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Abstract                                                                                                                                             

Background and Objective: Managing tibial fractures complicated by extensive bone loss, soft tissue defects, and infected nonunion remains a significant 

orthopedic challenge. While techniques like vascularized bone grafts or bone transport exist, they often fail to address infection and nonunion simultaneously. 

This study evaluates the effectiveness of the Ilizarov technique in simultaneously managing these complex tibial defects. Patients and Methods: A retrospective 

analysis was conducted on 79 patients (aged 12–60 years) with tibial diaphyseal defects > 5 cm treated using the Ilizarov technique between 2004 and 2016. The 

cohort comprised 67 open fractures (84.8%) and 12 closed fractures with postoperative infections (15.2%). Etiologies included gunshot injuries (n=53, 67.1%), 

traffic accidents (n=21, 26.6%), and falls or osteomyelitis (n=5, 6.3%). In 25 cases (31.6%) with adequate soft tissue and no active infection, 2.5–3 mm flexible 

intramedullary K-wires were used to guide the transported segment. The remaining 54 patients (69%) with active infection or poor soft tissue coverage were 

managed exclusively with external fixation. Results: Patients had undergone a mean of 2.8 prior failed surgical procedures (range: 1–16). The mean bone defect 

length was 9.3 cm (range: 5–18 cm). Infection eradication and bone union were successfully achieved in all 79 cases. The mean external fixation index was 1.3 

months/cm. Bone results were excellent in 71 patients (89.9%), good in 5 (6.3%), fair in 2 (3.8%), and poor in 1 (1.3%). Functional results were excellent in 46 

patients (58.2%), good in 28 (35.4%), and fair in 2 (3.8%), with no poor or failed outcomes reported. Skin invagination at the gap site occurred in 34 patients 

(43%), requiring surgical adjustment in 27 (34.2%); notably, such adjustments were unnecessary when intramedullary flexible K-nails were utilized. 

Conclusion: The Ilizarov technique is a highly effective solution for challenging tibial defects, allowing for the simultaneous resolution of bone loss, infection, 

nonunion, and soft tissue compromises. Furthermore, the adjunctive use of flexible intramedullary K-nails mitigates the need for subsequent docking site 

adjustments. 
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1. Introduction 

Tibial fractures complicated by extensive bone and soft tissue loss, or 

secondary bone defects resulting from infected nonunions, remain 

formidable challenges for orthopedic surgeons and are associated with 

significant long-term morbidity. While acute shortening of more than 4 cm 

is sometimes utilized, this approach can induce tortuous vasculature, 

resulting in a low-flow state with severe detrimental consequences. 

Furthermore, acute compression of open soft-tissue wounds can lead to 

tissue bunching, devascularization, significant edema, and an elevated risk 

of subsequent necrosis and infection [1-4]. 

Historically, the complexity of managing segmental long-bone defects 

often necessitated amputation; however, the clinical emphasis has 

progressively shifted toward limb salvage. As Keating et al. [5] noted, limb 

reconstruction in the presence of massive bone loss is technically 

demanding, time-intensive, and physically and psychologically exhausting 

for the patient, often yielding unpredictable outcomes. Successful 

reconstruction fundamentally requires an infection-free environment 

coupled with stable, reliable fixation.  

Currently, a variety of surgical strategies are utilized to address these 

defects, including fibular grafts [6], free vascularized iliac crest grafts [7], 

tibiofibular synostosis [8], the Masquelet induced membrane technique 

[9], and distraction osteogenesis via bone transport [10-15]. The sheer 

diversity of these reconstructive methods underscores the inherent 

difficulty of achieving osseous union across extensive defect gaps. 

Consequently, the present study aims to evaluate the clinical efficacy of 

the Ilizarov technique in managing tibial nonunions complicated by 

segmental bone loss. 

