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ABSTRACT 

Introduction: Segmental fractures of the tibia and fibula represent a severe form of long bone injury, often 

resulting from high-energy trauma such as road traffic accidents or falls from height. These fractures are 

frequently associated with significant soft tissue damage, bone loss, and infection risk, making their 

management particularly challenging. This study aims to evaluate the clinical and radiological outcomes of 

patients with segmental fractures of the tibia and fibula managed with the Ilizarov external fixator under C-arm 

guidance. 

Methods: This prospective observational study was conducted in the Department of Orthopaedics at Aichi 

Medical College, Dhaka, Bangladesh, from January 2023 to January 2024. A total of 40 patients were selected 

as study subjects. Data were collected and analyzed using SPSS version 25.0, with descriptive statistics, chi-

square tests, and p-values <0.05 considered statistically significant. 

Result: In this study of 40 patients with open segmental fractures of the tibia and/or fibula managed using the 

Ilizarov method under C-arm guidance, fracture union was achieved in 95% of cases with a mean union time of 

22.6 ± 3.5 weeks. According to ASAMI criteria, bone results were excellent in 35% and good in 52.5% of 

patients, while functional outcomes were excellent in 32.5% and good in 52.5%. Common complications 

included pin tract infection (30%), joint stiffness (17.5%), and malalignment (10%). Older age was significantly 

associated with delayed union (p = 0.042), and joint stiffness had a notable impact on functional outcome (p = 

0.021). 

Conclusion: The Ilizarov method, applied under C-arm guidance, has proven to be a reliable and effective 

technique for managing open segmental fractures of the tibia and/or fibula. In this study, it facilitated high 

union rates, and satisfactory functional recovery, and allowed early weight-bearing, even in complex and high-

energy injuries. 
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I. INTRODUCTION 

Segmental fractures of the tibia and fibula are complex injuries typically resulting from high-energy 

trauma such as road traffic accidents, falls from height, or industrial injuries. These fractures are characterized 

by at least two distinct fracture lines in the same bone, creating an intermediate bone segment, and are often 

associated with extensive soft tissue damage, periosteal stripping, and compromised vascularity, leading to a 

high risk of complications like non-union, malunion, infection, and limb length discrepancy (1,2). Due to the 

anatomical and biomechanical importance of the tibia, segmental fractures pose a significant treatment 

challenge. The limited soft tissue envelope around the tibia further complicates internal fixation methods, 

especially in open fractures (3). Fibular fractures, while often treated conservatively, play a supportive role in 

tibial fracture stability and limb alignment, particularly in segmental injuries (4). Conventional treatment options 

for segmental tibia-fibula fractures include intramedullary nailing, plate osteosynthesis, and external fixation. 

However, in cases with substantial soft tissue damage or bone loss, these methods may be inadequate or risky 

(5). The Ilizarov technique, developed by Gavriil Ilizarov in the 1950s, has emerged as a reliable method in such 

complex cases due to its ability to provide stable fixation with minimal soft tissue disruption while allowing for 
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early weight-bearing, limb lengthening, and correction of deformities (6). The Ilizarov apparatus is a circular 

external fixator based on the principle of distraction osteogenesis. It allows for dynamic axial loading, micro-

motion at the fracture site, and gradual correction of alignment and limb length discrepancies. This method has 

proven particularly useful in treating complex diaphyseal fractures, including segmental and comminuted tibial 

fractures with or without bone loss. The use of intraoperative fluoroscopy with C-arm guidance enhances the 

precision of ring fixator placement, wire and Schanz pin positioning, and fracture reduction, minimizing 

intraoperative errors and ensuring optimal alignment (7). C-arm guidance also facilitates minimally invasive 

surgical techniques, which reduce the risk of infection and promote better outcomes in cases with compromised 

soft tissue envelopes (8). Multiple studies have demonstrated the effectiveness of the Ilizarov method in 

managing segmental tibia fractures. It has been associated with high union rates, early functional recovery, and 

low rates of major complications (9). Moreover, it provides an effective alternative in cases where internal 

fixation is contraindicated, such as in the presence of infection or poor skin condition (10). Despite its 

advantages, the Ilizarov technique is not without drawbacks. The apparatus is cumbersome, requires a prolonged 

duration of application, and demands patient compliance. Complications such as pin tract infections, 

neurovascular injury, and psychological discomfort are also relatively common, although they are generally 

manageable (11). Given the increasing incidence of complex segmental tibia-fibula fractures due to rising road 

traffic accidents, especially in low- and middle-income countries, it is imperative to adopt treatment strategies 

that not only ensure fracture union but also preserve limb function and patient quality of life (12). The Ilizarov 

method, when performed under C-arm guidance, holds significant promise in achieving these objectives, 

especially in challenging cases with high risk of complications. This study aims to evaluate the clinical and 

radiological outcomes of patients with segmental fractures of the tibia and fibula managed with the Ilizarov 

external fixator under C-arm guidance. 

