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External skeletal fixation (ESF) has become a popular
method for treatment of bone deformities and fractures in
small animal practice. In recent years, ESF is being used in
large animals also to treat a variety of fractures, especially
in compound fractures (Anderson and Jean 1996, Aithal et
al. 2007a).

Mechanical and microstructural properties of material play
an important role in biomechanical rigidity of the fixator
and hence the fixation stability. Circular external fixators
(CEF) possess biomechanical characteristics that may
optimize conditions for fracture healing (Juan ef al. 1992,
Aronson and Harp 1992). Numerous factors affect the
biomechanical characteristics of any CEF construct, among
them the ring diameter and the material composition of the
ring play an important role. Stainless steel is the most
common material used to make CEF rings (Kummer 1990).
In large animals, especially ruminants, the choice of the
fixator is also dictated by the cost of the implant.We
developed CEF rings using mild steel and aluminum alloys
(Aithal et al. 2004, 2007a and b, Singh et al. 2007), which
were more economical than that of stainless steel/carbon,
and have shown adequate stability under compression and
bending (Singh er al. 2007). The present study was done to
evaluate and compare the mechanical and structural
properties of semi-circular rings made from mild steel and
aluminum, which were developed for large animal use.

Three hemi-circular half rings prepared from mild steel
(low carbon steel) and 3 hemi-circular half rings prepared
from aluminum were utilized in the study. The rings measured
170 mm in inner diameter, 20 mm in width and 5 mm in
thickness. Each half ring had 11 equidistant fixation holes
measuring 10 mm in diameter.
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The mechanical properties of the rings were studied on
material testing machine. After fixing the bows in the fixers
of MTS machine, compressive load of varying magnitude
was applied. Load deflection graphs (load vs displacement)
were obtained at different loadings. Different biomechanical
parameters were measured/calculated from the load-
deflection graphs, which included average stiffness (N/mm),
strain energy up to yield limit (J), weight (N) and resilience
(strain energy per unit weight) (J/N). The parameters were
calculated as follows:

Average stiffness, K = P/3, where P is the load applied (in
Newton) and J is the deflection (in mm).

Strain energy function, U= VaxP ,qicX 8 ¢jugic, Where
P jaic 1S the load at elastic limit (N) and d ., 1S the
deflection (mm) at elastic limit.

Resilience energy, R= U/W, where U is strain energy in
Joule and W is weight of material in Newton.

After studying the biomechanical properties of the rings,
the chemical compositions were analysed by using atomic
absorption spectrometer to know the details of alloying
materials.

Morphological study was done to understand the nature
of metal crystal structures in elements. After sample
preparation and structural analysis by optical microscopy,
the rings were cut by hand saw to the desired size and were
subjected to different preparations and chemical treatment.
The processed samples were fixed in Bakelite blocks under
high pressure and temperature for easy handling. The metal
samples were made thin using grinding machine and polished.
The polished and etched samples were then examined under
the optical microscope at various magnifications and
photographs were taken for further analysis.

The data obtained for different mechanical parameters
were analyzed statistically. Mean (+SE) values were
compared and analyzed using student’s t test. Results were
considered significant at P<0.05.

As the rings in a circular fixator in a clinical setting are
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normally subjected to compressive stress, in the present study
the circular rings were tested under compression (Lewis e?
al. 2001). The biomechanical property of a CEF is greatly
influenced by the ring diameter; as the diameter increases
the fixation rigidity reduces (Gasser et al. 1990, Bronson
1995). The diameter and thickness of the rings used in the
present study were selected based on our earlier studies
(Aithal et al. 2004, 2007, Singh et al. 2007). The different
dimensions were kept same with mild steel and aluminum
rings to minimize the variables and to prevent any effect on
the biomechanical properties. However, the mild steel rings
weighed (1.76 N) significantly more (P<0.05) than that of
aluminum rings (0.85 N).

The biomechanical properties of the rings during axial
compression have been depicted in Table 1. The steel and
aluminum rings showed characteristic load-deflection curves
in which there was an initial exponential increase in stiffness
with increasing applied load. This non-linear behaviour
represents a self-tensioning effect of the implants in response
to an increasing load. The displacement (in mm) was
relatively more for aluminum rings at low loads, however,
total displacement did not differ between the rings at the
level of buckling. As the load was increased, there was sudden
decline in the curve, without becoming linear, suggesting
very little plastic deformation before failure. Though this
behaviour was observed with both the rings, the aluminum
rings showed failure in the load range of 80-100 kg, while
steel rings continued to increase in stiffness even up to 150—
200 kg loading.

