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Preface

At first sight, for an uninformed reader, the title of this book must seem a bit unusual.
Actually, there may be a double astonishment.

The first one is this term serious attached to game: how can games be serious
since they are associated, for most people, with pleasure and fun? This first point is
nevertheless not too difficult to clarify since lots of games are serious (e.g., chess,
Go) and/or used to develop skills (e.g., management, reflection).

Actually, the title of this book should have been the use of serious video games
in physical rehabilitation. Indeed, in the last sixty years, video games have been
developed and are becoming every day more and more popular within the popula-
tion. While traditional games are accepted by most people and recognized as benefi-
cial the use of video games is more problematic. The most frequent criticisms about
video games are that they would be responsible for an increase in violence, decrease
in social contacts, and would turn the players more sedentary.

This leads to the second contradiction of the title of this book: video games and
physical therapy. Should not rehabilitation medicine be something serious and not
something fun?

The aim of this book is therefore to demonstrate that video games can indeed be
serious and used, successfully, in rehabilitation.

The transition of gaming consoles from the living room to the hospital and the
clinic is not that obvious and is far away from the classical development of medical
devices.

The typical stages of development and integration of new medical devices are
request from the clinics (need), team of researchers (engineers, doctors, etc.) work-
ing on a prototype, and then several interactions between clinics and the research to
get the final product. This is the classic translation between research and clinics.
Whether or not this product needs to be validated before being used in clinics is
debatable for medical devices whereas the questions about efficacy, effectiveness,
and safety are, naturally, not an option for drugs.

The integration of serious games within the rehabilitation is totally different: the
products have been designed and developed for fun and entertainment and then
some clinicians seeing a possible clinical interest tried to use the games with their
patients. It is only later on that researchers and developers have had interest for this
field and tried to develop specific games for rehabilitation, first based on existing
gaming device and then by developing specific devices too.
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Both development of new medical devices and rehabilitation medicine being
highly multidisciplinary, this book has thus to be as broad and comprehensive as
possible.

In order to understand how video games could be used in clinics, it is important
to have a clear view of the current available technologies and what are the next
expected improvements.

As serious as they can be, serious games are still games, we will see how the
traditional games have been developed since ages and can be used for rehabilitation,
and then of course the rise of video games for entertainment and then in the health-
care domain.

The most important part of this book is the discussion about the clinical efficacy
and safety of such kind of new intervention for various pathologies and how to inte-
grate serious games within the conventional rehabilitation.

More than ever, in the global context of reducing healthcare costs, medical
devices must be validated in clinics in order to have a chance to be reimbursed;
therefore well-designed and controlled randomized clinical trial should be con-
ducted in this field, and an example is provided in this book.

Some people often forget that the last step of the translational process between
research and patient is...business! Therefore in the last part of this book we will
present some business aspects focusing on innovation and novelty, the two key ele-
ments to develop a sustainable business.

Brussels, Belgium Bruno Bonnechere



1 TheTechnology . ......... ... .. 0. 1

1.1 The COmMPULELS. . . ..ottt e e 1
1.2 The Graphical (R)evolution. . ........ ... ... ... .. . o... 2
1.3 The Three-Dimensional Environment . .. ...................... 2
1.4 Thelnternet . . ... ... e 3
1.5 The Commercial VideoGames . ...................coiuiinn... 4
1.5.1 From Gamesto Sciences? ..............c.ouiuiienn... 4

152 NintendoWid . ... 5

1.5.3 Sony PlayStation ............ ... .. ... .. .. .. .. ... 6

1.5.4 Microsoft Xbox Kinect ............. ... ... ... ....... 6

1.5.5 OtherDevices. .. ... ..o 7
References. . . ... .. 8
2 Physical Rehabilitation. . . ......... ... ... ... .. ... 11
2.1 Definition and Principles . . .. ......... ... ... . .. 11
2.1.1 A Multidisciplinary Teamwork .. ...................... 12

2.1.2  The Neuromusculoskeletal System . .................... 14

2.1.3 Treatment and Exercises .................. .. ......... 17

2.2 Obstacles to Rehabilitation . ................................ 17
2.2.1 Severityof the Disease. . ........c..coviuiiinien.... 18

2.2.2 Motivational Issues ............ ... ... ... . ... 19

223 FinancialIssues ........... ... .. ... . ... 19

224 AccesstoCare . ... ... 19

225 LackofTime ......... ... ... . . . . . . ... 21

2.3 Telemedicineand E-Health .. ............................... 21
References. . . ... 23
3 The (Serious) Games. . .. ..............0 it 25
3.1 The Gamesinthe Society ............ ... .. .. ..., 25
3.1.1 Traditional Games . ...............oiiiiiiireeunnn... 25

3. 1.2 Video Games ... ..ottt 26

3.2 Games in Rehabilitation. . . ................ ... ... .. ... .. . ... 32
3.3 The Serious Games . ..........iirii i 33
33,1 Definitions ... ... ... 33

332 HiStOIY .o oot 34

vii



viii

Contents

3.3.3 Principlesof Action.......... ... .. .. .. 35

3.3.4 Fieldof Application. ......... ... i .. 36
References. . . ... e 37
Serious Games in Rehabilitation. . ............................. 41
4.1 General Discussion . ........... ...t 41
411 ANewTrend? ...... ... ... . ... i, 42
4.1.2 Commercial or Specific Games? .. .................... 42
4.1.3 For Which Patients?. ... ....... ... ... ... ... ........ 43
4.1.4 Numberof Session?. .......... ... . ... ... ... 44

42 AGING .o 45
4.2.1 Clinical Presentation ............................... 45
422 Rehabilitation. .. ....... ... ... ... . ... ... ... 46

423 Useof Serious Games .. ............c.uuiiiiniuienni... 46

4.3 Obesity and Overweight .......... ... ... .. .. .. oo, 56
4.3.1 Clinical Presentation ............................... 56
4.3.2 Rehabilitation. .. ....... ... ... . ... ... ... ... 56

433 UseofSerious Games . ............c.c.uuiiiiniunienni... 57

44 Stroke. ... ... 61
4.4.1 Clinical Presentation ................. ... ... ........ 61
4.4.2 Rehabilitation. .. ....... ... ... ... . ... ... ... 62

443 Useof Serious Games .. ............c.uuieiiniuieani... 63

4.5 Balance Training .. ..........oouiiniinniniin .. 72
4.5.1 Clinical Presentation ............................... 72
4.5.2 Rehabilitation. .. ....... ... ... . ... ... ... ... 73

453 UseofSerious Games .. ............c.uuiriiniunieani... 73

4.6 Cerebral Palsy ........ ... i 79
4.6.1 Clinical Presentation ............................... 79
4.6.2 Rehabilitation. .. ....... ... ... ... . ... ... . .. . ... 79

4.6.3 Useof Serious Games .. ............c.uuiuiiuiuieani... 80

47 Parkinson’sDisease . .............. ... 86
4.7.1 Clinical Presentation ................. ... ... ........ 86
4.7.2 Rehabilitation. .. ....... ... ... ... .. .. ... ... 86

473 Useof Serious Games .. ............c.uiuiiriunienni... 86

4.8 Orthopedic . ......oouiii 89
481 LowBackPain................. ... ... ... ... ...... 89

4.8.2 Prosthesis.......... ... . 90

4.9 Other Pathologies. . ...t 91
4.9.1 Multiple Sclerosis . ....... ..o, 91
4.9.2 Fibromyalgia ........ ... .. 92

493 Systemic Lupus Erythematosus. ...................... 93
4.9.4 Schizophrenia. ..............oiiiiiiiiiiii.. 93

495 DownSyndrome ................ .. ..., 94



Contents ix

4.9.6 Mild Cognitive Impairment . . ........................ 94
4.9.7 Alzheimer’s Disease. . .........c.ooiiiiininio... 94
4.9.8 Pulmonary Diseases. . ...........couiiinininna... 94
4.9.9 Diabetes .. ... .ot 95
4.9.10 Urinary Incontinence . . .............coviuniunenn.... 95
4.9.11 Pain Management. . . .........oviuiinninnennenna.. 96
References. . . ... 97
5 Clinical and Practical Applications. . ........................... 111
5.1 BodyandBrain ......... ... .. 111
5.1.1 History and Philosophy . .......... ... .. .. .. ..... 111
5.1.2 CurrentKnowledge ........... ... ... ... .. ... .... 112
5.1.3 Physical Rehabilitation Using the Brain ................ 112
5.1.4 Effect on Physical Activity onthe Brain . ............... 113

5.2 Integration of Serious Games in the Conventional
Rehabilitation. . ...... ... . 114
5.2.1 EarlyPhase........ ... .. .. .. . 115
5.2.2 During the Treatment. . ........... .. ... ... ......... 116
5.2.3 Afterthe Treatment . ........... .. ... .. 117
References. . . ... 117
6 The Need of Clinical Validation. ............................... 119
6.1 INtroduction . .......... ..ottt 119
6.2 Designs of RCTs to Validate the use of Serious Games .......... 120
6.2.1 DeSIZN ..ot 120
6.2.2  SENg . ..ottt 120
6.2.3 Participants. ... ..... ... 121
6.2.4 Materials .. ... 121
6.2.5 Interventions ...............ce.iiiiiii i 121
6.2.6 OULCOMES . . o v vttt et et e e et 126
6.2.7 Evaluation ........... ... ... 126
6.2.8 Continuous Follow-Up. ........... ... .. .. .. ... 128
6.2.9 Statistical Analysis. . ...t 128
6.3 DISCUSSION . .ottt ettt 129
References. .. ... 131
7 IntheFuture ... ... .. .. .. .. . .. .. ... ... 133
7.1 ProblemstoSolve ....... ... .. ... 133
7.1.1 Technological Issues ................couiiiiinn... 133
7.1.2 Ethical Issues .. ... ...t 135
7.13 People’sMind ....... ... ... i 136
7.1.4 Financial Aspects. . .......ooiiniiii i 137
7.2 A Lucrative Market? ... ... .. ... ... .. 137
7.2.1 Targeted Populations . .......... ... .. ... ... ... .... 137

7.2.2 The Current COmpanies. . . .........c.veumeunennenn... 138



Conclusion . . . .

X Contents
73 NewTrends ... 140
7.3.1 Functional Evaluation During Rehabilitation ............ 140

7.3.2 Telemonitoring. ... .......vuueinninninnnnnenn... 140

7.3.3 Evaluation of Clinical Trial . ......................... 141

7.3.4 Haptic and Robotic Devices. .. ....................... 141

7.3.5 OrthoSiS .« .vvvi e 142

7.3.6 VirtualReality .......... .. ... .. 143

7.3.7 Machine Learning and Artificial Intelligence ............ 143
References. . . ... 144



The Technology

“Let’s go invent tomorrow instead of worrying about what happened yesterday.”

— Steve Jobs

1.1 The Computers

Without computers anything of this would be possible! The growth of the computa-
tional power of modern computers is exponential implying continuously increasing
progress in the gaming industry as well. The first computer—the ENIAC (Electronic
Numerical Integrator and Computer)—has been built in 1946 and occupied a full
room for a weight of 30 Tons. The computer games evolved from early days of
computers and forked from research applications like simulations and demonstra-
tions developed to entertain the public. In 70 years, the computational power has
been drastically increasing and we moved from text-based games to realistic virtual
and immersive environments. However, considering the exponential growth, in a
few decades will people look at the current games the same way as we look to the
“Pong” or the “Pacman.” In parallel to this growth, the size and the price of the
technology is decreasing at the same rate.

The first microprocessor was built in 1971; since that date the power of proces-
sors have been increasing exponentially. Moore’s law stipulated that the power of
computer is doubled every 18 months since every innovation boosts the creation of
new products (Moore 1965).

The increase of power calculation allowed the development of applications
requiring a lot of computational power such as visual graphics, particularly impor-
tant for the development of video games.

© Springer International Publishing AG 2018 1
B. Bonnechere, Serious Games in Physical Rehabilitation,
https://doi.org/10.1007/978-3-319-66122-3_1
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1.2  The Graphical (R)evolution

The evolution of computer graphics can be seen more easily than the computational
power. The first video games were developed from the 1950s and evolved mainly
from research/instructional programs, simulations, and demonstrators. They were
mostly text based shaping its appearance to remind simple geometrical objects!. The
need for visualization required for many applications created the basis for 2D graph-
ics technology. Associated to this technology’s evolution, the scenario and the com-
plexity of the games never stopped and in the modern games the player is literally
immersed in a gaming environment which looks closer to the reality. There are
plenty of serious games that are developed and used in various fields (e.g., to
increase workers’ safety by simulating of various situations, to increase perfor-
mance in sports (e.g., driving simulation), to practice safely prior being in real situ-
ation (e.g., flight simulator training, etc.)).

1.3 The Three-Dimensional Environment

The 3D computer graphics, pioneered by William Fetter, put extra demand on the
computational resources creating a gap of few decades between the first computers
and consumer 3D applications. Although the first publicly available 3D graphics
software and games is from the 1970s, the popularity rose in 1990s and with the
new millennia. Wide public could observe the high-quality 3D animations with
series of successful blog buster movies (Tron, Terminator 2, Jurassic Park, Toy
Story, Avatar, etc.). However, the industry that drives and demonstrates the evolu-
tion of 3D technologies the most is video gaming industry. The graphics has
evolved from games that used only a few simple primitives (e.g., lines in the game
Battlezone) through richer graphics (e.g., Wolfenstein 3D) to realistic environ-
ments with procedurally generated content and advanced artificial intelligence
(e.g., The Elder Scrolls IV: Oblivion). The power to render realistic environments
is now embedded into many households in the form of a game console or an enter-
tainment system (e.g., MS Xbox One, Sony PlayStation 4). The upcoming trend is
involving immersive 3D in the form of virtual reality, often based on a stereoscopic
image requiring headset or glasses. Increased immersion is often achieved by
including natural interactions (for humans) between humans and computer. This
involves free movement of the player’s body tracking allowing new and unconven-
tional kinds of interactions.

Majority of the modern computer games use advanced 3D systems (LaViola
2008), and it is expected that in the near future this technology will be adopted
within our daily activities including health-related applications. Scientists from
around the world are working on many examples, e.g., for people with depth per-
ception impairment or other cognitive and physical disabilities.

"For example, the Pong game consists of two lines and a point.
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A lot of the low-cost gaming devices have already spawned completely new
research tracks. Gaming input devices, often resemble medically used devices.
Open the potential for everyday use. For instance, MS Kinect allows real-time body
tracking, the Wii balance board tracking center of the pressure, but also smart
phones—equipped by IMU—tracking orientation and positional information of the
device. Also, novel output devices offer potential changes in perception on tap. For
instance, the Oculus Rift™ is a pioneering device, a headset using virtual reality,
that allows (along an immersive experience) rapid changes in environment at rate
that would not be possible in the physical world.

Scientists and researchers are adopting these disruptive technologies in plenty of
research projects and clinical application. By using these devices allowing complete
immersion of the patients, they allow them to experience various situations that
could be hardly achieved during traditional treatment or rehabilitation exercises.
Therefore, some other neuronal circuits and zones of the brain can be trained.

1.4 The Internet

The development and the generalization of high-speed Internet connection had
changed the traditional games to a tool for social interaction. With the development
of smartphones and mobile broadband connection people can interact not only in
the real-time but also on the go. This network enables interconnect mobile devices
with remote servers and server farms with much performant machines—distributing
the high computational demand in the mobile devices. Therefore, a new approach to
game development emerges where most of the computation can be done on the
cloud.

Offloading the mobile devices to the cloud helps the game development studios
establish a new business model where the game is offered as a service rather than
of-the-shelf package. Another consequence is that the cloud empowers even broader
social interactions among the players. The Massively Multiplayer Online Game
(MMOG) and the Massively Multiplayer Online Role-Playing Games (MMORPG)
are now one of the keystones in the video games industry. The revenue generated by
MMOG and MMORPG never ceased to increase since introduced to the market in
the 1990s. In 2012, the revenue for games industries was about 21 billion $%; the part
for MMOG and MMORPG is approximately 25%. In 2014, the numbers were 25.3
billion $ with 27% for online games?.

Of course, serious games specifically developed for patients currently do not
reach the same levels but we can observe the same trends in the serious games
focused on health. The MMOG have even the potential to engage the disabled
patients by supporting interactions with their healthy counterparts within a single
environment. Through the anonymity of the Internet, this may offer a new

2http://www.theesa.com/facts/pdfs/ESA_EF_2013.pdf
3The Video Gaming Industry Outlook
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socializing tool transparent in terms of the game, but still containing the serious
aspects of the therapy.

1.5 The Commercial Video Games

Commercial video games have significantly evolved over the last decades to one of
the biggest markets (generated almost $100 billion in revenues in 2016 globally*) in
the entertainment industry with the accelerating annual growth of 8.5%. However,
as the world becomes more connected and more of our activities are performed on
mobile devices, some experts predict decline in sales of gaming consoles and game-
purposed computers. The manufacturers of the gaming hardware therefore tend to
concentrate their focus on the most compelling gaming experience and disruptive
innovations. For instance, game controllers (Nintendo Wii Fit™, Microsoft Xbox
Kinect™, Sony Play Station™, etc.) change the traditional passive video gameplay
(i.e., controlling the game with mouse or a keyboard) to an active experience where
the players are required to move in order to interact with games.

The new trends in game controllers is not only transforming the way the games
are played, but it also led scientists to focus their attention on these devices due to
their potential in clinical and/or scientific applications. Businesses have already
started to focus on providing clinically relevant data collected from these devices.
Therefore, in the next sections we are going to briefly present the game consoles
coming with novel controllers that gained popularity in motion analysis and physi-
cal therapy in particular. We also describe our expectations on how these controllers
could be, or already are, used for health-related applications mainly in physical
rehabilitation.

1.5.1 From Games to Sciences?

This new trend of games controlling and controllers has not only completely modi-
fied the way of playing video games, but also led scientists to focus on these new
devices for future potential clinical and/or scientific applications. Indeed, we are
going to see that some game controllers present interesting characteristics similar to
the devices that are used to perform motion analysis in clinics. Therefore in the next
subchapters, we are going to present game consoles and controllers from a gaming
point of view and then describe how these controllers could be used, or are already
used, for other applications such as motion analysis, patients evaluation, and follow-
up or rehabilitation.

“https://newzoo.com/insights/articles/global-games-market-reaches-99-6-billion-2016-mobile-
generating-37/
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1.5.2 Nintendo Wii

1.5.2.1 The Gaming Aspects

The Nintendo Wii is one of the first video game consoles using motion of the human
body and novel controllers that were successfully adopted by the mass market. This
console has been released on November 2006 and turned out to be a success with
immediate worldwide sales. Unlike previous consoles, the games have been con-
trolled by the Wii remote controller which detects motions of the players in three
dimensions using inertial measurement sensors. In July 2007, the Wii Balance
Board (WBB), a force plate that measures center of pressure, was released allowing
players to control the games using center of pressure displacement. Most of the
games using these controllers focus on fitness-related games, body movement, and
burn calories of the player.

