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1. INTRODUCTION 

Open fractures of the tibia are a common injury, 

often leading to traumatic bone loss due to the 

tibia's subcutaneous location. [1]  

These fractures can result in severe 

complications such as infection, delayed healing, 

and nonunion, particularly when accompanied by 

significant bone defects and soft tissue injury. 

Treating open distal tibia fractures becomes 

especially complex when segmental bone loss is 

involved, and defects exceed 4–6 cm, making 

conventional treatments like autografting less 

effective. [2] Large tibial bone defects, typically 

*Corresponding Author: Dr. Saifullah Al Noman, Junior Consultant, Department of Orthopaedics, 

Shaheed Ahsan Ullah Master General Hospital, Tongi, Gazipur, Bangladesh. 

Abstract 

Background: Open tibia fractures with segmental bone and soft tissue loss pose significant treatment 

challenges due to high risks of infection, delayed healing, and nonunion. The purpose of the study was to 

evaluate the efficacy of Ilizarov with bifocal distraction osteogenesis in managing Grade III open tibia-fibula 

fractures accompanied by bone and soft tissue loss. 

Aim of the study: The aim of the study was to evaluate the efficacy of Ilizarov with bifocal distraction 

osteogenesis in managing Grade III open tibia-fibula fractures accompanied by bone and soft tissue loss. 

Methods: This retrospective study was conducted at the Department of Orthopaedics, NITOR, and BSOH, 

Dhaka, Bangladesh, between January 2022 and December 2023. A total of 34 patients with Grade IIIB/IIIC 

open tibia-fibula fractures and ≥3 cm bone loss were included. Patients underwent debridement, soft tissue 

coverage, and bifocal Ilizarov fixation (1.8mm wires, 1mm/day distraction). Outcomes included union, ASAMI 

scores, and complications, analyzed using SPSS v25.0. 

Results: In 34 patients (mean age 37.1±14.0 years, 85.3% male) with severe open tibia-fibula fractures (82.4% 

IIIB, 17.6% IIIC), bifocal Ilizarov fixation achieved 100% union (mean fixation: 216.1±36.5 days). Functional 

outcomes were excellent/good in 91.2%, with complications limited to pin infections (41.2%), stiffness (35.3%), 

and refractures (23.5%). No deep infections or amputations occurred. 

Conclusion: Ilizarov with bifocal distraction osteogenesis is a reliable and effective method for managing 

Grade III open tibia-fibula fractures with bone and soft tissue loss, ensuring complete union and favorable 

functional outcomes. 
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caused by high-energy trauma, infection, or 

nonunion, pose a significant challenge to 

orthopedic surgeons.[3] Their management is 

further complicated by the increased risks of 

infection and delayed union, especially in open 

injuries. 

Various methods have been proposed for treating 

complex tibial fractures with associated bone and 

soft tissue loss, including vascularized or non-

vascularized fibular grafts, bone grafting, and 

internal transport using external fixators. For 

defects larger than 4–6 cm, internal transport via 

external fixation is often preferred over 

cancellous bone grafting due to better 

outcomes.[4] However, these techniques are not 

without limitations. High complication rates, 

prolonged treatment duration, technical 

difficulty, and a need for multiple procedures 

remain significant concerns.[5–10] Management 

of segmental tibial bone defects often requires a 

multidisciplinary approach, including acute 

shortening followed by bone lengthening,[11,12] 

vascularized fibular grafting, or flap transfer, 

tailored to the defect’s size and the condition of 

the surrounding tissues.[13,14] 

The Ilizarov technique, first developed by Gavriil 

Ilizarov [15] and later adopted globally, 

revolutionized the treatment of complex tibial 

fractures with bone loss.[16–18] Based on the 

principle of distraction osteogenesis, this method 

stimulates new bone formation through gradual 

mechanical tension. The Ilizarov approach 

allows simultaneous bone regeneration and soft 

tissue recovery, making it a valuable tool for limb 

salvage in severe cases. When applied after acute 

shortening, an Ilizarov-type circular fixator not 

only promotes union and realignment but also 

compensates for length discrepancies, all while 

maintaining biomechanical stability. It has 

proven especially effective in managing limb-

threatening injuries that previously required 

amputation. [19] 

