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reconstruction methods to salvage the limb is critical. Based 
on the fundamental principle of soft tissue coverage with 
osseous reconstruction, surgeons must select a limb-salvage 
strategy that can potentially improve patients’ quality of life 
[4].

Several bone defect repair methods are available, includ-
ing allografts, cancellous bone autografts, pedicled vas-
cularized iliac crest grafts, pedicled vascularized fibular 
transfers, and microvascular fibular transfers [5]. While 
the length of the bone defect limits other repair methods, 
Ilizarov’s distraction osteogenesis method has proven 
particularly effective in large bone and soft tissue defect 
reconstruction [6]. The dynamic frame enables gradual 
lengthening, deformity correction and non-union or delayed 
union compression even in poor soft tissue coverage while 
remaining minimally invasive [7].

Introduction

Tibial diaphyseal fractures are among the most common 
open fractures, with more than half classified as high-energy 
Gustilo-Anderson type III fractures [1]. Surgical recon-
struction of large post-traumatic tibial bone and soft tis-
sue defects following high-energy trauma, along with bone 
and soft tissue necrosis and infection, presents a significant 
challenge for orthopaedic surgeons [2]. Amputation may be 
unavoidable without options for bone and soft tissue cov-
erage and reconstruction [3]. As a result, finding effective 
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Abstract
Purpose  Surgical reconstruction of large post-traumatic tibial bone and soft tissue defects following high-energy trauma 
presents a significant challenge for orthopaedic surgeons. This study aimed to evaluate the functional and radiological out-
comes of large post-traumatic tibial bone and soft tissue defects managed by single or double-level bone transport using the 
Ilizarov technique.
Material & methods  13 patients who underwent treatment for large tibial bone defects (Gustillo IIIa, IIIb, IIIc) along with 
soft tissue defects with Ilizarov from 2010 to 2020 A.D were included. ASAMI functional and radiological outcomes were 
assessed at the final follow-up to report the outcome.
Results  The mean age was 27.38 (18–48). An average bone defect was 7.69  cm (5–13  cm). Based upon the Gustillo-
Anderson classification (GA), 2 (15%) of them were GA – 3 A, 7 (54%) were GA – 3B, and 4 (31%) were GA – 3 C. The 
average time of distraction was 11.76 weeks (8–16). The average time for the union was 37 weeks (27–48 weeks). The 
average bone lengthening was 7.69 cm (5–13 cm). The mean final leg length discrepancy (LLD) at the final follow-up was 
1.96 cm (0–4 cm). The primary union was achieved in eight cases, and five required bone grafting at the docking site. Using 
the ASAMI (Association for the Study of the Method of Ilizarov) scoring system, the functional results were excellent in six 
and good in seven cases, while the bony results were excellent in eight, good in four and fair in one case.
Conclusion  Good to excellent functional and radiological scores (ASAMI) can be expected when using the Ilizarov frame 
for simultaneous treatment of the large tibial bone and soft tissue defect when this method is applied with correct principles.
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Material & method

A retrospective review of patients with open tibial defects 
treated between January 2013 and December 2022 was 
done with prospective outcome scoring. Any patient with a 
history of trauma and with a tibial bone defect > 4 cm with 
soft tissue defects was included in the study. 13 patients met 
the inclusion criteria. There were 11 males and two females. 
The mean age was 27.38 years (18–48 years). Preopera-
tively, an average bone defect was about 7.69 cm, ranging 
from a minimum of 5 cm to a maximum of 13 cm. All the 
patients were followed up monthly for a minimum of 12 
months after discharge.

All the injuries were related to road traffic accidents. All 
the soft tissue defects in 13 patients were treated without 
additional plastic surgery during the segment transfer.

Outcomes measured included bone union, complications, 
Association for the Study and Application of the Methods of 
Ilizarov (ASAMI) bone and functional scores.

All collected data were imported into the Statisti-
cal Package for the Social Sciences (SPSS version 26 for 

cleaning, coding, and descriptive statistics). Descriptive sta-
tistics were used to describe and summarise the information. 
The mean and standard deviation were used to summarise 
the continuous variables. Categorical variables were sum-
marised with frequency and percentage.

Before the study, institutional review board approval was 
taken from our hospital IRB, and informed consent was 
obtained from all the patients.

Results

The mean age was 27.38 years (18–48 years). There was 
a total of 13 patients, which included 11 males and two 
females. An average bone defect was 7.69 cm (5–13 cm). 
The injury was located in the left tibia in six cases and seven 
in the right (Table 1).

