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Abstract. A large portion of the working population is affected by back
and shoulder pain. Lower back support exoskeletons were introduced as
a preventative measure, but they are not widely adopted by the industry
yet. Their adoption is hindered chiefly by discomfort, loss of range of
motion and kinematic incompatibility. In this work, we discuss the range
of motion of the trunk in the sagittal plane, once wearing a flexible
exoskeleton and once without wearing an exoskeleton (N= 2).

1 Introduction

More than 40% of the working population in the EU are affected by lower back
pain and shoulder pain [1]. One of the key risk factors for lower back pain are
compression forces on the spine [2].

Lower back support exoskeletons have been suggested as a preventative mea-
sure. Most of these devices [3] aim at decreasing these compression forces (See
Fig. 1) on the lumbar spine.

Despite significant advancements [3] in these exoskeletons, no design has
emerged, and is widely adopted by the industry yet. This is often attributed
to discomfort, loss of Range Of Motion (ROM) and kinematic incompatibility
among others [3].

Very few exoskeletons [4,5,9] account for the ROM of both the hip and the
lumbar spine (See Fig. 2). While few designs are published, the impact on the
ROM of the wearer has not been widely investigated.

In this paper we report the impact on the ROM of the lower back in the sagit-
tal plane of wearing a back support exoskeleton, which was specifically designed
to allow for a large ROM.
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2 Material and Methods

2.1 Requirements

The ROM of the human trunk in the sagittal plane relies on two joints; on the
one hand on the hip joint and on the other hand on the lumbar region, which is
often modelled as one single lumbo-sacral (L5S1) joint (See Fig. 2) at the base
of the spine. The contributions of these two joints are documented in Table 1.

Table 1. Range of motion of the trunk in the sagittal plane [6]

Flexion Extension

Hip 120◦ 15◦

Lumbar 60◦ 35◦

Trunk 180◦ 50◦

Estimates for the torque requirements range from approximately 20 Nm from
optimisation based models [7] up to peak torques of 254 Nm from bio-mechanical
measurements [8]. It is questionable, if a support torque of 100% of the bio-
mechanic estimates is desirable. Therefore, in practice, back support exoskeletons
opt towards support torques between 20–30 Nm [9].

2.2 Concept

Like for most back support exoskeletons, the goal of this one is also to reduce the
compression forces on the lumbar spine (See Fig. 1). However, special about this
purely passive back support exoskeleton is, that flexible carbon fiber beams are
placed parallel to the spine. Allowing for an increased range of motion, compared
to a completely rigid structure.

2.3 Experiments

The range of motion of the subjects (N = 2) is tested in two conditions, once
wearing an exoskeleton and once not wearing an exoskeleton. The subject were
asked to perform a ROM test in the sagittal plane while the positions and orienta-
tions of marker clusters (See Fig. 2) were recorded with motion capture cameras
(Certus Optotrak) at 50 Hz. The subjects were asked to put the same amount
of effort during the two test conditions.

The torque angle characteristic of the exoskeleton components were charac-
terised prior to the human experiments, allowing for torque estimation based on
kinematic data.
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Fig. 1. Forces acting on the spine (a): In order to balance the trunk against gravity, a
muscle force FMuscle is required. Since this force acts almost in parallel with the spine,
this force also compresses the spine, which is a risk factor for developing lower back
pain. The muscle force FMuscle can be reduced by introducing external forces with an
exoskeleton FExo Trunk, FExo Pelvis and FExo Thigh; lower back support prototype (b):
The forces of the exo with a flexible back support are acting on the wearer.

Fig. 2. Angle definitions (a): hip angle (q), lumbar angle (s) and the sum of the two:
trunk angle (t); Experimental setup (b).

3 Results

Approximately 88% of the range of motion was conserved in the exoskeleton test
condition, compared to the no exoskeleton condition (See Fig. 3). Approximately
84% and 95% of the ROM in the sagittal plane of the lumbar spine and the hip
were preserved, respectively in the exoskeleton condition.

Torque estimates indicated a reduction of up to 25 Nm at the lumbo-sacral
joint while wearing the exoskeleton compared to not wearing the exoskeleton.

4 Discussion

Despite the efforts to preserve most of the trunk ROM in the sagittal plane, the
ROM was reduced to approximately 88% in the exoskeleton condition compared
to the no exoskeleton condition. The majority of the reduction (16%) originates
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Fig. 3. Trunk angles with and without the exoskeleton: despite the flexible design,
the overall trunk angle is reduced from 143◦ without the exoskeleton to 127◦ with
exoskeleton (ROM loss), which is approximately 88% of the original ROM.

from the lumbar spine. At the same time, a torque of approximately 25 Nm
was reducing the required torque around the lumbo-sacral joint, and thereby
decreasing the compression forces on the lower back.

This ROM might seem small, but compared to the design goal of the Robo-
mate exoskeleton, which aimed at a ROM of 60◦ in flexion extension [10], the
achieved 127◦ of the here tested exoskeleton are more than double. However, the
goal for the torque in the Robomate exoskeleton is also significantly higher with
above 75 Nm.

Most likely, there is a trade-off between the support provided by the exoskele-
ton and the ROM, that is attainable with the same effort. While less support
compared to this experiment would increase the ROM - with the limit case of
zero support, where the no exoskeleton ROM is preserved - would more support
further decrease the ROM. However, more experiments are required to verify
this hypothesis. Furthermore, factors such as body mass and height should be
investigated further in future experiments.

5 Conclusion

The majority of the trunk ROM (88%) in the sagittal plane was preserved wear-
ing the exoskeleton, while at the same time a torque of approximately 25 Nm
was provided. For industrial workers, a fine tuning between support provided
and attainable ROM, based on body mass and height might be necessary.
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