Despite the availability of various treatment 

modalities, many remain limited by high 

complication rates and inconsistent outcomes, 

particularly in extensive Grade III open tibia-

fibula fractures. Although the Ilizarov method 

has demonstrated promise, there is a lack of 

focused clinical evaluation on the specific role of 

bifocal distraction osteogenesis in this context. 

The aim of the study was to evaluate the efficacy 

of Ilizarov with bifocal distraction osteogenesis 

in managing Grade III open tibia-fibula fractures 

accompanied by bone and soft tissue loss. 

2. OBJECTIVE 

The aim of the study was to evaluate the efficacy 

of Ilizarov with bifocal distraction osteogenesis 

in managing Grade III open tibia-fibula fractures 

accompanied by bone and soft tissue loss. 

3. METHODOLOGY & MATERIALS 

This retrospective observational study was 

conducted at the Department of Orthopaedics, 

National Institute of Traumatology and 

Orthopaedic Rehabilitation (NITOR), and 

Bangladesh Spine & Orthopaedic Hospital 

(BSOH), Dhaka, Bangladesh, between January 

2022 and December 2023. A total of 34 patients 

were included in the study, selected based on 

specific inclusion criteria to evaluate the role of 

Ilizarov fixation with bifocal distraction 

osteogenesis in the treatment of Grade III open tibia-

fibula fractures with bone and soft tissue loss. 

Inclusion Criteria 

 Adults (>16 years) with Gustilo-Anderson 

Grade IIIB/IIIC fractures 

 Bone loss ≥3 cm post-debridement 

 Adequate neurovascular status (repaired if 

IIIC) 

Exclusion Criteria 

 Non-reconstructible vascular injuries 

(primary amputations) 

 Pre-existing osteomyelitis or systemic 

infection 

 Incomplete follow-up (<12 months) 

All patients underwent radical debridement 

followed by early soft tissue coverage—local or 

free flap for Gustilo-Anderson Grade IIIB 

injuries and vascular repair for Grade IIIC. The 

Ilizarov frame was applied with proximal and 

distal rings using 1.8-mm tensioned wires, and 

metaphyseal corticotomy was performed after a 

latency period of 5–7 days. Distraction was 

initiated at a fixed rate of 1 mm/day (0.25 mm 

every 6 hours), and docking site compression was 

performed, with iliac crest bone grafting as 

required. Postoperative care included daily pin-

site dressing, early physiotherapy to maintain 

joint mobility, and progressive weight-bearing 

from two weeks post-surgery. Clinical outcomes 

assessed included fracture union (radiological 

bridging and pain-free weight-bearing), 
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functional status based on ASAMI criteria, and 

postoperative complications such as pin tract 

infection, joint stiffness, and refracture. All data 

were recorded in a structured format and analyzed 

using SPSS version 25.0, with descriptive statistics 

(means, standard deviations, frequencies, and 

percentages) used to present the results. 

 

Figure 1. Preoperative X-ray following flap coverage 

 

Figure 2. Immediate postoperative X-ray after planned bifocal corticotomy 

 

Figure 3. Illustration of Bifocal Corticotomy Followed by Distraction Osteosynthesis Using the Ilizarov Technique 
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Figure 4. X-ray Showing Bone Lengthening by Bifocal Corticotomy and Distraction Osteogenesis 

 

Figure 5.  X-ray Showing After Union of Fracture 

4. RESULTS 

Table 1. Demographic and Injury Characteristics of the Study Population (n = 34) 

Variable Frequency (n) Percentage (%) 