2. Patients and Method 

This study utilizes a prospective cohort design reviewing patients in a 

multicenter study from 2004 to 2016, which was carried out at the 

orthopedic unit of Al Wahda Educational Hospital, Maabar, Thamar 

University, First Orthopedic and Plastic Hospital, Sana'a, and General 

Military Hospital, Sana'a, and informed consent was obtained from all 

patients. Out of 79 patients, 75 (94.9%) were male, and 4 (5.1%) were 

female. 

The procedure is ethically sound when performed with appropriate 

medical and ethical standards. The institutional review board approval 

has been obtained from the ethics committee of each hospital included in 
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our research. A written inform consent has been gotten from patients or 

their families. 

Patients from either gender were included with an age range from 12 

to 60 years, if they had a tibial bone defect of more than 5cm due to bone 

loss after trauma or debridement. Patients lost to follow-up, and those 

demanding premature fixator removal were excluded. The defect 

developed in 53 (67.1%) patients as a result of gunshot injury and in 21 

(26.6%) patients as a result of traffic accidents, and 5 (6.3%) as a result of 

falling from height and osteomyelitis. 

We defined primary bone loss as bone missing immediately at the 

time of injury and secondary bone loss as the bone defect resulting from 

subsequent surgical debridement. In our cohort, primary bone loss was 

present in 67.09% of patients, while secondary bone loss occurred in 

32.91% of patients. Fractures were located in the distal third of the tibia in 

41, 8 in the proximal third, and 30 were located in the middle third; thirty 

were on the right, and forty-nine were on the left lower extremity. 

At presentation, a detailed history was obtained for the initial injury 

and previous surgical interventions. The patients were examined for the 

condition of soft tissue, presence of shortening, neurovascular deficiency, 

and active infection, if any, and the function of relevant joints was 

documented. Radiological evaluation was done to determine the fracture 

pattern, plane of deformity, alignment, and to look for signs of 

osteomyelitis.  

At the time of surgery, in cases presenting with infected nonunion, 

the definitive bone defect size was measured intraoperatively after radical 

debridement and resection of all infected and non-viable bone segments. 

36 (45.6%) tibial nonunions with bone defect or shortening were 

diagnosed as infected. Resection of all devitalized or sclerotic bone and 

fibrous tissue was removed from the site, leaving healthy, viable bone 

ends. The medulla was opened, and the defect was measured.  In those 

cases, with a big defect (more than 10 cm), we used 2 flexible 

intramedullary nails or 2.5 mm K wires to guide the transported segment, 

and we didn’t apply an intramedullary nail in cases of infection or poor 

soft tissue coverage. In case of bad skin cover, muscle-cutaneous flab is 

used to cover the anterior aspect of the leg. Soft tissue coverage was 

achieved using local rotational flaps, free microvascular flaps, or split-

thickness skin grafting, depending on the wound requirements.  

Data were analyzed for mean age, mean bone defects, mean follow-

up, bone union, bone results, functional results, complications per patient, 

external fixation time, and external fixation index were recorded and 

statistically analyzed using weighted means based on the sample size in 

the study by SPSS software. Continuous variables were analyzed using the 

Student’s t-test or Mann-Whitney U test, depending on normality. 

Categorical variables were compared using the Chi-square test or Fisher’s 

exact test. A statistically significant difference was set at P < 0.05. 

3. Management Protocol & Operative Technique 

After completing pre-operative investigations, we performed a 

careful preparation that included assessment of the size of the bone defect, 

identification of the infecting microorganisms, and evaluation of the 

condition of both the adjacent soft tissue and the neighboring joints, as 

shown in Figure 1. 

In infected cases, according to microbiological sensitivity tests, an 

appropriate antibiotic was selected and used until there were no clinical 

signs of acute infection (redness, swelling, or pus discharge). The patient is 

placed in the supine position on a radiolucent operating table. The injured 

leg is in position. Anesthesia is given. The site of the infected nonunion 

was exposed through a standard approach. Samples for culture and 

sensitivity were taken promptly to the laboratory and processed 

immediately.  

