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Abstract 
Introduction: Tibia shaft fractures can be treated with various modes, each having its merits and 
demerits. The aim of our study was to analyze clinical outcome of Ilizarov technique in patients with 
tibia shaft fracture. 
Method: 50 patients with isolated tibia shaft fracture treated with Ilizarov external fixator were followed 
prospectively for one year. Depending upon the level of fracture 4 or 5 rings were used. Weight bearing 
as per patient pain tolerance was allowed within 24 to 48 hours. The decision of frame removal was taken 
based on Ramos criteria. The function was evaluated based on Johner and Wruh’s criteria. 
Results: According to Johner and Wruh’s criteria, 34 patients had excellent, 12 patients had good and 4 
patients had fair results. No poor results were noted. There was no case of re-operation and re-fracture. 
Pin-site infections were seen in 14% cases but there were no deep infections. 
Conclusion: Ilizarov technique can be used as an early definitive management in tibia shaft fractures 
with excellent clinical outcome. 
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Introduction  
The incidence of closed and open tibial fractures is increasing with increasing trend in social 
development and metropolisation. Due to distal location and less soft tissue envelope of tibia, 
open fractures are more common in tibia than in any other long bones [1]. Severely 
comminuted fractures and open fractures pose problems of delayed union and non union [2]. 
Extent of soft tissue injury in closed fractures often affects the union time. When conservative 
treatment is inappropriate several methods of surgical management can be used [3, 4]. Open 
reduction and internal fixation [ORIF] with plates and screws achieves stability, allows joint 
mobilization but does not allow early weight bearing which as a stimulus is a must for early 
union [5]. Minimally invasive percutaneous plate osteosynthesis [MIPPO], shows high rate of 
healing and low rate of soft-tissue complications [6, 7]. Close intramedullary nailing [IMN ] 
preserves extra osseous blood supply, doesn’t disturb fracture haematoma and maintains the 
integrity of soft tissue envelope, allows early weight bearing [2], but it compromises the intra-
medullary blood supply and in open fractures increases the risk of infection [8, 9, 10]. IMN has 
been recommended in management of closed fractures and Gustilo I and II tibial shaft 
fractures [11, 10, 12, 13, 14, 6]. Few reports have described uniplanar and biplanar external fixator in 
treatment of close tibial shaft fractures. However they do not allow weight bearing, can cause 
problems of pin loosening, infection and at times can cause insufficient mechanical stability 
[15]. This has contributed to the limited use of external fixators as primary treatment and 
restricted the indications for it to fractures with major soft tissue damage [16]. According to 
original recommendations, the classical Ilizarov circular fixator can be a valid alternative in 
primary treatment of tibial fractures [17]. We have evaluated the principle of trans-osseous neo-
osteo-histiogenesis using the circular ring fixator (Ilizarov ring fixator). 
 
 
 



 

~ 896 ~ 

International Journal of Orthopaedics Sciences 
Method 
A prospective study of 50 cases of comminuted tibia fractures 
treated primarily by Ilizarov external fixator was carried out 
at GMERS, Gotri medical college vadodara, a tertiary care 
centre from may-2014 to April 2017. The study protocol was 
approved by hospital ethics committee and written informed 
consent was taken from all the patients.  
 
Inclusion Criteria 
Medically fit patient between age group 17-65 yrs were 
included. Gustilo Anderson type I, II and III-A were included. 
Isolated injury involving leg were included. 
 
