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The article presents selected rehabilitation devices with the use of classic actuators and
pneumatic muscles. Manipulators supporting the movements of the lower and upper limbs
of humans are presented. Moreover, the construction of actuators and pneumatic muscles
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Introduction

An important issue in research and experiments as well as in
rehabilitation practice is the use of pneumatics in supporting
movement exercises of human limbs. Rehabilitation robots and
manipulators help sick people in rehabilitation exercises and
in performing basic everyday activities, e.g. moving objects.
Awareness of the improvement of the living standards of the
society leads to the construction of more and more new rehabil-
itation devices allowing the improvement of the quality of life
of people with disabilities. The modern research on pneumatic
manipulators is very satisfactory. Outside of Poland, scientists
are constructing new devices, increasing the amount of research
and the number of patients, looking for the best technical solu-
tions and the best exercise algorithms. In Poland, the discussed
issue is of great interest, e.g. methods and concepts of design
solutions for devices for diagnosing hand functions in the reha-
bilitation process were developed. There are modern designs of
rehabilitation devices that use muscles and pneumatic actuators

in their operation.

Pneumatic muscles

It is fascinating how perfectly natural muscles work during a full
contraction. It is therefore a particular challenge to implement

the type of contraction provided by pneumatic muscles.
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Fig. 1 shows a picture of a pneumatic muscle. Compared to
classic pneumatic actuators, pneumatic muscles are character-
ized by: lower costs, lower weight, higher forces in relation to
weight [1]. Due to the above-mentioned advantages, pneumatic

muscles can be used in rehabilitation robots [4].
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Figure 1. MAS pneumatic muscle [17].

Pneumatic muscle actuators differ to some extent from tra-
ditional pneumatic actuators. They are used as driving elements
for mobile, anthropomorphic, bionic and humanoid robots or
rehabilitation manipulators [13]. The construction of the muscle
is very simple. The pneumatic muscle consists of two layers: inner
and outer. The inner layer is made of rubber, while the outer layer
is made of interwoven nylon fibers, which constitute a flexible
structure with high tensile strength [3].

Fig. 2 shows a diagram of a pneumatic muscle. Fig. 2a)
shows a muscle which contracts under the influence of pres-
sure, i.e. its length decreases. On the other hand, fig. 2b) shows

a muscle strained by an external force.
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Figure 2. Diagram of a pneumatic muscle a) muscle contraction, b) muscle elongation (based on [19]).

With increasing air pressure, the circumference of the muscle
increases and its length decreases, causing contraction [13].

Tractive force is at its maximum at the beginning of contrac-
tion and decreases almost linearly with stroke. With the help of
a muscle, it is possible to obtain a working stroke within 25%

of the nominal length of the muscle [17].

Pneumatic actuators

Pneumatic actuators (Fig. 3) are elements that convert com-

pressed air energy into mechanical energy.

Figure 3. KDNC pneumatic actuator [17]

Depending on the application, they can be divided into: pis-
ton, diaphragm, bellows, plunger, bag and tube. This division
is presented in Fig. 4.

The design of a pneumatic actuator is much more complex
than a pneumatic muscle. A typical piston air cylinder consists

of a number of components as shown in Fig. 5.
Manipulators and rehabilitation robots

In recent years, there has been a lot of interest in the subject
of rehabilitation robots using pneumatic actuators in their
work. Many centers adapt already existing robots to the re-
quirements of rehabilitation. Others, in turn, try to create
completely new devices.

The aim of the research is to help the therapist in his physi-
cal work and to reduce the costs of rehabilitation. Many robots,
including service and industrial robots, have been developed to
help people [5].

Work on the implementation of therapeutic robots to im-
prove human limbs is constantly ongoing (PhysiotherapyRobot,
Berkeley, Therapy Robot MiT-Manus, ARM Guide, VA Palo
Alto HCS). Working with a therapeutic manipulator brings new

experiences in the technique of motor improvement [6].