Resection of all devitalized or sclerotic bone and fibrous tissue was 

removed from the site, leaving healthy, viable bone ends; the medulla was 

opened (Figure 2). If the fibula was intact, a resection was carried out 

between the fracture and osteotomy site, so that the lengthening could be 

done. 

 To decrease the operation time, an Ilizarov frame was constructed 

preoperatively according to the fracture and cortico- or osteotomy sites. 

For bone transport, the simplest, most commonly used configuration 

consists of three rings, with one proximal to the corticotomy site, one 

distal to the zone of the original defect, and one in the transport segment. 

Most of the time, we used an image intensifier to achieve reduction and 

near-normal alignment of the fracture. For each ring, a minimum of 2 

wires was used.  

 

 

Figure 1: Preoperative clinical presentation and radiograph of a patient with a left 
tibial bone defect resulting from a gunshot injury, initially stabilized with a temporary 
external fixator. 

 

 

Figure 2: Intraoperative clinical view following the removal of the temporary external 
fixator and the radical debridement of infected, devitalized bone and soft tissue.  

 

While inserting the wires, they were first gently pushed up to the 

bone through the skin and then drilled with a power drill. As soon as they 

come out through the other cortex, they are gently hammered to get out to 

the other side. Muscles were at their maximum length while inserting the 

pins, and all the wires were passed through safe zones. All the wires were 

tensionized before fastening to rings, either with a wire tensioner or 

manually with spanners at both ends simultaneously on plain wires and 

only the opposite end on olive tip wires. A corticotomy is then performed 

using a Gigli saw from the posterior aspect and an osteotome from the 

medial and lateral aspects. At the end of the surgical procedure, the 

hemovac drain was routinely used. In cases with bad skin cover, muscle-

cutaneous flab is used to cover the anterior aspect of the leg (was done in 

2 cases).  

In active infected cases, treatment was performed in two stages. In 

the first stage, an accurate debridement of the infected nonunion site, with 

bone end transverse resection until healthy bone was observed, and 

complete excision of the infected and necrotic soft tissues was performed, 

and cultures were taken. At this time, the Ilizarov apparatus was applied 

to the leg (Figure 3). We combined K-wires with Schanz pins to make the 

fixator more rigid and stable at the proximal and distal ends of the tibia, 

with only K-wires in the segment for transport to decrease deep lesions in 

soft tissues during transport. The assembly must be extended to the hind- 

and forefoot in patients in whom a loss of tissue in the distal tibia requires 

extensive resection, and the length of the distal tibial fragment is only a 

few centimeters in length, and if the bone defect is more than 5 cm, to 

prevent equins deformity.  
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Figure 3: Postoperative radiograph and clinical photograph demonstrating the 
application of the Ilizarov circular frame, utilizing flexible intramedullary K-wires as 
guides for the transported bone segment. 

 

By the end of the distraction phase, the part of the device that is in the 

forefoot was removed. When the infection had subsided and the wound 

was healed, the second step consisted of performing a corticotomy at the 

proximal or distal tibial metaphysis according to the resection site, distal 

or proximal (Figure 4). 

 

Figure 4: Radiographic and clinical appearance after the distraction osteogenesis 
phase, illustrating the transit of the bone segment and the developing regenerated 
bone. 

 

In the noninfected cases, debridement and corticotomy were 

performed in one step with two 2.5 mm K-wires intramedullary to guide 

the segment of transport. After a delay of 5 to 10 days, distraction is begun 

by turning the nuts on the metal rods 0.5mm, two times per day, for a total 

distraction of 1mm per day. Knee and ankle kinesitherapy and muscle 

strengthening are started immediately, and standing and walking start a 

few days after the operation.  

Patients were initially followed every 2 weeks till the lengthening was 

completed, and thereafter monthly till the consolidation of the regenerate. 

Once bone ends were in near apposition, a docking procedure was 

performed as necessary. Compression over the docking site was 

maintained by ¼ turn 2x/week. 