The main criteria for developing a ring of an external
fixator are the resilience and rigidity. A ring which is able to
store the maximum elastic strain energy per unit mass of the
bow within the permissible deformation limit is considered
the most suitable design. When compared between the 2 rings,
the mild steel rings showed highest stiffness than the
aluminum rings, indicating that mild steel rings are more
resistant against compression stress than that of aluminum
rings. The stiffness of the implant is dictated by the material
property of the material. In the present study, greater axial
stiffness exhibited by steel rings was probably due to the
presence of higher contents of iron (Fe), manganese (Mn),
nickel (Ni) and chromium (Cr).

Strain energy, a measure of the strength and rigidity of
the material to resist the impact of forces, was about 3 times
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more for mild steel rings than for aluminum rings, indicating
that mild steel rings are biomechanically superior to
aluminum rings. However, the resilience, the ability
to return to its original shape/position after deformation
within the elastic limit (elasticity) did not differ
significantly between the 2 types of rings. This suggests that
the strength of aluminum rings per unit weight is not
significantly different from that of mild steel rings, and the
strength can be increased by increasing the weight/thickness
of the rings.

The orthopaedic implants are generally prepared from
stainless steel 316L (low carbon steel) that is made up of
varying amounts of iron, chromium and nickel (Bracero et
al. 2003). While low carbon content (<0.03%) helps to
enhance resistance against corrosion, inclusion of 2-3%
molybdenum gives 316L stainless steel a greater resistance
to various forms of deterioration. Further, all steels contain
variable extent of impurities, which may influence the
mechanical properties of the implant. Our results showed
that mild steel rings are about 4-times harder than that of
aluminum rings (Table 1). Chemical analysis of the mild steel
rings indicated that Fe is the major alloying metal (83.86%),
followed by Mn (7.00%), Ni (4.00%), Cr (2.5%) and Si
(1.19%). Whereas in aluminum rings, Al is the principal
component with 96.89%, followed by Mg 1.58%. Principal
content, Fe was probably responsible for greater hardness
and stiffness of mild steel rings, as compared to aluminum
rings. Other metals/elements were present in very small
quantity to play any significant role in the resilience/stiffness
properties of the external fixator rings.

Microstructurally the mild steel showed relatively more
dark grey dendritic structures, probably representing the
major constituent, Fe. Whereas aluminum showed mostly
dispersed dark discontinuous round structures. Unlike
aluminum, mild steel showed interconnections between the
dark structures in the form of thin strings, indicating more
bonding between the metallic elements. These more dense
dark structures (representing Fe) along with their
interconnections were probably responsible for greater
rigidity/hardness and stiffness of mild steel rings, as
compared to aluminum rings.

Our results indicated that mild steel rings are
biomechanically and structurally superior to aluminum rings,
and the circular fixator rings may be developed using mild

Table 1. Biomechanical properties of mild steel and aluminum rings during axial compression

Type of ring Compression Average Strain energy Weight Resilience Average
force applied stiffness up to yield N) (strain energy/ hardness
(N=Newton) (N/mm) point (J) weight) (J/N) (mean+SE)

Mild steel 150 kg (1470.58 N) 258.80+14.54 4.22+0.23 1.76+0.02 2.39+0.11 298.00+16.34

Aluminum 60 kg (588.2 N) 112.94+9.67 1.57+0.14 0.85+0.01 1.83+0.14 65.83%£2.25

The values for all the parameters show significant difference (P<0.05) between the mild steel and aluminum rings.
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steel to provide stable fixation of fractures in large animals
in addition to its advantage of low cost.

SUMMARY

The present study was conducted to evaluate and compare
the biomechanical, chemical and microstructural properties
of circular rings (5 mm thick, 20 mm wide, 170 mm diameter)
made from mild steel and aluminum alloys used in circular
external fixation systems developed for large animals. The
mechanical properties (under compressive stress) and the
chemical and metallographical properties of these rings were
studied.

The results showed that mild steel rings (subjected to 1470
N) had significantly higher load bearing strength in
comparison to aluminum rings (subjected to 588 N); however,
weight vs resilience property showed little difference. The
average hardness (in BHM) was about 4-5 times higher with
mild steel alloy rings than with aluminum rings. The principal
component of aluminum ring was Al (96.89%), followed
by Mg (1.58%) and Si (0.84%). Whereas mild steel
rings contained 83.86% Fe, 7.0% Mn, 4% Ni, 2.5% Cr
and 1.19% Si. The results indicated that mild steel rings
are biomechanically and structurally superior to aluminum
bows and hence may prove successful in external skeletal
fixation devices developed for treatment of fractures in large
animals.
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