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ABSTRACT

The effort to power human limbs with external
sources of power is a centuries’ old inventor’s elusive
dream (US Patent No. 440684, 1890) (US Patent No.
1308675, 1919). Thanks to new scientific
developments, leading research efforts in the past
decade have proposed relatively functional powered
exoskeletons/exosuits ' to assist mobility impaired
individuals during ambulation (Frumento, Messier, &
Montero, 2010). Nonetheless, a major remaining
stumbling block is the difficulty to enable dependable,
user-friendly wearable devices. This paper introduces
a new class of rehabilitative medical devices whose
purpose is to support or enhance the mobility of a
weakened body part which we call MotionRehab.
MotionRehab are conceived as exosuits that break
new ground and shift the paradigm in this burgeoning
field by primarily leveraging the body’s own energy
rather than an external power supply source. This
approach, more environmentally friendly,
empowering, further stimulates the body’s natural
ability to build new strength in the weakened areas

BACKGROUND

_There are currently over one billion disabled
people" worldwide, a significant share of whom are
economically disadvantaged, suffering from paralysis
inducing ailments. This includes the 5 million" people
who end up being permanently disabled as a result of
strokes each year; the 17 million" who have cerebral
palsy; the millions of people suffering from the
sequelae of paralytic polio, including 2 million such
disabled ” people in China alone; the 250,000 to
500,000" who suffer spinal cord injury each year.

Traditional and widespread methods and
devices for alleviating the impairments of the
physically impaired population include walking aids
such as walkers, crutches, braces, wheelchairs, and
other orthotic or orthopedic devices, often in
combination with surgical procedures and physical
therapy and/or occupational therapy rehabilitation.

In the past decade, research in powered
exoskeleton technologies have brought closer to
reality the possibility of using these as better enabling
alternatives or complementary solutions. However,
one of the most vexing problems still facing designers
of powered exoskeletons is the difficulty in finding light

and dense enough external power sources that can be
worn and sustain a full-body powered exoskeleton for
more than a few hours. Furthermore cost of such
exosuits, when equipped with any meaningful power
supply, often have prices in the six figure range,
putting them out of reach of the largest number of
those who might need them.

The endeavor described herein started as a
project description” submitted to RESNA in the winter
of 2015 seeking student teams to work on the
development of a solution for a case study associated
with the impairment of one of this paper’s authors. As
a result of RESNA advertising it to its engineering
network, a research collaboration was established with
the Assistive Technology Program (ATP) at UMass
Lowell. As stated in the proposal, the goal was “to
develop a specialized exoskeleton which would cover
the right leg under the right pant and extend from the
toe to the hip with a non-itching leather/cushioning/
styrofoamed material fastened at the hip with a zipper
on the side running from heel to hip, so as to even the
width/length/ appearance between right and left leg
and containing within it a miniaturized computer
processor and electrical powering device that
compensate for the weak muscles in the right leg, but
in a manner that stimulate their own natural
strengthening and enhances muscle growth over
time.” After two semesters of research, it was found
that such a goal was out of reach in the immediate
future, mainly because of the power requirements
(Defina & Celani, 2015). The work presented in this
paper builds on the failure to reach the original goal
after a year of research, and outlines a more promising
way forward

PURPOSE

Our purpose is to demonstrate at a conceptual
level the mechanics of how to harness from other
stronger body parts the power that would feed a
substantially self-powered exoskeleton or exosuit as it
assists a weakened body part in motion. This
approach, more environmentally friendly, sustainable
and re-vitalizing would empower the body’s weaker
parts to self heal.

METHOD

We accomplish our purpose by studying in
detail two examples chosen because they represent a
substantial population, in particular individual with



polio-like paralytic sequelae. We also chose those
examples because they are canonical. This means the
solution need to address other cases can be in many
instances reduced to a combination of the strategies
developed and presented in these two examples. We
focus on the situation of a person with asymmetric
lower limb strength, where one limb is weaker or
partially paralyzed, and the other limb is stronger. In
the first example, we study how to self-generate power
to aid the person walk more evenly and more
efficiently. In the second example, we analyze how to
optimally enable the same person to run.

Example 1: One Strong Leg and One weak leg in
normal ambulation

Figure 1: Individuélrwith Iowebr limbs of asymmetric
muscular strength.

In this example, as shown in Fig 1, the person
has one stronger, more muscular leg and one thinner,
atrophied leg, as is the typical case of a paralytic polio
survivor'. Our goal is to harness the power of the
stronger leg to assist the weaker leg during normal
ambulation. Here the left leg is obviously the stronger
one and the right leg is the weaker one.