Exclusion Criteria 
Patient with any other associated bony injury. Patient with 
open grade III-B and C injury. Age more than 65 yrs. Fracture 
line extending into intra-articular region, knee or ankle were 
excluded. Patient who found the fixator to be aesthetically 
unacceptable. 
Injury was classified as upper third, middle third or lower 
third based on the anatomical level of fracture. Also the 
fracture was classified according to AO classification [18]. 
Gustilo-Anderson classification was used to classify open 
fractures [19]. Soft tissue injury was graded according to 
Tscherne classification for closed fractures [20]. 
After proper pre-operative anaesthetic evaluation the surgery 
was performed under spinal anesthesia in all cases. Calcaneal 
pin was passed in all cases and traction table was used to 
achieve proper alignment. Biplanar fluoroscopy was used 
during reduction and passage of wires and pin. Depending 
upon the level of fracture four or five full rings of 160mm size 
or 5/8 ring were used for frame assembly. Proximal tibio-
fibular joint was fixed with wire passed from lateral to medial 
side. Ankle syndesmosis was stabilized by passing wire. 
Other wires were passed avoiding injury to neuro-vascular 
structures by remaining in safe zones. All the wires were 
passed by using intermittent drilling using a low RPM drill to 
decrease the chances of thermal necrosis to bone. Wires were 
fixed to ring using wire fixation bolts and tensioned to a 
minimum of 120kg. Olive wires were used in some cases to 
achieve final reduction. 4.5 mm Schanz pins were used in few 
cases to provide additional stability. Final reduction was 
assessed under fluoroscopy and sterile dressing applied at pin 
insertion sites. Post operative adequate analgesic cover and 
prophylactic antibiotics were given. Partial weight bearing, 
knee and ankle mobilization exercises were started within 24 
hrs. Patients were encouraged to do high sitting and full 
weight bearing as per their pain tolerance capacity. Once 
patients were comfortable with full unrestricted weight 
bearing, they were discharged. First follow-up was at two 
weeks and thereafter every month. At each follow-up wires 
were checked for loosening or infection, knee and ankle 
mobilization was assessed. Patients were demonstrated pin 
tract care at each visit. Radiological evaluation was done at 
each monthly visit. The patients were assessed clinically and 
radiologically for alignment, bone contact and later on callus 
formation in the out patient clinic. The decision of frame 
removal was taken after clinical and radiological assessment 
as described by Ramos et al [21]. The fracture was regarded as 
united when 3 out of 4 cortices on antero-posterior and lateral 
x-rays showed bridging callus, fracture was stable under 
manual stress and patient was able to walk without pain after 
the connecting rods had been removed. Johner and Wruh’s 
criteria was used for final evaluation of patients [21]. 
 

Results 
In this study, during a 3-year period from may-2014 to april-
2017, 50 patients with tibia shaft fracture were followed up. 
42 were male and 8 were female. Age of the patients ranged 
from 17 yrs to 65 yrs with average age of 37 years. 27 cases 
had vehicular accident and 23 cases had fall from varying 
degrees of height. 29 patients had closed injuries which were 
classified based on Tscherne classification. Out of them 6 
were grade I, 16 were grade II, 7 were grade III. 21 patients 
had open injuries and were classified based on Gustilo-
Anderson’s classification as grade I- 4, grade II- 13 and grade 
III-A - 4. Based on anatomical level of fracture 18 had upper 
third fracture, 17 had middle third fracture and 15 had lower 
third fracture. Based on AO classification they were as per 
table no 1 [18]. Time interval from date of admission to date of 
operation was 1 to 13 days with average of 4.46 days. Total 
duration of hospital stay was from 3 days to 11 days with 
average stay of 5.38 days. Blood loss was negligible as no 
patient required blood transfusion. Weight bearing was started 
in all patients within 24 hrs except in case no 18. Total 
duration of ilizarov frame kept ranged from 74 days (10.5 
weeks) to 152 days (21.7 weeks). Average time was 111 days 
(16 weeks). Earliest frame removal was done in case no.38 
and longest time of frame was kept in case no18. Pin tract 
infection occurred in 7 patients which resolved with proper 
pin tract care and antibiotics and did not need change of wire. 
Shortening of upto 2 cms was seen in 4 patients. No 
significant varus or valgus deformity was noted at knee or 
ankle. Even in open injuries no case of osteomyelitis was 
seen. No patient required any additional procedure like bone 
grafting for achieving union. No patient required any 
additional protection in form of casting or bracing after frame 
removal. Based on Johner and Wruh’s criteria [22] final results 
were rated as 34 excellent, 12 good, and 4 fair (table no 2). 
No poor results were seen. 
 

