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Abstract 
Infective non-unions of the tibia are a surgical challenge because of their compromised bone vascularity 
and are prone to limb shortening when treated by conventional methods. In this prospective case series 
done between January 2016 to December 2018, we treated 21 patients, reporting with infective non-union 
of the tibia by the application of Ilizarov external ring fixator. Surgical management of infective non-
unions has drastically changed in the last two decades. The ring fixation device offers acute docking of 
the fracture non-union site and maintains compression, meanwhile any shortening that might have 
occurred due to either towards loss of comminuted fracture fragments or that lost during freshening of 
fracture non-union site can be addressed simultaneously, by doing a corticotomy and bone transport 
simultaneously as the non-unions progresses successfully to union. An additional benefit of the ring 
fixation device used to treat these non-unions is that patients can resume ambulatory status as early as 
within two weeks, from the date of surgery and can remain ambulant throughout the treatment time. The 
consolidation time in our series was anywhere between 9 months to 14 months, depending upon the 
length of transport that was needed to compensate for limb shortening. All 21 cases went on to successful 
union. We had 42.86% of minor complications and 18.98 % of major complications. As per the ASAMI 
grading, we had 52.5% excellent, 25.5% good, 17% fair and 5% of poor grading in our series, by 
averaging the bony and functional results. Hence our study concluded that the Ilizarov external ring 
fixator system is a versatile tool to surgically address infective tibial non- unions with or without bone 
length shortening. 
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1. Introduction  

The management of infected non-union of the tibia is demanding, particularly with part bone 

loss, many draining sinuses, unhealthy soft tissue cover, porotic bone, sub-adjacent joint 

stiffness, deformation, or poly drug-resistant poly-microbial infection [1-2]. It results in a 

permanent deficit in function, requires long recovery time and even sometimes results in 

amputation [3]. Even following proper guidelines and sterile technique, infection following the 

open fracture is still common [4-8]. Cost for management of the infective fracture is two to three 

times high compared to non-infected fracture [9-10]. Towards achieving control of infection, it is 

necessary to remove all necrosed and infected tissue and bone segments [11-12]. This results in 

the loss of some segment of bone. Ilizarov ring fixator uses the theory of ‘distraction 

osteogenesis’ which allows for the growth of bone, thus restoring the defect following excision 
[13-14] and also used in the treatment of non-union [15-21]. Ilizarov ring fixator helps in the 

treatment of non-union and also deformity correction by mono-focal and bi-focal technique 
[22]. Since by definition, non-unions can only be diagnosed retrospectively, when at least nine 

months have elapsed since the occurrence of fracture and when there is no evidence in the last 

three months that union will progress both clinically and radiologically. Infection under these 

conditions tends to become chronic, often with multi-drug resistant organisms. Infected non-

union of the tibia is usually associated with deformation, loss of bone, leg-length inequality 

and loss of soft-tissue coverage. The aim is to target bony union, removal of infection and 

return of the functional use of the extremity through thorough debridement, coverage of soft 

tissue defects with flaps or skin grafts, use of antibiotic cement, autologous bone 

transplantation and free tissue transfer including bone transplants.  
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The procedure is done in stages, one at a time, this fail to 

correct LLD, prevents early rehab and delays recovery. Prof. 

Gavril Abramovich Ilizarov from the Siberian town of Kurgan 

in Russia, in 1950, developed a circular external fixator 

system which employed the principle of distraction 

osteogenesis to attain union, correct deformities and eradicate 

the infection in infected non-union. This modality of 

treatment has become a promising solution for infected non-

unions since it was introduced world-wide. The Ilizarov 

technique of distraction osteogenesis enables to regenerate 

and cover extensive loss of bone and elimination of infected 

non-union at the same time, as well as permits early load-

bearing. 

 

1.1 Aims and Objectives 

This prospective work aims to study and analyze the 

outcomes of Ilizarov ring fixator in the treatment of infected 

non-union in adult tibial fractures. 

 

2. Materials and Methods  

This prospective study was conducted at Sree Balaji Medical 

College and Hospital, Chrompet during the period from 

January 2016 to December 2018 in the Department of 

Orthopaedics. Written consent from all the patients was taken 

to publish their clinical and radiological data. Necessary 

clearance was also sought from the institution's research and 

ethical committee for the conduct of this study. 

 

2.1 Inclusion criteria 

 Both sexes in the age group 26 to 50 years. 

 Bone loss of up to 7.5 cm. 