PNEUMATIC ACTUATORS

Due to the forces exerted by them:
- single-Acting cylinder /

- double -Acting cylinder /

Due to the way the force acting on
the actuator changes:

- with damping

- without damping

Due to the relationship between the driving
element and the driven element:

- single-acting cylinder
- double-acting cylinder

Figure 4. Classification of piston pneumatic actuators (based on [12]).
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Due to the type of movement performed by the actuator:
- linear

According to the number of piston rod positions:
- two-position piston rod

- multi-position piston rod

- stepper actuator.

Due to the type of construction of the
sleeve and the piston rod:

- telescopic actuator

- consistent actuator
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Figure 5. Diagram showing the basic parts of the pneumatic actuator (based on [12]).

Computer-programmed robots and therapeutic devices
with the possibility of performing exercises in a virtual en-
vironment can be used by patients at home under the super-
vision of a doctor via the Internet. Telemedicine, or remote
medicine, with the rapid development of multimedia technol-
ogies, enters the awareness of doctors and patients more and

more boldly as a reality. Even today, in many regions of the

world, it is the only bridge between the patient and the doctor
or physician and the center with the highest level of refer-
ence. An example of a device that uses telerchabilitation is
the Rurgers Master II glove with pneumatic actuators shown
in Fig. 6 [8]. The presented glove (Fig. 6) is adapted to the

coupling with a computer equipped with software containing

a set of virtual exercises [8].

Figure 6. Rutgers Master II glove operation diagram [8].
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Hand mentor

The hand mentor is a device adapted to exercise the fingers and
wrist joint, giving the patient the opportunity to exercise the
hand independently. The Hand Mentor device is shown in Fig. 7.
By using sensors, the patient constantly tracks the progress and
course of the exercise on a small display. Traditional robotic
drives (electric motors) in this device have been replaced by
pneumatic muscles that mimic human muscles. The pneumatics
used is cheaper than electronics, but it is more difficult to control.
The device has five degrees of freedom. It is designed so that it

can be worn on the hand like a bracelet [10].

Figure 7. Hand Mentor — a device helping to increase manual skills
of the hand [15].

Figure 8. Upper limb rehabilitation manipulator exoskeleton - Rupert II (left) and Rupert III (right) [7].

RUPERT I and RUPERT II (Robotic Upper Extremity
Repetitive Therapy). The device was built with the participation
of Arizona State University (Jiping He) and Kinetic Muscles [7].
The exoskeleton of the upper limb rehabilitation manipulator —
Rupert II and Rupert III is presented in Fig. 8.

The manipulator is powered by four pneumatic muscles, which
force the movement of the shoulder, elbow and metacarpophalan-
geal joints. Thanks to the adjustment, it is possible to adapt it to
different limb lengths. The device significantly speeds up the reha-

bilitation of patients and is suitable for rehabilitation at home [7].
Automated gait trainer

The gait trainer shown (Figure 9) is intended for stroke survivors

to reduce disability in the ankle function. Such a solution may be

Sci, Tech Innov, 2020, 10 (3), 15-22

helpful in rehabilitation with traumatic injuries during sports [2].
The device is a robot in which two pneumatic muscles work
simultaneously, forcing the foot to move. When the pressure in
the elastic duct of the muscle is increased, the muscles expand
and, at the same time, shorten — the foot flexes. After the pressure
is released, the muscle returns to its size — straightening the foot.
The advantage of the device is that it can be adjusted to different
limb lengths [2].

Automated foot rehabilitation device

The ankle rehabilitation device is shown in Fig. 10. It is a device
that uses soft plastics and composites instead of a rigid external
skeleton. Soft materials are combined with artificial pneumat-

ic muscles (PAMs) and lightweight sensors. Advanced control

www.stijournal.pl
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Figure 9. Automated gait trainer (X-ray) [2]

software enables natural ankle movements. The automated device ~ during sports. This design approach will be helpful to create devic-
is suitable for people with foot and ankle muscular disorders re-  es for other parts of the body or to create a flaccid external skeleton

lated to cerebral palsy, multiple sclerosis, and traumatic injuries  that would increase the strength of the wearer [16].