 

II. METHODS 

This prospective observational study was conducted in the Department of Orthopaedics at Aichi 

Medical College, Dhaka, Bangladesh, from January 2023 to January 2024, following approval from the 

Institutional Ethics Committee. A total of 40 patients aged 18 years and above with fresh (<7 days) open 

segmental fractures of the tibia and/or fibula were included after obtaining informed written consent. Inclusion 

criteria comprised patients with Gustilo-Anderson type I to III open fractures confirmed radiologically, while 

those with pathological fractures, polytrauma, neurovascular compromise requiring amputation, or previously 

treated fractures were excluded. All patients underwent clinical evaluation and radiographic imaging. Fractures 

were managed using closed reduction and internal fixation (CRIF) with a multi-axial Ilizarov circular external 

fixator applied under C-arm fluoroscopic guidance. The frame configuration was tailored to the fracture pattern 

and soft tissue condition. Postoperatively, patients received standard pin site care and physiotherapy and were 

followed clinically and radiographically until fracture union. Data were collected and analyzed using SPSS 

version 25.0, with descriptive statistics, chi-square tests, and p-values <0.05 considered statistically significant. 

 

III. RESULTS 

 

Table 1: Demographic Profile of Patients (n = 40) 

Variable Category Number of Patients (%) 

Age (years) 18–30 18 (45%) 
 

31–40 10 (25%) 
 

41–50 4 (10%) 
 

>50 8 (20%) 

Sex Male 32 (80%) 
 

Female 8 (20%) 

 

The majority of patients were young adults, with 45% in the 18–30 age group. Males were predominantly 

affected (80%), which is consistent with the demographic pattern seen in high-energy trauma like road traffic 

accidents (RTAs). No significant difference was noted in fracture patterns among different age groups (p = 

0.28). 
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Table 2: Injury Characteristics (n = 40) 

Variable Category Number of Patients (%) 

Mode of injury Road traffic accident (RTA) 30 (75%) 

Fall from height 8 (20%) 

Industrial injury 2 (5%) 

Associated injuries Present 6 (15%) 

Absent 34 (85%) 

 

Most injuries were due to RTAs (75%), reflecting the common etiology of segmental fractures. Associated 

injuries (e.g., head injury, chest trauma) were present in 15% of cases. Patients with associated injuries had 

slightly longer hospital stays, although this was not statistically significant (p = 0.12). 

 

Table 3: Fracture Pattern and Surgical Characteristics (n = 40) 

Variable Category Number of Patients (%) 

Bone involved Tibia only 10 (25%) 

Tibia + Fibula 30 (75%) 

Gustilo-Anderson grade Grade II 14 (35%) 

Grade IIIA 18 (45%) 

Grade IIIB 8 (20%) 

AO/OTA classification 42-C2 18 (45%) 

42-C3 22 (55%) 

Time from injury to surgery 0–2 days 22 (55%) 

3–5 days 18 (45%) 

Mean surgical time 95 ± 12 minutes 

 

The majority of cases (75%) had combined tibia and fibula fractures. According to Gustilo-Anderson's grading, 

65% had grade III injuries. Most surgeries were performed within 5 days of injury. Grade III injuries required 

significantly longer fixator duration (p = 0.036). 

 

Table 4: Radiological and Functional Outcomes (n = 40) 

Variable Category Number of Patients (%) 

Radiological union time ≤20 weeks 14 (35%) 

21–25 weeks 20 (50%) 

>25 weeks 6 (15%) 

Union achieved Yes 38 (95%) 

No 2 (5%) 

Time to full weight-bearing ≤12 weeks 10 (25%) 

13–16 weeks 26 (65%) 

>16 weeks 4 (10%) 

Limb length discrepancy (>1.5 cm) Present 3 (7.5%) 

Absent 37 (92.5%) 

 

The radiological union was achieved in 95% of patients. The average union time was 22.6 weeks. Patients over 

50 years of age had significantly longer union times compared to younger age groups (p = 0.042). Most patients 

began full weight-bearing between 13–16 weeks postoperatively. 

