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Abstract  
Background: Infected non-union of the femur combines chronic osteomyelitis and failure of fracture healing, causing prolonged 

pain, repeated surgeries and significant socioeconomic burden for patients and families. Radical debridement 
removes necrotic bone, bacterial biofilm and non-viable soft tissue but frequently creates segmental defects that 
require reconstruction. The Limb Reconstruction System (LRS) is a uniplanar external fixator that applies 
distraction osteogenesis principles to provide stable fixation, permit bone transport or lengthening, and support 
biological regeneration while being less cumbersome than circular frames in many cases.

Hypothesis: We hypothesised that thorough debridement followed by stabilization and reconstruction with LRS would 
produce high rates of bony union and durable infection control while restoring useful limb function. We also expected 
that LRS would correct limb length discrepancy and alignment in most cases, and that common complications such as 
pin-tract infection, pin loosening and joint stiffness would be predictable and manageable with standardised pin care 
and supervised physiotherapy.

Clinical importance: A practical limb-salvage method that eradicates infection and restores bone continuity has major benefits 
for patients. For selected femoral non-unions with adequate soft-tissue cover and moderate bone loss, LRS combines 
biological reconstruction with simpler day-to-day care: it supports early mobilisation, simplifies frame handling 
compared with bulkier circular systems, and allows staged adjunctive procedures when necessary. Outcomes depend 
on meticulous surgical debridement, appropriate antimicrobial therapy, close pin-site management and a 
coordinated rehabilitation programme to preserve joint motion and muscle function.

Future research: Larger multicentre comparative trials are needed to define which defect patterns and patient factors favour LRS 
over circular frames or combined intramedullary approaches. Studies should test strategies to reduce pin-tract 
complications (improved pin design, coatings and standardised care bundles), evaluate optimised physiotherapy 
regimens to limit stiffness, and maintain long-term registries to capture infection recurrence, functional durability 
and patient-reported outcomes. Improve patient outcomes.
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Hypothesis: Improved Patient Compliance and Functional Outcomes with LRS in 
Treating Infected Femoral Non-Unions
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Background
Infected non-union of the femur is a devastating condition that 
combines two difficult problems: persistent bone infection 
(chronic osteomyelitis) and failure of a fracture to heal. The 
combination causes prolonged pain, repeated surgeries, long 
periods away from work, and often permanent disability. The 
causes are many — high-energy trauma, contamination at the 
time of injury, multiple prior operations, devitalized bone, poor 
soft-tissue cover, and host factors such as diabetes. Historically, 
treating infection and restoring a functional limb have required 
staged, sometimes complex approaches. [1–6]
Two broad strategies are used. One prioritizes immediate 
mechanical stability to encourage union; the other prioritizes 
infection control through radical debridement and then 
reconstructs the bone defect that results. When chronic 
infection is established, most experienced centres favour 
aggressive debridement first (to remove necrotic bone and 
bacterial reservoirs), followed by reconstruction — because 
residual dead bone and biofilm hinder any attempt at union. 
The Ilizarov method and distraction osteogenesis grew from 
this logic: after debridement, bone transport or lengthening 
regenerates bone and can restore limb length and alignment 
while the soft tissues recover. [7–9, 24]
Monolateral devices such as the Limb Reconstruction System 
(LRS) translate Ilizarov principles to a uniplanar frame. LRS 
stabilizes the femoral shaft, allows compression at non-union 
sites, and supports bone transport or lengthening via 
corticotomy. Compared with circular frames, monolateral 
frames are less bulky, easier for patients to tolerate, and simpler 
for nursing care and physiotherapy in many settings. The 
biological basis — maintained stability, controlled distraction, 
and preservation of local blood supply — remains the same. 
Monolateral fixation has been reported as effective in many 
series for femoral defects and infected non-unions. [10–15, 21, 
24]
Despite advantages, external fixation carries known risks: pin-
tract inflammation or infection, pin loosening, joint stiffness, 
and the need for patient commitment to pin-site care and 
physiotherapy. These complications are predictable and, with 
careful management, frequently manageable — but they 
require careful planning, good patient education and close 
follow-up. [16–19, 23]
This synopsis is based on a single-centre series of patients 
treated with LRS for infected femoral non-union. The patients 
underwent radical debridement, frame application and, when 
needed, corticotomy and bone transport. Outcomes were 
measured by radiological healing, ASAMI bone and functional 
scores, and standard indices of lengthening and consolidation. 
The thesis provides detai led patient demographics, 
microbiology, complications and comparative discussion with 
historic series.