1.5.2.2 The Scientific Aspects

The evaluation of balance and postural control is an important field in various
domains such as health (e.g., preventions of falls in elderly people), rehabilitation
(e.g., balance training after stroke), and sports (e.g., to increase athlete’s perfor-
mance or decrease injuries’ risk). Despite this potential huge field of application, it
appears that balance assessment using a force plate (FP) (i.e., during quantitative
functional evaluation) in laboratory is not as used as it should be in clinics for
patients’ evaluation or follow-up. Despite this, the measurement of the center of
pressure (CP) using FP is considered as gold standard to assess balance (Haas and
Burden 2000). This is probably due to the fact that FPs are, most of the time, not
transportable due to their embedment in the laboratory floor. Their relatively high
price is also blocking their widespread use outside the laboratory. Access to this
kind of tool is therefore limited and does not allow regular measurement for patient
follow-up or evaluation of a treatment if a specially equipped laboratory is not
available.

In daily clinics, evaluation of balance is performed using scales such as the
qualitative Berg Balance Scale. Despite the fact that these scales have been vali-
dated for various neurological conditions, they are not sensitive enough to detect
small clinically relevant changes (Blum and Korner-Bitensky 2008). There is thus
a need in clinics for portable, easy-to-use, and cost-effective quantitative balance
assessment tools. The Wii Balance Board™ meets the above criteria. But before
being used in clinics such kind of devices must, of course, go through a strict vali-
dation process. Several works have been done to validate the WBB: estimation of
CP path length during standing (Clark et al. 2010, Huurnink et al. 2013) and force
estimation (Bartlett et al. 2014). In clinics, the WBB has been used to assess
patients suffering from various diseases such as Parkinson’s disease (Holmes et al.
2013) or other conditions as, for instance, anterior cruciate ligament injuries
(Howells et al. 2013), and with elderly patients (Young et al. 2011, Koslucher et al.
2012).
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1.5.3 Sony PlayStation

1.5.3.1 The Gaming Aspects

This console is mainly used with traditional gamepad. However, two other compo-
nents can be used to control the games. The PlayStation eye toy is a digital camera
able to detect the player and recognize the motion to allow players to interact with
the games. The other one is the PlayStation move, a motion-sensing game controller
using inertial sensor (similar system as the Nintendo Wii Remote controller).
Despite the existence of these two controllers, most of the games are being played
with the gamepad.

1.5.3.2 The Scientific Aspects

To our best knowledge, there is currently no published work about the use of neither
the eye toy nor the move controller for performing motion analysis. By cons as
discussed in the chapter Serious Games in Rehabilitation, these devices are used in
rehabilitation.

1.5.4 Microsoft Xbox Kinect

1.5.4.1 The Gaming Aspects

The release of the MS Kinect in November 2010 marked another milestone in the new
direction. In contrast to Nintendo Wii, which uses direct measurements and physical
interaction with the controller; the Kinect can track the human body on distance. It
tracks a simplified skeleton of the human body from a stream of depth map data’.
Since the Kinect controller tracks the pose of the player, it allows greater variations of
possible controls (e.g., various body gestures) and could help to evaluate the correct-
ness of the performed motion or exercises. The measurements of distance provide
better immersion effect and essentially make the controller out of the human body.

1.5.4.2 The Scientific Aspects
The release of the Kinect produced the same enthusiasm among the scientific com-
munity as that of the Balance Board. This cost-effective and portable device com-
bines a regular color camera with a depth camera (consisting of an infrared laser
projector and an infrared camera) and built-in software to detect a simple skeleton,
composed by 20 points representing the major joints of the body.

This model is used to track motions of the players during the games, based on
advanced pattern recognition methods.

3D motion analysis using Marker Based Systems (MBS), optoelectronic devices,
is considered as Gold Standard for clinical motion analysis even if several issues
have been previously raised and discussed in the literature. Such kind of systems are

3 A depth map is a matrix of measurements where each element corresponds to a distance measure-
ment between a camera an object at corresponding location (a.k.a. depth image).
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composed of several infrared cameras that tracked simultaneously 3D position of
markers glued on the subjects. Positions and trajectories are then reconstructed,
thanks to information collected by the cameras.

Accessibility of MBS is an issue due to the costs of such systems, and therefore
only specialized centers can afford them. Furthermore, marker placement [i.e., time
consuming and potential source of error (Della Croce et al. 2005)] and skin dis-
placement during motion (Leardini et al. 2005) are two recognized problems within
the MBS field. The Kinect sensor is a cost-effective and portable MLS device that
seems to offer interesting new perspectives for functional analysis and patient
assessment. There are plenty of studies that have been conducted in order to test the
possibility of the Kinect for motion analysis first with healthy subjects then with
patients. Some studies have investigated the precision of the Kinect to detect vol-
ume and distance (Dutta 2012), to assess postural control in static (Clark et al.
2012) and in dynamic conditions (Yeung et al. 2014), to assess range of motion for
simple planar motions (Bonnechere et al. 2014), for upper limb evaluation to assess
reachable workspace on healthy subjects (Kurillo et al. 2013) and on patients suffer-
ing from facioscapulohumeral muscular dystrophy (Han et al. 2015), to assess
head’s posture (Oh et al. 2014), arm movement speed (Elgendi et al. 2014), gait
analysis (Pfister et al. 2014), and to track full body motions during serious games
exercises (van Diest et al. 2014).

In 2014, a second version of the Kinect sensor was released; gesture recognition
and motion tracking were improved with the new generation of sensor (Pagliari and
Pinto, 2015).

1.5.5 Other Devices

1.5.5.1 Leap Motion

The Leap Motion Controller is a small sensor equipped with two cameras. This
device is mainly used for hand and finger gesture recognition and is used to perform
manual task on the computer (e.g., pinch-to-zoom, drawing, or manipulating 3D
data visualizations).

Considering the current limitations of the Nintendo Wii remote controller and
the Kinect sensor for wrist and finger displacement, the Leap Motion Controller
could be the ideal solution to track and train dexterity and fine motor function of the
upper limb.

1.5.5.2 Oculus Rift
The Oculus Rift was the first virtual reality headset available in the commerce (for
nonprofessional user). The headset integrated an OLED display, headphones for 3D
sounds, and gyroscope to detect the position of the head and to adjust the environ-
ment accordingly.

A lot of research is currently being conducted using the Oculus Rift, and other
kinds of headset, mainly in the domain of phobia or in case of post-traumatic stress
disorders.
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1.5.5.3 HTCVive
HTC Vive is a virtual reality head-mounted display and two wireless handheld con-
trollers. This system allows the user to navigate naturally (walk, move objects, etc.),
communicate, and experience immersive virtual environments.

This kind of device potentially combining virtual reality immersion and motor
rehabilitation paves the way for enormous innovation in physical, and cognitive,
rehabilitation.
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Physical Rehabilitation

Start by doing what is necessary, then what is possible,
and suddenly you are doing the impossible.

— Saint Francis of Assisi

2.1 Definition and Principles

Before discussing of the use of serious games in rehabilitation, it seems appropriate
to define and obtain some precise notions about rehabilitation.

Rehabilitation is a key health strategy to address disability (Meyer et al. 2011).

Rehabilitation is a branch of physical medicine. Rehabilitation, in the area of
health, can be defined as the ability to rehabilitate patients in his environment: “the
aim of rehabilitation is to restore or return a person to as state of optimal function-
ing in interaction with his/her environment” (Meyer et al. 2014). Another interest-
ing definition of the rehabilitation is the one from the World Health Organisation “a
set of measures that assist individuals who experience, or a likely to experience,
disability to achieve and maintain optimal functioning in interaction with their envi-
ronments” (WHO 2011). Two key elements of the rehabilitation are included in this
definition. The first one is the importance of trying to restore optimal functioning of
the patient. Of course, unfortunately, in some cases it is not possible to restore “nor-
mal” mobility or activity; therefore, rehabilitation is mainly focusing on the func-
tion and autonomy during activity of daily living. The second important aspect is
the interaction with the environment: interaction with the surrounding objects
(move, eat, wash) in order to be as independent as possible but also to interact with
people. Social aspect is one of the keys, and unfortunately often neglected, aspect of
the rehabilitation and, more generally, of the overall management and integration of
disabled people in the society.

© Springer International Publishing AG 2018 1
B. Bonnechere, Serious Games in Physical Rehabilitation,
https://doi.org/10.1007/978-3-319-66122-3_2



12 2 Physical Rehabilitation

2.1.1 A Multidisciplinary Teamwork

Due to the complexity of the pathologies, the rehabilitation is, generally, not per-
formed by a single therapist. Depending on the underlying pathology, a team of
specialists are working with the patient to fulfill the best as possible the need and
requirement of this particular patient. This expertise from various medical and para-
medical points of view is needed in order to have a holistic approach of a particular
patient suffering from a specific pathology living in his own environment. It is
important to note that two patients presenting the same pathology won’t systemati-
cally receive the same treatment because lots of parameters have to be taken into
consideration (Albert et al. 2012). The International Classification of Functioning,
Disability and Health (ICF) from the World Health Organization (WHO) has been
created to underline the importance that personal and environmental could and
should play in rehabilitation’.

2.1.1.1 Medical Doctors

The medical doctors involved in the rehabilitation field are, most of the time, doctors
in physical medicine and rehabilitation (neurologists can also play the role of team
leader). They are responsible of the diagnosis, assess the severity of the disease and
the associated troubles and complications. Based on this evaluation, they built a spe-
cific rehabilitation program for this specific patient (e.g., Does this patient require
occupational therapy? How many sessions of physiotherapy are required? Does this
patient need surgery or pharmacological treatment?). During all the rehabilitation
process, the doctors control the progress of the patients and, in collaboration with the
other professionals in charge of the patient, modify the treatment if needed.

2.1.1.2 Physiotherapists

Physiotherapists are one of the cornerstones of the physical rehabilitation. Generally,
it is with physiotherapist that the patients spend most of the rehabilitation time.
There are plenty of different techniques, approaches, and philosophies in physio-
therapy. Physiotherapists adapt their treatments and exercises depending on the
nature of the diseases (neurological, orthopedics). One of the most popular
approaches for neurological disease is the neurodevelopment treatment (NDT)
(Bobath 1967). The aim of this method is to facilitate the movement by reducing
muscle tone and inhibiting primitive and abnormal reflex. Another important aspect
of the NDT approach is to allow the patients to have a greater independence and
really focus on the movement. We won'’t list here each technique (details will be
provided in Chap. 4). From a scientific point of view, it is important to underline that
no particular technique has a higher level of evidence than another one (Kollen et al.
2009). The other important point about physiotherapy and rehabilitation is that the
more the patient is moving and performing the exercises the better and faster the
progress will be (Langhorne et al. 2011).

Thttp://www.who.int/classifications/icf/en/
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2.1.1.3 Occupational Therapists

Occupational therapists and physiotherapists are working closely together.
Physiotherapists are mainly working on the muscles (e.g., to avoid spasticity) and
joints (e.g., to avoid retraction and restoring/preserving enough range of motion);
occupational therapists focus their work on (fine) motor function. To summarize
roughly, the physiotherapists try to restore enough mobility, and the occupational
therapists try to make patients (re)learn some (basic) and functional motion in order
to increase their independences (Arbesman et al. 2013). To increase patients’ inde-
pendence, two different, but often complementary, approaches are possible: improv-
ing directly the function (in collaboration with physiotherapists) or modifying the
environment to allow patient performing these activities, e.g., modify and adopt
home environment in order to prevent falls in older people (Pighills et al. 2011),
modify the classroom for student with autism (Kinnealey et al. 2012), etc.

2.1.1.4 (Neuro)Psychologists

Depression and anxiety are highly prevalent in patients with chronic diseases, but
remain too often undertreated despite significant negative consequences on patient
health. Multiple consequences of a chronic disease diagnosis can contribute to
depression or anxiety: the loss of a sense of self-worth, anxiety, and uncertainty
about the future, loss of relationships and social isolation, and feelings of guilt
(Dejean et al. 2013). In the perspective of a more holistic approach of the patient, a
psychological and eventually spiritual support must be provided to patient in the
early start of the disease (Schulz-Stiibner 2007). It is important to note that this
psychological support is not only provided by the medical team, the role of the fam-
ily and relatives is also preponderant (Glass et al. 2004).

2.1.1.5 Speech Therapists

Lesions in the brain (e.g., stroke, cerebral palsy) do not only induce motor prob-
lem. Depending on the localization of the primary lesions, some other troubles
can be induced. The location of the brain responsible for speech production
(Broca’s area) and speech comprehension (Wernicke’s area) are often affected
during stroke. Rehabilitation of the speech, or other communication ways, is thus
an important part of the process for some pathology, especially in the light of the
definition of the health by the WHO (e.g., optimal interaction with the
environment).

2.1.1.6 Prosthetists
The use of prosthesis or medical devices, as temporary or permanent help, aims to
give a greater autonomy to patients during activities of daily living and/or rehabili-
tation session. Depending on the severity of the disability medical devices varied
from full support electric wheelchairs in case of severe paraplegia to ankle’s brace
support to avoid spasticity of the triceps surae during gait in case of light form of
spasticity.

For the lower limbs, most orthoses focus on controlling ankle position and kine-
matic motion during the gait (McNee et al. 2007).
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For the upper limbs, the objective is to improve function by increasing the range
of motion, limit deformation, and increase functions (Autti-Ramo et al. 2006).

The settings and the optimal functioning of the materials is a team effort includ-
ing not only the prosthetists but also physiotherapists and occupational therapists.
Casting can be an alternative to orthoses in order to increase the efficacy of treat-
ment (e.g., intensive rehabilitation, surgery, botulinum toxin injection) (Hayek et al.
2010).

2.1.1.7 Sports Coach

The definition of the rehabilitation includes “to achieve and maintain optimal func-
tioning in interaction with their environments” (WHO 2011). It is therefore obvious
that sport should be considered as a complement to the conventional rehabilitation
treatment not only for the physical benefits but also for the important and positive
effects of the social interaction. Sports for disabled people have been popularized by
the huge development and the media coverage of the Paralympic Games. New spe-
cialties are emerging in the faculty of physiotherapy or sport sciences in physical
activities adapted for people with disabilities.

Important efforts are also done in the development of affordable material (pros-
thesis, wheelchairs, etc.) to allow disabled people to train and enjoy sport’s
activities.

Finally, we can also note here the importance that the animals can play during
rehabilitation and in particular horses during hippotherapy session.

2.1.1.8 Social Workers

Although only a few people would spontaneously think about social workers in the
rehabilitation team, these ones play an important role. Social workers try to solve
some obstacles related to rehabilitation (e.g., access to care, financial issues). They
also have an important role in the dialogue with the family. They do not only pro-
vide material support (access to institution, materials, etc.), they can also be a part
on the treatment (e.g., social workers can visit the family to help and support parents
with disabled children (Weindling et al. 2007)). This example underlines the fact
that the disease affects not only the patient but also his family. It is therefore some-
times interesting to work with family to decrease stress and anxiety level by allow-
ing the patient to evolve in a more favorable environment.

2.1.2 The Neuromusculoskeletal System

The general aim of rehabilitation is to restore or return a person to a state of optimal
functioning. For achieving this goal, different objectives are targeted such as pos-
ture, balance, strength, coordination, endurance, and dexterity.

For a healthy subject, a lot of daily activities are done automatically, without
even thinking about it, despite this “automation” even a relatively simple motion
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such as taking a glass and drinking it required optimal functioning and the synchro-
nization of a lot of systems. It is interesting to have an overview of this complex
system in order to understand the pathologies, and therefore the different strategies
of rehabilitation. Here is a (non-exhaustive and simplified) list of the principle com-
ponent of the nervous and musculoskeletal system involved in voluntary
contraction.

We try to schematize all these information in Fig. 2.1 with the main function of
each component and few examples of pathologies that can affect each level.
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Control i Cerebral palsy
R —— Traumatic brain injury &
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Parkinson’s disease
Huntington’s disease

CEEEEREEEERR R R

ssssnsndensnsnnnny ASESsssssnnny
SEssEEssssEEsEEEEm CESSSSSEEEEEs

Joints

Increase . -

H Decrease Spinal cord injury

: Compression

- Amyotrophic Lateral

i Central pattern Sclerosis

: generator Seasnenssnnsans sesssens sasssssnnach

LTI LT RO PP U TR PP POPEPPRPRE '

R . ' ' . Compression .
Conduction I - Rupture :

NI RSERF wasun Neuropathy :

R : 3 Myasthenia :

: Motion : Muscles : Muscular distrophy ~ :

’

Fig. 2.1 From brain to muscles: a simplified view of the different component involved in volun-
tary contraction. Blue color is for central nervous system, green color is for the peripheral nervous
system, and red color is for the musculoskeletal system. Left column summarized main functions
of each component, right one lists major pathologies concerning each levels
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e Central nervous system (CNS)

— The motor cortex: Located in the frontal lobe, it is involved in the programming
(mainly in the premotor cortex that is located in front of the motor cortex), the
execution and the control of voluntary movement. Lesions (e.g., stroke, trau-
matic brain injury, tumors) in the motor cortex induce paralysis. The motor cor-
tex is composed by different components: the primary motor cortex, the premotor
cortex, the supplementary motor cortex, and the posterior parietal cortex.

— The cerebellum: Involved in the coordination, precision, and accurate timing
of the motion. The cerebellum is important in the acquisition and learning of
new skills and motricity. It allows supervised learning of a new task by trans-
mitting the error between the expected motion and the performed one to the
motor cortex: it’s a feedforward learning. Therefore, a lesion in the cerebel-
lum induces posture and balance disorders, difficulties with motor learning
and fine movement controls (dexterity). The cerebellum has also an important
cognitive function mainly for the language and the attention.

— The basal ganglia: Acts like an inhibitor for motor systems, when this inhibi-
tion is released the motor system is activated. The basal ganglia also play a role
in the acquisition of new skills: it’s involved in the reinforcement learning.
Lesions in the basal ganglia induce trouble in motor control, mainly hyperki-
netic disorders (e.g., difficulty to initiate movement in Parkinson’s disease,
difficulty to prevent unintentional movement in Huntington’s disease).

— The spinal cord: Makes the link between the CNS and the peripheral nerves.
Relays information from brain to muscles through the efferent or descending
pathways (pyramidal and extrapyramidal tracts) and from peripheral (mus-
cles, joints, glands, organs) to brain through the afferent or ascending path-
ways (dorsal column medial lemniscus system, spinocerebellar tracts,
anterolateral system). Patients with spinal cord injuries could present various
symptomatologies depending on the severity and localization of the lesions:
from muscle weakness and loss of sensitivity within limited regions (i.e., her-
niated disc) to full body paralysis (i.e., laceration of the spinal cord in the
cervical spine due to trauma).

e Peripheral nervous system

— The nerves: Relays between the spinal cord and the muscles, joints, ligaments,
bones, etc. Nerves can be stretched, compressed, cut inducing muscles’ weak-
ness or paralysis (efferent), loss of sensitivity, and proprioception (afferent).

*  Musculoskeletal system

— The muscles: Muscles’ contraction is a complex mechanism involving neuro-
muscular junction (release of neurotransmitter [mainly acetylcholine]) and
the slide of myo-filaments (actin and myosin) to produce changes in muscles’
lengths and finally producing motion. The muscle spindles also provide infor-
mation to the CNS relative to the length and the stretch of the muscle; those
information are called proprioception. In rehabilitation, it is important to
restore or preserve the proprioception to maintain optimal functioning of the
musculoskeletal system (fine motor function and balance). The muscles are
attached to bones by tendons (also containing proprioceptive fibers).
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— The joints: Movement can be defined as the change of position of one bone
related to another one. Bones are linked together through joints; these joints
are reinforced by ligaments. Ligaments provide lots of proprioceptive infor-
mation (avoiding luxation of the joint).

