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Abstract. The present paper proposes a system oriented to the rehabilitation of
carpal tunnel syndrome by means of the use of haptic devices with force
feedback. The system, based on entertainment, handles different applications, as
well as movements in a 3D graphic environment, which is devised with daily
tasks that allow to develop skills and abilities to reduce patient’s affection. The
system is designed with the integration of Unity3D, as well as Novint Falcon
haptic device. In which, the patient interacts with the developed applications
while receives force feedback. At the same time, the patient performs physio-
therapeutic exercises that attack the affection in a proper manner to improve
patient’s health. Experimental results manifest the system’s validity, which
generates necessary and efficient exercises for the process of carpal tunnel
rehabilitation. In addition, the system deploys a human — machine interaction
oriented to the development of physic therapies.
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1 Introduction

Nowadays, the development of applications, as well as virtual environments, allows to
generate rehabilitation systems for upper limb based on the entertainment and
immersion of the patient with the environment [1]. The coalescence of technologic
methods, such as: virtual reality and haptic devices to health systems, attracts the
scrutiny of researchers and specialists in the development of novel alternatives to
medicine, which generates potential benefits to the achievement of brand — new
rehabilitation systems [2, 3]. Correspondingly, in [4], it is presented the implementation
and association of different kinds of devices, such as: Leap Motion, Oculus Rift and
Novint Falcon with the purpose of promoting a rehabilitation system based on enter-
tainment and total immersion between the patient, as well as the interaction with virtual
reality and augmented reality environments at the instant of performing the therapy.

© Springer International Publishing AG, part of Springer Nature 2018
L. T. De Paolis and P. Bourdot (Eds.): AVR 2018, LNCS 10851, pp. 153-164, 2018.
https://doi.org/10.1007/978-3-319-95282-6_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95282-6_11&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95282-6_11&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-95282-6_11&amp;domain=pdf

154 M. Tamayo et al.

Physic therapies need a validation point of its efficacy within the medicine, for that
reason, presently, several rehabilitation techniques are questioned due to its abrupt
mechanism, as well as its interaction technique; which, in most of the cases are vulnerable
to the patient [5]. In this framework, the analysis and implementation of interfaces, which
involve virtual environments, stimulate the patient in the achievement of objectives, as
well as the performance of the therapy in its totality, which generates greater motor
learning and less mind effort. In most of conventional rehabilitation methods, the patient
does not conclude the rehabilitation cycle due to mental burden [6, 7].

Upper limbs present different kinds of affections inside its osseous composition,
membranes or tissues due to its continuous movement, as well as its excessive contact
with the environment. One of the most common affections in upper limbs is the Carpal
Tunnel Syndrome (CTS).

Carpal Tunnel Syndrome is a disorder that is brought about the compression of the
median nerve from the wrist to the hand. Its symptomatology is detected by means of a
previous diagnostic. Its main causes are: diabetes, thyroid disorder, excess of alcohol,
as well as arthritis. In the present day, the main cause of developing CTS is the
excessive load in fine motor movement systems. Ergonomic designs, as well as the
fabrication of wrist supports in technological systems play an important role at the
prevention or treatment of CTS [8].

The affection, brought about CTS decreases productivity and life quality of a person
at the time to perform functions in which a slight force or wrist extension is required [9].
The exercises for this type of affection are carried out by means of stretching postures
and force compression in the wrist areas. In this way, the circulation within the tissues is
improved; for this reason, non-surgical treatments are the first option at the time of
detection of the CTS which is responsible for subjecting the patient to continuous
rehabilitation sessions in which specific exercises are executed for the area of affection.
Extreme cases of pain and evolution of the disease leads to surgical interventions, but
these in turn promote much longer and expensive treatments [8, 10].

In this context, the work presents a system of entertainment and rehabilitation based
on video games, which provides interaction capabilities based on the immersion and
transparency of an ergonomic process to generate the comfort, as well as the required
response by the movement of objects with different forces that generate rehabilitation
exercises for carpal tunnel syndrome. Nowadays, simulation systems show complex
and dynamic environments that focus on the development of a tool for transmitting
forces with a virtual environment that results to be able to interact with the patient
based on entertainment and rehabilitation as essential elements of the new systems of
medicine and interactive rehabilitation [11].

2 System Structure

The system aims to provide a virtual reality interaction with the patient. The appli-
cations developed in Unity 3D software by means of a computer, integrated with the
force feedback through the Novint Falcon device encourage the patient to accomplish a
rehabilitation in a safe way in benefit to the performance of the patient’s movements, as
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Fig. 1. Rehabilitation system’s block diagram

well as to get an improve of the quality of life [12]. Figure 1 shows the block diagram
of the system.

