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Abstract: This paper is a review on the Ilizarov apparatus with the use of olive strings. Appropriate wiring is required for better stability 
and protection during bone healing. The strings previously used in the instrument are k strings which have been replaced with olive 
strings. The material and the size of the wires are also important factors in the healing of the bone in the process. In this review work, the 
olive and the stars are studied in detail. 
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1. Introduction 

An Ilizarov apparatus is used in orthopedic surgeries to lengthen or reshape limb bones. Ilizarov Apparatus is evolved first 
by Prof. GravilAbramovichIlizarov. Originally bicycle parts were used for the frame of the fixator. The bones were cut 
surgically and the cut sections were allowed gradually to distract away from each other at a controlled force at regular 
intervals for the new bone formation. K-wires had been used for as a part of an Ilizarov Apparatus. The Kirschner wires or 
K-wires or pins which are sterilized, sharpened, smooth stainless steel pins [Mazet, 1943]. Ilizarov apparatus has three 
major components as follows:  

1) Fixative elements [pins, wires, Steinman pins, half-pins, Kirschner wires]  
2) Frame configurations supporting elements [rings, arches] 
3) Connecting elements [rods, plates, hinges]   
The Kirschner wires or K-wires or pins which are sterilized, sharpened, smooth stainless steel pins [Mazet, 1943]. 
The Ilizarov Method is used throughout the world for limb lengthening, to correct deformities and to mend fractures 

believed to be untreatable.          
Different sizes of these k- wires have been used to hold bone fragments together for (pin fixation) or to provide the 

anchor for skeletal traction. These wires are now extensively used in orthopedics and other types of medical and veterinary 
surgery. The pins were often driven into the bone through the skin (percutaneous pin fixation) using a power or hand drill. 

An olive wire has been used to serve many functions such as, a stabilizing element of a configuration, preventing the 
bone from sliding along the wire; a traction element to tug bone in a desired direction; a rotation point around which a 
deformity correction occurs, or a method to create inter- fragmentary compression etc. Previously, bending or twisting of k- 
wires into z- shape were used for firm bone fixation. But this z-shaped end had disadvantage of cutting through the soft 
tissue and they were not sturdy enough to withhold major loading. Thus, this problem was then overcome by the use of 
olive wire which has a characteristic olive shape in an Ilizarov Apparatus, which is a single piece of stainless steel used for 
bone fixation. Fixation of olive wire with stopper has given additional stability when patient anatomy does not allow 
optimal wire placement. These wires are also been used for bone fragment displacement reduction, bone fragment deviation 
correction, and inter- fragmentary compression, etc. [Frankel, 2010]. The mechanical properties exhibited by the use of 
olive stop wires have provided added shear resistance to the Ilizarov system. The result of which have been indicated that 
Ilizarov fixator has provided axial dynamization without compromising overall its stiffness or shear rigidity [Fleming, B., 
Paley, 1989]. On comparison with k- wires, Olive wires tensioned on both ends have been providing significantly greater 
stiffness compared to the samples with smooth wires. 
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 Outlined principles for the use of this apparatus [Gubin, A. V., Borzunov, 2013]:  
• Site of lengthening 
• Minimal trauma to bone and soft tissue 
• Preservation of blood supply 
• Rate and rhythm of distraction 
• closed fracture reduction 
• Stable fixation 
• Muscle and joint functional movements 
• Early mobilization of patient 
FEM was also used for external fixation with rigid fixators at both ends of pins and side bars [Drijber, F. P., Finlay, 

1992]. FEM was able to establish the relationship between stiffness of the assembly & number of Schanz pins used in 
system to analyze rigidity of fixator [Sternick, Bento, 2012]. 

This experiment led to the design of an Ilizarov Apparatus by keeping them slightly away from each other, and 
repeating this over a time, creating a new bone formation at bones’ regenerative potential it was possible to extend the bone 
by a desired amount [Spyrou, 2011, October]. The purpose of this review work is to appraise articles, journals, web sites 
and reports to dispense an overview of ilizarove apparatus with olive wire. 

2. Literature Survey 

The sources of the literature review usually includes reports and analyses available from academic and industry 
guidelines about main methodologies and research techniques. Here, they were preliminary conducted through internet 
searches of online data-bases, paper publications and articles. These searches were performed using websites and the 
databases were searched using a topic-related key words and phrases. The primary focus of this review was to understand 
the functioning of K & olive wires and biomechanical stability of an external fixation. Ilizarov has already explained earlier 
the distraction orthogenesis principle.  