 Infective causes of adult tibial Non-unions alone. 

 Patients willing and fit for surgery. 

 

2.2 Exclusion criteria 

 Smokers, Immuno-compromised individuals and patients 

on blood-thinning drugs. 

 Tuberculous non-unions. 

 Non-union arising out of a primary pathological fracture. 

 

2.3. Instrumentation 

2.3.1 Primary Components 

These are the standard parts that join the skeleton to the 

frame. 

1. Trans-osseous wires – These are of three types. 

a. Wire with trocar point. 

b. Wire with bayonet point. 

c. Olive wires. 

 

2. Rings: These are of two types. 

a. Full ring. 

b. Half ring. 

 

3. Wire fixation bolts. 

4. Schanz pin. 

 

2.3.2 Secondary Components 

These are special elements used in the construction of the 

frame of the apparatus. 

1. Threaded rods. 

2. Support posts. 

3. Hinges. 

4. Connecting plate. 

 

 

2.4 Operative Management 

All patients conforming the inclusion criteria were taken up 

for study. All were assessed pre-operatively. The patients 

were explained about the procedure and consent was obtained 

pre-operatively. The pre-assembled ring was shown to all the 

patients well before surgery. They were explained about the 

additional procedure if needed. 

In the elected infective non-unions of the tibia, the pus 

discharge from the sinuses, if any was sent for pus swab 

culture and sensitivity and appropriate parenteral antibiotics 

were initiated. The dressing was done daily with a silver 

stream solution (containing colloidal silver ions) for 2 to 3 

weeks. After the discharge had minimised, the patient was 

taken up for operation. The patient was given suitable 

anaesthesia. Antiseptic painting and surgical drape of the 

affected limb was done. Debridement of the non-union site 

was done after removal of any previously secured hardware. 

The curetted material was sent for culture and sensitivity. At 

the non-union site, nibbling of the fracture ends was done 

until fresh bleeding was encountered. The medullary canals 

were thoroughly curetted and reamed. An autoclaved 

reconstructed Ilizarov ring frame was used. The number of 

rings was decided pre-operatively based on the fracture site 

and the site of proposed corticotomy. The frame was kept free 

between the internal part of the ring and the soft tissues all 

round over the thickest part of the leg. The limb was secured 

in the centre of the construct.  

 

 
 

Fig 1: Proximal ring placement. 

 

 
 

Fig 2: Distal ring placement. 
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Fig 3: Safe zones for pin insertion. 

 

 
 

Fig 4: First intermediate ring. 

 

 
 

Fig 5: Second intermediate ring. 

 

 

 
 

Fig 6: Reduction and final fixation. 

 

 
 

Fig 7: Dynamometer tensioner. 

 

 
 

Fig 8: T-handle 

 

 

 

The parallelism of the proximal ring (Fig. 1) was to the knee, 
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and the parallelism of the distal ring (Fig. 2) was to the ankle 

joint. 1.8 mm wires were used for adults. Trocar pointed one 

were used for metaphyseal bone and bayonet pointed one for 

diaphyseal bone. Correct placement of wires is essential to 

control the movement of bone during the various procedures. 

The following rules are to be followed during wire insertion. 