2.1.3 Treatment and Exercises

Depending on the level of the lesions (cerebellum, spinal cord) and the severity of
the disease (e.g., moderate balance problem due to lack of vascularization of the
cerebellum, quadriplegia in case of complete spinal cord injury), the objectives and
techniques of rehabilitation are totally different.

General aim of the rehabilitation is to increase muscle coordination; reduce mus-
cle weakness and/or muscle tone; improve balance; improve gait and motion inde-
pendence; limit bone deformation and bone deviation.

There is one constant in every rehabilitation program: the more the patient is
performing the exercises the more efficient the program will be (Langhorne et al.
2011). Therefore, the rehabilitation does not only take place during the supervised
sessions with the clinicians, patients also need to perform some exercises alone (at
home, in the room, etc.). To be efficient these exercises must be performed and most
important there must be well achieved. If the exercises are not well performed
(inability to perform alone due to the disability, patient forget how to perform cor-
rectly the exercises), it can lead to some perverse adverse effects: increase of com-
pensatory movements, vicious posture, etc.

Therefore, it is important to have a regular feedback between clinicians and
patients to ensure that the patients are performing the exercises and that they are
doing them correctly.

Depending on the pathology, the age of the patient, the infrastructure, etc., the
number and durations of the session varies between several sessions a day (in spe-
cialized center in case of severe disability) to one weekly session.

2.2 Obstacles to Rehabilitation

The road to a successful rehabilitation is long and difficult. A lot of obstacles can
interfere with this rehabilitation. It is important to be aware of those problems in
order to try to develop and find efficient solutions. A systematic review on the treat-
ment adherence identified four groups of barriers; the following points are strongly
associated with a lower adherence to treatment (Jack et al. 2010) and therefore a
lower success of the rehabilitation:

e Physical
— Low level of physical activity at aerobic capacity at baseline
— Low in-treatment adherence with exercise
— Low level of exercise adherence in previous weeks



18 2 Physical Rehabilitation

e Psychological
— Low self-efficacy (for exercises, task, and coping)
— High level of depression at the beginning of the treatment (baseline)
— No change or worse depression compared with baseline
— High degree of helplessness
e Sociodemographic
— Poor social or family support for activity
— Greater number of barriers to exercise
e Clinical
— Worsening of pain during exercise

Note that most of the studies included in this review were about orthopedic dis-
orders (osteoarthritis, low back pain). Instead of these four categories, we identify
five different groups of obstacle:

2.2.1 Severity of the Disease

It is not only the severity of the disease that matters but mainly the possibility of
evolution that is overriding the rehabilitation process. Concerning neurological
diseases, most pathologies are non-curative: when neurological cells are dam-
aged, most of the time by defect of vascularization (stroke), there is currently no
possibility of repairing or implanting new cells (research works on stem cells are
not advanced enough yet). Despite the huge number of cells that constitute the
brain, approximately 10 billion of neurons supported by 100 billion glial cells,
brain plasticity (i.e., establishing new connections between neurons) is very
complex and those mechanisms are still poorly understood in fundamental
research (Small et al. 2013) and therefore not ready to be implemented in clinics
yet.

Concerning the peripheral nerves, the regeneration is depending on the type of
the nerves (with or without myelin sheath). In the best cases, nerves can grow about
1 mm a day (Mowery et al. 2014).

Other pathologies such as Parkinson’s disease, lateral amyotrophic sclerosis, or
multiple sclerosis are progressive diseases: the state of the patients is slowly
decreasing.

Rehabilitation must then focus on improving the capacity of the patient with
nonprogressive disease, trying to find alternative way of moving, etc. Keeping in
mind that previous condition will never be reached again, patients must of course be
informed of the objectives of the different phases of treatment to understand the
goals and improve the adherence to treatment (see Chap. 3).

In case of progressive diseases, rehabilitation focuses on avoiding the effects
of the disease to decrease the underlying disability and increase patient’s
autonomy.
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2.2.2 Motivational Issues

Patient’s motivation is obviously an important factor to take into consideration since
patients, and more particularly young patients (e.g., children suffering from cerebral
palsy), must perform as many rehabilitation exercises as possible.

“Lack of motivation is one of the most frequently cited reasons for patient dropout, failure
to comply, relapse, and other negative treatment outcomes.” (Ryan and Plant 1995).

For some pathologies (see Chap. 4), rehabilitation schemes are advised on a fre-
quent basis.

Therefore the motivation of the patients is the main key to as successful rehabili-
tation treatment (Deutsch et al. 2008). The main challenge is therefore to keep
patients motivated enough despite the feeling he/she could have of “inefficiency,”
“lack of progress,” “tiredness,” etc. Such problems are even more present with teen-
agers during the puberty identity crisis. Even if progresses are very slow, or that the
patient feels that there is no progress at all, it is important for him to continue reha-
bilitation program. If not his condition could deteriorate and the patient can lose the
benefits of the previous sessions. This quote of Mahatma Gandhi perfectly repre-
sents this situation:

“Whatever you do will be insignificant, but it is very important that you do it.”

2.2.3 Financial Issues

Ideally, financial issues should not be an obstacle for the management of health-
related problems. This is unfortunately not the case and depending on the national
health system of the country (if any!) the part of the treatment that the patient must
pay could definitely be an obstacle for some patients. Due to the non-standardization
of national health system and costs associated to treatment in different countries, it
is impossible to quantify the price paid by the patient. Table 2.1 quantifies the inter-
ventions defined hereabove without intervention of national health care system.
A huge gap exists between North and South countries (developed and emerging
countries) concerning poverty. Poverty is not just a financial state; it affects health,
education, life expectancy, and quality of life. The problems related to access to care
are important and should not be neglected when developing new solutions for reha-
bilitation in order to not further increase the gap between the different countries.

2.2.4 Accessto Care

There are two kinds of potential issues related to access to care (apart from the
financial problems already mentioned).
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Table 2.1 Prices of various medical and paramedical interventions (in Belgium without interven-
tion of the national health system).

' Euro | US dollar
Medical doctor
General practitioner 25€ 35%
Specialist 45€ 62%
Physiotherapy
Per session (depending on the duration) 22-70€ 30-100%
Evaluation 60-300€ 80-400$
Occupational therapy
Per session 20€ 28%
Observational evaluation 150€ 207$
Psychology
Per session | 20-50€ | 28-70$
Speech therapy
Per session ‘ 22€ ‘ 30$
Prosthesis and medical device
Manual wheelchair 700-2000€ 965-2760%
Electric wheelchair 5000-10,000€ 7000-14,000$%
Ankle orthoses 50-150€ 70-207$
Knee orthoses 150-500€ 207-690%
Wrist orthoses 70-150€ 100-207$
Shoulder orthoses 100-500€ 138-690%

The first one is that the patients need to be close to a rehabilitation center or
clinicians. Lack of access to available rehabilitation services, especially in low-
income countries or rural areas, has been pinpointed as a major barrier to rehabili-
tation by the WHO (WHO 2011). The density of physicians working in different
regions of the world is highly inhomogeneous. The Caribbean Island of Cuba has
more number of physicians per person working there; less number of physicians
per person are in the Southeastern African territory of Malawi. In 2004, there were
7.7 million physicians working around the world. A large number of physicians
were in China, which is the largest territory on the map. If physicians were distrib-
uted according to population, there would be 124 physicians to every 100,000
people. The most concentrated 50% of physicians live in territories with less than
one fifth of the world’s population. The worst off fifth are served by only 2% of the
world’s physicians.?

For intervention that does not require rehabilitation material clinicians can visit
patients in their home.

Access to specific medical device (MRI, Pet-Scan) is limited to specialized cen-
ter that may be inaccessible to patients (distance, no public transport available, no
transport adapted for disabled people).

2www.worldmapper.org
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The second one is really about the “physical” accessibility to clinicians and/or
rehabilitation center. New constructions are built following norms and are therefore,
supposed to be, adapted (doors, elevator, height of the switch, toilet) for disabled
people (especially in clinical center).

The problem of access to care is not only limited to the access of the clinical
center but it includes all the journey between patient’s home and this center; exis-
tence of sidewalk adapted for wheelchairs, access for people with crutches, with
walkers, public transport adapted and accessible, inclined plane instead of stairs. In
this domain, lots of efforts still need to be taken.

2.2.5 LackofTime

Situation is different for each patient (children, workers, unemployed). However, it
is known that approximately only 30% of the patients, suffering mainly of orthope-
dics disease, are performing rehabilitation exercises at home as recommended by
their physiotherapists.

To our best knowledge, such kind of data are not available for patients suffering
from neurological diseases for whom performing exercises at home is at least
important for orthopedics patients.

The second reason cited for not performing the exercises at home is lack of time.
If patients are not taking 15 min per day to perform exercises at home, they will
have the difficulty to find at least 1 h (one rehabilitation session is approximately
30 min plus the transport) for going to the rehabilitation center.

2.3 Telemedicine and E-Health

Thanks to the development of the technology (see Chap. 1), in particular the Internet,
a new branch of medicine has emerged: the telemedicine.

Although telemedicine is closely associated to technology, it is interesting to
note that the first telemedicine consultations were performed in 1920! It was liter-
ally a medical consultation on the phone. However, we cannot really consider this
as telemedicine, in its current form at least.

WHO defines telemedicine as “The delivery of health care service, where
distance is a critical factor, by all care professionals using information and tele-
communication technologies for the exchange of valid information for diagnosis,
treatment and prevention of disease and injury, research and evaluation, and for the
continuing education of health care providers, all in the interests of advancing the
health of individuals and their communities.” (WHO 1998)

There are three different sides in telemedicine: the first two are commonly used
in daily clinical practice’.

http://www.americantelemed.org/learn/what-is-telemedicine
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e The interactive telemedicine provides real-time interaction between patients and
clinicians by phone calls, video conference, etc. Clinical history and psychological
examination can be easily conducted with interactive telemedicine (Currell et al.
2000).

e The store and forward telemedicine: the medical data such as radiography, elec-
trocardiography, and motion analysis are recorded, stored, and then analyzed
later on by a doctor.

e The remote patient monitoring is the device used to remotely collect data at
patient’s home. These data are then sent, stored, and analyzed to control patients.
Depending on the pathology, a large number of variables can be controlled such
as heart rates, blood pressure, blood glucose, and weight. When these variables
present abnormalities, the patient is contacted by a nurse or the doctor and a
consultation can be planned.

Telemedicine could be an alternative to face-to-face approaches to reduce costs,
increase geographic accessibility, or act as a mechanism to extend limited resources
(McCue et al. 2010).

One of the branches of the telemedicine is telerehabilitation. “The Telerehabilitation
refers to the delivery of rehabilitation services via information and communication
technologies. Clinically, this term encompasses a range of rehabilitation and habili-
tation services that include assessment, monitoring, prevention, intervention, super-
vision, education, consultation, and counseling. Telerehabilitation services are
delivered to adults and children by a broad range of professionals that may include,
but is not limited to, physical therapists, speech-language pathologists, occupational
therapists, audiologists, rehabilitation physicians and nurses, rehabilitation engi-
neers, assistive technologists, teachers, psychologists, and dieticians. As other per-
sonnel such as paraprofessionals, family members, and caregivers may assist during
telerehabilitation sessions”*

Telerehabilitation is a new field and thus it is difficult, currently, to evaluate the
possibilities and limits of this new approach. In a recent review, 19 studies on reha-
bilitation for any disability associated with a neurological deficit or condition were
evaluated. In 13 studies, the telerehabilitation was successful in providing at least
equivalent outcomes to conventional approach (Hailey et al. 2013).

Chapter 4 will focus on the serious games, one discipline of the telemedicine and
telerehabilitation.

4 A Blueprint for Telerehabilitation Guidelines, The American Telemedicine Association, 2010
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The (Serious) Games

When you strip away the genre differences and the technological
complexities, all games share four defining traits: a goal, rules,
a feedback system, and voluntary participation.

— McGonigal Jane

3.1 The Games in the Society

Since the dawn of time, games have always been present and play an important role
in the society for the development of the children, for social and psychomotor devel-
opment, for teaching purpose, for adults, social cohesion, learning, etc. Since 1950,
a distinction has been done between the “traditional games” and video games.

3.1.1 Traditional Games

The first traces of board gaming equipments were found in Iraq and are back to
3000 BC. This game was called the Royal Game of Ur. Games were also found in
Egypt (Senet), China (Wei-qui), and in Japan (Go) between 3000 and 2000 BC.
Some games, still played today, have a long history. Around Jesus Christ some
records of the Emperor Claudius playing Tabula, an early version of Backgammon
were found. Chess game was created in India around the years 600 AD. Card games
are mentioned in Europe for the first time during the year 1300 AD, and the first
standard cart suits (heart, clubs, spades, and diamonds) was created in France in
1480. Bridge and Poker were then both developed during the 1800s. The develop-
ment of one of the most popular games: the Monopoly is representative of the com-
bined aspects of the games: having fun and learning something at the same time.
This game has indeed been developed to illustrate the negative effect of concentrat-
ing land in private monopolies (the single tax theory) (Orbanes 2006). This game,
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called the Landlord’s game, was developed in 1903 and has been commercialized
by Parker Brothers as Monopoly from 1935. Another popular game: the Scrabble
was invented in 1931 (Lexico) and commercialized as Scrabble in 1947.

There are several different kinds of games: some can be played alone (patience
card games), some are based on strategy (Stratego) and skills (Risk) while others are
only based on chance (Blackjack).

Games can also be classified according to the purpose: memory (Concentration
or Pairs card games), speed and dexterity (Jenga), coordination (air hockey).

3.1.2 Video Games

Computer games don't affect kids; I mean if Pac-Man affected us as kids, we'd all been run-
ning around in darkened rooms, munching magic pills and listening to repetitive electronic
music.

— Wilson Kristian, CEO of Nintendo

It is estimated that 97% of children and adolescents in the United States of America
play video games at least 1 h per day (Granic et al. 2014). In 2009, the average was
1 h and 13 min every day, a nearly threefold increase from 10 years earlier!!

Video, or computer, games have more detractors than partisans! Those in favor
of video games highlighted the fact that games improve dexterity, management, and
could be beneficial for the brain. While people against computer games emphasize
the fact that games promote violence, obesity, and decrease in social life. In this
chapter, we are going to analyze what is the current level of evidence of each of
those points.

3.1.2.1 Pro’s
Depending on the kind of games played (simulation, strategy, role-playing, war),
several skills could be trained with video games.

Dexterity

Regular practice of video games, especially when the player is immersed in a three-
dimensional environment, could have positive impact on the dexterity of surgeons.
This is particularly true for the laparoscopic surgery (surgical technique using a
laparoscope [optic cable system] to view the affected area and haptic grippers to
perform the surgery). In this case, the 3D real environment (body of the patient) is
projected on a screen in 2D, video games help the surgeons to evaluate distances
and perspectives in this particular environment. It is interesting to note that the cor-
relation between the video game performance and laparoscopic skills was signifi-
cant and positive, but not between video game performance and traditional surgical
skills scores (Millard et al. 2014). Based on those studies, laparoscopic simulators
have been developed to prepare surgeons before their surgeries (Willis et al. 2014).

http://kaiserfamilyfoundation.files.wordpress.com/2013/01/8010.pdf.
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Some researchers have also highlighted that performing some warm-up with serious
games before the surgery was beneficial for the patients (Jalink et al. 2015).

It has also been demonstrated that playing action video games could increase
oculomotor performance of the players (West et al. 2013).

Management

Many games are based on strategy and management. Here are some examples of
role-playing and strategy games; players must build and manage a city in SimCity,
an airport in Airport Simulator, a farm in Farmy Simulator, etc. Therefore, some
researchers have proposed that video games could develop good learning principles
and may promote problem-solving skills. A positive correlation has been found
between strategic video game play and the self-reported problem-solving skills with
adolescents (Adachi and Willoughby 2013). These authors concluded that strategic
video games promote self-reported problem-solving skills and indirectly predict
academic grades. Those points are important considering that millions of adoles-
cents play video games every day.

Mental Training
Mental training is an exercise of the mind in order to reach a desired physical result?.
This approach is used by a lot of sportsman to prepare a race or train a particular
movement (e.g., the skiers who is mimicking the course before starting, eyes closed,
with his arms). There are different techniques in the mental training: the goal setting,
the positive self-talk, and the imagery (Arvinen-Barrow et al. 2015). A regular train-
ing with simulator games, sports game but also flight or train simulator, is beneficial
for goal setting and mental imagery. Those simulators are used by the students to
practice before the real-world situation. Since a few years, race car simulators have
been even used to detect new talents. The winner of the virtual competition receives
indeed a professional training and is competing in the real championship the follow-
ing year. This is the best example of how to transfer virtual ability to reality?.
Playing video games could also have a positive effect on speed reaction time.
Action video games (i.e., first person shooter games) require the players to develop
the ability to quickly analyze situation, monitor fast moving (enemies) and inhibit
erroneous action (don’t shoot on your allies). Current research seems to support that
action video games are associated with enhanced flexible updating of task-relevant
information without affecting impulsivity of the players (Colzato et al. 2013).

Cognition

Playing video games could also be beneficial for the brain and the cognitive func-
tion in particular with elderly subjects: games appear to offset declines in age-
sensitive cognitive function (Whitbourne et al. 2013). As any kind of repeated

2http://www.uniquemindesp.info/index.php?option=com_content&view=article&id=772&Ite
mid=1150.

http://www.nissanusa.com/gtacademyshow/.
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activity (e.g., sport training, rehabilitation), regular video games playing/training
induce brain spasticity in adolescents (Kiihn et al. 2011) but also in adults (Kiihn
and Gallinat 2014). There is a positive correlation between the amount of video
gaming and the increase of gray matter volume of the brain.

It is important to mention here that all games do not have positive effect on the
cognitive function. There is, currently, no consensus in the scientific community to
determine the best kind of video games to develop cognitive function.

For some authors, the entorhinal cortex volume (part of the brain involved in
memory and olfaction) can be predicted by the kind of video game played. Logic/
puzzle games and platform games seem to contribute positively and action-based
role-playing games contribute negatively (Kiihn et al. 2011). On the other hand a
meta-analysis concluded that shooter video game improved spatial skills and these
improvements were similar to the effects of lectures (high school or university level).
A very interesting point is that the authors also concluded that the skills acquired
during the games can be transferred to activity of daily living (Granic et al. 2014).

The famous games “Dr Kawashima's Brain Training: How Old Is Your Brain®”
could therefore really be positive for the brain, but not only this kind of games.
Actually, it seems that playing shooter games is even more efficient to enhance
cognitive function than puzzle or role-playing game (Green and Bavelier 2012).

Social Life
This point will also be discussed more in detail in the Chap. 4 because it is mainly
considered as a negative outcome of the games.

However some people, surprisingly, mainly elderly and aged players, explained
that playing video games is a good way to stay socially active (Whitbourne et al.
2013). There have been major modifications in the last 20 years in the way of play-
ing video games, and currently the average gamer is not socially isolated.
Approximately, 70% of the gamers play with friends online or directly together.*

The different kinds of social interactions related to the type of games are pre-
sented in Fig. 3.1.

Phobia
Patients suffering from phobia (arachnophobia, fear of flying, acrophobia, claustro-
phobia, etc.) can be helped by video games (Malbos et al. 2008; Rus-Calafell et al.
2013). The games slowly recreate the patient’s fear in the virtual environment step
by step.

Another important health-related issue that could be potentially treated by video
games is the Post-Traumatic Stress Disorder (PTSD). Lots of studies have been
done with war veterans; virtual reality treatment is associated with a reduction of
PTSD (Rothbaum et al. 2014).

