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Abstract
The paper is intended to analyze the design of circular external fixation system for bone union. It is a fixator system where threaded pins are anchored in the bone. These pins pass through the cortex on either
side of the medullary space, and only a few ‘mm’ of the pin tip should protrudes through the distal cortex. The usual complications of this fixation system are loosening of the pins. These pins deform and inturn distorts the bone. To avoid the stress on the bone, the fixation technique is analyzed and the mechanical behaviour of the circular fixation device is studied. The angle between the pins in a circular
fixator is usually 90º. The stresses related in the present fixation and the stress after redesign are to be
studied. The fixator is designed using Pro-E and analyzed using ANSYS.
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Introduction
Ring fixators, also known as circular external fixators,
utilize Ilizarov’s theory of controlled distraction histogenesis, whereby bone is fractured in the metaphyseal
region and slowly lengthened [1].
This distraction process allows for bone reconstruction
within the segmental defects of malunions [2], through
the insertion of small Kirschner wires (K-wires) under
tension and circumferential ring supports. As new bone
growth occurs in the metaphyseal region, it pushes a segment of healthy bone into the defect [3].

Figure 1. Design of Circular Fixator in Pro - E

Meshing of Fixator
The tension that is created by gradual distraction stimulates the formation of new bone, blood vessels, and muscle. Thus, over time, bone lengthening can occur at a rate
of approximately one centimeter per month.

Design of fixator in PRO-E
The design analysis of the Fixator structure is essential
in computing the amount of stress that is being exerted
on the bone. The Components of the Fixator like Plate,
Fixator, K-wire are designed using Pro-E. The components are then assembled and then it is analysed using
ANSYS.

The Fixator, Designed using Pro- E is analyzed using
ANSYS software. The following steps were followed,
• The Fixator designed using Pro-E is Descritized first
• The material properties like Young’s modulus, Poisson
ratio, Density of material are defined.
• The nodes are placed in critical points and Varying
cross sections.
• The element edge length is defined,
• Mesh size is defined and the elements are meshed by
using 8 node Quadrilateral mesh. The results could be
made more accurate by very fine mesh and by
reduction in the mesh size.
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Figure 2. Meshing of Fixator

Application of Load
Once the meshing is done, the load has to applied on
the fixaor. The following steps were followed.
• The degrees of freedom is arrested in XY direction,
• The rotation is arrested about the axis.
• All DOF is arrested in the bone and the load is applied
on the structure.
A Uniformly Distributed Load (UDL) is applied on the
structure. The load is applied on the fixator structure and
the analysis of stress, strain and deformation is analyzed

Figure 4. Analysis of Equivalent Von-Mises Stress
The Von-Mises stress is analysed for the fixator designed
with the angle between the adjacent K-wires for 90°. The
fixator is analysed for different loading conditions for 720
N, 1080 N and 1440 N.

Determination of Equivalent Elastic Strain
When an elastic material is deformed due to application of external force, internal resistance is developed in
the material of the body. Due to the external force there is
a change in original length of the body or the body gets
deformed under the external load and an internal resistance is developed. This is known as Elastic strain energy.
The resultant of the elastic strain energy is known as Elastic strain energy.

Figure 3. Applying Load on the fixator

Determination of Von-Mises Stress
Von-Mises stress is used as a criterion in determining the
onset of failure in ductile materials. The failure criterion
states that the Von-Mises stress should be less than the
yield stress of the material. The resultant of the Principal
stresses σx, σy, σz is known as Von-mises stress.

Figure 5. Analysis of Equivalent Von-Mises Strain
The Equivalent Elastic Strain is analysed for the fixator
designed with the angle between the adjacent K-wires for
90°. The fixator is analysed for different loading conditions for 720 N, 1080 N and 1440 N.
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Determination of Total Deformation

Conclusion

The total deformation is defined and the deformation of
the fixator due to the application of the external load. The
nodal analysis is performed and the deformation in the
structure of the fixator is analysed. The deformation of
the fixator is analyzed in ‘mm’

The circular fixator was analyzed for bone union, the
fixator with k-wires acts like a cantilever or simply supported beam. This is used when the load carried by the
patient is very high and the load is acting at particular
area of the bone.
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Figure 6. Analysis of Total deformation

The Total deformation is analysed for the fixator
designed with the angle between the adjacent K-wires for
90°. The fixator is analysed for different loading conditions for 720 N, 1080 N and 1440 N.
Table 1. Tabulation of Stress, Equivalent strain and Total
Deformation of the structure
Type
of Stress
Vonmises
Stress
(MPa)
Eq. Elastic strain
(mm/mm)
Deformation (mm)

Load
Aplied
(N)
720

Max.
load on
the Plate
72.113

Max. load
on the Kwires
104.422

Max.
load on
the bone
141.311

1080

201.428

281.861

384.244

1440

297.862

439.248

620.61

720

0.244

0.375

0.462

1080

0.394

0.480

0.718

1440

0.477

0.575

0.886

720

3.884

3.814

3.446

1080

4.417

4.116

4.899

1440

6.014

5.887

5.667
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Stress & Deformation Analysis of Fixator
Once the fixator is designed for 90º, The Vonmises stress,
Equivalent Elastic Stress, Deformation are analysed from
the nodal analysis by using ANSYS. The results are tabulated in the table below for different values of loads. The
maximum load acting on the fixator, k-wire and bone are
tabulated in the table below
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