As the person starts to walk, we can readily
see (Figs 2(a) &2(b).) that as the left leg steps forward,
if a spring in the exosuit is attached to its back,
resisting its motion by pulling against its extension
forward, this will create tension in the spring whose
force, if swiftly shifted to pull forward the lagging right
leg, will augment the force needed to propel it forward,
supplementing the propelling power of the right,
weaker quadriceps. Here we can have the spring also

! As is the case for the first named author, whose pictures
are used to illustrate the concepts.

helping to lift the right leg at the ankle level Fig 2(b) or
lifting the tip of the right foot forward in case of a
dropped foot condition.
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Furthermore, as the left leg now initiates
movement forward, a spring in the exosuit tied at its
front and linked to a spring tied at the back of the right
leg would hasten the back buckling or bending of the
right leg at the knee, augmenting the power of both
right
quad
s and
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tring.
Fig.
3.

ext,
as
the
left
leg
exten
ds
furthe

r
forwa Figure 3: Strong leg initiating

rd forward movement to push back weak leg
the at the knee

cycle



begins again. This thus provides a mechanism through
which the left leg transfers muscular power to support
a weaker right leg.

It is therefore easy to see how the mechanical
logic explained in Figures, 1, 2(a), 2(b) and (3),
implemented in the mechatronics of a smart exosuit,
further refined and calibrated to target individual
muscle strengths and weaknesses so as to create
perfectly paired abilities on both legs would stimulate
rehabilitative, efficient and balanced ambulation, with
minimal battery power aid.

Example 2: One Strong Leg and One weak leg while
running
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Figure 4: Running where one leg ona
is weaker than the other. bly
anti
cipated to work perfectly well when the individual is
walking at a regular pace where perhaps maximum
speed is not of the essence. In the case where the
individual is running and wishes to move as fast as
possible as shown in Fig 4, restraining the stronger leg
to harness its power means that the stronger leg
cannot advance as fast as it otherwise could. This is
especially the case, as shown in the picture, where the
weaker —right — leg tends to drag.

The question then would become, how could
one use the body’s other sources of strength to
empower the weaker leg to move as fast as the
stronger leg at its unencumbered fastest?

One solution in this case would be a
MotionRehab exosuit that extends from the lower
limbs to the upper body and limbs. As can be since in
Fig.3, as the individual picks up the pace, the arms
rotate in sync with the motion of the leg. Therefore, a
sustainable solution would seamlessly harness the
power of the motion of the arms as they rotate
rhythmically with the lower limb.

If the right arm swings forward in unison with the left

leg while the right leg is lagging behind, the springs in
the exosuit pull back the right arm to lift the right leg
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Figure 5: As the individual picks up pace
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Figure 6: As the individual picks up the
pace, the energy from the arms
oscillations back and forth in the same
side of the body as the leg is harnessed
for the legs

Likewise, if springs are attached to the left arm rotating
in phase with right leg, they may further boost its
motion forward.

This solution can therefore harness motion from both
arms to assist the one weaker limb, helping it to match
the strength of the stronger lower limb. The motion



rehab exosuit in this case would be worn more like an
underclothes diving suit with specialized fibers in the
precomputed densities to achieve the desired
springing effects at the right places.

DISCUSSION

The scenarios contemplated in the examples above
are generic and their application different situations or
more complex impairments leverage similar principles.
For instance, if a person with weak legs is attempting
to stand up or climb stairs, the strength of their arms
can be put to use to assist as shown in the second
example. If the physical impairment is of a more
complex nature, it is relatively straightforward to see
how one can combine the methods of example one
and two in an exosuit strength from stronger areas to
weaker areas.

CONCLUSION

In this study, we have use two examples to illustrate
the mechanical principles according to which a mostly
self-powered exoskeleton or exosuit can be practically
designed to suit more general cases of impairment,
We have termed such built devices MotionRehab
because, in addition to facilitating motion, they have a
rehabilitative role in that they stimulate the weaker
parts of the body to continue to be fully used, thereby
strengthening them over time. It is an environmentally
more friendly solution, more sustainable, which should
reduce the overall cost of the device and facilitate
widespread adoption.
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FOOTNOTES

‘A powered exoskeleton, also known as powered armor,
exoframe, or exosuit, is a mobile machine consisting
primarily of an outer framework (akin to an insect's
exoskeleton) worn by a person, and powered by a system
of motors, hydraulics, pneumatics or levers that delivers at
least part of the energy for limb movement. The term

“exoskeleton” and “exosuits” may be used interchangeably.
Here we use more the term “exosuit to emphasize that the
external frame might be made of soft wearable
components

" See WHO report at:
ikiimttp://www.who.int/mediacentre/factsheets/fs352/en/
http://www.who.int/cardiovascular_diseases/resources/
atlas/en/

Vv https://cpirf.org/facts-about-cerebral-palsy/

¥ Qin, Sihe (2006)“The Surgical Care of Paralytic Polio
Sequelae” — Chinese Edition

* http://www.who.int/mediacentre/factsheets/fs384/en/
! See: bit.ly/1KqSRn9