In our study, the bone ends at the defect site were cut in a transverse 

manner at the primary debridement or at the time of adjustment or 

docking site procedure, to make a maximal contact area when the 

transported segment comes into contact with the other fragment, and to 

avoid bone graft as shown in Figure 5.     

 

Figure 5: Final clinical and radiographic outcomes demonstrating complete 
consolidation at the docking site, mature regenerated bone calcification, and 
restoration of limb alignment following the removal of the Ilizarov frame. 

 

Once the distraction is stopped, the frame remains attached to allow 

the new bone to harden. Dynamization was performed in all cases before 

the removal of the frame. This time is usually one month per cm of new 

bone formed. After this time the fixator removal was performed either in 

the Outpatient Department (OPD) without anesthesia for cooperative 

patients with stable clinical signs, or in the Operating Room (OR) under 

General Anesthesia (GA). GA was strictly reserved for pediatric patients, 

highly anxious individuals, or cases requiring significant pin tract 

debridement. 

4. Results  

The clinical outcomes of the 79 patients were evaluated following a 

mean of 2.8 prior failed surgical procedures (range: 0–16). The mean 

length of the tibial bone defect was 9.3 cm (range: 5–16 cm). Infection was 

successfully eradicated in all 37 cases presenting with infected nonunion. 

Furthermore, definitive bone union was achieved in all 79 patients. The 

mean external fixation index was 1.3 months/cm. Statistical analysis 

revealed no significant difference in the external fixation index between 

infected and non-infected cases (P = 0.630), as detailed in Table 1. 

Table 1. Association Between Infected and Non-Infected Cases Regarding External 
Fixation Index 

Status 
Mean Time for Frame 

Removal (Days) 

Standard 

Deviation (SD) 
P-value 

Infected 347 85.5 

0.630 

Non-Infected 359 124.9 

Note to typesetter: The P-value applies to the comparison between the two groups 

 

Outcomes were classified using the Association for the Study and 

Application of the Method of Ilizarov (ASAMI) scoring system [16]. Bone 

results were categorized as excellent in 68 patients (86.1%), good in 6 

(7.6%), fair in 1 (1.3%), and poor in 4 (5.1%) (Table 2). Functional results 

were excellent in 46 patients (58.2%), good in 28 (35.4%), and fair in 5 

(6.3%). Notably, there were no patients with poor functional results or 

total failure (Table 3). 

All the patients had achieved consolidation of the regenerate at the 

distracted site before union at the compression site, even those whom 

acute compression at the fracture site, followed by lengthening. 
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Table 2. Evaluation of the bony results using the ASAMI scoring system (n = 79) [16]. 

Bone 

results 

No. of 

patients 
% Criteria 

Excellent 68 86.08 
Union, no infection, deformity < 7°, limb 

length discrepancy (LLD) < 2.5 cm 

Good 6 7.59 

Union plus any two of the following: 

absence of infection, deformity < 7°, LLD 

< 2.5 cm. 

Fair 1 1.27 

Union plus any one of the following: 

absence of infection, deformity < 7°, LLD 

< 2.5 cm. 

Poor 4 5.06 

Nonunion/refracture/union plus 

infection plus deformity > 7° plus LLD > 

2.5 cm 

Table 3. Evaluation of the functional results using the ASAMI scoring system (n = 79) 

Functional 

results 

No. of 

patients 
% Criteria 

Excellent 46 58.23 

Active, no limp, minimum stiffness (loss 

of < 15° knee extension/< 15° ankle 

dorsiflexion), no reflex sympathetic 

dystrophy (RSD), insignificant pain. 

Good 28 35.44 
Active, with one or two of the following: 

limp, stiffness, RSD, significant pain 

Fair 5 6.33 

Active, with three or all of the 

following: limp, stiffness, RSD, 

significant pain 

Poor 0 0 

Inactive (unemployment or inability to 

return to daily activities because of 

injury) 

Failure 0 0 Amputation 

There was no relation between the infected and non-infected cases for the external 

fixator index (P > 0.05). 

