances osteoinductive potential[10].ive, osteoinductive, and osteogenic [1,4,10]. In a 61-year-old patient with a chronic non-union, supplying native growth factors and osteoblasts is essential for bridging the defect in a compromised tibial bed.
Mechanically, switching from a load-bearing plate to a load-sharing intramedullary nail follows the "Rittmann Principle," which states that stability is a strong anti-infective measure. Rigid internal stability reduces micromotion at the fracture site, limiting bacterial proliferation [6]. This stability enables earlier mobilization and improved blood supply, both essential for eradicating FRI and achieving cortical bridging[2,3].

4. Conclusion
This case demonstrates that a single-stage protocol with aggressive mechanical debridement, chipping osteotomy, and autologous grafting is a viable strategy for chronic infected tibial nonunion, especially where advanced antimicrobial technology is limited. Chipping osteotomy may be effective in infected nonunion fractures. Further follow-up is needed to assess postoperative outcomes.
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