  
 

Pre-op xray.    Post-op x-ray. 
 

  
 

Post-op x-ray.   Post-frame removal. 
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Table 1 

 

41-A2 41-A3 42-A2 42-A3 42-B1 42-B3 42-C2 42-C3 43-A1 43-A3 
3 12 1 4 7 3 1 6 1 12 

A.O. Classification [18]  
 

Table 2: Johner and Wruh’s criteria [22].  
 

Criteria Excellent Good Fair Poor 
Nonunion/infection None None None Yes 

Neurovascular injury None Minimal Moderate Severe 
Deformity     

Varus/valgus◦ None 2-5 6-10degrees >10 degrees 
Pro/recurvatum 0-5 degrees 6-10 degrees 11-20degrees >20 degrees 

Rotation 0-5 degrees 6-10 degrees 11-20degrees >20 degrees 
Shortening 0-5mm 6-10mm 11-20mm >20mm 
Mobility  

Knee Full >80% >75% <75% 
Ankle Full >75% >50% <50% 

Subtalar >75% >50% <50%  
Pain None Occasional Moderate Severe 
Gait Normal Normal Mild limp Significant 

Strenuous activity Possible Limited Severely limited Impossible 
RESULT 34 12 4 0 

 
Discussion 
Ilizarov method is a highly versatile technique applicable in 
number of clinical situations [23] It is a safe and effective 
treatment modality for tibial fractures [24]. Hosney and Fadel 
achieved union in all the 34 open tibial fractures managed by 
Ilizarov fixator [25]. Sidharthan et al. achieved union in all the 
42 high energy tibial fractures managed with Ilizarov fixator 
and advocated the use of Ilizarov technique in high energy 
tibial fractures since the device provides early and definitive 
management of these fractures [26]. We also achieved union in 
all 50 cases of comminuted extra-articular fractures managed 
by Ilizarov external fixator. We had 21 cases of open injuries 
which united without any case of post-traumatic 
osteomyelitis. Even in closed fractures with soft tissue 
injuries, Tscherene II and III, (23 cases), union was achieved 
as this device leads to no stripping of soft tissues as compared 
to ORIF or MIPPO and minimal disturbance to vascularity of 
bone and the fracture as compared to IMN. This is in contrast 
to intra-medullary nailing which interferes with intra-
medullary circulation. The interference with circulation is 
seen in both unreamed and reamed nailing although the 
degree of compromise is a matter of controversy [9]. 
Soft tissue management holds the key to achieving good 
functional result in open tibial fractures. Shtarker et al. used 
primary suturing and ilizarov fixation in treatment of open 
tibia fractures with good results [27]. Due to non-availability of 
plastic surgeon in our set-up we could not address III-B 
injuries and referred them to higher centre. 
Pin-site infections form the bulk of complications associated 
with Ilizarov fixator. Good care of pin sites and aggressive 
management of superficial infections is essential to prevent 
deep infection. Pin site infection results in wire loosening and 
often requiring change of wires [24]. Insufficient pin care has 
been associated with higher incidence of pin-tract 
complications [24]. Use of half pins results in half the number 
of sites of soft tissue transfixation which can decrease the 
number of pin site and soft tissue complications and can 
potentially improve the comfort of patient and the tolerance to 
treatment. We had pin-site infection in 7 cases which did not 
spread deeper and cleared off with early and proper pin site 
dressing and antibiotics. Paley had suggested this to be a 
“local problem ” rather than an obstacle or a true complication 