Based on that Paramain, G. & Bhave & et al, 1997 were found to be successful in femoral lengthening by gradual 
distraction of the two fractured fragments over an intramedullary nail. This study helped in reducing the duration of 
external fixation to almost half! As said by Sanjay Mulay & S. V. Yadkikar (2014); Ilizarov method of external fixation 
was found to be the revolution in the field of orthopedics. For the treatment of some long bone fracture cases he had used 
standard frame and a hybrid frame. It was found that this technique can be used in both open and closed fractures. Thus, he 
suggested a meticulous study, precise technique and expertise of a surgeon is essential to perform well in the application of 
the external fixator. The study concluded that this principle can be used for fixation of fractures, infected non-union, 
compound fracture, segmental fractures, poly-trauma, and segmental bone loss. The principle of controlled distraction at the 
fractured site stimulated not only the neovascularization & new bone formation but also regeneration of soft tissues and 
nerves. Patient having chronic osteomyelitis had been undergone an experiment by Kocaoglu, 2006 with distraction 
principle with an intramedullary nail to treat a long bone defect. This combined method of using external fixation and 
classic techniques of the treatment was proved to be significant to describe the patterns of remodeling of the bony defects. 
The earlier removal of an external fixator was found to be associated with increased patient comfort, decreased 
complications and rapid rehabilitation.  Many publishers have been suggesting different designs of the Ilizarov apparatus 
having an effect on their functioning and biomechanical ability.  

Beherns, 1989 has given a brief introduction to the terminologies, concepts and classifications of external fixators. He 
made clear distinction between three types of fixators; simple, clamp, ring and these in typical 4 standard frames; unilateral 
one plane, unilateral two-plane, bilateral one plane, and bilateral two-plane. These varieties had been given diverse model 
constructions, where he had approved that hybrid external fixator models can have better ability to be beneficial for 
stabilizing the complex injuries. Dr. Bubeshkumar & K. G. Muthurajan had used different types of Illizarov fixators such as 
circular and hybrid. He was desirably able to achieve the better stability with hybrid 1 and 2 fixators than the circular 
fixators with the use of ANSYS work bench 10. 

Valantine Antoci & Michel J. Voor and et al, 2006 & 2005 described about effect of olive wire positioning and 
tensioning characteristics on the mechanical stiffness of the fine wire external fixation. Also, explained about the effect of 
tilt-angle relationship between the crossed wire plane and the bone axis. Here, the load vs. deformation behavior was 
compared between different setups and loading configurations. The evaluation was based on the axial stiffness, torsional 
stiffness and bending stiffness in the sagittal plane and coronal planes. A tilt angle of 20 degrees with the olive wires 
provided significantly greater stiffness than the smooth wires under loading conditions, however; in torsion the olive wires 
and the smooth wires with 10 and 20 degrees tilts were not significantly different. Overall, the use of olive wires in 
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conjunction with the tilting the wire plane had showed enhanced the fixation stiffness for proximal tibial fractures while 
allowing more options for wire configurations that avoid neurovascular and musculo-tendinous structures and wounds. 

Flaming B Paley, 1989 examined five configurations of the Ilizarov fixator under overall stiffness, shear stiffness and 
axial motion. And he compared this with 8 conventional one-half framed fixators. He finally suggested that, the use of olive 
stop wires showed increase in the shear resistance of the Ilizarov system. 

Drijber (1992) in his study, he had used the linear finite element analysis models for external fixator devices to 
determine their frame stability and rigidity. The rigidity and stability has been tested at various modes like axial 
compression, torsion medial lateral and anterior posterior four point bending.  

Mateusz Pawlik & MarcinBasiaga (2014) made a stabilizer system consisting of two complete rings connected 
together by means of telescopic double swivel struts with a holder and Finite Element Method calculations were generated 
for the models. Their main intent was to evaluate the displacements and stains and stresses in components of bone-fixator 
system using Finite Element Method. The results of this analysis allowed better understanding of the mechanism of action 
of the analyzed system.   

On the other hand, Robert Weinstein et al in 2014 demonstrated the use of pre-existing hardware, after open reduction 
with internal fixation from a previous ankle fracture. An Ilizarov external fixation was used to reduce a bimalleolar 
equivalent fracture and diastasis to the syndesmosis. They analyzed a novel use of external fixation to diminish a 
syndesmotic injury in the presence of pre-existing hardware from a previous ankle fracture that had undergone open 
reduction with internal fixation.  

The studies have shown tremendous variations in their outcomes. “The Ilizarov paradigm” of Dublin in 2013 
emphasizes the current concerns in application of the Ilizarov method and its integration with other technologies. They tried 
to define the trend to conquer obstacles and achieve regeneration stimulation, controlled treatment process and to improve 
the patient comfort. 

2.1 Experimental Setup 

• Geometry 
To create Finite Element (FE) model, the structural geometry was modeled by a solid cylinder of diameter 32 mm and 

meshed with 8-node tetrahedron elements. In both models, the bone was centered within the circular rings of IA. The 
Ilizarov configurations used rings with inner and outer diameter of 140 and 170 mm respectively with 5mm thickness of 
each including 36 holes of 8 mm diameter equally spaced around each ring.  
 