Games could also be used by patient with autism spectrum disorders in order to
reduce fear, anxiety level, and to increase social skills (Maskey et al. 2014).

“http://www.theesa.ca/wp-content/uploads/2012/10/ESAC_ESSENTIAL_FACTS_2012_EN.pdf.
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Fig. 3.1 The different kinds of video games and their relations with social interaction (adapted
from Granic et al. 2014). MMORPG Massively Multiplayer Online Role Playing Games

Virtual reality could also be used as a diagnostic tool for PTSD patients; it seems
indeed that players’ physiological measurements (heart rate, respiratory rate, skin
conductance, etc.) and reaction during games could be used to detect people with
higher risk of suffering from PTS (Costanzo et al. 2014).

3.1.2.2 Contra’s

Violence and Aggressiveness

The U.S. Supreme Court ruled that video games enjoy full free speech protections
and that the regulation of violent game sales to minors is unconstitutional. The
Supreme Court also referred to psychological research on violent video games as
“unpersuasive” and noted that such research contains many methodological flaws.
Recent reviews in many scholarly journals have come to similar conclusions
although much debate continues (Ferguson 2013).

This is indeed an old debate and, despite the fact that the U.S. Supreme Court
held that the studies linking violence and video games presented methodological
flaws, there are much more studies highlighting an increase of violence due to fre-
quent use of violent video games than the opposite.

Actually the problem of violence is broader and should not be limited to video
games only but also include movies, video-media-televisions, music clips, games,
the Internet, and social media become the primary model for transmitting aggres-
siveness to children (Cardwell 2013).
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Different theories have been developed to explain the link between violent
video games and the level of aggressiveness of the players. One of the most popu-
lar theories is that violent video games are stressful (e.g., explosions, enemies try-
ing to kill you) and it has been demonstrated that the stress increases the aggressivity.
A group of researchers has compared the level of stress and aggressiveness when
playing violent and nonviolent games. As expected, violent video game players
had higher stress level and aggression level than nonviolent game players (Hasan
et al. 2013).

Yet, as mentioned above, authors did not all agree on this relationship. After test-
ing several kinds of games (violent, nonviolent, or prosocial), researchers failed to
prove that playing any kind of video games affects prosocial behavior (Tear and
Nielsen 2013).

Another popular theory is that some players, people with pre-existing mental
health problem, could be affected more by the violent games. A population of 377
children presenting attention deficit or depressive symptoms was included in a study
to test this hypothesis. Results did not support the hypothesis that children with
elevated mental health symptoms constitute a “vulnerable” population for video
game violence effects (Ferguson and Olson 2014).

In conclusion, it seems not possible to have a final stance on the issue but it is
important to be aware that increased aggressivity can be linked to several sources of
media, not only video games, and affects various people with different conditions in
a variety of ways (Hoffman 2014).

Obesity, Overweight, and Decreased Physical Activity Level

Due to the evolution of games controllers, a distinction needs to be done between
active and sedentary (passive) video games. First, we are going to discuss the sed-
entary video games because there are still, currently, the more popular and used
compared to active ones.

It is obvious that watching television and playing video games seated in a sofa—
eventually drinking soda and eating chips—is an, almost perfect, example of seden-
tary behavior that increases the risk of overweight, hypertension, and diabetes. The
total screen time for adolescents (11-17 years old) is 4.5 + 2.4 h/day (Baer et al.
2012). Once again a distinction must be done between the different kinds of games
played. A study has been done to compare three different conditions: violent video
games, competitive nonviolent game, or watching TV. The studied variables were:
blood pressure, appetite perception, and food preferences. Violent video game play-
ing was associated with a significant increase in diastolic blood pressure compared
with the other two groups. Subjects playing violent video games felt less full and
reported a tendency towards sweet food consumption. Video games involving vio-
lence appear to be associated with significant effects on blood pressure, food prefer-
ence, and appetite perceptions compared with nonviolent gaming or watching TV
(Siervo et al. 2013).

As expected, there is a positive association between the Body Mass Index (BMI)
and the time spent on the Internet or video games by boys. There is also a greater
proportion of obese boys spending more than 2 h daily in front of the screen. The
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time spent playing outside after school is negatively associated with BMI. Note that
these observations are not true for girls (Gates et al. 2013).

The same relation is found with adults; it is striking to note that playing only
more than once a week is sufficient to increase the risk of being overweight.
Contrariwise, no significant association was found between the Internet use and
overweight (Melchior et al. 2014).

In addition to the overweight problem, spending too much time in front of a
screen (Internet, TV, video games) is associated with a lot of other troubles such as
bullying, being bullied, decreased physical activity level, skipping school, alcohol
use, and unhealthy eating habits. Compulsive and excessive screen times are associ-
ated with several psychosocial problems (Busch et al. 2013).

Most children and youth around the world do not meet current physical activity
guidelines and are considered to be inactive by WHO (2010). According to those
guidelines, the minimum daily physical activity duration is 60 min of moderate-to-
vigorous intensity activities (Spinks et al. 2007).

In order to fight against the sedentary lifestyle of young people and especially
frequent video players, video games companies have introduced new games con-
trollers to turn the players more active (e.g., The Nintendo Wii™ and the Microsoft
Xbox Kinect™),

Is it working and is it enough to fight against sedentary lifestyle? Playing active
video games induce indeed a significant increase of energy expenditure compared
to a rest situation (i.e., sitting in the sofa playing sedentary games). But the level of
energy expenditure is rather low and there is no significant difference between play-
ing video games and walking. The amount of energy expenditure is depending on
the games but, unfortunately, active video games are not intense enough to contrib-
ute towards the 60 min daily moderate-to-vigorous physical activity that is recom-
mended for children by WHO (White et al. 2011).

Unfortunately, the ratio between active and passive video games is still in favor
of the passive one. It is estimated that 24% of adults and 41% of children are playing
active video games. Adults spend playing 33% of their time in active video games
and nearly 20% of children in video games(Fullerton et al. 2014).

Note that the use of commercial and serious games to fight against overweight
and obesity is discussed in Sect. 4.3.

One last point that needs to be addressed is whether or not the use of these games
is associated with an increase of energy intake in which case the benefit associated
with these games would be null or even negative! This is not the case and there is no
difference in terms of “snacking” between active and sedentary games. However, it
should be noted that the energy intake while playing video games, active or passive,
is 166% more than the calories required during resting conditions (Mellecker et al.
2010). Therefore, the balance between energy intake and expenditure while playing
video games is not in favor of the players.

Social Life
We have seen that 97% of children and adolescents in the States play video games
at least 1 h per day (Granic et al. 2014). When the players were asked what sacrifices
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they are ready to make to play computer games; 25% responded “another hobby,”
20% “socializing with friends, family and/or partner” or “sleep” and less than 10%
said “work and/or education” (Griffiths et al. 2004).

Currently, majority of the games are being played online in cooperative or com-
petitive mode. The Massive Multiplayer Online Role-Playing Games (MMORPG)
are becoming more and more popular and this kind of games require social coopera-
tion and communication, at least virtually; this could be a positive point. But it is
interesting to note that this social support, through the Internet, is done at the
expense of real physical contacts. Indeed, video game players reported that they
received less social support from family members and friends and that they per-
ceived the Internet community as a positive social support (Weaver et al. 2009).

Another potential negative effect is the fact that playing video games induces
sleep perturbation and affects negatively the quality of sleep (Exelmans and Van den
Bulck 2015).

Acute Injury

Turning the player into a more active person is beneficial for the energy expenditure
but it could have adverse effects. Like regular sport training, an intensive “training”
in active video games can induce some injuries. Several accidents, mainly case-
reports, have been published in the literature. Most of the complaints concern minor
musculoskeletal disorders (e.g., tendinitis). On the other side, several accidents have
been reported such as a patient who presented an acute strangulation of a pre-
existing asymptomatic paraumbilical hernia after completing a series of aerobic
exercises on the Wii Fit (Khan et al. 2013), the case of a self-inflicted penetrating
eye injury, late retinal detachment, and vision loss in a 7-year-old boy resulting from
the use of a Wii Remote (Razavi and Lam 2011), a case of arm swelling with associ-
ated rise in serum creatine kinase to over 8000 U/L in a man, following unaccus-
tomed and sustained strenuous muscle exertion through the use of the Nintendo Wii
(Baxter and Madhok 2011), a case of forehead laceration (Wells 2008), a case of a
severe thumb bone injury (Galanopoulos et al. 2012), a patellar dislocation (Hirpara
and Abouazza 2008), a traumatic hemothorax (Peek et al. 2008), and an acute ten-
dinitis of shoulder muscle (Bonis 2007).

3.2 Games in Rehabilitation

The use of traditional games in rehabilitation has been investigated for decades by
psychologists and physiotherapists.

Several theories have been developed to explain social and cognitive develop-
ment through games and play (e.g., Piaget 1962; Gottman 1986). Piaget’s theory
explained that make-believe play provides players the opportunity to reproduce
real-life conflict and ameliorate negative feeling.

Gottman emphasized that play constitutes an emotionally significant context
through which pain loss and anxiety can be enacted.
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These two theories could, at least partially, explain the success of integrating
games in rehabilitation. Some might think that games are only used in pediatric
rehabilitation, it is not the case. Games can be used to increase the quality of reha-
bilitation for various patients. In order to be effective and to maximize their positive
effects, physical rehabilitation exercises must meet three criteria (Fig. 3.2).

We already presented (de)motivation problem, it is obvious that “hiding” reha-
bilitation exercises within games is a good way to stimulate patients.

Another aspect, closely related to the motivation, is the number of repetitions
performed. It has been clearly shown that the more the patient performs repetitions
the more gain he will obtain (Langhorne et al. 2011). Since they are focused on the
games, patients can perform more repetitions before getting bored when they are
playing.

The last point is the selectivity: is the patient performing the right motion? Is
there no compensatory or coupled motions? Since the games are goal oriented,
patients are somehow guided to perform the right motion.

Despite these, at least potential, positive aspects very little information, or not
information at all, can be found in textbook of rehabilitation, on the use of games
for children’s or adults’ rehabilitation (e.g., Dreeben-Irimia 2012; Frontera et al.
2014).

3.3 The Serious Games
3.3.1 Definitions

Thanks to the different, potential, positive aspects of video games presented here
above, medical and paramedical field has picked up the positive effects and become
interested in the gamification of some medical interventions (Ritterfeld et al. 2009).

Before explaining goals and principles of this new approach, it is important to
define the different terms that are used in research and literature.
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The term serious games—defined as games designed with a primary purpose
other than pure entertainment (healthcare, rehabilitation, education, prevention of
injuries, etc.)—is very often used but for some people there is one inadequacy
between those two terms, according to them if a game is too serious this is not a
game anymore.

On the other hands for some people all games are serious or at least have serious
purposes and therefore the term serious games is not an oxymoron (Djaouti et al.
2011). The serious aspect of the games should not take over the fun as nicely
explained in this definition “Games may be played seriously or casually. We are
concerned with serious games in the sense that these games have an explicit and
carefully thought-out educational purpose and are not intended to be played pri-
marily for amusement. This does not mean that the serious games are not, or should
not be, entertaining.” (Abt 1970).

The term serious gaming is used to describe the use of commercial games (e.g.,
Nintendo Wii™, Microsoft Xbox Kinect) in rehabilitation or in the health care
sector.

Personally, I prefer the term exergames (contraction of exercises and games) to
describe the use of video games in the revalidation but this term is less used com-
pared to serious games in the literature.

The term virtual reality (VR) is also used but this term is much wider than only
performing physical exercises during rehabilitation. The aim of VR is to immerse
patient in a virtual environment in order to (re)create some sensory inputs and/or
putting patients in various situations that will help him to perform those kinds of
activities later on in the real life (Bonnechere et al. 2014). The interactive computer
play is one subset of VR-based therapy wherein users can interact with virtual object
in a simulated game environment (usually on a two-dimensional screen, not being
immersed in 3D virtual environment) and receive real-time feedback on their actions
(Ni et al. 2014).

3.3.2 History

It is not obvious to determine when the first serious game was created. According
to some authors, it could even be purely entertainment that home video games only
appeared after the first digital serious games in the 1970s (Djaouti et al. 2011).

The term serious games, as used today, dates to 2002. Serious games have been
developed in various fields. Before 2002, the “ancestors” of serious games were
mainly developed for education (66%), advertising (11%), ecology (8%), and
healthcare (5%). After 2002, there has been an important decrease in education
(26%) and an increase in advertising (31%). The proportion of health care applica-
tion between 2002 and 2010 represents 8% of the 1265 published studies (Djaouti
et al. 2011).
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Two famous games popularized the use of serious games in the health care
domain and in health prevention. In 1992, the pharmaceutical company Novo
Nordisk™ and the video game company Raya System™ developed “Captain
Novolin™” a game to teach children how to manage diabetes and insulin. The
superhero is diabetic and the aim of the game is to control his glucose level. The
efficacy of this kind of intervention has been tested in clinical trial. Diabetic chil-
dren were invited to play “Packy & Marlon™” a game similar to the previous one.
Compared to a control group, children who play the games managed diabetes better:
the number of children who have to go to the hospital due to glucose crisis decreased
by 77% in the intervention group (Brown et al. 1997). Currently, this company is a
leading publisher of interactive entertainment products designed to promote chil-
dren’s and adolescents’ health. Their products are endorsed by the American
Academy of Pediatrics, Juvenile Diabetes Foundation, and Asthma and Allergy
Foundation of America. The name has been changed into Health Hero Network™
and belongs to the Bosch Healthcare™ group.

Another very popular game that had significant impact on health-related behav-
ior is “Re-Mission”. This game was designed for children with cancer in order to
teach them how to deal with cancer treatment (mainly chemotherapy) to maximize
adherence to treatment. In this game, patients must shoot cancer cells to fight the
infections and manage clinical signs and adverse effects (e.g., constipation,
nausea).

A clinical trial has been done to compare the effect of Re-Mission game and
commercial game (Indiana Jones and the Emperor’s Tomb™) in adolescents and
young adults who were undergoing cancer therapy. Results are shown that patients
playing Re-Mission significantly improved treatment adherence, indicators of
cancer-related self-efficacy, and knowledge.

The findings support current efforts to develop effective video game interven-
tions for education and training in healthcare (Kato et al. 2008). Currently, a second
version of the games is freely available on the Internet’.

3.3.3 Principles of Action

Serious games could be used to assist patients and clinicians in the rehabilitation of
various pathologies (see Chap. 4). A common feature, regardless of the approach or
the targeted pathology, is that serious games are used, at least partially, to motivate
patients to perform their exercises during the rehabilitation process (Tatla et al.
2013).

A group of Canadian researchers has made a lot of work about the motivational
aspect of serious gaming for children. The main information of these works have

Shttp://www.re-mission2.org/.
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been summarized (Miller and Reid 2003; Harris and Reid 2005; Reid 2002, 2004,
2005; Reid and Campbell 2006).
Four points have been identified to improve children’s motivation:

1. The key point is the variability of the games. Patients, and more typically chil-
dren and teenagers, are getting bored of the games. Thus, it’s important to have
different kinds of games. Even in the same rehabilitation sessions, games must
change (e.g., two or three different games for a 1 h session).

2. Finding a good balance in the difficulty levels is an important challenge. It
appears that if the game isn’t challenging enough, children won’t play. On the
other hand, if the game is to challenging children will quickly be discouraged
and drop out the game.

3. Children are great competitors, thus serious gaming must propose them some
competition against robot or other people.

4. The last point is the flexibility of the games. In order to keep the game attractive,
patients must be allowed to modify some parameters of the games (speed, num-
ber of balls, number of other players, colors, sounds, etc.).

One interesting point of these different works is to try to understand why virtual
rehabilitation using serious games is, or could be, efficient. Several theories can be
applied to understand the efficacy of serious games:

e Theory of flow (Csikszentmihalyis 1975-1990): The challenges and skills must
be equal so the level of serious games must be adapted separately for each
patient.

e Motor learning theory (Adams 1981): One of the advantages of serious games is
to have a live feedback of the activity. The motor practice combined with live
feedback increases motor performance. These benefits must be, in a second time,
transferred in activity of daily living.

e Self-efficacy theory (Bandura 1977-1997): It is almost the same point of Adam’s
theory about transferring performance from game to activity of daily living. If
patients improve their performance in real life, and thus their autonomy, they are
going to be motivated by the game.

A population of 166 children participated in a study about motivation during
rehabilitation. Without surprise the greatest interest is obtained with rewards strat-
egy (for short- and long-term activities) (Gurland and Glowacky 2011).

Although these studies have been performed with children, the same observation
and conclusion can be done with adults (Finley and Combs 2013).

3.3.4 Field of Application

The use of serious games in rehabilitation is a relatively new topic; therefore, it is
currently difficult to define precisely the field of application and lots of questions
still need to be solved such as:
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e Which patients could be helped by serious games?

e Which pathology could benefit more from this new approach?

e Which subgroup of patients could respond/not respond to serious games?

e Should the patients play alone at home or only under the supervision of a thera-
pist during the rehabilitation session?

e What is the best frequency? Daily, weekly?

e Are there any adverse effects (fall, seizure)?

e Can the games be counterproductive?

In order to try to answer those questions, the following chapter is presenting the
previous works that have been done to test the use of serious games in the treatment
of various pathologies.
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Serious Games in Rehabilitation

Over the years, our patients have shared some amazing and emotional stories as they’ve
recovered from an injury, illness, or surgery which required some degree of physical
rehabilitation. For many of our patients, once they’ve experienced a disability, they work with
unwavering strength and courage to return to the lifestyle of their choosing. Their stories are
compelling and emphasize the perseverance of the human spirit. In sharing their experiences,
our former patients are reminded of their own strength, and are benefiting those who are now in
a similar situation. Reading these stories will hopefully provide inspiration to those who are at
the beginning of their own physical rehabilitation process and others who are not sure what
physical rehabilitation is all about.

— Kathleen Yosko

4.1 General Discussion

The results presented in this chapter covered the work published in the field until
end 2015 (meta-analysis). A systematic search was conducted to identify empirical
studies that evaluated the effectiveness of commercial video games in physical reha-
bilitation programs (Bonnechere et al. 2016). Same methodology was used for seri-
ous games (specially developed games for physical rehabilitation).

Medline, SAGE journals online, and Science Direct databases were screened
using a combination of the following free-text terms: commercial games, video
games, exergames, serious gaming, serious games, rehabilitation games, PlayStation,
Nintendo, Wii, Wii Fit, Xbox, and Kinect. The search was limited to peer-reviewed
English journals. There beginning of the search time frame was not restricted
because this is a fairly recent paradigm; the search time frame ended on December
31, 2015.

Before discussing the use of serious games from a medical points of view: advan-
tages, limitations, risks, etc.—let’s have a look on the general use of the games in
physical rehabilitation.

© Springer International Publishing AG 2018 41
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Fig. 4.1 Number of publications about the use of video games in rehabilitation per year

4.1.1 A New Trend?

We already discussed and presented the development of computer and technologies
related to the games in the last decades (see Chap. 1). Therefore, it is not surprising
to observe an important increase of the number of studies and publications since
2010 (the Wii was released in 2007 and the Kinect sensor in 2010). Before the com-
mercialization of those popular commercial devices, the creation of serious games
required development of both hardware and software.

Thanks to the large availability, and affordable price, of the sensors developed by
and for gaming purposes, researchers and developers can easily develop specific
games and solution for physical rehabilitation.

