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Chapter 9

Using Leap Motion and
Gamification to Facilitate and
Encourage Rehabilitation

for Hand Injuries:
Leap Motion for Rehabilitation

Jamie Taylor
University of Kent, UK

Kevin Curran
University of Ulster, UK

ABSTRACT

Injuries to the hand are more common than those of any other body region and can have considerable
financial, time-measured and psychological impact on not only the victim but also the community as

a whole. Hand rehabilitation aims to return people to their pre-injury roles and occupations and has
proved largely successful in doing so with the potential for technology to improve these results further.
However, most technology used in hand rehabilitation is based on expensive and non-durable glove-
based systems and issues with accuracy are common among those that are not glove-based. This chapter
proposes the use of accurate, affordable and portable solutions such as the Leap Motion as a tool for
hand rehabilitation. User feedback can be provided primarily through an animated 3d hand model as

the user performs rehabilitative exercises.

INTRODUCTION

At present, it is common for individuals with
hand injuries to undergo rehabilitation using no
technical aids. Efforts to improve rehabilitation
through the use of technology have led to anumber

DOI: 10.4018/978-1-4666-9522-1.ch009

of systems being proposed, where most of these
systems are glove-based, with only a few alterna-
tives. The glove-based systems are (for the most
part) prohibitively expensive (O’Donnell, 2010),
and the few alternatives such as Kinect (Connolly,
2012) can suffer from portability and accuracy
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issues. It should also be noted that none of these
system take advantage of gamification. Gamifica-
tionis the use of game-like elements in traditionally
non-game like settings, and has been proven to
increase user enjoyment and participation.

In response to this need for new rehabilitation
technologies, this chapter suggests that there is
scope for motion-based systems such as the newly
released Leap Motion! to assist in rehabilitation.

This chapter outlines the potential for such a
system to assist in hand rehabilitation. We believe
that the Leap Motion, a new, recently released
motion-based device has yet to be investigated
as a tool for hand rehabilitation. We suggest that
it should be accompanied by a software in the
form of an animated 3D hand model which will
reflect the users hand movements inreal-time. The
results from the exercises can then be stored for
later viewing by either the patient or a clinician.
Furthermore, the addition of gamification ele-
ments to the proposed system can help encourage
patients to adhere to prescribed exercise programs.
We next investigate current techniques and tech-
nologies used in the field of hand rehabilitation to
better inform the design of such a motion-based
capturing system.

BACKGROUND

Hand rehabilitation therapy is a form of occupa-
tional therapy (Burke, 2009). Hand rehabilitation/
therapy is focused on “...enabling the client to
regain functional use of the traumatized arm and
hand ... and return to their pre-injury occupations.”
(Case-Smith, 2003). The treatment offered by
hand therapy can be divided into two main cat-
egories; these are preventative, non-operative and
post-operative. Using the information presented
in (American Society for Surgery of the Hand,
2011), a more complete list of treatment options
offered through hand therapy can be compiled
and is presented in Table 1.
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Of'the treatments listed above, itis “design and
implementation of home exercise programs...”
and “instruction in home exercise programs” that
are of particular relevance and interest. (Lavanon,
2013) Points out that such hand therapy exercises
should be “motivating, repetitious, interesting,
challenging and graded”, (Amini, 2011) adds
that these exercises should incorporate “usual
and customary occupation activities...”, this is
important, given that the aim of hand therapy
as described above is to return patients to their
occupational and pre-injury roles. At present,
it is common for home exercise programs to be
performed without the use of technological aids or
systems. Hand therapy offers a high success rate
as a treatment for hand injuries. Of those studied
and treated in (Case-Smith, 2003), 80% returned
to work after an 8-week course of treatment
consisting of 13 hours of treatment on average.
These results are of particular relevance because
during this time, the occupational therapist was
the patient’s sole provider of rehabilitation ser-

Table 1. Non-Operative/Postoperative Hand
Therapy Treatments

Preventative, Non-
Operative, Conservative

Postoperative Rehabilitation

Management of acute or
chronic pain

Management of open or
sutured wounds

Desensitization following
nerve injury or trauma

Control of hypertrophic or
hypersensitive scars

Sensory re-education after
nerve injury

Reduction of swelling

Design and implementation
of home exercise programs
to increase motion, dexterity
and/or strength

Fabrication of orthoses to
protect surgery or increase
movement

Training in performance
of daily life skills through
adapted methods and
equipment

Instruction in home exercise
program

Splint fabrication for
prevention or correction of
injury

Conditioning prior to

returning to work
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vices, showing that hand rehabilitation/therapy
even in isolation can be greatly successful and
beneficial.

