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Abstract 

Introduction:  Evaluation of outcome with Illizarov’s ring fixator (IRF) in the surgical treatment of bone gaps in tibia was the motive 

of the study. 

Patients and methods: In this prospective study, 23 patients with bone gaps due to trauma and infection were managed by 

Illizarov’s fixator application. Transport of bone segment was done in all the patients having bone defects either primarily as a first 

line of management or secondarily preceded by primary surgery by some other modality. 

Results: Bone union was achieved in all the fractures. Of all the cases, There were 10 cases with excellent results, 7 with good, and 

5 with fair and 1with poor results. Functional result was found to be excellent in 6 cases, whereas there were 10 cases with good 

result, 6 showing fair results and 1 case with poor result. 

Conclusion:  

Illizarov’s ring fixator is a one of the best method for treatment of bone gaps as our results were comparable with the literature. In 

our series, the functional result seems to be inferior to the bone result. It was also observed that a the patient showing excellent 

bone union which had a severe infection does not guarantee a satisfactory functional outcome.  
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Research Paper: 

Introduction 

The most commonly fractured long bone is tibia and it is also a common site for non-union and infection. 

Owing to its location and lack of soft tissue coverage, tibia is more prone open fractures [1]. These fractures 

are more commonly found in developing countries as the industrial accidents and Road traffic accidents are 

numerous. 

Non-union as well as infected non-union very challenging in the field of orthopedics and Illizarov’s external 

fixation technique has been used for last 5 decades to tackle long bone infected non-union. One of the 

causes of failure of bone to achieve union may be due to biomechanical imbalance at the fracture site or an 

underlying infection in cases of compound fractures and in some cases it is idiopathic [1]. The presence of 

non-union in closed  fractures of tibia is approximately 2.5% and chances of non-union increases five to 

seven times when there is open fracture involving soft tissue contamination and damage [2]. Sometimes, 

due to quick healing of the fibular fractures, the desired compression at the tibial fracture site is not 

attained thus adversely affecting the union [3–5].  

Hence, while planning the compression or lengthening at the non-union site, fibulectomy is always done in 

cases with intact fibula to increase the stability to cause union [6]. Different treatment modalities for 

dealing with non-unions with infection of tibia are extensive debridement and rotational flaps, usage of 
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antibiotic cemented beads to pack the defects, bone grafting, synostosis of tibia and fibula and bone 

transplants [7] 

The Illizarov’s technique operates on principle of distraction osteogenesis and is used for segmental 

defects and bone gaps as well as to correct complex deformities and to treat shortening and contractures 

of joint by gradual and regular stretching of soft tissues and lengthening in patients having bone gaps. It can 

also stimulates bone repair often by distraction alone [8,9,10,11,12,13]. The main motive of this study was 

to evaluate the functional outcome and complications of this technique in dealing with bone gaps in 

infection, trauma and tumor. 

 

Materials and methods 

This was a prospective study which was carried out on 23 cases at Datta Meghe Medical College in 

association with Jawaharlal Nehru Medical College, between October 2019 and January 2021 within a study 

period of 13 months, after an official clearence from the institutional Ethical Committee. The inclusion 

criteria was patients showing non-union clinically as well as radiologically with or without a draining sinus; 

fresh trauma cases having compound wounds were also considered. Exclusion criteria was patients having 

neuro-vascular injuries or any other underlying disease which would interfere with union and post-

operative management.  

In the sample size of 23 cases, 19 males and 4 females were included. The mean age of the study 

population was 35 years (14–65). 18 patients of infected non-unions, 5 patients of trauma were included in 

the study. Out of 23 patients, 11 had previously undergone 1 surgery, 2 were operated twice and 4 patients 

got operated thrice out of which 2 patients had a previous history of treatment by Illizarov’s fixator 

method, rest of the patients were fresh cases with the mean bone defect was of 8.5 cm (5 - 18). In fresh 

trauma, 4 were compound fractures and 1 was closed fracture. Discharge from the sinuses were sent for 

cultures pre-operatively and 9 cases showed Staphylococcus Aureus, 3 cases pseudomonas, 2 cases showed 

Klebsiella growth and E. Coli was seen in single case. 22 patients had 1 segment lengthening and 1 patient 

had two segment lengthening. 