The proposed interaction relates movements that are focused on the rehabilitation
of carpal tunnel syndrome, which are immersed in intuitive visualization applications
for efficient control and performance of the patient. Figure 1 describes the interaction
flow of the system, in which, the graphic environments that are observed by the patient
are analyzed by the neural system to generate movements by force feedback driven by
the haptic device. In such a way, there is direct contact with the patient’s part of
affection which allows to stimulate the nerves and muscles of the area of interest.

3 System Development

3.1 Graphic Environment

The medium performs a manipulation of the virtual objects in a real environment. In
which, the target interacts with the entire environment of the interface with the
determination to help to maintain healthy muscles, tendons and joints of the patient [8].
In the system, the main features of rehabilitation therapy for carpal tunnel syndrome are
identified, to improve motor skills depending on the specific function of the environ-
ment and according to the specific movements to treat this injury in the patient [2, 5, 7].

Assisted therapies are selected from: (i) improving muscle strength (e.g., pulling or
moving objects of different weight and size); (ii) improve eye-hand coordination (e.g.,
solving puzzles, mazes); (iii) increasing the range of motion (e.g., stretch rubber); and
finally, (iv) increase sensitivity (e.g., touching objects with different textures) [2, 13].
Therefore, the graphic environments are able to interact with the patient, in order to
evaluate the movements and the force in which the execution of the activities results in
diminishing the disorders or afflictions of the fine upper limb.
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3.2 Force Feedback

The virtual environments present an interface, adequate to generate force feedback in
the affected area. Each of the impulses, made by the haptic device, create traction
movements in the wrist joint area, which incite the exercises for the rehabilitation of
carpal tunnel syndrome. Similarly, at the time of perform the mentioned movements,
the patient interacts with the virtual environment. Thus, the patient plays while reha-
bilitates. The therapeutic exercises are repetitive and take different types of strength and
position depending on the interaction of the environment and the task that is performed,
which generates motivation and entertainment that eradicates the tedious mental burden
of a conventional rehabilitation session in a clinical center.

Novint Falcon is a device, able to generate forces in the X - Y - Z plane of the
mobile reference system <R > of magnitude between O to 2.5 [Ibf]; its work area
comprises a spherical region of 10 [cm] radius. The patient’s hand is responsible for
interacting directly with the operative end effector of the haptic device, from which, it
directly receives forces f,, f,, as well as f;, in addition to the positions P,, P,, as well as
P,, with respect to the reference system <R > that composes rehabilitation exercises
in the injury area. The device is moved adjacent to the involvement area to establish
concentric forces. In this virtue, feedback of force plays an important role in the
development of the present therapeutic method due to its generation of synchronous
and specific movements for the condition.

The forces are specific in each level of the applications in order to directly con-
tribute to the recovery of the condition without causing collateral damage to the limbs
in movement. The forces, exerted on the X - Y - Z axes impart on the affectation area
basic exercises of flexion, extension and grip; the composition of these exercises
originate the needed therapy to aim to treat carpal tunnel syndrome, Fig. 2 represents
the interaction of the haptic device with the area of affection to generate the necessary
therapeutic exercises for rehabilitation. The movements do not generate rotation
because the degrees of freedom of the haptic device does not allow it.

Fig. 2. Interaction of Novint Falcon with the affection zone
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4 Rehabilitation Session

The development of exercises, oriented towards the recovery of the carpal tunnel
syndrome, finds different types of training applied to patients in traditional rehabili-
tation sessions developed in medical centers. The complex physiological structure of
the wrist requires exercises with a certain degree of inclination and strength, Fig. 3
details the basic exercises in which the rehabilitation of carpal tunnel syndrome is
developed; (a) details the upper neutral position of the hand at a 90° inclination and
(b) describes the horizontal neutral position of the hand; These exercises are performed
repetitively in order to improve circulation in the tissues and areas of the wrist to
eliminate significantly the symptoms of the carpal tunnel [9].

»
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Fig. 3. Basic exercises for carpal tunnel rehabilitation

The interaction with the wrist or affection area is achieved through the proper
position control in the translation and application of forces. These positions are com-
posed of different movements at different strength and magnitude within the devel-
opment of the application. The main objective of the exercises is to promote recovery
and training of the Carpal nerve through the performance of the Carpal ligament [9].
The exercises and non-surgical methods are composed of different exercises that are
capable to generate a total rehabilitation, in analysis of stretching exercises as well as
the correct implementation of the rehabilitation instructions considerably reduce the
musculoskeletal disorders of the hand and medium carpal [8].