While hand therapy is already a successful
form of treatment for hand injuries (Case-Smith,
2003), Lavanon (2013) argues that advanced
technology can enrich this form of treatment and
further help patients. Looking in more detail, we
see that technology can be applied to other areas
of hand injury treatment beyond rehabilitation.
The CODA motion analysis system? can be
used as a diagnostic motion analysis tool. More
relevant to this discussion however, is the use of
technology as a rehabilitative tool, in particular,
the use of everyday “off the shelf” technology
such as the Leap Motion. An example of such a
system is described in (Lavanon, 2013), where a
Virtual Reality (VR) system was constructed us-
ing the PlayStation EyeToy, a common consumer
device. The EyeToy based system was found to be
an effective and — more importantly — enjoyable
way of exercising, however the system failed to
grade exercises. We aim to implement grading
of exercises in the proposed system, and plan to
enhance it further through the introduction of
gamification elements.

Glove-based technology, specifically data-
glove technology, is arguably the most common
form of technological aid in treatment and man-
aging of hand injuries. Example applications
include motor assessment (Lautman, 2012) and
as a tool for rehabilitative exercises (O’Donnell,
2010). Dipietro, et al. (2008) defines glove-based
technology as “a system composed of an array of
sensors, electronics for data acquisition/process-
ing, power supply and a support for sensors that
can be worn on the user’s hand.” Such gloves
are typically made of Lycra onto which sensors
are sewn. These sensors then record data of the
wearer’s hand movements, joint movement,
fingertip positioning and so forth. One example
is the SDT Data Glove Ultra developed by Fifth
Dimension Technologies (Fifth Dimension Tech-

nologies, 2011), a data glove aimed primarily at
Motion Capture and Animation Professionals. The
glove has a total of 14 sensors, uses proprietary
optical-fiber flexors and supports 2*4=16 pos-
sible gestures (Dipietro, et al., 2008). The glove
communicates with a computer via USB cable
or RS 232 serial port through an additional kit
(sold separately); another kit is available to allow
for wireless operation via Bluetooth (also sold
separately), allowing 8 hours of use on a single
battery at a range of up to 20 meters. The glove
itself costs about $1000; this includes the glove
and the ‘GloveManager’ proprietary calibration
software. The SDT Data Glove Ultra is available
in left and right variants. The high adoption rate
of glove-based technology is primarily due to
the richness of the information provided by such
systems (Dipietro, et al., 2008).

GAMIFICATION

The Leap Motion (mass shipping began July
2013), shown in Figure 1, is a motion-based de-
vice for computer interaction developed by Leap
Motion Inc. (Leap Motion Inc, 2013) who claim
the device offers accuracy to within 0.01mm. The
device, as shown in Figures 1 and 2, is made up of
two monochromatic IR cameras (the grey dots in
Figure 2) and three infrared LEDs (the red dots in
Figure 2), giving the device a semi-spherical ob-
servational area with a distance of approximately
1 meter. This observational area is smaller than
that of the Kinect, which is designed to monitor
the entire body; however, this allows the Leap Mo-
tion to operate at a higher resolution and accuracy
where accuracy is defined as the ability of a 3D
sensor to determine a desired positionin 3D space.
The IR cameras can run at up to 300 frames per
second (as opposed to 30 with the Kinect) while
the LEDs generate a 3D pattern of dots made up
of IR light. A study on the accuracy of the Leap
Motion found that while the claimed 0.01mm ac-
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Figure 1. Leap Motion

() . |

curacy isnotachievable, a high precision accuracy
of 0.7mm was achievable (Weichert, et al., 2013).
This makes the Leap far superior to the standard
deviation of 1.5cm (15mm) found in the Kinect.