Hypothesis and Rationale 
Primary hypothesis
• When infected femoral non-union is managed with thorough 
debridement followed by stabilization and reconstructive 
techniques using LRS, the majority of patients will achieve 
bony union and satisfactory infection control, returning to 
useful limb function.
Why this approach should work
• The biological barrier to healing in infected non-union is 
necrotic bone and bacterial biofilm. Removing these with 
radical debridement lowers bacterial load and restores a 
healthier environment for bone repair. Applying stable 
mechanical conditions with the LRS supports bone healing, 
and if a defect remains, distraction osteogenesis (bone 
transport or lengthening from a corticotomy) regenerates bone 
from living tissues. These are established principles from 
Ilizarov and later monolateral adaptations. [7,9,13,24]
What we expect from LRS
• LRS allows compression at the non-union site and controlled 
distraction at a corticotomy site. In defects ≤2 cm, simple 
compression and stimulation may be enough; when defects 
exceed that, bifocal techniques with corticotomy and transport 
regenerate bone while repairing the gap. The uniplanar frame is 
less cumbersome than circular frames and is often better 
tolerated by patients, facilitating early mobilisation and 
physiotherapy — both important to preserve joint motion and 
muscle function. [10–15,20,21]
Operational goals and measurable endpoints
• The study operationalises the hypothesis by tracking 
objective measures: radiographic consolidation time, 
lengthening (distraction) index, external fixation (healing) 
index, ASAMI bone and functional scores, and infection 
eradication on clinical and microbiological grounds. These 
endpoints allow comparison with historical series of Ilizarov 
and monolateral fixation. [12–14,24]
Clinical considerations built into the treatment plan
• Exclude confounders such as tuberculous non-union and 
major neurological impairment that would change healing 
dynamics. Use radical debridement until bleeding bone 
(“paprika sign”) is reached, send multiple culture samples, and 
apply LRS with frame planning tailored to defect location and 
length. Provide structured pin-site care and an active 
physiotherapy programme to reduce stiffness. These process 
steps are intended to maximise the chance of union while 
limiting predictable complications. [16–17]
Why the question matters
• If LRS reliably produces high union rates and good infection 
control with lower patient burden than circular frames, it 
becomes a practical first-line reconstructive option for many 
femoral infected non-unions — especially where circular 
frames are unavailable or poorly tolerated. Demonstrating 
comparable outcomes supports wider adoption and helps 
surgeons select the best tool for a given patient. [10,24]
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Discussion 
Main findings 
• The thesis reports a cohort of patients treated with LRS for 
infected femoral non-union. Most patients were young adults, 
typical of high-energy trauma patterns seen in femoral fractures. 
Radical debridement followed by LRS frame application, with 
corticotomy and transport when required, formed the 
treatment protocol. The study reports a high union rate and 
acceptable functional outcomes for the majority of patients.
How these results fit with prior evidence
• Historical series using Ilizarov circular frames and 
monolateral devices document high union rates in selected 
patients but also report significant complication burdens 
related to pin sites and joint stiffness. The present LRS 
experience aligns with that pattern: effective union and limb 
sa lvage  in  most  pat ients ,  balanced by  pred ictable 
complications. Monolateral devices have been described as 
offering simpler care with similar outcomes in many femoral 
cases, which this series supports. [9–15,19, 24]
Key drivers of success
• Adequate debridement: removing necrotic bone and infected 
soft tissue is the single most important step for infection control 
and eventual union. [7,31]
• Stable fixation: LRS provides the stability required during 
consolidation and allows earlier partial weight-bearing, which 
promotes bone remodeling. [10,21]
• Patient engagement: committed pin-site care and 
physiotherapy reduce complications such as pin-tract infection 
and joint stiffness. [16–19,23]
Complications and their management
• Pin-tract infection, pin loosening and joint stiffness are the 
commonest problems and were treated by local care, antibiotics 
when required, and intensified physiotherapy. In rare cases 
persistent infection required further procedure(s). These 
complications do not negate the overall utility of LRS but 
underline the need for careful follow-up and a patient-centred 
care pathway. [16–19, 23]

Limitations to bear in mind
• The single-centre nature and modest sample size limit broad 
generalisability. Absence of contemporaneous control (for 
example, patients treated with circular frames or antibiotic 
nails) prevents definitive conclusions on comparative 
effectiveness. Follow-up needs to be sufficiently long to capture 
late recurrences of infection or mechanical failures. [14,24]
Practical recommendations
• Choose LRS for infected femoral non-unions when the defect 
and deformity are amenable to a uniplanar solution, the soft-
tissue envelope is adequate, and the patient is motivated for 
prolonged rehabilitation. Reserve circular frames or combined 
techniques for complex multiplanar deformities or very large 
segmental defects. Ensure meticulous debridement, clear 
microbiological sampling and a structured pin-site and 

p hy s i o t h e ra p y  p ro to c o l  to  re d u c e  c o m p l i c at i o n s . 
[10–15,21–24]

Clinical importance 
For many patients with infected femoral non-union, the LRS 
offers an effective limb-salvage option that combines stability 
with the biological advantage of distraction osteogenesis when 
needed. When used after radical debridement, LRS achieves 
high union rates and acceptable functional recovery while being 
easier for patients and caregivers to manage than bulky circular 
frames. The approach preserves options — it can be combined 
with bone grafting, intramedullary devices or staged soft-tissue 
reconstructions as required — and is practical in a wide range of 
clinical settings. 

Future directions

• Larger, multicentre comparative studies (LRS vs circular 
frames vs combined intramedullary + external strategies) to 
identify which defects and patient characteristics favour each 
technique. 
• Trials of improved pin coatings, standardised pin-care bundles 
and early guided physiotherapy protocols to reduce pin-tract 
issues and stiffness. 
• Prospective registries capturing long-term infection 
recurrence, patient-reported outcomes and cost analyses to 
inform treatment selection across resource settings. 
________________________________________
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