Age Group (years) 16–25 8 23.5 

26–35 10 29.4 

36–45 7 20.6 

46–55 5 14.7 

56–65 3 8.8 

66–83 1 2.9 

Mean ± SD 37.1±14.0 

Sex Male 29 85.3 

Female 5 14.7 

Mechanism of Injury Road Traffic Accident 29 85.3 

Fall from Height 3 8.8 

Industrial Accident 2 5.9 

Fracture Grade IIIB 28 82.4 

IIIC 6 17.6 

Side injured Right 13 38.2 

Left 21 61.8 

Soft Tissue Loss Present 28 82.4 

Absent 6 17.6 
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Table 1 presents data from 34 patients with a 

mean age of 37.1 ± 14.0 years. The majority of 

patients were aged 26–35 years (10 patients, 

29.4%), followed by 16–25 years (8 patients, 

23.5%), 36–45 years (7 patients, 20.6%), 46–55 

years (5 patients, 14.7%), 56–65 years (3 

patients, 8.8 marked male predominance with 29 

male patients (85.3%) and 5 female patients 

(14.7%). Road traffic accidents were the leading 

mechanism of injury, accounting for 29 cases 

(85.3%), followed by falls from height (3 cases, 

8.8%) and industrial accidents (2 cases, 5.9%). 

Most patients sustained Gustilo-Anderson Grade 

IIIB fractures (28 cases, 82.4%), while 6 patients 

(17.6%) had Grade IIIC fractures. The left side 

was more commonly affected (21 patients, 

61.8%) compared to the right (13 patients, 

38.2%). Soft tissue loss was present in 28 cases 

(82.4%), while 6 patients (17.6%) had no soft 

tissue loss. 

Table 2. Treatment Parameters and Outcomes of Ilizarov with Bifocal Distraction Osteogenesis (n = 34) 

Variable Frequency (n) Percentage (%) 

Latency Period 
≤ 7 days 20 58.8 

> 7 days 14 41.2 

Docking Site Bone Grafting 
Required 11 32.4 

Not required 23 67.6 

Distraction Rate 1 mm/day (fixed) 34 100.0 

Duration of External Fixation 216.1 ± 36.5 days 

Duration of Distraction Phase 52.1 ± 8.5 days 

Outcome 

Fracture Union Achieved 34 100.0 

Refracture Post Frame Removal 1 2.9 

Nonunion/Amputation 0 0.0 

 

Table 2 presents treatment parameters and 

outcomes for 34 patients who underwent Ilizarov 

fixation with bifocal distraction osteogenesis for 

Grade III open tibia-fibula fractures with bone 

and soft tissue loss. A latency period of ≤7 days 

was observed in 20 patients (58.8%), while 14 

patients (41.2%) had a latency period >7 days. 

Docking site bone grafting was required in 11 

cases (32.4%), while 23 patients (67.6%) did not 

require grafting. All patients followed a fixed 

distraction rate of 1 mm/day. The mean duration 

of the distraction phase was 52.1 ± 8.5 days, and 

the average duration of external fixation was 

216.1 ± 36.5 days. Regarding outcomes, fracture 

union was achieved in all patients (100%). 

Refracture post-frame removal occurred in one 

patient (2.9%), and there were no instances of 

nonunion or amputation. 

Table 3. Functional Outcomes According to ASAMI Criteria (n = 34) 

Outcome Category Frequency (n) Percentage (%) 

Excellent 27 79.4 

Good 4 11.8 

Fair 3 8.8 

Poor 0 0.0 

Table 3 presents the functional outcomes of 

patients assessed using the Association for the 

Study and Application of the Method of Ilizarov 

(ASAMI) criteria. Among the 34 patients treated 

with Ilizarov fixation and bifocal distraction 

osteogenesis for Grade III open tibia-fibula 

fractures, 27 patients (79.4%) achieved excellent 

functional outcomes. Good outcomes were 

observed in 4 patients (11.8%), while 3 patients 

(8.8%) had fair outcomes. Importantly, no 

patients were classified under the poor outcome 

category.