Since 2010, approximately one third of the tested games are specially developed
exergames (Fig. 4.1).

4.1.2 Commercial or Specific Games?

Figure 4.1 presents the use of commercial (black) and specific games (white). 212
studies were included in this review. The repartition is two third about commercial
video games (140 studies) and one third for specific solutions (72 studies). From a
theoretical point of view both systems have advantages and disadvantages that are
summarized in Table 4.1.
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Table 4.1 Advantages and disadvantages of commercial and specific games for rehabilitation

Commercial games

Specific games

Motions to perform | e

Based on speed
Maximal range

Configurable (speed, range of motion,
etc.)

of motions

Rehabilitation * Not based on rehabilitation | ¢ Designed for a particular rehabilitation
schemes purpose (balance, strength,

coordination, dexterity, etc.)

Safety * Risk of fall: difficult to  Risk of fall: difficult to estimate due to
estimate due to lack of lack of existing date in the literature.
existing date in the However, since games are designed for
literature rehabilitation it can be expected that

this risk is lower since the motions that
need to be performed by the patients
are similar to those performed during
rehabilitation

Availability * Worldwide * Specialized center

 Large distribution e Internet
¢ Advertising and marketing
Price * Cheap * In general, more expensive (market size)
Usability * Very large number of users | * “Niche” market
 User friendly * More complex but closer to the clinics
 Stable and rehabilitation
Marketing ¢ Directly to customer (B2C) | ¢ Clinicians are selling or renting the

product (B2B)

Table 4.2 Number of studies and patients’ repartition among the selected studies

Commercial games Specific games Total

Studies Patients Studies Patients Studies Patients
Aging 41 1353 10 907 51 2260
Obesity 13 1094 9 867 22 1961
Stroke 35 766 18 724 53 1490
Balance 26 926 16 379 42 1305
CpP 16 339 15 315 31 654
PD 9 170 4 68 13 238
Total 140 4648 72 3260 212 7908

4.1.3 For Which Patients?

Six main pathologies/conditions were discussed individually because there were
enough studies in the literature in this field: aging, obesity and weight manage-
ment, stroke, balance impairment, cerebral palsy (CP), and Parkinson’s disease
(PD). The repartitions of the patients included in those studies are presented in
Tables 4.2 and 4.3.



44 4 Serious Games in Rehabilitation

Table 4.3 Mean duration (session) of the studies by pathology

Commercial games Specific games Total

Aging 20 (8) 21 (15) 20
Obesity 59 (36) 43 (23) 52
Stroke 16 (10) 13 (6) 14
Balance 19 (9) 14 (11) 16
CP 23 (18) 18 (16) 20
PD 16 (6) 14 (11) 15
Total 25 21

Fig. 4.2 Patients’ Commercial video games
repartition for commercial (n =140, 4648 patients)
games Balance

20%

PD
4%

Obesity
24%

Stroke
16%

Although there is almost the same number of studies about aging, for stroke
rehabilitation the number of patients included is much more important for aging.
The second most studied population are obese and overweighed subjects. Those
numbers are relatively coherent and reflect the prevalence of these conditions/
pathologies (see Table 7.1).

The repartition of the patients in the different studies between commercial and
specific games is presented in Table 4.2, in Fig. 4.2 for commercial video games, in
Fig. 4.3 for specific games, and for both approaches in Fig. 4.4.

4.1.4 Number of Session?

Depending on the pathologies, and the severity of the disease, the duration of the
rehabilitation varies a lot. Except for the management of obesity that required lon-
ger intervention for the other pathologies the mean duration is approximately 18
sessions which correspond more or less to the duration of the conventional rehabili-
tation treatment.


https://doi.org/10.1007/978-3-319-66122-3_7#Table1

4.2 Aging

Fig. 4.3 Patients’
repartition for specific
games

Fig. 4.4 Patients divided
by pathology

45
Balance Specific games
12% (n =72, 3260 patients)
PD
2%

Obesity
26%

Patients divided by pathology
(n =7908)

PD Balance
16%

Obesity

25%

4.2 Aging

4.2.1 Clinical Presentation

Of course, aging is not a pathology by itself but aging is associated with physiologi-
cal decline of various systems and functions.

The two main problems related to the elderly are: a significant increase of risk of
fall and a natural decline of cognitive functions.

Since the population of developed countries is getting older, a lot of efforts are
done and must be done to improve autonomy and decreased risk of fall. A dramatic
statistic illustrates the importance of avoiding falls: the most common fractures in
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case of fall are wrist and femoral neck. In case of femoral neck fracture, the mortal-
ity rate after 1, 6, 12, and 24 months are 5%, 16%, 21%, and 30%, respectively
(Meessen et al. 2014). Hip fracture incidence per 1000 persons of above 70 years
old is 8.4 in women and 3.7 in men (Meessen et al. 2014).

Therefore, decreasing risk of fall and cognitive decline of the elderly is a major
health care problem.

4.2.2 Rehabilitation

In order to prevent risk of falls, different approaches are possible in physiotherapy
and rehabilitation: to increase coordination between legs, to increase the proprio-
ception (i.e., sense of relative position of joints in space), to maintain “normal,” or
at least functional, range of motion of the most important joints (e.g., hip and knee).

Dual-task training is another popular approach in physiotherapy to decrease risk
of falls. Dual-task training consists in performing simultaneously two tasks—often
a motor task and a cognitive task: the best-known case is to ask the patient to walk
while counting.

Occupational therapists have also an important role to modify the living environ-
ment in order to be as safe as possible (e.g., avoid carpet, sufficient lights).

The vision, in particular the visual field, must also be checked since a lot of
elderly patients have a visual field loss (i.e., scotoma due to macular
degeneration).

Concerning the cognitive function, it appears that the best way to prevent cogni-
tive decline is to train your brain and memory (reading, exercises, games), the
famous quote “use it or lose it” is particularly true in this field.

4.2.3 Use of Serious Games

4.2.3.1 Musculoskeletal Rehabilitation

Summary of the different studies included are presented in Tables 4.4 and 4.5 for
commercial video games and specific ones, respectively. 51 studies were found in
the literature. Repartitions of devices and approaches are presented in Fig. 4.5.

Most of these studies (72%) were done using commercial video games and espe-
cially the Nintendo Wii combined with the Balance Board (20 studies). We observed
that the games were mainly used to increase balance and postural control. Results
of these studies indicate that results obtained with video games are at least as good
as the results obtained with traditional balance exercises for balance and reaching
area (e.g., Agmon et al. 2011, Rendon et al. 2012, Bieryla and Dold 2013, Cho et al.
2014, Roopchand-Martin et al. 2015).

Sarcopenia is the degenerative loss of skeletal muscle mass, quality, and strength
associated with aging. Sarcopenia is one of the main causes of the decrease of
autonomy of elderly subjects and one of the factors responsible for the increased
risk of fall. Two studies have shown significant improvement for maximal leg
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Table 4.5 Summary of studies about specific rehabilitation games included in this review on
aging for musculoskeletal rehabilitation

Study and
Year Subjects Interventions Outcomes
Szturm 30 community- 8 weeks of training, | Dynamic balance exercises on

etal. (2014)

dwelling older

subjects separated
into interventions
and control group

2 sessions per week
of computer games

fixed and compliant sponge
surfaces were feasibly coupled to
interactive game-based exercise.
This coupling, in turn, resulted in
a greater improvement in dynamic
standing balance control
compared with the typical
exercise program

Chenetal. |40 community- 6 weeks of training, | For clinical assessments (balance,
(2012a, b) dwelling older 2 sessions per week | mobility, and self-confidence), SG
subjects separated of balance training group showed significantly better
into interventions scores. The movements in video
and control group game-based training mimic
real-life situations which may
help to transfer the training effects
into daily activities
Lai et al. 30 community- 6 weeks of training, | SG training improves balance
(2013) living older subjects | 3 sessions per week | after 6 weeks of implementation,
separated into and the beneficial effects partially
interventions and remain after training is complete
control group
Duque 60 community- 6 weeks of training, | Balance parameters were

et al. (2013)

dwelling older

subjects separated
into interventions
and control group

2 sessions per week
of balance training

significantly improved in the SG
group. This effect was also
associated with a significant
reduction in falls and lower levels
of fear of falling

Schoene
etal. (2013)

37 older adults in
independent-living
units

8 weeks of training,
2-3 sessions per
week of balance
training

Step pad training can be safely
undertaken at home to improve
physical and cognitive parameters
of fall risk in older people without
major cognitive and physical
impairments

Uzoretal. |48 older adults at 12 weeks of training | It is a feasibility study. The
(2013) risk of falling age UK falls presented system seems to be a
separated into rehabilitation feasible tool for fall preventions at
interventions and booklet (home- home
control group based rehabilitation
exercises)
Gschwind 160 community- 16 weeks of It is a feasibility study. The

etal. (2014)

dwelling older
people

training, 180 min
per week of balance
training

presented system seems to be a
feasible tool for fall preventions at
home

(continued)
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Table 4.5 (continued)

Study and
Year Subjects Interventions Outcomes
Schwenk 33 older adults with | 4 weeks of training, | Improvement was obtained for
etal. (2014) | fall risk separate 2 sessions per weeks | timed up-and-go test, fast gait
into interventions speed, but not normal gait speed.
and control group Users expressed a positive
training experience of
sensor-feedback
Gschwind 148 community 16 weeks of Compared to the control group,
etal. (2015) | dwelling people training, 180 min VG participants improved their
per week of balance | fall risk score, proprioception,
training reaction time, sit-to-stand
performance, and executive
functioning
Fig.4.5 Repartition of the Specific games Aging (n = 51)
devices for studies on 20%
aging for musculoskeletal Play Station
rehabilitation 2%

Kinect
6%

strength after 10 weeks of training (Jorgensen et al. 2013) and for muscular endur-
ance after 8 weeks of training (Keogh et al. 2013).

It is interesting to note that the games are well accepted by the participants even
though they are, usually, unaccustomed to video games. Elderly subjects accept to
use this technology (the level of participation is high). The level of enjoyment dur-
ing rehabilitation exercises performed with the games in higher compared to tradi-
tional balance exercises; therefore, those kinds of games could be used to motivate
patients and increase the participation during the rehabilitation process (Nacke et al.
2009).

Another positive point is that playing games seems to increase subjects’ confi-
dence during activity of daily living and decrease the fear of falling and the kinesio-
phobia (Orsega-Smith et al. 2012).

One last interesting point is that playing video games is a feasible alternative to
more traditional aerobic exercises for older adults (Guderian et al. 2010). However,
it is obvious that playing games does not equal the treadmill training, walking or
jogging, and therefore video games training does not totally fulfill the requirement
to maintain cardiorespiratory fitness in the elderly (Graves et al. 2010).
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However for some specific patients and pathologies (e.g., diabetic older patients),
the training intensity reached during the serious games are consistent with the estab-
lished guidelines (Hochsmann et al. 2016). Therefore, the games could be an inter-
esting alternative since patients seem to prefer to use VG for balance or aerobics
training.

Since commercial video games are not designed for rehabilitation, the transfert
between progresses in the games and during activities of daily living and/or the ther-
apeutic relevance of such kind of approach may be challenged by some clinicians.

In order to be more specific and close to the clinics, rehabilitation games have
been specially developed for elderly subjects. Significant improvements have been
found for balance (Lai et al. 2013) and decreasing the risk of fall (Duque et al.
2013).

A set of specific games have been developed to train real-life situation (obstacle
avoidance, transfert from sitting to standing, etc.), after 6 weeks of training research-
ers found significant improvement in balance, mobility, and self-confidence but also
significant improvement during activities of daily livings (Chen et al. 2012b). This
study, and other works related to the integration of specific rehabilitation games
within conventional treatment, underlines the importance of goal-oriented training
to increase transfert between rehabilitation session at the clinic and activities of
daily living.

4.2.3.2 Cognitive Training

Although this book is about the physical rehabilitation, the problem related to cog-
nitive decline is such an important health issue that we are going to discuss briefly
the use of games for cognitive training of the elderly.

One meta-analysis has been published that summarized previous works per-
formed in the field of cognitive training for elderly patients using video games.
Twenty studies have been included in this study (only studies with a control group
to compare the results of the intervention) (Toril et al. 2014). Results of the studies
indicate that the games have a positive effect on different cognitive functions such
as reaction time, attention, and memory. The authors conclude that the use of video
games can be used to counter the natural age-related decline of cognitive function.
However, further studies are still needed to determine which kind of intervention
(type of games, number of games, number of sessions) is the best and which kind of
personal factors (genetics, environment, education) may influence the results.

It has been shown that the progress in the games (and therefore in cognitive func-
tion) are directly correlated to the age of the participants and the number of session
of gaming. It is now well accepted that cognitive video games have a positive impact
on brain function with the elderly but there is still no consensus in the literature
about the best use of these games.

A lot of questions still need to be answered. What is the influence of age of the
learning effect? What is the best kind of games? What is the best duration of
intervention?

A last interesting point has been highlighted over the last years. The learning
capacity would not be affected by the cognitive decline. It is still possible to learn
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regardless age or cognitive level. Therefore, the same kind of benefice could be
reached by elderly and by adults after a cognitive intervention program (Anguera
et al. 2013, Bamidis et al. 2015).

4.3 Obesity and Overweight
4.3.1 Clinical Presentation

Obesity by itself is not a pathology but is a very important health-related problem
that can lead to several pathologies such as hypertension, and hypercholesterolemia
and therefore drastically increase the risk of stroke, myocardial infarction, diabetes,
cancers, etc. Recent studies also demonstrated a link between obesity and
Alzheimer’s disease probably due to the accumulation of fat tissues and the role of
fat tissue on the hormonal system.

Overweight and obesity are defined as abnormal or excessive fat accumulation in
the body that presents a risk to health. Simple indicator of obesity is the body mass
index (BMI) that is equal to the weight (in kilograms) divided by the square of the
height (in meters). A person with a BMI of 30 or more is considered obese. A person
with a BMI equal to or more than 25 is considered overweight (WHO).

Obesity is a huge health care problem in the world; according to the WHO, it is
estimated that 12% of the people (aged 20 and over) are obese and 35% are over-
weight!. Obesity is not any more a problem related to high-income countries; the
prevalence of obesity and overweight exploding in emerging countries (Table 7.1)
presents the prevalence of obesity in different region of the world.

In some particular cases (2-3%), obesity is caused by endocrinal troubles (hypo-
thyroidism, adrenal gland disease), but in most cases, it is caused by an excess of
energy intake and insufficient energy expenditure (exercises).

4.3.2 Rehabilitation

Management of obesity and overweight problem is complex and requires a multi-
disciplinary team: nutritionist and food specialists to modify food habits, psycholo-
gists to modify body image and perception of the body, physiotherapists to promote
physical activities, and medical doctors to control the associated disorders.

The aim of rehabilitation is obvious with obese patients: patients need to move
in order to burn calories, physical activity also stimulates these patients and improves
proprioception, the perception of the body, and increases self-esteem.

The power and strength of the group should also be considered in physical reha-
bilitation. It is important for the patients to work together, share their difficulties,
and visualize their progresses. Group session are organized under the supervision of

Thttp://www.who.int/gho/ncd/risk_factors/overweight/en/index.html
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a multidisciplinary team to help those patients. Group therapy is also commonly
proposed for patients suffering from low back pain, fibromyalgia, multiple sclero-
sis, cancers, etc.

4.3.3 Use of Serious Games

Obesity problem has been, partly, addressed by the industry of commercial video
games since a lot of fitness games have been developed in order to make patients
more active. Specific games have been created to develop fitness skills (e.g.,
Nintendo Wii Fit™) and thanks to the development of new way of controlling the
games (mainly Nintendo Wii™ and Microsoft Xbox Kinect™) the energy expendi-
ture have been increasing when playing video games (see Sect. 3.1.2.2).

Summary of the different studies included are presented in Tables 4.6 and 4.7 for
commercial video games and specific ones, respectively. 22 studies were found in
the literature. Repartitions of devices and approaches are presented in Fig. 4.6.

It is interesting to note that 40% solutions are specific games. Actually in this
case, it is more accurate to speak of teaching and monitoring programs (in most
cases via the Internet) for controlling and modifying eating behavior rather than
developing solutions to make the patients more active (e.g., Wagener et al. 2012;
Christison and Khan 2012).

The first question to answer is whether or not the active video games induce an
increase of energy expenditure and if yes what is the level of physical activity
reached during this kind of training. Many studies have been conducted in this field.

The level of energy expenditure reached is estimated between 2.7 and 5.4 meta-
bolic equivalents (i.e., moderate intensity level of physical activity) when children
and teenagers play active games. A study compared the levels of energy expenditure
in an obese population and in a control group, surprisingly the author found that
obese children burnt fewer calories than the control group (O’Donovan et al. 2014).

We already mentioned that playing active video games correspond to the same
energy expenditure level as the level reached during walking and are therefore not
enough to fulfill WHO recommendation (60 min per day of moderate physical
activity) (White et al. 2011). Another study compared the energy expended during a
fitness game and a balance game. 100 people, including 55 overweight people, par-
ticipated in this study. The same levels of physical activity were found when playing
the fitness game (still below the WHO recommendations) that in previous studies
but lower energy expenditure for balance games but the patients preferred to play
balance games instead of fitness games (Lyons et al. 2012).

Although we saw that the levels of energy expenditure reached are relatively low,
could these games still be successfully integrated into the management of obesity
and overweight?