The fracture was located proximally in four cases (31%), 
mid-shaft in six (46%) and distally in three (23%). Based 
upon the Gustillo-Anderson classification [8] (GA), 2 (15%) 
of them were GA – 3 A, 7 (54%) were GA – 3B (Fig. 1), and 
4 (31%) were GA – 3  C. Primarily, eight (62%) of these 
patients were treated at our centre with an external fixator as 
a method for damage control, and five (38%) of them were 
treated elsewhere with an intra-medullary interlocking nail 
(IMIL) and were referred to our centre. The corticotomy 
was done proximally in 7 (54%), distally in five (38%) and 
bifocal in one (8%).

Table 1  Demographics
Mean age 27.38 years
Male: Female 11: 2
Right: Left 7: 6
Mode of injury:
Road traffic accident

13

Mean follow-up 10.69

Fig. 1  (A) Twenty-three-year-old 
male with a right mid-shaft tibia 
Gustillo-3B fracture following 
a road traffic accident. (B) After 
the first radical debridement, the 
necrotic tissue and bones were 
excised, and the Ilizarov frame 
was applied. (C) Corticotomy 
was done at the distal third tibia, 
and distraction started. (D) The 
total frame time seven months 
with complete regeneration of 
bone and union at the docking 
site. (E) Radiograph taken after 
frame removal, 18 months after 
frame application
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The average time of distraction was 11.76 weeks (8–16). 
The average time for the union was 37 weeks (27–48 weeks). 
The average bone lengthening was 7.69 cm (5–13 cm). The 
mean final leg length discrepancy (LLD) at the final follow-
up was 1.96 cm (0–4 cm) (Table 2).

The primary union was achieved in eight cases, and 
five required bone grafting at the docking site. Using the 
ASAMI scoring system, the functional results were excel-
lent in 6 (Fig. 2) and good in seven cases, while the bony 
results were excellent in eight, good in four and fair in one 
case (Table 3). An average follow-up was 8.62 years (3–12).

Pin-tract infection was seen in four cases and managed 
with dressing and antibiotics.

Discussion

Tibial defects remain a complex problem for orthopaedic 
surgeons. Due to its anatomical position and scanty soft tis-
sue coverage, the tibia is the most common site for open 
fracture in the long bones. Complications are common with 
GA type 3 fracture of the tibia and may include infection, 
non-union, necrotic bone, soft tissue loss, deformities, and 
limb length inequalities [9]. The Illizarov method effec-
tively provides stability while enhancing soft tissue closure 
and filling of bony defects by bone transport procedure [10]. 
Ilizarov ring fixator effectively addressed segmental bony 
defects with soft tissue defects in our case series, achieving 

Table 2  Baseline data of study patients
Mean bone & soft tissue defect (cm) 7.69 ± 2.83
Mean distraction time (weeks) 11.76 ± 2.22
Mean amount of bone lengthening (cm) 7.84 ± 2.47
Mean LLD after treatment (cm) 1.96 ± 1.23
Mean union time (weeks) 37 ± 6.21
Mean time in frame (weeks) 37 ± 6.21

Table 3  ASAMI functional and bony results
ASAMI functional results
Excellent 6 (46.15%)
Good 7 (53.84%)
Fair 0
Poor 0
ASAMI Bony results
Excellent 8 (61.53%)
Good 4 (30.76%)
Fair 1 (7.69%)
Poor 0

Fig. 2  Clinical pictures taken at 5 
years follow-up
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Kemal et al. in their case series of 24 patients with large 
bony tibial defect (> 5  cm) along with soft tissue defect, 
reported 15 (58%) had excellent, nine (38%) had good and 
one (4%) had fair ASAMI functional outcome; bony results 
were excellent in 12 (50%), good in eight (33%), fair in two 
(8%) and poor in two (8%) using Ilizarov technique [16]. 
In our series, according to ASAMI functional criteria, six 
(46.15%) had excellent results, and seven (53.84%) had 
good results. Similarly, eight (61.53%) had excellent bony 
results, four (30.76%) had good results, and one (7.69%) 
had a fair bony result. We did not encounter any refracture, 
nor was any amputation required compared to the 4% rates 
of refracture and amputation reported by Yin et al. in their 
review [20].

Nine out of 13 patients could return to their previous 
jobs, highlighting this method’s efficacy in treating these 
complex injuries.

In conclusion, good to excellent functional and radiologi-
cal scores (ASAMI) can be expected when using the Ilizarov 
frame for the treatment of open tibial defects along with soft 
tissue defects. Docking site non-union can be addressed 
with bone grafting. Simultaneous bone and soft tissue defect 
treatment can be achieved when this method is applied with 
correct principles, precluding the need for more invasive 
surgical procedures to cover the soft tissue defect.
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