 

Complications were divided into problems, obstacles, and true 

complications according to a system proposed by Paley [17] (Table 4). 

Problems are difficulties encountered while the fixator is still in place 

(distraction and consolidation period) and are resolved without operative 

treatment. Obstacles are complications encountered while the fixator is in 

place and are resolved by operative treatment. True complications are 

those that arise after the removal of the fixator and resolved operative 

treatment. 

Table 4. Complications Encountered During and After Treatment. 

Problems  Obstacles  
True 

Complications 

1. Pain during the distraction 

period 41/79 

2. Infection at the regenerate 

site 2/79 

3. Pin tract infection – 79/79 

4. Infected at the regenerate 

site - 2/79 

5. Knee Contracture – 1/79  

6. Angulation of fragments – 

5/79 

1. Insufficient regeneration 

– 2/79 

2. Premature Ossification of 

regenerate bone – 4/79 

3. Skin invagination over 

gap site – 34/79 

4. Adjustment was done in 

27/79. 

5. Bone graft -1/79 

1. Equines deformity 

– 2/79 

2. Refracture – 3/79 

 

Premature ossification of the corticotomy site occurred in four 

patients. These were all treated by repeat corticotomy. Skin invagination 

over the gap site was seen in thirty-four (43%) patients, all of whom had 

big bone defects. All were resolved by a docking procedure, which 

necessitated removal of fibrous tissue from the gap site and adjustment of 

the bone ends if necessary.  

A bone graft was performed in one case. Adjustment was done in 27 

(34.2%) patients. Refracture at the docking site, which occurred after the 

removal of the fixator, was noted in 3 (3.8%) cases, two of which were 

managed by cast for three months, and the third was managed by 

reapplication of the Ilizarov apparatus after refreshment of the fracture 

site, and it was removed after 5 months. Achilles tendon lengthening for 

equinus deformity was performed in one patient. Pin tract infection was 

the most common complication. All the patients had a feeling of pain 

during the distraction period and required oral analgesics. 

A total of 41 patients who required lengthening of more than 5 cm 

complained of pain during distraction, especially at the knee joint and at 

the site of the K-wires near the docking site. This was treated with 

analgesia (acetaminophen-codeine combination) as necessary or to divide 

distraction into times or four times. No neurovascular problems were 

caused by either intraoperative pin insertion. No patient developed 

compartment syndrome. Invagination was noted in 34 (43%) cases, bone 

graft was performed in one case. Adjustment was done in 27 (34.2%) 

patients. 

The Ilizarov External Fixator (IEF) provides sufficient stability and 

beneficial cyclical axial loading and minimizes shear forces, all of which 

are important for fracture healing. The axial deviation during bone 

transport occurred in 27 patients and frame adjustments for modification 

were performed in these patients. 

5. Discussion 

Most authors reported that although the autogenous bone grafts, 

allografts, bone graft substitutes, and vascularized fibular bone grafts are 

effective in the treatment of selected long bone nonunions with defects, 

these techniques have their limitations. Tibial nonunion with a bone defect 

is usually not an isolated problem. It may be associated with infection, 

shortening, soft tissue dystrophy, disuse osteoporosis, equinus deformity, 

angular deformity, and neurovascular damage. Joshi and Kostakis [18] and 

Li et al., [19] reported that a conventional autogenous bone grafting has 

limitations for the treatment of large defects, the time-period for graft 

incorporation is prolonged, and the quantity of available autogenous graft 

is limited, as well as producing significant donor site morbidity, late stress 

fracture, and nonunion at the graft site, blood loss, and paraesthesia [18-

21], superficial infection [20, 22-24], hematoma [18, 25], poor cosmesis 

[20, 26] and most commonly, acute or chronic donor site pain [18-20, 22-

24, 26-30]. Moreover, Toh and Jupiter [31] and Corona et al. [32] believed 

that in an infected defect, scarring of the soft-tissue envelope 

compromises revascularization of the graft. 