             
 

Fig. 4.1 The experimental set-up of an Ilizarov apparatus using two-ring olive wire. 
At the one side of the wire, the stopper was used to prevent slippage while at the opposite side the threaded nut 

was attached after the pretension was applied. The rings were solid structures meshed with 8-node tetrahedron elements. 
Four olive and k-wires both having same diameter of 1.8mm at 90degrees crossing angles were allowed to pass through the 
bone and secured at each ring. The connecting rods were 34mm in length with 5mm diameter cylinders with the thread and 
meshed with quadratic beam elements. The experimental setup and their parts for this current study has been shown in the 
figure (4.1), (4.2) & (4.3). The dimensions of the parts used in construction of an Ilizarov apparatus has been given in the 
following figure 4.4. 
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Fig. 4.2 Solid model of k wire IA setup 
 

 
 

Fig. 4.3 Solid model of olive wire IA setup 
 

    
  

(a)                                                                                                         (b) 
 

Fig 4.4 2D diagram with dimensions 
 
2.2 Finite Element Analysis 

The Ilizarov Fixator under FE model using two ring k- wire and two ring olive wire were then mounted 
on to the bone fragments as explained in Figure (4.6) and (4.9) respectively. Ansys has been the advanced 
version used for FE method. Previously ansys work bench 10 was used for the studies, which created better IA 
fixation than hybrid fixator [Kumar, D. B., & Muthurajan, K. G. 2014]. Now, the advancement of ansys work 
bench 16 includes simulation for fracture materials & non-linear material models, now they have become more 
expedient simulating severely deformed structures. This advanced technology has provided geometry based 
network connections for the model components which also worked as repair functions and controllable 
automatism. 
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Figure 4.5 Finite element model of k wire IA setup 
 

 
 

Figure 4.6 Finite element model of olive wire IA setup 
 

The biomechanical behavior on axial compression was studied for each fixator configuration. The weight bearing 
was analyzed by applying the axial compressive displacement force on the upper surface of the proximal bone segment and 
the lower surface of the distal bone was kept constrained in all degrees of freedom. The structural elements (wire) were 
attached rigidly to the rings including the constraint point of freedom. The sliding of the wires within the bone was 
constructed by a multi-point constraint; the nodes of a wire were kept on a straight line coinciding nodes of the bone while 
they were allowed to move along the line and the line to change length. The pretensions of the wires were imposed as initial 
stresses on each structural element. The nodes around a ring hole were tied to the rod’s node located at the center of the 
hole. And the coupling between the rods (structural elements) and rings (continuum elements) were maintained by the 
Kinematic Coupling Constraints. The current study has used Finite Element Model with ansys work bench 16 by using 
olive wire fixators to analyze the maximum benefit of evaluation.  

3. Result 

The analysis was done to study the axial stiffness and frame stability of two-ring olive wire and two ring k wire in Ilizarov 
configurations. A parametric study was carried out to examine the effects of ring diameter, wire diameter, and initial wire 
pretension on the axial stiffness of the two-ring fixator as explained in the following tables 1 & 2. 
  

 
 
 
 
 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 02, February 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

75 

Table 1: Finite element results of Olive wire 
 

 
Olive wire ansys result 

Load [N] Displacement 
[mm] 

Stiffness 
[N/mm] 

50 2.371 21.73 
60 2.845 21.42 
70 3.319 21.21 
80 3.794 21.1 
90 4.268 21.09 

100 4.742 21.08 
 

Table 2: Finite element results of K wire 
 

 
K wire ansys result 

Load [N] Displacement 
[mm] 

Stiffness [N/mm] 

50 2.748 18.25 
60 3.298 18.24 
70 3.848 18.23 
80 4.397 18.22 
90 4.947 18.21 
100 5.497 18.19 

 
In ansys axial stiffness was compared between the rings of each 140mm and 170mm diameter and both wires with 

1.8mm diameter and wire pretensions of 50N-100N.  The axial stiffness of the two-ring olive wire configuration was found 
in good relation to the results of previous studies. The two- ring k wire showed a gradually increasing unstable behavior 
than the olive wire when on loading them higher than 70N.The analysis demonstrated that, as the level of pretensions 
increases on both k wire and olive wire, the load-displacement curve for olive wire configuration becomes steeper.  

4. Conclusions 

The Ilizarov apparatus will be mechanically tested to determine its stiffness. Test results will be matched to determine 
the difference between mechanical and FE method using ansys work bench 16 in olive wire determination for their stiffness 
values. Overall, the conclusion has been drawn that, the optimum design of 3D FE model using two-ring olive wire in an 
Ilizarov Apparatus has ability to withstand higher pretensions due to the better stability and stiffness of two-ring olive wire 
than two-ring k-wire configurations. This has given a ray of hope to the patients to improve the stabilization of bone and to 
stimulate favorable healing of fracture. 
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