In addition to the technical improvements, the
Leap Motion enjoys other benefits over previous
systems. Firstly, the Leap Motion is more af-
fordable than any other device discussed in this
chapter - even the Kinect (sold for UK Sterling
£75 in 2014) - the Leap Motion is available for
£65 UK Sterling as of 2014. The Leap Motion

Figure 2. Leap Motion Schematic View

also benefits from its small size, coming in at
0.5 inches in height, 1.2 inches in width and 3
inches in depth with a weight of only 0.1 pounds
(Leap Motion, 2013), making it more portable
than any other device discussed in this chapter.
Another advantage of the Leap Motion, one that
also applies to Kinect, is its durability; the Leap
Motionis not prone to wear and tear that eventually
claims many glove-based system. A large com-
munity has been cultivated around Leap Motion.
Apps are being released as well. There is also
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Figure 3. Stat Tracking and Achievement System
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or browse programs made by other users

integration of the leap motion into laptops from
leading retailers such as HP and Dell and into VR
headsets. There is a momentum behind the leap
motion and this could propel it into the de facto
gesture recognition interface in the near future.
Gamification can be defined as “the use of game
design elements in non-game contexts” (Deterd-
ing, et al., 2011). Gamification is a fast growing
initiative, with the aim of increasing motivation
and participation among users of non-game appli-
cations and is expected to revolutionize all aspects
of life in the not too distant future (Chatfield,
2010), (The Pleasure Revolution: Why Games
Will Lead the Way, 2011). An ideal example of
game design elements being used in a non-game
context would be the Khan Academy (Khan
Academy, 2013). The Khan Academy is a non-
profit organization with the aim of providing “a
free world-class education for anyone anywhere”.
The site allows users to watch videos on a wide

Badge Counts & Coaches
S 0 2 1 15 4
Q
L/
Discussion View all @ Everyone
You don't have any discussion activity yet.
Recent Activity & Coaches

You don't have any activity yet.

Recent video, exercise, and badge activity will show up
here.

variety of educational topics, complete exercises
for which they can build up streaks, earn badges
and a Gamerscore-like collection of points in ad-
dition to an array of real-time stat tracking tools
as seen in Figure 3.

More relevant to this discussion however, is
the use of gamification in a medical and rehabili-
tation setting. Gerling & Masuch (2011) explore
the application of gamification in augmenting the
lives of frail elderly people who are no longer able
to participate in certain real-life activities due to
age (such as a recreational walk through a forest)
as shown in Figure 4. They suggest that if we are
able to overcome challenges such as the lack of
experience with digital games and systems then
elderly users can benefit not only cognitively and
physically thanks to increased participation in
therapeutic activities, but also socially from the
experience, as gamified applications offer the
opportunity for friendly competition.
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Figure 4. Gamified Application - Walking through a Forest

Gamification and ‘gamified applications’ like
serious games have been proven to work in medical
undertakings such as stroke rehabilitation. Burke,
et al. (2009), after looking at the use of gamified
applications in helping those affected by strokes
regain control of the affected limbs, concluded
that gamified applications can be used to help
solve a common issue experienced by many
stroke survivors undergoing therapy. The issue
being that the everyday actives assigned to them
as part of their rehabilitative therapy are boring
and uninteresting. Couple this with the depression
that is common among stroke survivors and the
result is low user enthusiasm, low participation
and poor results in terms of limb functionality
regained through therapy. The study proves that
gamification can make activities these engaging
and stimulating, encouraging user participation
and by extension, leading to better results in terms
of regained functionality.

The study that is of most relevance however is
that conducted by Jacobs, et al. (2013), where the
authors investigate the use of gamified applications
in arm-hand training for stroke survivors. Here, a
proprietary ‘serious game’ (aform of gamified ap-
plication) named CONTRAST, shown in Figure 5
was used wherein the user completes task-oriented
exercises involving the manipulation of everyday
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items. Results of the study show increased user
participation and by extension, improved arm-hand
functionality. They point out that gamified applica-
tions make rehabilitative exercises “meaningful”’.
However, research would suggest that gamification
has yet to be used in a hand-rehabilitation set-
ting despite the fact that both hand rehabilitation
and gamification place emphasis on identifying
the user/patients personal goals “incorporating
usual and customary occupational activities into
treatment...” (Amini, 2011), likewise, making
the experience relevant to the user is also an es-
sential part of gamification “... it is important to
catch the user’s personal goals...” (Groh, 2012).

