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ABSTRACT

Ankle-Foot-Orthoses (AFQOs) are assistive devices used for neurological and physical
disorders affecting the movement of the lower limbs. The needs of an increasingly young and active
orthotic patient population have led to advancements in ankle foot orthosis (AFO) design and
materials to enable higher function. Proper selection of material for manufacturing of AFO leads to
greater increase in popularity to patients during walking providing better and compatible ankle foot
orthotic device for patient specific. The purpose of this study is to develop design guide to find out the
structural characteristics of polypropylene of AFO. In this research work, design and static analysis of
a passive AFO to fit a human foot is presented. The static analysis was carried out for AFO made up
of Polypropylene material with thicknesses 4 mm. Based on the results obtained from the static
analysis. The results obtained from the static analysis showed that the polypropylene AFO was
performing better results, generating less stress, deformation, and good factor of safety.
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1. Introduction

Ankle-foot orthoses (AFQs) are external device
used to control and stabilize the lower leg to correct
deformities due to muscle weakness, spasticity,
instability, and/or chronic pain [1,2].Deformities occur
to patients due to neuromuscular disorder like stroke,
multiple sclerosis, spinal cord injuries etc. [3]. Foot drop
abnormality affects the lower limb where an individual
is unable to lift their foot properly because of reduced or
no muscle activity around their ankle. In dorsiflexion,
due to muscle weakness, individual is unable to lift their
foot through the ankle. While walking, they lift their leg
higher than the normal to avoid the toe drag. This
disorder is steppage gait, and it is characterized by foot
drop[4,5]. This gait disability can be compensated by
using ankle-foot orthosis (AFO). It supports the both
foot and ankle of the individual to overcome the foot
drop situation by guiding ankle dorsiflexion and
plantarflexion movement, as shown in Figure 1 [5].
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Fig. 1 Ankle dorsiflexion

AFO is the most commonly used assistive
devices (about 26%) among all the assistive devices. [7]
These are two types based on controlling mechanism,
active and passive. Active AFOs contain onboard
control system and actuator to control the relative
motions of the AFOs. Passive AFOs contain only
mechanical elements to control the relative motion
between the shank and foot parts.

The AFOs are made from various types of
materials, including polypropylene, thermoplastics,
carbon fiber, metals, EVA (Ethylene Vinyl Acetate), or
combination of similar materials. In the early days,
AFOs of a similar shape but different sizes were
manufactured so that they would fit a wide variety of
patients. However, nowadays, with materials such as
Plaster of Paris (POP) and Fiberglas readily available,
custom made AFOs are being manufactured. The
custom made conventional AFO manufacturing involves
casting and making a mold of the patients’ limb by
using Plaster of Paris, and then AFO is made around
that mold. This method is based on trial and error
method and time consuming. [8] AFOs are designed and
fabricated by using 3D scanner and 3D printing
technologies are drastically increasing nowadays.[9]
These technologies are costly, but efficient. AFOs can
be fabricated by 3D printing technology for a wide
variety of materials ranging from different plastics to
carbon fiber. [10]
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2. Methods

In this study a virtual prototype for the AFO
was developed from full scale model of Human leg. The
3D model of the human foot obtained from the
Autodesk Mesh-Mixer Software, as shown in Figure 2.
For this reference foot model, an Ankle Foot Orthosis
(AFO) was designed as shown in Figure 3 and Human
foot with AFO as shown in Figure 4.

Finite element analysis (FEA) tool has been
used for simulation and analysis of AFO model under
boundary condition to carry out a stress analysis. The
model is divided into finite number of small elements of
shapes like triangular during analysis by FEA. These
elements are connected to one another by
interconnecting joints known as nodes. To carry out the
analysis of complete model is analysed and their results
are synthesized to get the complete analysis of the
object. [11]

Fig. 2 Human Foot Model
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Designing of AFO has been done to control the
motion of the ankle joints and to improve the gait
function of patients with neuromuscular impairments
[12]. Stiffness, geometrical shape and material types are
the three major parameters in order to achieve the best
design possible. AFO has to be designed in such a way
that it is suitable to patient’s body, prevent deformity,
light weight, durable and easy to use. [13]

Fig. 3 Ankle Foot Orthosis Model

2.1 Material

Polypropylene is extensively used material for
in AFO fabrication. In this analysis Polypropylene AFO
with 4mm thickness was analyzed for the developed
stresses. Standard Grade Polypropylene is the most
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widely used sheet plastic in orthotics and prosthetics. In
most cases, the non-articulated AFO is fabricated from
polypropylene and is referred to locally in Philadelphia
as a "MAFO" (molded AFO). Table 1 shows the
mechanical properties of Polypropylene.

Table 1 Mechanical Properties of Materials
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Fig. 4 Human Foot with AFO Orthosis
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2.2 Boundary Condition

During the operation, the physical situation
assumed a person standing upright wearing an AFO.
The objective here was to find out the stresses induced
and the deflection of the AFO under static conditions.
Since the person is standing, half of his weight would be
taken by each leg, and the force on the AFO would be
equal to the same. Since the person wearing the AFO is
stationary, load applied were static. This was referred to
as static analysis. When applying the forces, it is
assumed to be that there is no ground below the AFO
and hence no ground reaction forces were applied. The
weight of the person was taken as 60 kg, so a force of
294N was applied on the AFO. The AFO was optimized
geometrically based on the results obtained in the FEA
method for static condition.

3. Result and Discussion

The reference model of the AFO was designed
around the human foot model, which was obtained from
the CAD Model Library. [14] This AFO was taken as a
reference model to optimize the AFO. To know the
behavior of the AFO in static condition, finite element
analysis (FEA) was carried out for the constant load of
294 N applied on the foot part of the AFO. [15] After
the analysis, maximum stress induced, maximum
deformation, and factor of safety was noted.

Figures 5, 6, 7 and 8 illustrated the FEA results
for Von-misses stresses and Resultant displacements for
the tested axial forces on the AFO. The maximum stress
was confined at the edges of calf section. The results of
analysis are summarized stress, displacement and factor
of safety for boundary conditions in Table 2.

Table 2 FEA Results of Ankle Foot Orthosis
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Fig. 6 Resultant Displacement
Fig. 8 Factor of Safety
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4. Conclusion

In this research work, Finite element analysis
(FEA) tool has been used for simulation and analysis of
AFO model under boundary condition to carry out a
stress analysis. An investigation was carried out for
AFO made up of Polypropylene material with
thicknesses 4 mm. According to the results obtained
from the static analysis that the polypropylene AFO was
generating less stress, better results, negligible
deformation, and good factor of safety.
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