The first large study was conducted in 2012, 171 obese students were included.
They were separated into two groups: 63 people were included in the group playing
video games and the other 108 in a control group. After 9 weeks of training, the
level of physical activity was higher in the intervention group and patients had lost



4 Serious Games in Rehabilitation

58

DA U1 doudjsisrod

(Kouedarosip
JTowred-y3y

10 ‘-9)eISpOW ‘-MO]
IO JOIUOD [ENPIAIPUT)
SUONIPUOD

SuonIpuod [ejuawradxe

Suraoxdur Je 9A199JJ0 Jsowr oy e sjuedionted ueyy ojqedes JUQIQYIp Jopun JURIQYIP Ol (T100)
Q10w A[areropowt aI1e oym sroujred pajuosard Ajeniap SQwes JO uoIssas | qeredos syuopns G¢ z uoneisKe[q Te 10 7o
Syoom (g (q ‘ez100)
uononpai JySrom jueoyrusig IOAO SUOISSIS 97 SJuOpPNIS JYSTOMIOAO 7/, TIA\ OPUUIN ‘Te 10 ouerel§

SowesIoXd

aAne1adoos 10

sowre31oxa 2annadwod

armpuadxa AS1oua 10y3Iy ojut dyeredas Juadsajope
PRy UOTIBATIOW OISULNUT JOYIIY [JIM SIOAR[J "UOT)BATIOW Yoom 1ad suorssas ¢ 9590 10 JYSIOMIIA0 (q ‘e2102)
srsurnur 1oy3iy paonpoid Aerd sowedioxs aaneradoo) | ‘Sururen jo syjuow 9 QWOdUI-MO] [ ¢ TIA\ OPUUIN ‘[e 190 oueIRlS

S[01u0d 80
UOTIUIAINUI A} J3Je 3Y ¢ 01 G'T 350] syuedronaed pue dnoi3 pue dnoi3 suonuaAIIUL (Z102)
DA U} UI paseaIour Aueoyruss sem [oA9] KJ1AT)OR [edISKYJ sowres Jo syoom ¢ QY UT SJUIPMIS €9 TIA\ OPUSIUIN ‘Te 30 uojsuyor

Jwes
J[qeAolua aow are sowresd ooue[eq | QdUB[EqQ | PUER JIQOIOE (JySromiono (T102)
jnq owes doue[eq Jey) A31oud 10w paonpold sowes 91qOIdY | | SOWES JO UOISSAS | GG) s)npe Junok 0 TTAA OPUUIN ‘[e 32 SUoA
sowred 09pIA
QATIOR ou SurAe[d o) UT 9SBAIOIP [IIM ISBAIOUI SAWERS 09PIA (Tonuoo) sowred

aAnjoe Jurked QWIT], "UONIUAAIUI UT JBJ APOQ JO 9SBIIOIP 09pIA AIBJUSPIS (1102)
J01UOD UT J]AF JO 9SBAIOUI QFULYD OU UONUIAINUI [N | IO SOWERS 09PIA 2ANOY synpe 3unok 7gz¢ Z uoneiSAe[d ‘[& 32 UOSIPPRIN
(0100
sdnoi3 uoomiaq so3ueyd Jej Apoq JUBdOYIUIIS ON 3ururen jo syoom g UQIP[IYO $4 7 uoneiSAe[qd ‘Te 12 SQARID)
sowoaNQ SUOTJUAIOIU] sy00lqng 1A Ieax pue Apmg

JYSTOMIOAO pue AJ1S9Q0 UO MIIAI SIY) UL POPN[OUT SAWES OIPIA [BIOIQWWOD JNOQE SAIPNIS JO AlewunS 9°f a|qer



59

4.3 Obesity and Overweight

ssou1y A1ojerrdsarorpied Jururejurew

pue Surdo[aAap 10 AJISUAUI PIPUIUILIOIAI ) ORI UAAD
UuBd UAIP[IYD ‘SOWLTIONS Y)IM pue ‘A1anoe [eorsAyd jeropowr
-0]-1Y3I] Sk Pasn 9q P[nod Ay, ‘Kyanoe [earsAyd s, uaIpiyo

A\ OPUSIUIN

doueyuo 03 santunuoddo aaneurole apraold pnod HA uoIssas | uaIp[Iyo [ | pue ¢ uoneiSAe[d | (S107) TB 30 ne
£)159q0
M uaIp[Iyo Suowre Ayranoe [eorsAyd Ajisuojur ojeropour
QAQIYOE 1O ‘SANIATIOR ATejuapas alow ade[dar ‘armyrpuadxe

A319U9 [10) 9SBAIOUT 0} PASN 2q P[NOD ‘JUIWIAOW UIp[IYO #102)

quur Iomo] 21mbar jeyy asoyy Aprernonied ‘SO A urelo) uorIssas | 959q0 10 JYSTOMISA0 GG TIA\ OPUSIUIN | ‘[E 10 UBAOUO(].O

suononpal [N Iereais Apuedyrusis
paqiyxe dnoid DA Y Ing ‘TING pue WYSTomIaA0 a3ejuadrad

ur suononpar Juedyruis pAIqIyxe sdnois yjog ‘Ayanoe UQIP[IYD #102)
[eo1sAyd sno1031A-0)-1RIOPOUL UT SASBAIOUT JUBIYIUTIS Sururen Jo syoom 9 952q0 10 JYSIOMIQAO G/, 1o0uUry] X0q¥ ‘Te 19 3501,
dnoi3
[01UOJ IO ‘UOTIURAIAUT
JeJ ApOQq puE ‘QOUIQJUINIIID ojur oyeredas #102)

diy pue jstem ‘TJNG JO SUOIIONPAI JUBOYIUSIS A[[BONSBIS Sururen jo sAep Of uowom wnredisod ¢ TTAA OPUUIN ‘T8 30 anoduiy,
dnoi3
[01U0J IO ‘SoUILTIoXd
Jy31om 3sof jJou aanndwod ‘aaneradood
PIp yorym ‘dnoid aannedwod ay) pue dnoid [onuod ay) uey) Yoom B SUOISsas G | ojul djeredas Juadsajope (€102)
JySrom 1ow APueoyIugIs 3so s1oke[d owesdioxa aaneradoo) | ‘ururen Jo syeam (g 959q0 10 JYITOMIAAO G TIAN OPUUIN ‘Te 12 ouerIRlS
uonedroned
JUAPN]S ASBAIOUL
0] SSE[O UOT)BINPD
[eorsAyd ojur
SUOTIUQAIIUI J9}JB QATIOR QIOW I9M UIP[IYD | pAjeIiodiooul sem HA Sjuapn)s 2s3qO 98 TIAA OPUIUIN (€102) uumQ




60

4 Serious Games in Rehabilitation

Table 4.7 Summary of studies about specific rehabilitation games included in this review on

obesity and overweight

Study and Year | Subjects Interventions Outcomes

Jago et al. 473 boys (no 9 weeks of intervention | No difference in body

(2006) weight criteria) | though Internet for composition between groups
modifying food

preferences and intake

Doyle et al. 80 overweight 16 weeks of Internet BMI reduction after intervention
(2008) or obese patients | program for modifying | but not 4 month after the
food preferences and intervention
intake
Hung et al. 37 overweight 14 weeks of BMI, waist circumference, and
(2008) patients interventions program | triceps skinfold was reduced
for modifying food improve fitness, self-esteem, and
preferences and intake | self-efficacy
Jones et al. 105 subjects 16 weeks of Internet- Reduction of BMI for
(2008) based healthy weight intervention, binge eating

maintenance program
with mentor program

behaviors, and weight and shape
concerns but no change in dietary
fat and sugar intake

Adamo et al. |30 overweight

10 weeks, 2 sessions of

No difference between group

(2010) or obese 60 min a week of
adolescent games, or a group of
physical activity
Chen et al. 54 normal, Web-based Decrease of waist and hip
(2011) overweight, or information, diet, and perimeter, modification of food
obese physical activity intake
Christison 48 overweight 10 weeks, 2 sessions of | Significantly reduced television
and Khan or obese patients | 60 min a week of time and soda consumption while
(2012) games, or a group of increased PA time and eating at
physical activity the table. Significantly improved
global self-worth and behavioral
conduct
Wagener 40 subjects Supervised 10-weeks No difference in pre-/post-test

etal. (2012)

group dance-based
exergame exercises or
waitlist control group

BMI improved self-perceived
psychological adjustment and
competence to exercise

between 1.5 and 2 kg after this intervention (Johnston et al. 2012). An important
point of the rehabilitation, besides weight loss, is to change the behavior of patients
and empower them in the self-management of their disease. The previous study also
shows that patients are more active after the intervention, proof that they have real-
ized the importance of performing physical activity in order to control their weights.
This effect was also demonstrated in another study where games were introduced in
physical education classes. The authors showed that 86 obese children who partici-
pated in this study were more active after this intervention (Quinn 2013).

Another interesting study was conducted to compare which kind of games, com-
petitive games and cooperative games, was the most effective. 31 obese subjects
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Flg.. 4.6 Repargtlon of the Specific Weight (n = 22)
devices for studies on games
obesity and overweight 39%

Kinect
4%

participated in this study. After 6 months of training (5 sessions per week), the
authors found that patients who were playing games in cooperative mode had a
higher intrinsic motivation and the level of intrinsic motivation was directly corre-
lated with the level of energy expenditure (Staiano et al. 2012a, b). The same authors
conducted another study with a control group. Patients in cooperative games group
lost significantly more weight than both patients in the control group and those play-
ing competitive games. Surprisingly, patients in the competitive group games did
not lose weight (Staiano et al. 2013)!

It is also interesting to note that games can be used to help patients to control
weight during temporary situations such as sports injuries, pregnancy, or postpartum
(LeBlanc et al. 2013).

A study has been conducted on 34 women during the postpartum period. Subjects
were divided into an intervention group and a control group. After 40 days of games, the
authors observed a significant decrease in weight but also of the circumferences of the
waist and thighs and the percentage of fat only in the intervention group. The authors
also observed a significant decrease in calorie intake. The games could therefore lead to
both an increase in energy expenditure and a decrease of energy intake. There is, natu-
rally, a positive correlation between the amount of hours spent on the games and the
weight loss. The authors concluded by stating that playing has fortunately (!) no influ-
ence on how the mother took care of their babies. (Tripette et al. 2014).

4.4 Stroke
4.4.1 Clinical Presentation

Stroke occurs when part of the brain is suddenly deprived of blood supply. This defi-
cit causes a loss of function of the affected area of the brain. The severity of the
disability and the degree of recovery depend on the extent, the localization of the
lesions, and the time. Time is the key factor in the management of stroke. It is
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estimated that brain cells cannot survive for more than 3 min being deprived of
oxygen without causing irreversible damage. Stroke is the third leading cause of
death in the world and the leading cause of disability and long-term serious compli-
cations. It is estimated that 33 million of new cases of stroke are occurring each year
(Samai and Martin-Schild 2015). Among the new cases about 10% of the patients
will recover completely, 25% with mild deficits, 40% with moderate to severe defi-
cits, 10% of these patients must be placed in specialized centers because of the
functional impact, and 15% die shortly after stroke.

There are two types of strokes: ischemic and hemorrhagic.

Ischemic strokes are the most common (about 80% of cases); they are due to
blood clots migration from peripheral artery to a clotted artery in the brain which
will therefore become clogged when the diameter is too narrow. Most frequently,
these clots are due to atherosclerosis: the accumulation of body fat (mainly choles-
terol) in the arterial walls. This slowly causes loss of elasticity of the artery walls, a
decrease in the light of the arteries (stenosis), and therefore blood flow reduction.
This reduction may be up to the complete obliteration of the vessel (thrombosis)
resulting in the death of the tissue located downstream of the thrombosis. Finally,
the clot may crack and be released into the bloodstream.

The risk factors for ischemic stroke are age (75% of strokes occur after age 65),
gender (incidence was 1.25 times higher for men), hypertension (80% of strokes
occur in patients with hypertension [blood pressure greater than 140/90 mmHg]),
diabetes (increasing the risk of a factor of 3.5 in women and 2.1 in men), hyperlip-
idemia and high cholesterol (HDL), smoking, sleep apnea, alcohol and drug use,
and physical inactivity (low levels of physical activity) (Samai and Martin-Schild
2015).

Despite the fact that the majority of these risk factors are modifiable, and that
awareness campaigns provide information on these risk factors, a significant
increase in the new case of stroke is still observed (Stroebele et al. 2011). This
increase is approximately 15% over the last 10 years.

Hemorrhagic strokes are due to a rupture of a cerebral artery. The major risk fac-
tor for hemorrhagic stroke is high blood pressure (Biffi et al. 2015).

4.4.2 Rehabilitation

Primary care, management, and rehabilitation after stroke are best examples of
teamwork in physical rehabilitation. The first goal of rehabilitation is the
autonomy.

Autonomy is defined as the right and/or the ability of a person to lead his life
according to his free judgment. The second objective is to coordinate all measures
to prevent or minimize the related functional potential consequences of the disease
from a physical, psychological, social and economic point of view. The aim is to
exploit and maximize the residual capacity of the patient. This approach differs
from curative medicine by its multidisciplinary nature: the medical doctor has the
role of coordinator of functional rehabilitation team, centered around participatory
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patient. The multidisciplinary rehabilitation team may consist of nurses, physio-
therapists, occupational therapists, psychologists, speech therapists, social workers,
dieticians, and neuropsychologists (Heuschling et al. 2013) (see Sect. 2.1.1).

Damages in the central nervous system causes spasticity in the limbs. Spasticity
is an exaggeration of the tendon reflex activity. In case of voluntary contraction and
motion, the muscle-tendon reflex activity is over exaggerated, muscles are too con-
tracted, and therefore no more motion is possible.

During the rehabilitation, it is important to differentiate the acute phase (less than
3 months after the accident) and the chronic state. Treatment and recovery possibili-
ties are indeed different.

In the acute phase, it is essential to start the rehabilitation process as soon as pos-
sible to avoid adverse effect as much as possible that could affect the function and
limit the disability. The first month after the stroke is a crucial period during which
brain plasticity and thus recovery capabilities are maximized.

One of the main objectives of the stroke care unit is to minimize the impact of the
induced spasticity from a functional point of view. Spasticity is also responsible for
vicious postures because the muscles do not relax sufficiently. Reduction of the
spasticity can be obtained with oral medication (e.g., Baclofen), by muscular injec-
tion of Botulinum toxin, with intrathecal Baclofen (directly into the spinal canal),
with casting or orthoses and physiotherapy. These approaches can, and should, be
combined.

4.4.3 Use of Serious Games

Summary of the different studies included are presented in Tables 4.8 and 4.9 for
commercial video games and specific ones, respectively. 53 studies were found in
the literature. Repartitions of devices and approaches are presented in Fig. 4.7.

The most used systems are the Nintendo Wii and some specific solutions. Only
three studies were performed using the PlayStation, including the first study in this
area in 2008 (Yavuzer et al. 2008). Kinect was available only 5 years after the
Nintendo Wii; therefore, there are fewer studies conducted with this device but there
is a significant increase since 2013 and currently the recent studies are conducted
with both devices equally.

During the acute rehabilitation, the use of games is justified by the need to per-
form as many repetitions of revalidation exercises as possible during the months
following the stroke in order to maximize the chance of full recovery. We have
already discussed the positive effects of games on motivation but it has also been
shown that the games allow more repetitions of movement before patients get tired.
Two studies were conducted to determine which devices allowed the highest repeti-
tions of movements. The number of repetitions were compared using the PlayStation
3 and Wii with a group of stroke patients and a control group, a larger number of
repetitions was observed for the PlayStation compared to the Wii and the intensity
of the movements was also more important (Neil et al. 2013). Another study com-
pared the number of movements using with the PlayStation 2, the Wii, and some
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Fig. 4.7 Repartition of the Specific
devices for studies on games _
stroke 32% Stroke (n = 53)

{l Wii
Kinect 51%

12% |

PlayStation
5%

traditional rehabilitation exercises. The results are similar to those found in the pre-
vious study (PlayStation > Wii), but in both cases the active video games allow
much more repetitions of movements than traditional exercises (Peters et al. 2013).

Another study quantified the difference in the amount of exercise performed with
the Wii compared to traditional exercises. The movements were recorded during
traditional rehabilitation session and during a session using video games. A physi-
cian determined whether the movements performed were voluntary or simple reflex
movements. With the games the patients were performing an average of 271 move-
ments against only 48 voluntary movements during traditional rehabilitation exer-
cises. Therefore, patients perform nearly six times more exercise when playing
games! If we keep in mind that the number exercises is one of the most important
criteria in recovery after stroke (Langhorne et al. 2011), it is legitimate and appro-
priate to consider the fact of integrating these techniques in the rehabilitation of
these patients. Patients with better prognosis performed more repetitions (Rand
et al. 2014).

During the acute phase of the rehabilitation studies are generally performed over
a period of 4 to 6 weeks after the stroke, the number of session varied between 3 and
5 times per week. Significant improvements are found for gross motor function
(Saposnik et al. 2010, Yong Joo et al. 2010), balance (Rajaratnam et al. 2013), and
muscle strength (Lee 2013a).

During the chronic phase, the interventions are usually longer. Positive effects
were also found for static (Hung et al. 2014) and dynamic balance (Cho et al. 2012,
Morone et al. 2014) and upper limb fine motor function (Sin and Lee 2013).

Concerning the development and use of specific solutions, many of these solu-
tions involved robotic systems (haptic devices) or the development of treadmill
combining virtual reality and games (immersion). These approaches are beyond the
scope of this book and even if this is also a very interesting field of research and
development we are not going to discuss and these studies here. Some notions on
rehabilitation using haptic systems are presented in Sect. 7.3.
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Mirror therapy is one of the techniques available for the rehabilitation of patients
suffering from various neurological disorders, including stroke.

This technique is used in cases of asymmetric pathologies (e.g., amputation,
hemiplegia, complex regional pain syndrome). The aim is to mislead the brain by
reflecting the image of the healthy and movable limb onto the affected limb. The
brain believes that the affected limb can move again and new connections could be
created through visual stimuli. It could compensate the lack of sensory stimuli due
to the disease or the absence of limb.

This technique could be easily applied using the virtual reality; the purpose is
also to mislead the brain by creating virtually a false situation. Specific games have
been developed: the patient moves the healthy limb and the game returns feedback
indicating that the affected limb is mobilized and has influenced the game. Games
have been developed and successfully tested for revalidation of the upper limbs
based on mirror therapy (Shiri et al. 2012).

The developed solutions that offer an augmented visual feedback are based on
the same principle: the aim is to prove to the brain that the body is still able to per-
form motions and exercises. Compared to conventional treatment, it has been
observed that patients doing rehabilitation exercises using a system that provided
enhanced feedback have a more favorable recovery of the upper limbs function
(Kiper et al. 2014). Based on the same principle, it is possible to directly influence
the brain (motor and sensory cortex) using transcranial stimulation during the use of
revalidation exercises with serious games. A study was conducted on 59 patients
during 3 weeks (5 sessions per week) to compare the use of video games coupled to
transcranial stimulation, the use of video games alone, and one group receiving only
transcranial stimulation. Although the three groups show improvement in various
studied parameters, best results were obtained in the group receiving transcranial
stimulation during the games (Lee and Chun 2014).

We already saw that the use of feedback or additional brain stimulus could have a
positive clinical effect but using only games is also effective. Positive results were
obtained in terms of mobility and balance after daily training (games focused on the
lower limbs) during a 3 weeks period compared with conventional therapy, 59 patients
participated in this study (McEwen et al. 2014). Concerning the upper limbs one study
involving 376 patients had compared the effects of games coupled with the traditional
rehabilitation compared to traditional rehabilitation exercises only. After 4 weeks of train-
ing (5 sessions per week), both groups show increases in mobility and independence but
the results were significantly higher in the group that received games (Turolla et al. 2013).

A last point that needs to be addressed is to determine whether it is possible to
predict what type of patient might mostly benefit from this type of intervention.
Studies have been conducted using the functional magnetic resonance imaging
(fMRI) to determine areas of the brain activated and the different strategies of neu-
ronal reorganization after the stroke. After training with video games, it has been
observed that the activities in the prefrontal cortex and in the cerebellum are the
most predictive for motor recovery. One study on the relationship between move-
ment and brain changes shows that the most disabled patients could obtain the most
benefit from this new paradigm (Orihuela-Espina et al. 2013).
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Another study performed with the Kinect during only one session shows that
after this short training only patients that presented a lesion in the right hemisphere
showed an increase of the mobility of shoulder and elbow and presented a pattern of
motion closer than the healthy individuals (Fernandes et al. 2014).

The use of video games in stroke patients could therefore be used in clinic but
more works are still needed to define the best protocols and better target patient
(using functional imaging) and population that may benefit the most from these new
intervention.

4,5 Balance Training
4.5.1 Clinical Presentation

Balance impairments are not diseases but a symptom found in many medical condi-
tions. Proper balance control requires the integrity of three major systems: the ves-
tibular system, the visual system, and the somatosensory system. The integration
and synchronization of the different signals from these systems by the central ner-
vous system must also be optimal.

The vestibular system is composed of the vestibule and the cochlea, located at
the inner ear. Otoliths (cilia) and the semicircular canals inform the brain of the
position of the head. Pathologies at this level (e.g., benign vertigo, neuroma of the
eighth cranial nerve, vestibular neuritis) cause dizziness, loss of balance, nausea,
and vomiting.