 

Table 5: ASAMI Outcomes and Complications (n = 40) 

Variable Category Number of Patients (%) 

ASAMI Bone Result Excellent 26 (65%) 

Good 9 (22.5%) 

Fair 3 (7.5%) 

Poor 2 (5%) 

ASAMI Functional Result Excellent 24 (60%) 

Good 10 (25%) 

Fair 4 (10%) 
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Poor 2 (5%) 

Complications Pin tract infection (minor) 12 (30%) 

Joint stiffness 7 (17.5%) 

Delayed union 6 (15%) 

Non-union 2 (5%) 

 

According to ASAMI criteria, 87.5% of patients had excellent to good bone results, and 85% had excellent to 

good functional outcomes. Pin tract infections were the most common complication. A significant association 

was found between joint stiffness and poorer ASAMI functional results (p = 0.021). 

 

IV. DISCUSSION 

Segmental fractures of the tibia and fibula are among the most complex injuries encountered in 

orthopedic trauma. These injuries, often resulting from high-energy mechanisms, pose significant challenges in 

achieving stable fixation and optimal functional recovery. The Ilizarov circular external fixator, with its 

biomechanical versatility and minimal invasiveness, has gained popularity for treating such fractures, especially 

in cases of soft tissue compromise and open wounds. In the present study of 40 patients with open segmental 

tibia and/or fibula fractures, treated with closed reduction and internal fixation (CRIF) using a multi-axial 

Ilizarov external fixator under C-arm guidance, we achieved a union rate of 95%, with a mean union time of 

22.6 ± 3.5 weeks. These results are consistent with findings by Rayal et al., who reported a similar union rate 

(95%) and an average union time of 23.5 weeks in their study on Ilizarov fixation for segmental tibial fractures 

in patients with compromised skin conditions (13). Our study showed that 35% of patients had excellent bone 

results, and 52.5% had good results, based on ASAMI criteria. Similarly, functional outcomes were excellent in 

32.5% and good in 52.5%. These outcomes are in line with the study by Lalic et al., who observed excellent to 

good functional results in over 80% of patients managed with Ilizarov fixators for complex tibial fractures (14). 

Pin tract infection was the most common complication in our series, affecting 30% of patients. This incidence is 

similar to the study by Ahmad et al., who reported a 25% rate of pin site infections in patients treated with the 

Ilizarov method for open tibial fractures (15). The relatively high incidence of such infections emphasizes the 

need for meticulous pin site care and patient education throughout the treatment course. We found that joint 

stiffness occurred in 17.5% of our patients and was significantly associated with poorer functional outcomes (p 

= 0.021). This supports the findings of Encinas et al., who also noted joint stiffness as a major complication in 

patients undergoing external fixation for segmental fractures, particularly in those with prolonged 

immobilization (16). When age was analyzed as a prognostic factor, elderly patients (>50 years) experienced 

longer union times compared to younger patients (p = 0.042). This is consistent with the observations that 

concluded that age-related decline in vascularity and osteogenic potential contributes to delayed healing in older 

individuals undergoing Ilizarov fixation (17,18). Malalignment was observed in 10% of cases in our study, with 

minor degrees of angulation that did not significantly affect function. In a related study, Maqsood et al. reported 

malalignment in 12% of patients, suggesting that proper technique and intraoperative imaging play crucial roles 

in achieving optimal alignment (19). 

 

Figure 1: Pre-operative X-ray view of open Segment 
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Figure 2: X-ray view – Immediate after Operation. 

 

 

Figure 3: Post-operative X-ray view after removal of the implant 

 

Limitations of The Study 

The study was conducted in a single hospital with a small sample size. So, the results may not represent the 

whole community. 

 

V. CONCLUSION 

The Ilizarov method, applied under C-arm guidance, has proven to be a reliable and effective technique 

for managing open segmental fractures of the tibia and/or fibula. In this study, it facilitated high union rates, and 

satisfactory functional recovery, and allowed early weight-bearing, even in complex and high-energy injuries. 
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VI. RECOMMENDATION 

The Ilizarov method should be considered a preferred treatment option for open segmental tibia and 

fibula fractures, especially in cases with extensive soft tissue damage or where internal fixation is 

contraindicated. Proper surgical technique, careful intraoperative alignment under C-arm guidance, and diligent 

post-operative pin site care are essential to optimize outcomes and minimize complications. 
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