Also, Ziran et al. [33] supported that the use of 

AlloMatrix/demineralized bone matrix as an alternative for autogenous 

bone graft in the treatment of nonunions resulted in an unacceptably high 

rate of complications, especially if there is a large volumetric defect or a 

history of any prior contamination of the tissue bed. 

Most authors believe that a free vascularized fibula grafting is 

technically challenging and confers its own set of inherent risks and 

potential complications. Adequate hypertrophy of the incorporated fibular 

graft may take several years, and prolonged bracing, problems with union, 

as well as fatigue/stress fracture are common, which range between 10% 

and 25% [34-39]. Furthermore, donor site morbidity has been well 

documented, and up to 10% of patients may subsequently develop ankle 

pain, instability, and/or progressive valgus deformity if fibula harvest is 

not performed with proper technique [34, 40, 41]. 

In our study, the mean external fixation index was 1.3 months/cm, 

and the complications per patient were 2.6. The first data were better than 

the average data that were recorded in the literature, but the complication 

rate per patient was higher. Excellent rate in bone results was 86.1%, and 

good 7.6%, and excellent rate in functional results was 58.2%, meanwhile, 

good 35.4%   in our study; these data were also better than the average 

data that was recorded in the literature. This current study reports an 

average defect of 9.4 centimeters (5 – 17 cm) as listed in Table 5. 

Lavini et al. [42] performed application of the technique of acute 

compression and lengthening was performed only in two patients, and 

both patients had developed pus formation at the site of compression, 

which we explain as due to soft tissue stacking. So, it was limited to the 

extent of bone defects. Although acute compression beyond 4-5 cm could 

cause overmuch soft tissue stacking and arteriolar occlusion, which could 

affect new bone formation and the healing of fracture ends. Magadum et 

al. [43] represented in their literature, a huge bone defects (mean 10 cm, 

maximum 17 cm) were treated successfully by acute compression and 

distraction.  

Bone transport could achieve good results in the treatment of both 

small and massive bone defects  [44-48]. So, bone transport has no limit 

for the extent of bone defects, and it gives the surgeon the confidence to 

remove as much bone as necessary to ensure complete removal of 

pathologic bone. We achieved not only filling the bone defect and 

nonunion, but also the eradication of infection in all 37 cases. Green [49] 
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proved that, as Ilizarov is often quoted, “osteomyelitis burns in the flames 

of the regenerate”. Sveshnikov et al. [50] found that the vascularity is 

noted to increase in the vicinity of the corticotomy site. This 

neovascularization promotes healing and also helps eradicate infection. 

Green et al. [51] conducted that wound breakdown, invagination, pin-

track infection, skin invagination, and axial deviation were common 

complications in the course of bone transport. Soft tissue interposition 

also prevents compression and new bone formation at the docking site. 

 

Table 5. Comparison of Clinical Outcomes in Established Bone-Transport Studies. 

Reference 
Number of 

patients 

Mean of 

bone loss 

(cm) 

External 

fixator index 

(months/cm) 

Complication 

rate per patient 

Sen et al. [52] 17 5.6 1.4 1.2 

Atesalp et al. [53] 43 9.7 1.4 1.1 

Cattaneo et al. [54] 28 4.0 2.2 0.6 

Green et al. [51] 17 5.1 1.9 3.5 

Zorn & Iii [55] 21 6.5 2.6 1,4 

Biermann et al. 

[10] 
25 4.1 2.1 2.1 

Saleh & Rees [56] 8 6.5 2.5 2.2 

Dendrinos et al. 