The visual system directly affects the balance by providing information about
position of the body and movements. The information from the visual and vestibular
systems are closely linked through the visual-vestibular integration. If there is a
mismatch between the information from these two systems, dizziness occurs
because the brain cannot interpret these conflicting signals and therefore cannot
know the exact position of the head in space (i.e., driving a car on a mountain road).

Any disease that produces a loss of visual acuity can potentially lead to balance
disorders (e.g., scotoma with the elderly).

The somatosensory system informs the brain about the forces applied on the
body (touch, pressure, vibration) and the position of the body in space (3D). There
are many receptors in the body either in the skin, muscles, tendons, or ligaments.
Information goes in the somatosensory cortex (parietal lobe) through nerves and
spinal cord. Numerous diseases can disrupt the proper functioning of these nerve
pathways either in the brain (e.g., stroke), the nerves (e.g., multiple sclerosis), or
peripherally in case of joint immobilization or due to a lack of movement (e.g.,
bedridden patient).
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4.5.2 Rehabilitation

Medical doctors treate the underlying pathology, and the purpose of the rehabilita-
tion is to restore or increase the proprioception and the performance of all the sys-
tems involved in balance and posture. The proprioception must be trained properly:
trunk orientation in space eyes closed, corrections of posture in front of a mirror,
improvement of postural tone, and strengthening of the muscles.

Another important concept in balance rehabilitation is the notion of feedback.
Feedback is essential to train proprioception. Patients should indeed be aware of the
changes of the position of the different body parts in space. This is exactly what is
happening with the active video games since the patient must perform movements
with his body to interact with the game. Therefore, patients receive direct feedback
of movements which improves proprioception and cognitive function.

4.5.3 Use of Serious Games

We already discussed the issue and challenge of balance training with the elderly,
stroke patients, and for Parkinson’s disease patients and will discuss multiple scle-
rosis patient in the next chapter.

The issue of training, or retraining, balance can be divided into two categories:
improving the balance after a disease that causes balance impairment (rehabilita-
tion) or trying to increase performance (sport training).

Only studies including patients are presented here.

Summary of the different studies included are presented in Tables 4.10 and 4.11
for commercial video games and specific ones, respectively. 42 studies were found
in the literature. Repartitions of devices and approaches are presented in Fig. 4.8.

One of the most obvious pathologies inducing balance disorders is malformation
or lower limb amputations. The feasibility of integrating video games in the treat-
ment of lower limb amputees has been tested. After a period of 4 weeks (4 sessions
a week), balance improvement was observed. However, as with many other studies
the long-term effects of this intervention was not assessed; therefore, we do not know
if the benefits achieved are maintained sustainably over time (Andrysek et al. 2012).

Another study has been conducted with patients presenting various diseases in
the lower limbs. The treatment lasted over a period of 4 weeks with 3 sessions per
week. Patients were divided into an intervention group using video games and a
control group with conventional therapy. After the program, progresses were simi-
lar in both groups, indicating that the games could be an option (Sims et al. 2013).
Another study was done on a group athletes with lower limbs injuries. The inter-
vention was longer (10 weeks with 2 sessions per week). Once again progresses
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Table 4.11 Summary of studies about specific rehabilitation games included in this review on
balance rehabilitation

Study and Year | Subjects Interventions Outcomes
Giansanti et al. | 9 healthy subjects | 1 session Significant balance improvement
(2009) after the virtual reality immersion
Alahakone 6 patients with 1 session Significant reduction in trunk tilt
et al. (2010) spinal-cord injury angles after virtual reality
immersion
Janssen et al. 20 patients with 1 session No significant change in total body
(2010) severe bilateral sway after the training
vestibular losses
Sztum et al. 30 community- 8 weeks of Greater improvement in dynamic
(2011) dwelling older training, 2 standing balance control compared
adults sessions per with the typical exercise program
week were observed
Nanhoe- 20 patients with 5 sessions Significant balance improvement
Mabhabier et al. | PD (reduction of CoP sway)
(2012)
Sun and Lee 23 healthy subjects | 1 session It is possible to assess dynamic
(2013) balance through the VG
Grewal et al. 29 patients with Number of Visual feedback generated from the
(2013) diabetic peripheral | sessions games with motor learning may be
neuropathy depending of the | effective in improving postural
patient stability in patients
Schoene et al. | 37 older adults 8 weeks of Step pad training can be safely

(2013)

training, 2-3
sessions per

undertaken at home to improve
physical and cognitive parameters

week of fall risk in older people without
major cognitive and physical
impairments
Franco et al. 20 community 1 session Significant improvement of

(2013) dwelling elder balance during the gait
Wiiest et al. 16 community 36 sessions of Results indicate that the
(2014) dwelling elder training intervention improves gait- and
balance-related physical
performance measures in untrained
subjects
Schwenk et al. | 33 community 4 weeks of Significant improvement in gait
(2014) dwelling elder training, 2 and balance after the intervention
with risk of falls sessions per
week
Caudron etal. | 17 patients with 1 session Significant improvement of
(2014) PD postural orientation and stability
Halickad et al. 20 young healthy 1 session Significant balance improvement
(2014) adults (reduction of CoP sway)
Grewal et al. 39 diabetics 4 weeks of Significant balance improvement
(2015) patients training, 2 after the intervention
sessions per
week

(continued)
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Table 4.11 (continued)

Study and Year | Subjects Interventions Outcomes
Ma et al. 30 subjects with 1 session Significant gait improvement
(2015) reduced foot (mobility), strength, and balance
sensation after virtual reality immersion
Byl et al. 30 patients with 6 weeks of Significant balance improvement
(2015) PD and post-stroke | training, 2 (reduction of CoP sway)
sessions per
week
Fig.. 4.8 ReparFition of the Specific Balance (n = 42)
devices for studies on games
balance training 38%

Wii
52%

e

PlayStation "
O,
0% Kinect
10%

were similar in the video games group and in the group receiving standard treat-
ment but the level of satisfaction was higher in patients who received the interven-
tion with the games.

This type of intervention has also been tested in patients with acute vestibular
neuritis. The duration of intervention was not similar for each patient but adapted
according to the symptoms. Compared to conventional therapy, the authors observed
that the early use of video games for the rehabilitation of the balance speeds up the
process in case of peripheral lesion. These progresses would be due to the phenom-
enon of visual feedback provided by the games that has a positive effect on the
visual-vestibular integration (Sparrer et al. 2013).

Meniere’s disease is a pathology that also affects the inner ear (labyrinth). After
12 sessions of games and virtual reality, patients had less dizziness and an increase
of the perimeter of stability and therefore a better quality of life (Garcia et al. 2013).

Patients with lower limb diseases could beneficiate from the use of video games.
This might be due to the fact that patients prefer this kind of approach and are there-
fore performing more exercises since they are more fun.

In case of central pathologies of the inner ear, benefits and positive results are
due to the neuronal plasticity and the increased integration of visual and vestibular
information induced by visual feedback provided by the games.
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4.6 Cerebral Palsy
4.6.1 Clinical Presentation

Cerebral palsy (CP) is a group of movement disorders that appears in the early
childhood. CP is due to brain lesion occurring during pregnancy, childbirth, or dur-
ing the first year of the children. These lesions, and therefore the movement disor-
ders, are irreversible because these occurred on immature brain tissues. It is the
leading cause of motor disability in pediatric. The prevalence is about 2 to 4 per
1000 living children (Winter et al. 2002). Patients suffering from CP present various
motor and balance troubles. Depending on the type of underlying pathology (hemi-
plegia, diplegia, triplegia), upper and/or lower limbs can be affected. CP does not
only lead to motor problem but also to sensitive issue (lack of proprioception, vision
impairment, cognitive issue) that leads to difficulties in activities of daily living
such as gait, posture, grasping, and fine motor control because of the underlying
spasticity.

4.6.2 Rehabilitation

There is, currently, no specific treatment for CP patients. Research on stem cells and
implantation of new cells in the nerve tissue slowly progresses in lab and research
but are still far from being applied to patients. Management of children suffering
from CP is a difficult and challenging task requiring various modifications through-
out the revalidation process due to patients’ evolution and growth.

The aim of the treatment is to increase the participation in activities of daily liv-
ing, increasing the autonomy and decreasing the related side effect of the pathology
such as bones deformations and muscles co-contraction that would lead to vicious
posture.

The therapeutic approach and management of the spasticity related to CP is rela-
tively similar to those used with stroke patient.

Adolescence is typically a difficult period for the rehabilitation of these patients.
Indeed, they are already following heavy rehabilitation program since more than 10
years and some of them can question the benefits of this program. CP is an irrevers-
ible disease, therefore, the progresses—if any(!)—are really slow despite the impor-
tant effort. During adolescence, patients do not want to do the exercises anymore
because they think it is useless since they are not feeling any improvement. However,
it is important to maintain a sufficient level of activity in order to maintain the ben-
efits acquired during childhood but also in order to avoid decrease of general condi-
tion and bad or vicious attitudes induced by the spasticity.

The use of serious games during this difficult period could be particularly benefi-
cial to struggle against this lack of motivation and the related negative consequences.

Another interesting period to introduce the games is the intensive rehabilitation
period that follows a surgery or a Botox injection. After such kind of intervention,
an intensive rehabilitation program of about 6 weeks is usually prescribed in order
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to maximize the benefits induced by the decrease of spasticity and to increase the
range of motion and functions. Games offer an interesting alternative and motiva-
tional tool during this period.

4.6.3 Use of Serious Games

Summary of the different studies included are presented in Tables 4.12 and 4.13 for
commercial video games and specific ones, respectively. 31 studies were found in
the literature. Repartitions of devices and approaches are presented in Fig. 4.9.
More than half of the studies are done using specially developed solutions for reha-
bilitation. This is due to the specific needs of the patients, the wide variety of symp-
toms, and due to functional abilities of these patients. Each patient is unique and
therefore requires tailored rehabilitation programs.

First, let’s discuss about the use of commercial video games.

The use of Xbox coupled with the Kinect has been integrated into conventional
treatment over a period of 8 weeks with CP patients. After this period, improvement
of motor functions (walking and balance) and fine motor skills has been observed.
However, it is difficult to determine if the improvements are due to the specific
effect of the games in revalidation or if it is simply due to the fact that the amount
of rehabilitation has been increased by the integration of these exercises in the con-
ventional treatment (Luna-Oliva et al. 2013).

More studies are available on the use of the Nintendo Wii and Balance Board.
One study compared the integration of games (Nintendo Wii Sports) in the treat-
ment; results were compared with conventional care. After this treatment, the
patients had a significant improvement in the balance. Moreover, participation lev-
els, satisfaction, and cooperation were also higher in the group receiving the inter-
vention with the games compared to the control group (Sharan et al. 2012). The
benefits of the games on the motivation and participation of CP children are clear
and have been highlighted in various studies. On the other hands from a clinical
point of view all the published studies using the Nintendo Wii did not find positive
results. For example, a study has tested the integration of SG after surgery during
5 weeks (5 sessions of 30 min per week); no difference was found in terms of pos-
ture and balance before or after the intervention (Ramstrand and Lygnegard 2012).
However, another study, performed over a period of 3 weeks (3 sessions per week),
in which the games were used instead of physiotherapy, shows positive effects on
the balance after this relatively short training period (Jelsma et al. 2013). To our
knowledge, only one study was performed using the Wii controller instead of the
Balance Board. The authors wanted to determine whether this kind of exercise
could enhance upper limbs function. After a 12 weeks program (2 sessions per
week), the authors did not find qualitative increase in upper extremity skills but they
observed a significant increase in the use of the upper limbs for functional activities
of daily living (Winkels et al. 2013).
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Table 4.12 Summary of studies about commercial video games included in this review on cere-
bral palsy rehabilitation

Study and Year| Device Subjects Interventions Outcomes

Jannink et al. | PlayStation2 |12 CP 6 weeks of training | Children were happy to

(2008) children play VG but no
difference was found
with functional
measurement

Hurkmans Nintendo Wii | 8 adults with | 1 session The VG promote

et al. (2010)

CP

moderate intensity
exercises

Sandlund PlayStation2 | 15 CP 4 weeks of training, | The VG promote
etal. (2011) children daily training physical activity and
enhance motor
performance
Gordon et al. | Nintendo Wii | 7 CP 6 weeks of training, | Improvement in gross
(2012) children 2 sessions per week | motor function
measure
De Kloet Nintendo Wii | 50 patients 12 weeks of Significant changes in
etal. (2012) (child and training, 2 sessions | physical activity,
young adults | per week speed, and information
[6-29 years processing. No
old]) with difference in quality of
acquired life
brain injury
Sharan etal. | Nintendo Wii | 16 CP 3 weeks of training | Significant
(2012) children improvement for
after surgery balance. Participation,
satisfaction, and
cooperation were
significantly higher in
the VG group
Ramstrand Nintendo Wii | 18 CP 5 weeks of training | No significant
etal. (2012) children for a minimum of difference was found
30 min a day 5 days | for balance evaluation
a week
Sandlund PlayStation2 | 15 CP 4 weeks of training, | Parent’s perception
et al. (2012) children daily about the use of VG for
training was very
positive
Luna-Oliva Xbox Kinect 11 CP 8 weeks of training | Significant
etal. (2013) children added to improvement in motor
conventional skills and fine dexterity
physiotherapy
treatment
Robertet al. | Nintendo Wii | 10 CP 1 session of 40 min | The exercise intensity
(2013) children and | playing 4 different (heart rate) was similar
10 control VG for CP children and
children control

(continued)
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Table 4.12 (continued)

Study and Year| Device Subjects Interventions Outcomes
Jelsmaetal. | Nintendo Wii | 14 CP 3 weeks of training | Significant
(2013) children instead of the improvement in
conventional balances score. Most
therapy of the children prefer
VG compared to
conventional treatment
Tarakci etal. | Nintendo Wii | 14 CP 12 weeks of Statistically significant
(2013) children training, 2 sessions | improvement in
per week balance
Sandlund PlayStation2 | 15 CP 4 weeks of training | Significant
et al. (2014) children for at least 20 min a | improvement in
day movement precision.
Training with motion
interactive games
seems to improve arm
motor control in
children with CP
Chiu et al. Nintendo Wii | 62 CP 6 weeks of training | No difference in
(2014) children coordination and hand
function after the
intervention
Al Saif and Nintendo Wii |40 CP 12 weeks of Significant
Alsenany children training, 7 sessions | improvement in motor
(2015) per week performance compared
to a control group
Zoccolillo Xbox Kinect 22 CP 4 weeks of training, | Significant
etal. (2015) children 4 sessions per week | improvement in upper
limb motor function
but no improvement in
fine motor function
during activities of
daily living

Finally, the PlayStation has also been tested. The first study was conducted to

determine if the games could be used to promote physical activity and gross motor
control. After a period of 4 weeks (5 sessions per week), an increase of motor per-
formance was observed. The intensity level reached during the games corresponds
to a mild to moderate physical activity (Sandlund et al. 2011). The same team
repeated this protocol focusing on the precision of movements and fine motor skills
(upper limbs). They observed an improvement in the precision and fluidity of move-
ments during the game (Sandlund et al. 2014). Unfortunately, the authors did not
evaluate whether the progress observed in the game was transferred to activity of
daily living.

The specifically developed applications are mainly focused on the rehabilitation
of the upper limbs. Unfortunately, the majority of these studies are performed with
a very small number of children (3—4); therefore, it is difficult to determine if such
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Table 4.13 Summary of studies about specific rehabilitation games included in this review on
cerebral palsy rehabilitation

Study and Year

Subjects

Interventions

Outcomes

Akhutina et al.
(2003)

66 CP children
(7-14 years old)

6 to 8 sessions of

30-60 min during one
month in the intervention
group.

Nonspecific rehabilitation
training in the control

group

No difference was observed
between groups in the
computer based tests.

More important
improvement in the
intervention group for
Benton judgment of line
orientation test, arrows
subtest of the Nepsy, roads
test compared to control

group

Reid (2005) 13 CP children 8 sessions of 60 min of SG environment stimulated
(8-13 years old) SG play intervention playfulness of CP children
Harris and 16 CP children 8 sessions of 90 min of SG seems to be a
Reid (2005) (8-12 years old) SG play interventions promising medium for the
delivery of a motivating
rehabilitation program
Reid and 31 CP children One session of 90 min of | No statistically significant
Campbell (8-10 years old) SG per week during difference was found
(2006) 8 weeks (soccer, except for the social
volleyball, music). acceptance (subscale of the
Standard care in the self-perception profile) for
control group children showing a
significant improvement in
SG intervention group
Chen et al. 4 CP children 4 weeks intervention 3 of the 4 children showed
(2007) (6.3 years old) program (2 or 3 session improvement in the quality

per week for a total of
120 min of treatment per
week) added to regular
therapies programs. The
SG was focused on hand
rehabilitation training

of reaching performance,
training effect were
partially maintained

4 weeks after the
intervention. Increase in the
fine motor domain

system
Golomb et al. 3 children with Minimum 30 min of SG a | Improvement in function of
(2010) hemiplegic CP day five days a week the plegic hand and in

(13-15 years old)

during 3 months

bones’ density. fMRI show
spatial extent of activation
relative to baseline in brain
motor circuitry

Kirshner et al.
(2011)

16 CP children
(9 + 2 years old)
and a control
group of 16
typically
developing
children

(9 + 2 years old)

Two 60 min sessions in 2
weeks, 4 different games
were tested

Both groups enjoyed
playing the games (no
difference between groups).
CP children have lower
score (performance) during
the games

(continued)
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Table 4.13 (continued)

Study and Year | Subjects Interventions Outcomes
Wu et al. 12 CP children 18 sessions of 60 min Increase in AROM and
(2011) (8 years old) training (20 min of PROM. Improvement in
warm-up and passive joint biomechanical
stretching, 15 min of properties, motor control
assisted-active performance, and
movement, 15 min of functional capability in
resisted-active movement, | balance and mobility
110 min of cool down
passive-stretching)
Chen et al. 28 children with 40 min of training (the Significant and large effect
(2012a, b) hemiplegic CP program consisted of a on knee muscle strength
(6-12 years old) 5 min warm-up exercise, | after the treatment
twenty repetitions of compared to control. Both
sitting-to-standing groups did not significantly
movements, cycling for differ in BOTMP and gross
20 min, and a cool-down | motor function after
exercise for 5 min.) a day | intervention
3 times per week for
12 weeks.
General physical activity
in the control group
Ritterband- 40 children with 30 min daily training Significantly larger
Rosenbaum hemiplegic CP using an Internet-based increase in the number of
etal. (2012) (12 years old) and | home training system for | correct subjective reporting
a healthy CP children (MiTii, MiTii | and a decrease of
age-matched development). compensatory motions in
group of 65 General physical activity | the reaching tasks
children in the control group

Green and
Wilson (2012)

8 children with
hemiparetic upper
limb motor
disorders (from 4
to 15 years old).

30 min of daily training
using RE-ACTION
system during 3 or

4 weeks.

Improvement of upper limb
function and activity
participation after
rehabilitation

Chen et al.
(2013)

27 CP children
(age 6-12 years
old)

40 min of cycling on a
virtual cycling system,
three times a week during
12 weeks.

General physical activity
in the control group.

