Conceptual design of a lower limb exoskeleton for gait rehabilitation
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1. Introduction

Impairment of locomotion is a global and serious problem resulting from various diseases, ageing
or accidents. To improve gait rehabilitation, lower limb exoskeletons (LLEs) can be employed to
accompany or replace the intensive work of physiotherapists. Such devices have become a focus of
many studies and have been proven to successfully fulfil their purpose [1, 2]. However, still much needs
to be done to make exoskeletons broadly accessible to the disabled.

The main aim of this study was to develop a mechanical construction of a simple but effective lower
limb exoskeleton that would be failure-free, patient customizable, and inexpensive in manufacturing.
Simplifications had to be introduced to the mechanical design of the exoskeleton in order to achieve of
all the above-mentioned goals. The device is intended to be used for gait rehabilitation and assistance
of patients suffering from different types of gait abnormality. The main distinctive feature of the
developed design is a novel back support module for improved posture.

3. Results

The prototype of the designed LLE has a total number of 11 degrees of freedom (DoFs)
accompanied by the capability of performing motion in the back and feet. It allows the patient to
perform fundamental movements of the lower limb such as hip extension/flexion, hip abduction and
adduction, knee flexion/extension, foot dorsi- and plantarflexion, and foot inversion/eversion, which
make a total of 5 DoFs per side. These movements have been supplemented by the capability of rotating
the upper body and performing its flexion/extension as well as performing flexion/extension of toes.
Depending on the specific treatment strategy, actuation of particular movements (DoFs) can be
modified, i.e. abled/disabled. A 3D render of the described exoskeleton is shown in Fig. 1.

By design, mobility in particular joints has been mechanically limited to the range expected during
normal gait as well as a sit-to-stand (and stand-to-sit) movements [3]. The main purpose of limitation
of the range of motion is to avoid knee hyperextension in the event of a power failure. However, as
many patients may have the range of motion reduced, the mobility of joints can be also modified by the
control system.

It is believed that extension of the upper body can improve posture of patients suffering from
postural impairments, which often accompany diseases such as cerebral palsy or other conditions when
the patient are not used to maintain the vertical position. The main aim of facilitation of extension of
the upper body is to increase stability of the patient by means of correcting the inclination of their
pelvis. Assistance of spine flexion/extension has been also considered in [4,5]. In the developed device,
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the back support element was inspired by a back protector for sports such as snowboard. It has been
supplemented by rollers attached to each segment of the element and connected via a cable to an
additional electric motor, the role of which is to manage tension so as to keep the patient’s upper body
properly extended.

Fig. 1. Snapshots of the 3D model of the developed exoskeleton.
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