The understanding of the axial section anatomy of the limb is 

used to pass the wires through safe corridors (Fig. 3), so that 

neuro-vascular structures are not injured. Before wire 

insertion, the skin should be shifted in such a direction as to 

allow adjacent joint motion. At areas of distraction maximum 

skin should be left loose. Shift the skin distally when 

mounting a ring proximal to the osteotomy. After insertion of 

wire, check for evidence of tissue tension while the limb is in 

its most functional position. If there is tension in the skin the 

wire is withdrawn below the skin surface, and the skin is 

adjusted to avoid tension, and then the wire is advanced so 

that it passes through the skin in a better position. If any 

vessel is injured while inserting wire as evident by a spurt in 

blood or local soft-tissue change, drilling is stopped, and local 

pressure applied. The distal pulses should be felt. A new entry 

is made, and drilling is done. The wires should be inserted 

from the more vulnerable side, and drilling should be started 

only after reaching the bone. The wire should be placed at 90-

degree angles to each other for maximum stability. The wires 

of each pair should be in parallel planes about 0.5 mm apart 

so that each one should be on either side of each ring. The 

ends of the wire were tensioned with dynamometer tensioner 

(Fig. 7). The proximal ring was secured with wires at first to 

the limb. Then, the distal-most rings were secured by the 

wires proximal to the ankle joint. Depending upon whether or 

not there exists an element of limb shortening an appropriate 

level in the upper tibial metaphysis was chosen for sub-

periosteal corticotomy. Afterwards, depending upon the 

fracture geometry, full rings (Fig. 6) were secured with wires 

having a level of axial section anatomy in mind. The fibula 

was not secured with any of the wires. Proper tension was 

applied. Schanz pin, if needed were secured with necessary 

posts and bolds to the Ilizarov ring. A half centimetre incision 

was done and proceeded with drilling. A hybrid construct was 

mostly preferred. Half Schanz pin was inserted with the help 

of a T-handle (Fig. 8) manually. Conversely, an intact fibula 

contributes to the stability of the non-union. The fracture site 

was docked and compressed. Sterile pin-skin interface 

dressing was done with povidone-iodine. Distal limb 

vascularity was checked, post-operatively in all cases. 

 

2.5 Post-op Protocol 

The patients were advised to load-bearing with the use of 

axillary crutches on POD1. Distraction was initiated after a 

latency period of 72 to 120 hours, which is to allow for the 

ingrowth of vaso-formative elements and capillaries, for the 

restoration of blood supply, which was disrupted at the time 

of corticotomy. Distraction was taught to the patient and his 

relatives and they were treated on an outpatient basis with 

fortnightly reviews. The quality and quantity of the regenerate 

depend on the rate and rhythm of distraction. A distraction of 

0.1 cm in 24 hours in four instalments was used during this 

study. For angular distraction also 0.1 centimetre per day is

the recommended rate; for delayed mineralization, the rate 

may be slowed to 0.75 mm per day or 0.5 mm per day. For 

soft tissue correction, a rate of 0.1 cm per 24 hours is used. 

Clearing of the rings and the wires using betadine and 

hydrogen peroxide was done by the patient. Any problems or 

obstacles that arose during treatment were managed 

accordingly. 

 

2.6 Frame removal 

The healing time is moderate with the Ilizarov techniques as it 

is a biological method of healing. In the X-ray, the regenerate 

should be remodelled with the cortex and medullary canal of 

almost equal cross-sectional girth to the mother bone 

corticotomy surfaces before frame removal. 

Dynamisation – The nuts of the frame are loosened and the 

patient is allowed to walk in the frame. If the patient 

complains of no pain, then he is allowed to ambulate in the 

dynamised frame for about 15 days. Then the frame is 

removed, and a Plaster of Paris functional cast is applied for 

about a month. To sum up the various stages: 

 Corticotomy. 

 Latency. 

 The distraction period. 

 The consolidation period. 

 The remodelling period. 

 

2.7 Grading: ASAMI grading 

The results are subdivided results of the bone and functional 

results. 

 

2.7.1 Bone results: 

1. Union. 

2. Infection. 

3. Deformity. 

4. Leg length discrepancy.  

 

Excellent: union, no infection. 

Deformity < 7 degrees. 

Leg length discrepancy <2.5 cm. 

Good: union plus any two or other criteria. 

Fair: union plus any one of the other criteria. 

Poor: non-union or refracture or union with none of the other 

criteria. 

 

2.7.2 Functional results 

Based on five criteria. 

1. Significant limp. 

2. Equinus rigidity of ankle. 

3. Soft tissue dystrophy (skin hypersensitivity/insensitivity 

of Sole or decubitus). 

4. Pain. 

5. Inactivity. 

 

Excellent : Active individual with none of the other four 

criteria. 

Good: An Active individual with one or two of the other four 

criteria. 

Fair: Active individual with three or four of the other four 

criteria. 

Poor: Active individual poor result regardless or other criteria. 
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3. Results

 

Table 1: Age and Sex distribution. 
 

Age in years. 
Number of patients. ‘n’ 

Percentage of patients. 
Male Female Total 

26 to 30 Years 1 0 1 5 

31 to 35 Years 3 1 4 19 

36 to 40 Years 5 2 7 33 

41 to 45 Years 2 1 3 14 

46 to 50 Years 4 2 6 29 

Total 15 6 21 100% 

 
Table 2: Treatment duration table. (For regenerate formation and consolidation) 

 

Sex. 
Bone Defect 

Shortening In cm. 
“n” 

Duration Of Treatment in Months 

(Lengthening, Regeneration Time). 

Duration till 

Consolidation In Months. 