[24]. 
Ilizarov frame allowed early mobilization of patient ( partial 
weight bearing followed by full weight bearing ) within limits 
of pain. Effective 360 degree construct discouraged 
translational and angular motions while still allowing some 
dynamic axial movements. Bony contact in combination with 
compression at fracture site augments the frame’s stability, 
which results in load sharing between the frame and the bone 
and the ability to bear weight [28]. This produced cyclic axial 
micromotion at the fracture site which is beneficial for 
fracture healing [29, 30, 31]. Despite being less stiff in axial 
compression Ilizarov frame is moderately to highly stiff in AP 
and Lateral bending strains [31]. For all wire frames, many 
biomechanical parameters have been defined that affect 
stiffness. Half-pins are used with Ilizarov frame to simplify 
application, induce higher rigidity in the frame and reduce 
soft tissue complications [32]. Many studies have indicated that 
axial compression is coupled with translational and angular 
motion in half-pin mountings [32]. We have used half pins in 
few cases without any complications. 
The time to achieve union with Ilizarov fixator varies in 
different studies since different authors have used different 
criteria for assessment of union. Inan et al. reported bony 
union in 19 weeks in all type III-A fractures [33]. The average 
time of union in our study was 16 weeks. We have followed 
the criteria laid down by Ramos et al. [21]. There was no case 
of non-union in our study. 
IMN or ORIF is associated with potential risk of non-union, 
delayed union, malunion and infection needing additional 
procedures. Since Ilizarov technique is a minimally invasive 
method with little interference to biology of fracture, it leads 
to decreased incidence of infection or non-union. By 
compression and or distraction during the course of treatment, 
progress of union can be managed without requiring any 
additional secondary procedure. No patient in our study 
required any additional procedure to alter the course of bony 
union. 
When using the Ilizarov technique some tethering of muscles 
and tendons is inevitable and this would theoretically affect 
the ROM of knee and ankle [34]. Muscle contracture and joint 
stiffness are significant problems especially seen in patients 
when fixator is applied for longer periods or fracture is near 
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the joint [24]. Patient education and early range of motion 
activities is a must to avoid problems of stiffness. In our study 
4 patients had fair results due to knee and ankle stiffness. 
Incidence of Refracture in the consolidate is a troublesome 
complication but seen in rare case [35]. These fractures usually 
arise due to early frame removal. In our study no patient had 
refracture. Earliest frame removal was done at 10.5 weeks in 
our study. 
Malunion used to be more commonly seen in conservatively 
treated comminuted fractures of tibia. Ilizarov external fixator 
allows the surgeon to correct malalignment while the fracture 
is undergoing union. Dickson et al. found malunion in 5.7% 
patients treated with Ilizarov [24]. In long term follow-ups after 
tibial fractures there is no evidence that the malalignment of 
the lower limb will lead to any restriction of motion, pain or 
osteoarthrosis of knee and ankle even with an angulation of 
upto 15 degree [36, 37, 38]. 
Anterior knee pain after IMN remains a troublesome 
complication regardless of the surgical approach used, 
ranging from 5 to 86% [39]. Removal of nail failed to eliminate 
the pain, which according to some, persisted in as many as 
69% at an average of 1.5 years [40, 41]. We had no case of 
anterior knee pain. 
Another major operation is required in patients who were 
treated with either IMN or ORIF or MIPPO for metal removal 
[42]. All our patients underwent frame removal under mild 
sedation and analgesia avoiding a second major surgical 
procedure for frame removal. 
 
Conclusion 
Ilizarov apparatus involves non-invasive operation, provides 
360 degree stability, respects the vascularity of fracture 
fragments. It allows early joint mobilization and early weight 
bearing stimulus which aids compressive effects on the 
fracture callus. It improves and increases venous and 
lymphatic return preventing swelling and disuse osteopenia. 
The risk of infection and subsequent osteomyelitis associated 
with other forms of fixation is also minimized. This system 
allows for adjustment of the alignment, and for compression 
and or distraction both during surgery and at subsequent 
follow-ups. The complication profile for Ilizarov frame is 
however less serious in nature than that of IM fixation and 
ORIF. We conclude that Ilizarov technique is a safe and 
effective method for treatment of tibia fractures to improve 
the functional capacity of patient and to promote union. 
 
Recommendation 
We highly recommend this technique as primary and 
definitive treatment for close tibia fractures irrespective of the 
extent of soft tissue injury and in open grade I, II and III-A 
fractures. 
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