FUTURE RESEARCH DIRECTIONS

Gartner predicts that 50 percent of corporate innova-
tion will be gamified, with American corporations
spending several billion dollars on it in the next 12
months®. Healthcare domain can also benefit from
gamified innovations, as many problems faced in
healthcare can benefit from solutions that utilize
gamification. The younger generation is quite au
fait with gaming so introducing gamification into
clinical settings may lead to cleaner measurements
in some groups from specific demographics.
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Figure 5. User completing a task-oriented exercise in a Serious Rehabilitation Game

Leap Motion is an example of such gamified
solutions. Unlike traditional data-gloves, the Leap
Motion easily allows for two-handed exercises
and potentially exercises involving items such as
cups or other everyday items (through the SDK
“point-able” object which allows for tracking of
additional items, not just fingers). At the moment,
however, the Leap Motion SDK does not offer
skeletal tracking which makes any work with
the device inherently more difficult than with
traditional data gloves. Effort should be made to
implement a means by which individual fingers
can be reliably identified, as this will ultimately
allow for more accurate readings and the addition
of more complex and intricate exercises.

CONCLUSION

This chapter outlines the potential of a Leap Mo-
tion rehabilitation system for those with hand
injuries rather than more traditional technologies
like data-gloves. Such a system would allow a
user to perform rehabilitative exercises while
receiving stimulating feedback via a real-time
animated model. The system can easily store
this data for later viewing by either the patient
or a clinician. The Leap Motion is not in itself
a groundbreaking technology but its power lays

in the affordable price that it is currently retail-
ing at. There are currently HP laptops that come
with the leap motion installed. We can expect to
see more similar systems arriving on the market
therefore a potential arises to exploit thisrelatively
cheap movement tracking system in the health-
care system. We truly believe that the price and
relative accuracy of this device in addition to its
other unique qualities mean the Leap Motion has
enormous potential in rehabilitation systems of
the 21* century.
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KEY TERMS AND DEFINITIONS

Data Glove: A glove which can be connected
through a wire or wirelessly to a computer (or
mobile device) to record movement. Glove vary
in accuracy and this is usually in accordance with
the price.

EyeToy: The EyeToy is a color digital camera
device, similar to a webcam, for the PlayStation
2. The technology uses computer vision and
gesture recognition to process images taken by
the camera. This allows players to interact with
games using motion, color detection and also
sound, through its built-in microphone. It was
released in October 2003.

Gamification: Gamification is the use of
game-like elements in traditionally non-game
like settings and has been proven to increase user
enjoyment and participation.

Hand Rehabilitation: Hand rehabilitation
aims to return people to their pre-injury roles and
occupations and has proved largely successful
in doing so with the potential for technology to
improve these results further.

Leap Motion: The Leap is arecently released
motion-based device for computer interaction
developed by Leap Motion Inc. offering accuracy
to within 0.01mm. The device is made up of 2
monochromatic IR cameras and 3 infrared LEDs
giving the device a semi-spherical observational
area with a distance of approximately 1 meter.

Motion Capture: This is the process of re-
cording the movement of objects or people. It is
used in military, entertainment, sports, and medi-
cal applications, and for validation of computer

191



Using Leap Motion and Gamification to Facilitate and Encourage Rehabilitation

vision and robotics. In filmmaking and video
game development, it refers to recording actions
of human actors, and using that information to
animate digital character models in 2D or 3D
computer animation.

Rehabilitation Counseling: Is focused on
helping people who have disabilities achieve their
personal, career, and independent living goals
through a counseling process.
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ENDNOTES

! https://www.leapmotion.com/

2 http://www.codamotion.com/

3 http://www.gartner.com/newsroom/
1d/1629214.