 

Simple fractures getting infected secondary to operative intervention are taken in Infection group. 

Compound injuries were taken in trauma group and these cases needed extensive debridement The 

Illizarov’s fixator was applied after a mean duration of 35.5 weeks (20–120 weeks) after injury in cases of 

infected non unions. Distraction was begun on 7th  day of corticotomy at the rate of 1mm per 24 hours. 

Average rate of distraction was 12.5 days/cm (11.3 - 20). Average rate of consolidation was 19.3 days/cm 

(14.5 - 26).  Lengthening index which is the total treatment time per cm of lengthening was 32 days/cm (28 

- 44). Spinal anaestheisa was required in all the surgeries. Pre-operative designing of construct was done on 

the basis of clinical and radiological findings. Any hardware and sequestrum was removed and debridement 

of non-union site was carried out. In patients having intramedullary nail, reaming and irrigation of canal 

with normal saline was done .The average bone defect came out to be 8.5cm (5 - 18cm). Fibulectomy was 

done according to the site of non-union. Post-operatively,limb elevation was given and the neuro-vascular 

status (DNVS) of the lower limb was assessed. Usually Intravenous antibiotics were given upto 5th post-

operative day. Ceftriaxone, amikacin and metronidazole were commonly used antibiotics in this study. On 

the first post-operative day, pin sites and frame stability was assessed. The routine checking of pin sites 

were explained to patients relatives. Static quadriceps and ankle pumps exercises were initiated. Weight 

bearing was started second post-operative day. From the 7th post-operative day (range 7–9 day), 

distraction of 1mm per 24 hours was started. Follow up was done at regular interval of 6 weeks, 12 weeks 

and 6 months in which frame stability, pin site and range of motion of joints and complications were 

assessed and treated. Antero-posterior and lateral radiographs were taken advised for visualization of 

union and/or progression of regenerate. 
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Pin tract pain was found to be one of the commonest complication and it was graded according to 

Dahl’s [14] grading which was as follows: 

   

  Grade I normal pin site. 

  Grade II inflamed. 

  Grade III inflamed with serous discharge. 

  Grade IV inflamed with purulent discharge. 

  Grade V inflamed with osteolysis. 

  Grade VI inflamed with ring sequestrum. 

Maximus patients having grade II and III were given local care and for patients with grade above III, 

antibiotic therapy or changing the wire was done. 

The regenerate was seen on the follow-up radiographs and was classified on Fernandez Esteve [15] 

grading for quality of regenerate which is described in literature as follows: 

   

Grade I empty space between fragments without radio-opacity. 

Grade II presence of haziness showing bony callus. 

Grade III periosteal bridging present in at least one diaphyseal wall in both AP and lateral view 

Grade IV periosteal bridging present in at least both diaphyseal wall in both AP and lateral view 

Grade V structured callus is visible. 

 

The quality of regenerate depends on  

1. Stability of frame  

2. Quality of corticotomy  

3. Latency period  

4. Rate of distraction  

5. Rhythm of distraction  

6. Function of limb  

7. Time of frame removal 

At fracture site, quality and condition of callus and visibility or disappearance of fracture lines were 

assessed. After visibility of structured callus the ring fixator frame was removed. 

Observations and Results: 

Assessment at follow-up results was done in accordance with Association for the Study and Application of 

the Method of Ilizarov (ASAMI) criteria which is globally accepted [16]. 

The criteria for determining bone results were as follows:  

• An excellent result should include union (without bone grafting), Healing of infection (no infection), 

Status of deformity (deformity less than 7°), and Amount of residual shortening (leg-length inequality 

<2.5 cm);  

• A good result, as union plus any two of the other three criteria; 

• A fair result as union plus any one of the other criteria; and  

• A poor result as union but none of the other three criteria, or non-union or re-fracture.  

 

Excellent results were observed in 9, Good in 7, fair in 5 and poor in 2 cases. 

The functional assessment of results was done on the basis of 5 criteria: a noticeable limp, knee or 

ankle stiffness, sympathetic dystrophy of soft tissue, pain causing decreased activity or disturbed sleep, 

inability to resume routine activities due to injury. Functional results were excellent in 6, good in 10, fair in 

6 and poor in 1. 
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All the study population achieved desired bone length, union of the tibia and no signs of active 

infection or recurrence of infection was seen at the final follow-up. At the last review all but one patient 

were able to walk on their operated leg with or without an orthosis  Lengthening index which is the 

total treatment time per cm of lengthening was 32 days/cm (28 - 44). 