[57] 
28 6.0 1.7 2.5 

Polyzois et al. [58] 42 6.0 1.6 1.4 

Song et al. [11] 27 8.3 1.0 0.5 

Paley & Maar [15] 19 10.0 1.6 2.9 

Yin et al. [59] 66 6.27 1.38 1.08 

Present Study 79 9.3 1.3 2.6 

 

Our study adopts regular adjustment and skin elevation at the 

docking site, and we have noted shortening of the time for healing at the 

docking site. The external fixator index was 1.3 cm/month. During 

adjustment, elevation of the skin due to invagination and docking site 

procedure, we had noted not only an increase in the vascularity at the 

bone ends, but also the medullary canal at both ends became close, and the 

shape becomes difference comparison with the initial shape after 

resection at the first operation. We think that after the last procedures, we 

refresh both ends and perform multiple drilling, opening the medullary 

canal if possible, and continue compression, and we achieve healing in a 

good position and faster than without these procedures. We avoid the 

necessity for a bone graft. The only case where a bone graft was done was 

due to healing at the docking site with a diameter less than half the 

diameter of the bone after prematurity of the regenerate. 

If the contact area at the docking site is small, bone grafting will be 

necessary [11, 56, 60-63]. Several studies have reported that 80 to 100% 

Song et al. [11], Schultz et al. [64], 10% Thirumal and Shong [60], and 50% 

Maini et al. [61] of cases have required bone grafting at the docking site. 

The leading edge of the transported segment is relatively avascular. Green 

et al. [51] and Paley et al. [15] reported that this can delay union, unless 

the sclerotic end is trimmed, and 50% of patients reportedly undergo 

debridement of the leading edge of the transported segment.   

In our study, most of the bone defects were due to high-energy 

trauma 93.7% (gunshot and RTA 67.1% and 26.6% respectively), open 

fractures were 84.8%, the distal third was involved 51.9%, the middle 

38.05 whereas the proximal third was involved only in 10.1% only and 

this fact is due to poor soft tissue at the distal part of the leg.  

Ilizarov technique studies reported that most complications were 

related to the docking site, such as nonunion, delayed union, 

malalignment, low cross-sectional area, and soft-tissue invagination [15, 

16, 51, 55, 65-67]. Despite the many complications, the Ilizarov method 

has shown its versatility and reliability in the treatment of cases with 

problematic bone defects, infection, shortening, nonunions, complex 

trauma, and deformities. 

The initial treatment by AO external fixation was in 59 (74.7 %) cases, 

to stabilize the injured segment of the limb with minimal additional 

trauma, avoiding introducing foreign bodies in the damage zone. 

Moreover, one-planer of the external fixation practically doesn’t restrict 

surgical access to an injured limb and doesn’t disturb further closure of 

skin defects. Simplicity of the application, less traumatic methods of 

external fixation, and relatively short duration of the operation are 

significant for patients with multiple traumas and in cases of mass 

hospitalization. 

Only primary fixation by the Ilizarov technique was applied in 8 

(10.1%) cases. 12 (15.2%) cases as a sequel of infection after open 

reduction and internal fixation by plates or due to osteomyelitis. The need 

for distraction osteogenesis due to bone defects was most frequent in 

young adults (21–40 years). 

Ilizarov bone transport is an effective salvage tool in obtaining union 

in patients with an infected nonunion and as a primary tool in patients 

with large segmental bone loss due to trauma. The lengthy treatment time 

and considerable number of complications must be fully understood by 

both the surgeon and the patient prior to undertaking this complex 

treatment process. 

6. Conclusion 

 The Ilizarov technique remains a highly effective and versatile 

modality for managing complex tibial defects. It uniquely enables the 

simultaneous resolution of massive segmental bone loss, active infection, 

nonunion, and compromised soft tissue envelopes. Furthermore, the 

adjunctive use of flexible intramedullary K-wires significantly mitigates 

the need for subsequent surgical adjustments at the docking site. Crucially, 

the empirical outcomes of this study demonstrate that the initial presence 

of active infection does not adversely affect the external fixation index or 

the overall success of bone transport when utilizing this protocol.  
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