Table 4. Postoperative Complications Observed in the Study Population (n = 34) 

Complication Frequency (n) Percentage (%) 

Pin Tract Infection 14 41.2 

Joint Stiffness 12 35.3 

Refracture 8 23.5 

Deep Infection 0 0.0 
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This table summarizes the complications 

encountered among 34 patients treated with the 

Ilizarov method and bifocal distraction 

osteogenesis for Grade III open tibia-fibula 

fractures. Pin tract infection was the most 

common complication, affecting 14 patients 

(41.2%), followed by joint stiffness in 12 patients 

(35.3%) and refracture in 8 patients (23.5%). 

Notably, no cases of deep infection were reported 

in the study population, indicating effective 

perioperative infection control measures. 

5. DISCUSSION 

This study explores the efficacy of Ilizarov 

fixation with bifocal distraction osteogenesis in 

managing Grade III open tibia-fibula fractures 

accompanied by bone and soft tissue loss at 

tertiary care centers in Bangladesh. These 

complex injuries, often resulting from high-

energy trauma, pose significant challenges due to 

extensive bone loss, soft tissue compromise, and 

elevated risks of infection and nonunion. The 

findings demonstrate promising outcomes with 

the Ilizarov method, including a 100% union rate, 

acceptable complication profiles, and 

predominantly excellent to good functional 

recovery, supporting its role as a reliable limb-

salvage strategy in resource-limited settings. 

In our study, the mean age of participants was 

37.1 ± 14.0 years, with the majority belonging to 

the 26–35 years age group (29.4%). These 

findings are consistent with those reported by 

Chua et al.[20], who documented a mean age of 

36.5 years (range 16.4–83.4), and Jaña et al.[21], 

who found a similar mean age of 32.3 ± 15.7 

years, reflecting the common occurrence of high-

energy trauma among young adults. The gender 

distribution in our study showed a marked male 

predominance (85.3%), which aligns with 

previous studies such as Chua et al.[20] (91.3% 

male), Jaña et al. (85% male), Ibeanusi et al.[22] 

(male-to-female ratio of 2.5:1), and Natalwala et 

al.[23], all of which reported higher rates of 

injury among males. This trend may be attributed 

to greater male involvement in outdoor activities, 

high-risk occupations, and road traffic exposure. 

In terms of injury mechanism, road traffic 

accidents accounted for the majority of cases 

(85.3%) in our cohort, which corresponds closely 

with Jaña et al., where traffic accidents were the 

cause in 84% of patients. The left limb was more 

commonly involved (61.8%) in our study, also 

observed in both Chua et al.[20] and Jaña et 

al.[21], possibly due to common pedestrian or 

vehicular impact patterns. Furthermore, most of 

our cases were classified as Gustilo-Anderson 

Grade IIIB (82.4%), with soft tissue loss present 

in 82.4%—a typical finding in such severe open 

fractures. The similarity of our demographic and 

clinical data with those in previous literature 

supports the external validity of our findings and 

reinforces the representativeness of our sample in 

evaluating the role of Ilizarov with bifocal 

distraction osteogenesis in managing complex 

Grade III tibia-fibula fractures. 

In our study, a latency period of ≤7 days was 

observed in 58.8% of patients, while 41.2% had 

a longer delay before distraction was initiated. 

This contrasts slightly with the findings of Sen et 

al. [24], who reported a fixed latency period of 10 

days in their series of bifocal distraction 

osteogenesis for Grade III open tibial fractures. 

Docking site bone grafting was required in 32.4% 

of cases in our cohort, reflecting the variable need 

for additional surgical intervention to achieve 

union at the docking site. A fixed distraction rate 

of 1 mm/day was maintained uniformly across all 

patients, consistent with the standard Ilizarov 

protocol employed by Sen et al. [24] The mean 

duration of the distraction phase in our study was 

52.1 ± 8.5 days, while the average duration of 

external fixation was 216.1 ± 36.5 days 

(approximately 7.1 months), closely mirroring 

the 7.1-month fixation period reported by their 

study. These results underscore the effectiveness 

and consistency of the Ilizarov method with 

bifocal distraction in addressing extensive bone 

and soft tissue deficits associated with high-grade 

open tibia-fibula fractures. 