Pulls foot up,

Pulls foot up, tilts sole in

tilts sole out

Pulls foot

Points foot down up at ankle

at ankle

Human leg Bio-inspired design Prototype

Figure 10. Foot rehabilitation robot [16].
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Four pneumatic muscles are attached to the artificial tendons.
Three muscles work in front of the lower limb, while the fourth
is attached to the back of the leg to control the movement of
the ankle joint. The caoutchouc rubber contains long, narrow
microchannels that are filled with a liquid metal alloy. While the
caoutchouc rubber stretches, the microchannel shapes change
the electrical resistance of the alloy. These sensors were placed
at the side of the ankle [16].

Examples of rehabilitation devices with pneu-
matic actuators

iPAM - an intelligent pneumatic device for exercising
the upper limb

iPAM was created thanks to the cooperation with, among oth-
ers, University of Leeds, University of Manchester NHS and
NEAT (Fig. 11). It consists of two robots connected to the
patient with a shoulder brace and a forearm brace. The robots
guide the hand along a given trajectory, imitating the work of
a rehabilitator. This relieves the rehabilitator, who becomes
needed only in more complex exercises and checking the work
of robots [9].

The presented system shows the patient the correctness of
the movements performed and monitors the patient’s progress.
The attractiveness of performed exercises is increased through

the use of constantly refined and improved virtual reality [9].
Wilmington exoskeleton

WRE (Wilmington Robotic Exoskeleton) is shown in Fig. 12.
The Pneu-Wrex exoskeleton has five degrees of freedom. Its
main purpose is to help with everyday activities (e.g. eating). It
is also adapted to rehabilitation at home, and the interaction with

the virtual environment (tasks to be performed by the patient are

displayed on the computer monitor) makes rehabilitation easier
and more interesting. It is suitable both for exercises with children
and the elderly after stroke. Pneumatic actuators are used for the
drive. It enables a wide range of movements of the upper limb
and the measurement of hand strength. The presented device is
able to act with the following forces: 45 N (along the x axis — to
the right of the patient’s body), 55 N (along the y axis — in front of
the patient) and 70 N (along the z axis — upwards) [11].
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Figure 11. iPAM (Intelligent Pneumatic Arm Movement [9].

Folded actuators in pneumatic massages

Folded actuators, in most rehabilitation offices, help in the treat-
ment of patients with venous and lymphatic insufficiency.

To perform pneumatic massages, special cuffs and pneumatic
sleeves are used (they can be one, three, five and ten-chamber).
Fig. 13 shows an example of such an air cuff. The principle
of operation of the pneumatic massage consists in alternately
inflating air into specially constructed cuffs (for the limbs) and
releasing it in appropriate time proportions. Different thera-
peutic effects are obtained by changing the sequence, cycles

and degree of inflation of individual chambers of the cuffs [14].

Figure 12. Pneu — WRE (Wilmington Robotic Exoskeleton) [11].

Sci, Tech Innov, 2020, 10 (3), 15-22
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Figure 13. 12-chamber system for the non-invasive treatment of cardiovascular and lymphatic diseases — Flowtron

hydroven 12 [14].

Results and Discussion

The use of pneumatics is becoming more and more noticeable
in the field of medicine. The use of pneumatics in the field of
rehabilitation can make it easier for patients to cope with various
diseases and help raise the level of everyday functioning.
Designing rehabilitation devices is a long and very complex
process. It requires the cooperation of specialists from various
fields (including engineers, physiotherapists, doctors). It consists
of a driving, control and visualization part. The work of a physio-
therapist is mostly dedicated to one patient, and additionally, it is
long and tiring. The robot does not get tired, has a programmed set
of exercises, leaving the therapist only to choose them and eval-
uate their progress. The safety of equipment operation is a very
important element. Therefore, they are designed in accordance

with technical, in particular medical, norms and standards.
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