Male 

1 -3 5 6 9 

3-5 4 7 10 

5-7.5 6 9 12 

Female 

1-3 1 6.5 9.5 

3-5 1 8 11 

5-7.5 4 9 12 

 
Table 3: Complication table. 

 

Type. Description. “n” 
Percentage of 

Patients. 

Minor 
Pin Loosening 4 19.05 

Pin Tract Infection 5 23.81 

Major 
Pin Removal or Exchange 3 14.28 

Fixator Removal 1 4.7 

Total  13 61.84 

 
Table 4: ASAMI grading: Bone Result. 

 

Grade. Number. Percentage. 

Excellent 12 57 

Good 5 23 

Fair 3 15 

Poor 1 5 

 
Table 5: ASAMI grading: Functional Result. 

 

Grade. Number. Percentage. 

Excellent 10 48 

Good 6 28 

Fair 4 19 

Poor 1 5 

 

Twenty-one patients satisfied our inclusion criteria. Of these 

21 patients, there were 15 (71 %) males and 6 (29 %) females. 

Most of the patients were in the age group of 36 to 40 (33 %) 

followed closely by patients in the age group 46 to 50 (29 %). 

The average duration of the treatment ranged from 24 weeks 

to 36 weeks in the male category and 6.5-10 months in the 

female category. The average duration for consolidation was 

9 to 12 months in the male category and 9.5 to 14 months in 

the female category. All cases went in for sound union. Our 

outcomes lead to the logical conclusions that in carefully 

selected cases and under scrupulous medical supervision, the 

Ilizarov ring fixator is an excellent choice for treating 

infective non-union of the tibia with a reasonable bone defect. 

As per the ASAMI grading, we had 52.5% excellent, 25.5% 

good, 17% fair and 5% of poor rating in our series, by 

averaging the bony and functional results. 

 

4. Case Illustrations 

4.1 Case Illustration 1 

 

 
 

Fig 9: X-ray showing Non-Union Fracture Tibia and Fibula, six 

months post-injury. 

 

 
 

Fig 10: X-ray showing Non-Union Fracture Tibia and Fibula with 

Ilizarov fixator in-situ. 
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Fig 11: Clinical picture of the patient lower limb with Ilizarov 

fixator in-situ. 

 

4.2 Case Illustration 2 

 

 
 

Fig 12: Pre-operative X-ray showing Non-union tibia. 

 

 
 

Fig 13: X-ray showing three weeks of gap Post transport. 

 
 

Fig 14: X-ray showing completion of transport with regenerate. 

 

 
 

Fig 15: X-ray showing post ring Removal with the consolidation of 

regenerate. 

 

 
 

Fig 16: Clinical picture showing post ring removal. 
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5. Discussion 

The series includes the study of 21 patients treated for 

infected non-union using the Ilizarov ring fixator during the 

period from January 2016 to December 2018 in the 

Department of Orthopaedics at Sree Balaji Medical College 

and Hospital. In this study, vehicular accidents accounted for 

90% of injuries, while 10% were due to domestic accidents 

and falls. Most of the injuries had resulted in considerable soft 

tissue injury and bone loss, making the injury to be classified 

as non-union before the mandatory six-month period as 

defined by the FDA. Superficial pin-track infection occurred 

in 23.81% of cases. They were treated by parenteral and local 

antibiotic preparations. Pain during treatment was almost 

universal in occurrence. It was seen more at sites of a pin-

track infection and the distraction site. Pain interfered with 

ambulation in some patients. The pain was controlled using 

oral Tramadol. Once the pain was relieved, almost all patients 

were made to ambulate. During the study, it was noted that 

pain tolerance and psychological profile of this patient was 

very important for the implementation of ambulation and 

physiotherapy. Two patients were employed in light 

occupations, while on treatment. The one failed case of our 

series was due to poor compliance resulting in premature 

decision to remove the apparatus before it has served the 

purpose. Thus, the patient selection criteria become one of the 

most important decisive factors in instituting this form of 

treatment. The multiple scars were cosmetically acceptable to 

all patients. After follow-up, it was noted that ankle 

movements never returned to normal. This was mostly due to 

contracture of the posterior soft tissue following prolonged 

immobilization before treatment and poor compliance with 

load-bearing and exercise. The soft tissue healing was notably 

accelerated by increased vascularity in the limb. Soft tissue 

defects which were left open quickly granulated and skin 

cover was achieved without skin grafting in 17 cases. Three 

cases required a rotation flap cover and 1 case required SSG. 