Fracture union was successfully achieved in all 

34 patients (100%). This outcome is in agreement 

with the findings of Sen et al.[24], who also 

reported complete union in their series using 

bifocal compression-distraction osteogenesis for 

similarly severe tibial injuries. The use of the 

Ilizarov technique in our study not only ensured 

effective management of large bone defects but 

also minimized complications, with only one 

patient (2.9%) experiencing a refracture post 

frame removal. Importantly, there were no cases 

of nonunion or amputation, further supporting 

the efficacy of this limb salvage approach in 

high-grade open fractures. These findings 

reinforce the consistency and reliability of the 

Ilizarov method in achieving favorable bone healing 

outcomes in challenging clinical scenarios. 

In our study, functional outcomes assessed using 

the ASAMI criteria revealed that 27 patients 
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(79.4%) achieved excellent results, 4 (11.8%) 

had good outcomes, and 3 (8.8%) were 

categorized as fair, with no patients falling into 

the poor outcome category. These findings are 

comparable to those reported by Patil et al.[25], 

who documented excellent outcomes in the 

majority of their cohort (43 patients), followed by 

7 good and 4 fair results, and no poor outcomes—

closely mirroring the distribution observed in our 

study. Similarly, Sharma et al. [26] reported 

62.5% excellent, 25.0% good, and 12.5% fair 

outcomes, reflecting a comparable trend of 

favorable functional recovery following Ilizarov 

treatment. Zhang et al. [27] also demonstrated 

similar results with 15 excellent, 10 good, 4 fair, 

and only 1 poor outcome. The high rate of 

excellent outcomes in our series reinforces the 

effectiveness of the Ilizarov technique with bifocal 

distraction osteogenesis in managing complex Grade 

III open tibia-fibula fractures, supporting its role as a 

reliable limb-salvage option in cases with significant 

bone and soft tissue loss. 

In our study, the most common complication was 

pin tract infection, observed in 41.2% of cases, 

followed by joint stiffness in 35.3% and 

refracture in 23.5% of patients. Notably, no cases 

of deep infection were recorded. The incidence of 

pin tract infection in our cohort is slightly higher 

than that reported by Wadi et al.[28], who 

documented it in 30% of their cases, highlighting 

the persistent challenge of managing this known 

complication of the Ilizarov technique. Similarly, 

joint stiffness, particularly involving the ankle, 

was observed in 23.33% of cases in Wadi et al.’s 

[28] series, comparable to our finding of 35.3%. 

The refracture rate in our study (23.5%) was 

notably higher than the 3.33% reported by Wadi 

et al.[28] and the 16% noted by Nieuwoudt et 

al.[29], which may reflect variations in patient 

compliance, severity of initial injury, or 

differences in frame removal protocols. Despite 

these complications, the absence of deep 

infection in our study is encouraging and may be 

attributed to rigorous aseptic technique and 

vigilant postoperative care. 

6. LIMITATIONS OF THE STUDY 

This study had some limitations: 

 The sample was not randomly selected. 

 The study's limited geographic scope may 

introduce sample bias, potentially affecting 

the broader applicability of the findings. 

7. CONCLUSION 

Ilizarov fixation with bifocal distraction 

osteogenesis was found to be highly effective in 

treating Grade III open tibia-fibula fractures with 

bone and soft tissue loss. All patients achieved 

fracture union, with the majority showing excellent 

functional recovery. Although some experienced 

complications such as pin tract infections, joint 

stiffness, and refractures, there were no cases of deep 

infection, nonunion, or amputation. Overall, the 

technique demonstrated reliable outcomes in both 

bone healing and limb function. 
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