The exercises for carpal tunnel syndrome rehabilitation are numerous. However,
within them, there are effective methods and movements in the rehabilitation session, in
Fig. 4 the main rehabilitation exercises used in conventional carpal tunnel methods are
described in which it is represented: (a) palm extended to the left, (b) palm extended to
the right, (c) flexion of fist and palm and (d) extension of arms, fingers and palm [8].
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Fig. 4. Exercises of (a) palm extended to the left, (b) palm extended to the right, (c) flexion of
the fist and palm and (d) extension of arms, fingers and palm

All these exercises allow to reach a greater range of movement, as well as manual
sliding for a complete rehabilitation session. The main exercises consist of the flat and
vertical movement of the wrist, where each one of them describes a better behavior and
recovery of the patient. Figure 5 describes vertical (a) ascending movements and
(b) vertical descending movements where there is a greater range of coverage in CTS

rehabilitation [8].
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Fig. 5. Movements (a) vertical ascending and (b) vertical descending.
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The movements and exercises, which are described, are originated in the video
game, which provides a force feedback with different position and magnitude, as well
as the quality of the action to encourage participation and concentration. Each game is
designed to perform a parameter of hand movement in range, speed of movement, or
strengthening of the affected areas [14]. The effectiveness of the therapy focuses on
capturing the patient’s attention through the inclusion of visual objects in the game
combined with force feedback, exercises and movements that are aimed to improve the
patient’s abilities whose mechanisms determine the success of the therapy.

5 Virtual Interface

The virtual environments are implemented to generate rehabilitation exercises in an
effective way, focused on daily tasks that create entertainment, immersion of the patient
with the environment and eliminates mental loads. The interaction of the patient with
3D graphic environments generates the appropriate rehabilitation movements as
specified in Figs. 6, 7 and 8 respectively, which creates improvement of strength and
resistance gain in the muscles, tendons and joints of the patient. The virtual system
includes two interfaces in charge of interacting with the patient based on precision
games for achieving objectives in order to obtain the established exercises with a
different strength and direction.

Fig. 6. First environment’s virtual interface

The initial part of the rehabilitation session is aimed at carrying out the appropriate
exercises for rehabilitation mentioned in Sect. 4 as a method of initialization, famil-
iarization and warm-up of the muscles of the hand so that the patient has a favorable
performance with the environment and the device, the first environment consists in the
manipulation of objects of different weight towards a container where each of them is
deposited consecutively and at random by the user. At the moment of performing this
interaction, concentric forces of different magnitudes are applied to the patient’s wrist,
producing the appropriate rehabilitation exercises. Figure 6 presents the interface of the
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Fig. 7. Handling of objects

first environment in which the methodology described above is developed, Fig. 7
shows the consecutive handling of the objects of different weight towards the container.

In the second instance, the patient interacts with a different virtual environment, in
which, the purpose is to order each of the objects inside the room where each of them
has different weights. In turn, with greater weights than those specified in the first
interface, this application allows to reinforce the rehabilitation exercises carried out in
the previous steps. In Fig. 8(a) the disorganized room is presented, Fig. 8(b) represents
the movement of the object with the greatest weight, Fig. 8(c) indicates the displace-
ment of the object with the least weight, finally, Fig. 8(d) presents the fulfillment of the
final objective defined as the oganized room.
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Fig. 8. Second environment’s virtual interface

6 Experimental Results

According to the tests carried out, the feedback of forces allows specific movements of
rehabilitation according to the medical parameters required for the treatment of Carpal
Tunnel Syndrome (CTS). The position of the movements of the haptic device has been
taken into account as well as the interaction of the patient with the applications
developed to relate the movements that the patient performs with the force generated by
the haptic device.

Figure 9 describes the movements performed on the x-axis between the patient and
the haptic device, where at the beginning of the rehabilitation session the exercises
described in Fig. 4(a), (b) are performed; the displacement of the patient’s affliction site
(blue) follows directly to the feedback of force exerted by the haptic device (red),
therefore the instructions arranged to be performed on this axis are fulfilled.

Similarly, Fig. 10 describes the movements produced in the y-axis and where the
detailed displacements are made in Fig. 5, which continues with the familiarization
routine of the patient with the device; the displacement of the place of patient’s
affection (blue) is according to the movement generated by the device (red), in this
way, the rehabilitation exercises proposed for this axis are fulfilled.

Correspondingly, Fig. 11, describes the movements made by the patient on the Z
axis (blue) vs the feedback of forces delivered by the haptic device (red), the graph
represents the fulfillment of the exercises described in Fig. 3; with which the main
movements for the rehabilitation of carpal tunnel syndrome (CTS) are carried out.

Finally, when executing the application of daily tasks, Fig. 12, presents the dis-
placement of the objects within which the different weights exerted by each manipu-
lated body are demonstrated; in such virtue the execution of the movements described
in Fig. 4(c) and (d) is demonstrated.
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Fig. 12. Manipulation of objects with different weight

7 Conclusions

Force feedback promotes the necessary movements for the treatment of the condition,
provides the number of repetitions of each exercise according to the rehabilitation
session, in such a way that the present tool has the potential to serve as a complement to
traditional rehabilitation. The obtained results provide a necessary tool for the specialist
to perform a pertinent assessment of the patient’s condition, as well as monitoring the
progress of the rehabilitation of the patient.

As future work, the implementation of this tool is proposed in patients suffering
from this type of condition, to obtain an assessment of the usability of the system.
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