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Abstract— Most assistive robotic devices are exoskeletons
which assist or augment the motion of the limbs and neglect the
role of the spinal column in transferring load from the upper
body and arms to the legs. In the SPEXOR project we will
fill this gap and design a novel spinal exoskeleton to prevent
low-back pain in able bodied workers and to support workers
with low-back pain in vocational rehabilitation.

I. CONTEXT
Low-back pain (LBP) is a growing issue in our modern
society. From all the diseases studied in the Global Burden
of Disease Study from 2010 (Institute for Health Metrics
and Evaluation), LBP was ranked number one concerning
the years lived with disability in Europe [1]. Regarding the
overall burden, LBP was ranked third in Central and Eastern
Europe and first in Western Europe [1]. Depending on sex
and region, the European point prevalence of LBP was up to
15.6%. Prevalence and burden were found to increase with
age and are even expected to further increase within the
next years due to the current demographic developments [2].
From several studies reviewing the costs related to LBP in
European countries, it has been calculated that the lowest cost
per capita in Europe can be found in Belgium with e116 and
e209 in Sweden [3]. Most of the costs of LBP are related
to reduced work capacity, sick-leaves, early retirement and
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Fig. 1.

A conceptual image of the SPEXOR exoskeleton [5]

legal claims. To reduce those costs and the burden on the
workers, work place interventions such as education, exercise
and braces, are becoming widely accepted. However, most
of these measures ease the consequences of LBP but don’t
eliminate their causes. It has been shown that a strong correlation between physically demanding jobs and prevalence
of LBP exists [4]. Movements which cause LBP in these
jobs are: handling heavy loads, repeated lifting and turning,
and working time spent in a flexed position. The SPEXOR
project targets to design a spinal exoskeleton which assists
these movements to prevent LBP for able-bodied workers
and to support workers with LBP who are in vocational
reintegration. Most of the existing assistive robotic devices
are exoskeletons which augment the motion of the human’s
limbs. However, they mostly neglect the role of the spine
in transferring the load from the upper body and limbs to
the lower limbs, which will be the main contribution of the
SPEXOR project.
II. OBJECTIVES
In the SPEXOR project, see figure 1, a spinal exoskeleton
for working in sustained awkward postures and those involved in manual handling of heavy loads, will be designed.
The exoskeleton will have several modes:
The assistive mode will prevent excessive or sustained
non-neutral spine postures. It will also limit the mechanical
load on the spinal column.

The monitoring mode will monitor spinal movements and
spinal loading and provide feedback to the user.
In the training mode, the device will provide active neuromuscular trunk conditioning. In this mode the exoskeleton
will act as an advanced fitness or rehabilitation device to
strengthen the wearer’s muscles and prevent spine disorders.
Finally in the diagnostic mode the exoskeleton will provide
an objective assessment of neuromuscular trunk functions.
This mode will serve as a diagnostic tool to forecast possible
physiological issues concerning the spine of the wearer.
The contribution of the authors of this paper will mainly
be situated in the design and development of a flexible
exoskeleton mechanism for spinal support. This mechanism
has to be efficient as well as unobtrusive for the wearer. In
this first design the emphasis will be on the requirements for
LBP prevention and the use of passive viscoelastic elements
for gravity compensation. The design will be made in a
way to passively transfer external loads acting on the upper
body and arms to the wearer’s legs. In the second phase
of the project the authors are responsible for the design and
development of compliant actuators for this exoskeleton. The
actuation will be designed to exhibit an adaptive compliant
behavior. This will allow a comfortable interaction with
the user and provide different levels of mechanical effort,
depending on the need of torque augmentation, rehabilitation
or training activities.
III. GOING BEYOND THE STATE OF THE ART
Several power augmenting and/or assistive exoskeletons
have already been developed. From a technical point of
view they can be split in two categories: active and passive
devices. Although active devices are more powerful, they are
also heavier as they require actuators and a power source.
Examples of such active exoskeletons are the power assist
suit for day-care from the Kanagawa Institute of Technology,
JP [6], the lightweight active power assist device HAL
from the Tsukuba University, JP [7], exoskeletons for the
augmentation of soldier’s combat abilities of the Defense
Advanced Research Project Agency, USA, and the Lower
extremity exoskeleton BLEEX, CA [8]. Recently an FP7
project named RoboMate has started. The RoboMate project
is also targeting the issue of workspace injuries but, in
contrast with the SPEXOR project, a full body exoskeleton
is developed.
Passive devices are mainly used to reduce the burden of
the user rather than to amplify the wearer’s forces [9]. Some
examples of such devices are the Smart Suite lite, a compact
lightweight robotic suit which utilizes the elastomeric force
of elastic materials to assist the wearer [9] and a passive
device for enhancing limb movement for people with neuromuscular disabilities [10].
A crucial element in the development of active exoskeletons are the actuators. For the safety of the wearer a compliant behavior is desired [11]. Compliant actuators possess
a physical elastic element capable of storing and releasing
energy. Those actuators have an equilibrium position, which
is the position where they do not exert any force/torque.

Deviations from this position are allowed. This allows a safer
human-robot interaction, shock absorption, and can lead to
a greater energy efficiency than with stiff actuators [12].
Although a lot of effort has already been spent on developing exoskeletons, only a few targeted the spine or lower
back. The few which did, focused mostly on the assistance
of the trunk flexion/extension [6].
To our knowledge, there is no exoskeleton which has been
built yet that would provide assistance for functional trunk
movements; an exoskeleton that doesn’t only take power
assistance into account but also the spine motions that could
result in neuromuscular injuries and subsequently in LBP.
This will be done in the SPEXOR project. The exoskeleton
will be effective as assitive exoskeleton for laborers which
have to work in awkward postures and repeatedly lift loads,
as training device and as diagnostic tool. A wide range
of possibilities for exercise and measurement protocols will
be provided by SPEXOR. The combination of the different
modes of the SPEXOR exoskeleton will provide a powerful
preventive tool against the most frequent musculoskeletal
disorder of today, LBP. This will make the spinal exoskeleton
developed in SPEXOR a top-end device that goes well
beyond the state-of-the-art.
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