Complications 

Pin site pain was commonest complication in our study and was seen in 18 patients. Local abscess 

was seen in 2 patients and loosening of wire was seen in a single patient. Three patients had delayed 

consolidation at the docking site. Knee and ankle joint stiffness was seen in maximum patient which was 

improved after removal of frame with gradual physiotherapy. varus/valgus angulations >7° was seen in 9 

patients at final follow up. 

 

Discussion 

Bone gaps or non-union of long bones like tibia due to infection, trauma and tumors are 

challenging surgery in the field of orthopedics. In many fractures, inability to achieve union results due to 

mechanical instability or due to infection in compound fractures followed by osteomyelitis and bone loss, 

repeated requirement of surgical procedures, atrophy of soft tissues, decreased vascular supply, and 

decreased lymphatic drainage [17]. Bone defect formed due to debridement of necrotic/infected bone can 

be managed with simple/vascularized bone grafting and osteosynthesis. As per literature, bone grafting is 

successful in only 40% patients in the presence of infection [18]. Availability of autogenous bone graft is 

difficult and cancellous bone graft takes years to consolidate as cortex when infection is present [19]. 

Illizarov’s fixator allows gradual resection of the infected bone, bone defect repair and provides 

stabilization to the bone thereby helping in consolidation while restoring the desired limb length. Patient is 

encouraged for mobilization and weight bearing within the first week after application of fixator. 

According to study done by Schwartzman et al. [6], fibular osteotomy is almost always required to 

achieve compression at fracture site and bone lengthening. Pin tract inflammation was commonest 

complication as was seen in other studies as well [20]. In our study, we recommended open pin site care 

and patients attendants were taught pin site dressing as it is easier to observe signs of infection in closed 

pin site dressing. The high percentage of pin site inflammation in our study is probably due to lower socio-

economic status of the study population resulting negligence of pin site dressing. It leads to loosening of 

wires and instability of the frame. Pin site pain causes decreased weight bearing mobilization of the 

patients. Hence, proper pin site dressing is very important factor in functional outcome. The healing index 

was 32 days/cm (28 - 44). Similar results were obtained by other studies in literature. [12,13] 

All the patients in the study were completely relieved form the infection. In our series, the 

functional result seems to be inferior to the bone result. However, it should be emphasized that our series 

included many complicated cases. Patients with severe infection having good bony union does not assure a 

good functional result. 

Except two patients, bony union of fracture was attained in all patients, These two patients 

showing signs of delayed union were smokers. Same results were seen by others [21].  

 

Our overall bone results were excellent in 9, good in 7 and fair in five and poor in 2. Functional 

results were excellent in 6 (35%), good in 10 (42%), fair in 6 (19%) and poor in one (4%). Our results 

compared favourably with those of the Goldstrohm, Weiland and Paley. 

Some of the results obtained by different studies were, Dendrinos et al. [22] in his patients had 50% 

excellent and 18% poor results. Mugadum et al. [23] in a study 76% excellent results. These results were 

comparable to our results. All the patients started to walk and bear weight immediately after the 
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application of the ring fixture. Ilizarov’s considered this as an essential principle of his method. 12 of our 

patients were able to return to their work during the treatment period. 

 

Conclusion: 

Though the study was not free of complications, all the patients of the study were satisfied with the results. 

Illizarov’s ring fixator is a good treatment option in tibia non-union. It helps in control of infection as well as 

restores the tibial length. Moreover, illizarov’s fixation helps in early mobilization and decreases morbidity 

due to immobilization.   
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CLINICAL FEATURES:   

 

28 years old male c/o Non-union fracture tibia ( 9 months old).  

A] Radiograph showing signs of non-union in tibia with external fixator in situ.  

B] Post-operative Radiograph showing Illizarov’s fixator in situ 

C] Post-operative Radiograph showing Illizarov’s fixator in situ after distal corticotomy. 

D] After removal of Illizarov’s fixator. 

E] Follow-up radiograph at final follow up after union. 

 

 