Sinuses draining healed spontaneously on the application of 

the apparatus and restoration of stability. The stability in a 

properly applied Ilizarov frame is excellent and aids union. 

Non-union presents a therapeutic task to the orthopaedic 

surgeon. When traditional methods of managing these non-

union fail, our study shows that the Ilizarov technique 

provides excellent results for the majority of patients when 

the infection is the cause for non-union. Thus in our series 

assessment by the ASAMI grading, we had 80% (n=17) of 

excellent to good bone result and 76% (n=16) of excellent to 

good functional result. We had 5% (n=1) of the poor result, 

which was due to poor patient compliance with the fixator, 

necessitating early removal of the fixator.  

 
Table 6: Mean time for bony union in various studies compared with 

our study. 
 

Author 
Number of 

patients 

Mean time for 

union (in months) 

Present study 21 11.5 

G.K. Dendrinos et al. [24] 28 12.4 

S. Patil et al. [31] 41 14.1 

J.J. Mellupuram et al. [32] 42 15.2 

Dror Paley et al. [25, 28-30] 25 13.6 

 
Table 7: ASAMI Bony results comparison of other studies with ours. 

 

Results Excellent Good Fair Poor 

Present study 57% 23% 15% 5% 

Lalit et al. [27] 70% 10% 0% 20% 

Madhusudhan et al. [26] 22% 36.34% 22% 18.18% 

Dendrinos et al. [24] 50% 29% 3.6% 17.4% 

Paley et al. [25, 28-30] 60.87% 26.09% 8.7% 4.35% 

 
Table 8: ASAMI Functional results comparison of other studies with 

ours. 
 

Results Excellent Good Fair Poor 

Present study 48% 28% 19% 5% 

Lalit et al. [27] 26.7% 40% 10% 28.3% 

Madhusudhan et al. [26] 5.56% 22.22% 33.33% 38.89% 

Dendrinos et al. [24] 25% 39.2% 14.3% 2.15% 

Paley et al. [25, 28-30] 64% 28% 4% 4% 

 

5.1 The following outcomes and observations were drawn 

up from the study 

1. The Ilizarov technique allows the early function of the 

limb resulting in adequate stimulus for soft tissue and 

bone healing. 

2. Selection of proper patients by avoiding extremes of age 

and assessing compliance by the patients is required for 

the successful application of the Ilizarov. Smokers must 

be excluded. 

3. Proper placement of K wires and rings is essential for 

maintaining adequate rigid fixation. 

4. Fast healing of soft tissues associated with distraction 

osteogenesis reduces the need for plastic surgery for 

obtaining skin coverage. 

5. Bone grafting is supplemented in attaining union when 

the Ilizarov technique is used in special situations where 

the ends of bones are too narrow to be docked. We had 

found bone grafting to be useful. 

6. Dror Paley’s classification is applied only after radical 

debridement of an infected fracture. 

7. Infection can be eradicated by radical debridement of the 

infected fracture, surrounding soft tissue and by 

increasing the vascularity of the limb. 

8. Pin tract infection, soft tissue contractures and refracture 

can be prevented by adequate supervision and proper post 

ring protected weight-bearing for six months with 

polypropylene tibial braces if needed. 

9. Duration of treatment is relatively moderate while 

considering the complexity of the problems. 

10. A trial of loosening of the ring for one month before 

removal of the apparatus and external splintage for one or 

two months after the removal of the fixator is very 

important to prevent refracture. 

11. Physiotherapy and functional use of the limb from the 

first week after application of the fixator is essential for 

successful treatment of the non-union. 

12. The Ilizarov technique is the treatment of choice for 

infected non-union of long bones. 

13. Proper understanding of the biomechanical and biological 

principles of the Ilizarov method and their careful 

application gives excellent results in most cases of 

infected non-union. 
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6. Conclusion 

The permutations and combinations of the Ilizarov ring 

fixator make it a versatile tool and almost a salvage 

procedure, it addresses all the problems of open or infected 

musculo-skeletal injuries and achieves union in up to 90 

percent cases. However, it needs a steep learning curve. The 

few complications which occurred in our earlier cases did not 

recur later. The main way to avoid mistakes and 

complications in external ring fixation is to follow the advice 

from the master Prof G.A. Ilizarov. Prior to embarking on this 

treatment, as emphasized by J.J. Mellupuram et al. [32] both 

the surgeon and the patient should be completely aware of the 

lengthy treatment time and the considerable number of 

complications.  
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