CP in the intervention
group had greater femoral
bone mineral density and
isokinetics torques of knee
muscles. Muscle
strengthening program
coupled to virtual reality is
more specific than general
activity

Jaume-i-Cap6
et al. (2014)

9 adults with CP

20 min of balance
training, once a week
during 24 weeks

Significant increases in
balance and gait function
scores were found after the
intervention. These results
indicate a greater
independence for the
participants
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Table 4.13 (continued)

De Mello 32 adults with CP | 1 session in a virtual The individuals with CP

Monteiro et al. | (19 years old) and | environment did—as did their typically

(2014) 32 healthy developing peers—improve
subjects in the coincidence timing with
control group practice on both tasks.

Importantly, however, these
improvements were
specific to the practice
environment; there was no
transfer of learning

Bonnechere 10 CP children 4 weeks of training, 1 Significant balance
etal. (2015) session of 30 min improvement (static and
integrated in the dynamic) after the
conventional treatment intervention
per week
Fig. 4.9 Repartition of the Cerebral Palsy
devices for studies on CP (n=31)
Specific games
48%

Wii

Kinect
7%

kind of solution can be used. Nevertheless, some feasibility studies show promising
results. A study of 3 weeks (5 sessions per week) has been done with 3 children suf-
fering from CP. The games were developed for the rehabilitation of the upper limbs
and fingers (fine motor control). A significant increase in function of the affected
limb and an increase in bone density was observed. Brain MRI shows an increase in
the activation of the cerebral cortex after this training program (Golomb et al. 2010).

Another study was conducted with 8 patients for a 4 weeks training period (5
times a week). After the intervention, the authors observed a significant improve-
ment in scores during the games but most interestingly they observed a transfer of
the progresses in the games into upper extremity function and participation in activ-
ity of daily living (Green and Wilson 2012).

Considering the complexity of the disease, its management, and particularly
negative impact of the loss of motivation during the conventional rehabilitation, the
integration of games can be an interesting tool to encourage these children to per-
form the exercises. It has also been demonstrated that the games can stimulate neu-
ral brain circuits and could therefore allow additional benefits.
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4.7 Parkinson’s Disease
4.7.1 Clinical Presentation

Parkinson’s disease is a neurodegenerative disease. The affected cells are located in
the substantia nigra (the basal ganglia) of the brain (Fig. 2.1). The basal ganglia are
involved in complex mechanisms of activation/inhibition in order to control the
movements. The classical triad of symptoms is: rest tremor (tremor decreases when
patients perform movements), increased rigidity, and akinesia (difficulty to initiate
movements). Patients become gradually unable to perform movements accurately
because of the increased stiffness and the progressive loss of control and coordina-
tion. The gait of patients suffering from Parkinson’s disease is typical: first a flat
foot strikes then progressively toe to heel walking. Balance and posture are also
affected. Therefore, the risk of falls is increased.

Another factor that increases the risk of falling and limits patient’s autonomy is
the freezing. Freezing is the difficulty for patients to initiate movement or to con-
tinue rhythmic repetitive motions.

The prevalence of the disease increases with age. It is estimated that before
50 years it affects less than 2%o of the population, 8%o around 65, and about 35%o
after 85 years.

The aim of the treatment is to decrease the symptoms and the related negative
consequences (e.g., loss of autonomy) since no substance is available yet to stop the
degeneration of nerve cells.

Keystone of the oral medication is L-Dopa, a precursor of dopamine, normally
produced in the substantia nigra.

4.7.2 Rehabilitation

Physiotherapists focus on the main symptoms of the disease: mainly the rigidity and
the akinesia. The aim is to avoid associated complications: risk of falling, decreased
independence, autonomy, and quality of life.

The aim is to preserve the function as much as possible and thus maintain the
physical condition of patients to fight against inactivity. Being more active gives
more confidence to patients and decreases the risk of falling. When the pathology is
more advanced (when freezing occurs), more attention is paid to cognitive strate-
gies. The use of feedback can be used to fight against akinesia and promote the
initiation of movements. These different situations could be recreated in video
games. Therefore, the games could provide interesting solutions for balance exer-
cises as well as provide visual feedback to the patient.

4.7.3 Use of Serious Games
Summary of the different studies included are presented in Tables 4.14 and 4.15 for

commercial video games and specific ones, respectively. 13 studies were found in
the literature. Repartitions of devices and approaches are presented in Fig. 4.10.
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Table 4.14 Summary of studies about commercial video games included in this review on
Parkinson’s disease

Study and Year| Device Subjects Interventions Outcomes
Pompeu et al. | Nintendo 32 PD 7 weeks of Significant improvement in
(2012) Wii patients training, 2 motor performance
sessions per
week
Esculier et al. | Nintendo 10 PD 6 weeks of Significant improvement in static
(2012) Wii patients training, 2 and dynamic balance, mobility,
sessions per and functional abilities
week
dos Santos Nintendo 16 early 14 weeks of PD patients were able to transfer
Mendes et al. | Wii stage PD | training, 2 motor ability trained with VG to
(2012) patients sessions per similar untrained tasks
week
Herz et al. Nintendo 20 PD 4 weeks of Significant improvement in
(2013) Wii patients training, 3 motor function, quality of life,
sessions per and activities of daily living.
week Results were maintained months
after playing VG
Gongalves Nintendo 15 PD 7 weeks of Significant increase in stride
(2013) Wii patients training, 2 length and gait speed, reduction
sessions per in motor impairments, and
week greater functional independence
Mhatre et al. | Nintendo 10 PD 8 weeks of Significant improvement in
(2013) Wii patients training, 3 balance and gait, but no
sessions per significant changes in activities
week specific to balance confidence or
depression
Zalecki et al. | Nintendo 24 PD 6 weeks of Significant improvement in Berg
(2013) Wii patients training, 2 Balance Scale, Tinnet’s
sessions per performance-oriented mobility
week assessment, timed up-and-go,
sit-to-stand test, 10-meter walk
test and activities-specific
balance confidence scale
Pompeu et al. | Xbox 7PD 5 weeks of Significant improvement in
(2014) Kinect patients training, 3 activities (balance and gait), body
sessions per functions (cardiopulmonary
week aptitude), and participation
(quality of life)
Liao et al. Nintendo 36 PD 6 weeks of Significant improvement in
(2015) Wii patients training, 2 obstacle crossing performance

sessions per
week

and dynamic balance

Most of the studies have been conducted with the Nintendo Wii coupled with the
Balance Board. Specific solutions have been gradually developed since 2013 and
represent now about a quarter of the studies published in the field.

Parkinson’s disease induces abnormal movement, especially the initiation of the
motion, and balance disorders. The integration of games using the Wii in the reha-
bilitation program has a positive effect on both static and dynamic balance,
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Table 4.15 Summary of studies about specific rehabilitation games included in this review on
Parkinson’s disease

Study and Year | Subjects Interventions Outcomes

Dowling et al. |20 PD 1 session A computer-based video game that

(2013) patients incorporates therapeutic movements to
improve gait and balance for people with
PD was appealing to subjects and feasible
for home use

Van den 32 PD 5 weeks of SG is a feasible and safe approach for

Heuvel et al. patients training, 2 balance rehabilitation but results are not

(2014) sessions per week | superior over conventional balance training

Galna et al. 9PD 1 session It is safe and feasible for people with PD to

(2014) patients use SG intervention to improve the postural
control

Palacios- 7PD 5 weeks of Significant improvements in completion of

Navarro et al. | patients training, 4 time score and the 10 meters walk test score

(2015) sessions per week

Fig.4.10 Repartition of Parkinson’s disease (n = 13)

the devices for studies on Specific
Parkinson’s disease games
31%

Wii
Py 61%
PlayStation
0%
Kinect
8%

mobility, and function (Esculier et al. 2012, 2014, Pompeu et al. 2012). We already
discussed the concept of specificity of rehabilitation exercises and the notion of
transfer between these exercises and activities of daily living. A nice study showed
that after 14 weeks of training (2 sessions per week), the patients were able to trans-
fer the progresses they made during the games into relatively similar tasks of activ-
ity of daily living that had not been specifically trained during the rehabilitation
using the games (dos Santos Mendes et al. 2012). Another important aspect of reha-
bilitation programs is to determine whether or not the progresses are acquired over
a long period of time or just during the training period. One study showed that after
a relatively short program (4 weeks, 3 sessions per week), patients had a significant
increase in motor function during activities of daily living and augmented quality of
life, these progresses were maintained 4 weeks (period equal to the duration of the
intervention) after the rehabilitation program (Herz et al. 2013). Besides having an
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immediate impact on the balance and function, integrating games into the rehabili-
tation program seems therefore to induce long-term benefits.

The games have also a positive effect on the gait. After 7 weeks of training (2
sessions per week), there is an increase of stride length and walking speed and thus
increased functional independence (Gongalves 2013).

Using the Xbox Kinect was also tested first to ensure the feasibility and safety of
this intervention with PD patients (Galna et al. 2014) then in a longer study (5 weeks
3 sessions per week) to evaluate the potential clinical effects. The games improve
balance and walking, cardiopulmonary function as well as the quality of life
(Pompeu et al. 2014).

Concerning the specific solutions, most of them are focusing on the rhythmicity
of movements (Robles-Garcia et al. 2013) and the dual-task training (Su et al. 2015),
two important kinds of rehabilitation exercises for PD patients. Solutions integrating
virtual reality and visual feedback have also been developed. The aim is to provide
an increased visual feedback to facilitate the integration of visual information in the
vestibular-visual control loops (see Sect. 2.1.3). However, currently this kind of
approach has not demonstrated superior efficacy compared to conventional rehabili-
tation program for balance with this kind of patients (van den Heuvel et al. 2014).

4.8 Orthopedic

After any type of orthopedic intervention (surgery, cast immobilization), rehabilita-
tion sessions are prescribed. The aim of these sessions is to restore normal mobility
and optimal joint functioning. After a surgery or immobilization muscles are atro-
phied, the joints are stiff and the proprioception is decreased. To avoid further com-
plications, it is essential to restore these functions.

Currently, the development of serious games in the orthopedic field is mainly
done in two pathologies: the management of low back pain and rehabilitation after
prosthesis (hip and knee).

4.8.1 Low Back Pain

Low back pain can be acute (pain that lasts for less than 4 weeks), subacute (pain
that lasts between 4 weeks and 3 months), or chronic (pain lasting for more than 3
months). Low back pain management depends on the type of pain and of the under-
lying pathology. It has been clearly demonstrated that, once again, the best approach
is a multidisciplinary management of these patients. Many centers offer back
schools program in which patients receive physiotherapy treatment, aerobic training
(treadmill, bike, rowing machine), occupational therapy advices, and drug interven-
tion, if the pain cannot be managed, as well as a psychological intervention.

Low back pain not only affects the patients physically, but also the quality of life
(job loss, reduced social contact, poor sleep quality).
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One of the objectives of the back school program is to teach the patient how to
manage the pain in order to be more independent (patient empowerment). In the
case of low back pain, perhaps more than in any other condition, it is essential that
patients regularly perform home exercises to maintain the benefits achieved during
the revalidation. Despite this need, only a few patients regularly perform such kind
of exercises. It is indeed estimated that only 30% of patients actually perform the
exercises prescribed by therapists (van Gool et al. 2005)!

Currently, the use of games is tested to try to increase compliance and adherence
of patients to the prescribed exercises. In the future, the games will probably also be
used to ensure that patients perform the exercise properly and be sure that they are
doing it correctly (see Sects. 7.3.1 and 7.3.2).

The first study was conducted in 2013: a group of 24 low back pain patients were
divided into three groups: a group with video games, a group with lumbar spine
stabilization exercises, and a group receiving conventional treatment. After 8 weeks
of intervention (3 sessions per week), the authors observed a significant increase in
all the physical parameters (strength, walking distance) but also psychological
(depression scale, sleep quality) in the first group while in two other groups improve-
ments in physical parameters only were observed (Park et al. 2013). This study
suggests that the use of games could have a beneficial effect on the related disorders
associated with chronic low back pain.

Another study showed similar results after a 4 weeks training (also 3 sessions per
week). 30 patients participated in this study and were separated into a group receiv-
ing treatment with the games and a group receiving conventional treatment. After
the intervention, patients in the video game group had lower levels of pain than the
conventional group and were also less afraid to move and perform physical activi-
ties (Kim et al. 2014).

4.8.2 Prosthesis

Some problems of an aging population (increased risk of falls, decreased cognitive
functions, loss of strength and proprioception) have already been addressed.
Osteoarthritis (progressive deterioration of articular cartilage that leads to pain and
a decrease of the walking distance and autonomy) can be added to this list. The most
commonly affected joints are the hip and knee. Once the joint is too damaged the
treatment is prosthesis (total or partial depending on the severity). To prevent mus-
cle atrophy and stiffness of the joints, mobilization must occur as soon as possible
after the surgery. In case of total knee prosthesis, mobilizations already took place
the first day after the intervention. For the hip prosthesis, it takes two or three days
before performing weight-supported exercises.

We already discussed the positive effect of exercise training on psychological
functions with low back pain patients (Park et al. 2013). It would also be possible to
achieve changes in physical function by doing mental training. One study has indeed
highlighted the positive effect of a daily 12 days mental training program with the
game “How old is your brain” directly after total hip replacement.
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After this program, patients in the intervention group presented more favorable
clinical evolution compared to the control group (Lehrl et al. 2012).

Performing mental activity improves the physical rehabilitation of patients after
total hip replacement. This underlines the importance of neural plasticity and the
complexity of the different neural circuits involved in the motor control.

Another study explores the feasibility and safety of incorporating active video
games in revalidation after placement of total knee prosthesis. Fifty patients partici-
pated in this study. Fifteen minutes of video games were included in the conven-
tional session (30 min) of physical therapy while the control group received 30 min
of physical therapy. The authors did not reveal any significant difference between
the groups for pain or function. The patients were equally satisfied with either pro-
cedure (Fung et al. 2012).

Finally, although it is not a study about the rehabilitation after prosthesis, it is
worth mentioning this study about rehabilitation after reconstruction of the cruciate
ligaments of the knee since it is also a very common surgery in orthopedics. 30
patients were included in this study and were divided into two groups: one receiving
rehabilitation using video games and the other group receiving conventional treat-
ment. After 12 weeks of revalidation (3 sessions per week), there was no difference
between the two groups in terms of muscle strength, dynamic balance, and range of
motion of the knee (Baltaci et al. 2013).

These two studies show that games could be integrated safely into treatment and
in some cases even replace conventional treatment. Some patients obtained similar
results with the games than with conventional care.

4.9  OtherPathologies

In this part, we will discuss various pathologies to show the wide range of different
possible interventions. The list of these pathologies is obviously not exhaustive.

4.9.1 Multiple Sclerosis

Multiple sclerosis, MS, is a disease affecting the central nervous system. This is an
autoimmune disease that affects the myelin sheath surrounding the nerves. Myelin
serves to protect the nerves but also and especially to increase the speed of propaga-
tion of nerve impulses.

Due to the high prevalence of the disease in the population, about 1/1000, this
pathology could have been discussed in a chapter as well as for stroke or cerebral
palsy but due to the limited number of studies in the domain we discuss it here.

The disease progresses as relapsing-remitting. Contrary to what have been thought
for a long time, physical activity does not increase the risk of triggering a relapse. It
is therefore recommended to increase the physical activity level of the patient. The
level of activity must be adapted to the patients’ abilities because it has been shown
that the decline of the disease was slower when the physical activity level was higher.
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Before discussing the clinical efficacy, a team of researchers studied the impact
of the use of games on self-confidence and in quality of life. After 40 sessions of
training, they observed that patients that are using the games had more confidence
in their ability to achieve physical goals and to participate in recreational activities.
The games allow the patient to train without having to go to a physiotherapist or a
gym. The study also highlights the fact that one must be careful during the first ses-
sions with the games because patients are intimidated by playing games and are
afraid of falling (Gutiérrez et al. 2013).

Regarding the clinical efficacy, two studies have been identified with the Wii
Balance Board. The first did not show any positive effect of training (12 sessions over
6 weeks) compared with a group of patients that did not perform exercises (Nilsagard
et al. 2013). By cons in the second study, also after a 12 sessions training (4 weeks),
the authors demonstrate a significant increase in the balance after the intervention
compared to a group following a conventional rehabilitation (Brichetto et al. 2013).

The same positive results on balance were found after training 40 sessions
(10 weeks) conducted with the Xbox Kinect compared with conventional treatment
(Ortiz- Gutiérrez et al. 2013).

4.9.2 Fibromyalgia

Fibromyalgia is defined by widespread pain throughout the whole body, general
fatigue, and sleep disturbances (poor and non-restorative sleep). The origin of this
disease is still not fully understood, and the therapeutic management remains con-
troversial. Besides drug therapy (e.g., pain, depression), it is important for the
patients to stay active despite the fact that exercise could exacerbate the pain. Some
studies have been conducted on the use of serious games in the treatment of this
pathology.

Six women with fibromyalgia participated in this study. After 10 sessions, the
researchers observed a significant decrease in pain and depression. It is interesting
to note that these positive results were maintained 6 months after the intervention
(Botella et al. 2013).

Another study was conducted on the potential psychological effects of the games:
quality of life, emotions, coping strategies (in psychology, it is an individual’s strategy
for dealing with stress). The purpose of this study was to promote positive emotions
and coping strategies. The results show a significant increase in general health, posi-
tive emotions, motivation, and self-esteem indicating that virtual reality can be used in
the field of psychological care of patients with fibromyalgia (Herrero et al. 2014).

Finally, a study shows that, after 15 sessions of treatment, serious games can be
integrated into the treatment of rehabilitation and have a positive effect on tempo-
rary pain reduction (Mortensen et al. 2015).

These studies show that the serious games could provide help in the treatment of
fibromyalgia.
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4.9.3 Systemic Lupus Erythematosus

Systemic lupus erythematosus is a systemic autoimmune disease (affecting the
whole body). The connective tissue (supportive tissue that surrounds and protects
the organs) are affected. Physiotherapy is important to fight against the related phe-
nomena of arthritis (inflammation of the joints), joint pain, and tendinitis. Physical
activity should also be encouraged to prevent global fatigue.

It affects mostly women (9 women for 1 men).

A group of researchers integrated the commercial video games (Wii Fit) in the
conventional treatment of these patients. After an intervention of 10 weeks (3 ses-
sions per week), they found a significant decrease in fatigue, weight, waist circum-
ference, level of anxiety, and pain (Yuen et al. 2011). The same team continued the
experiments and showed that games increased the motivation of patients and there-
fore adherence to treatment (Yuen et al. 2013).

4,9.4 Schizophrenia

Schizophrenia is a mental illness characterized by a loss of contact with reality
related to some defects in neural circuits of the brain. There are many related disor-
ders: attention, memory, concentration, deficits in executive functions (performing
daily living activities). These disorders progressively induce difficulties in social
life and activities for these patients. The management should include activities
allowing the patient to take care of itself and increase its independence. A major
psychiatric and psychological work must also be done. Solutions have been devel-
oped and tested for those patients.

A virtual reality system has been developed and tested with patients with schizo-
phrenia. After interventions, they had significant higher cognitive function, better
self-esteem, and better work performance compared with patients receiving conven-
tional and traditional care (Tsang and Man 2013).

The same findings were found in an almost similar study on the use of cognitive
rehabilitation techniques based on computational methods for improving cognitive
functions and working capacity (Lee 2013b).

Interventions to promote and encourage social skills are beneficial for patient
with psychotic disorders. However, in clinics it is difficult to perform this kind of
intervention with patients. The virtual reality could be used to facilitate this kind of
intervention. Current studies tend to show that virtual reality training could be effec-
tive to increase the social functions and interactions of these patients in activities of
daily living (Rus-Calafell et al. 2014).

Finally, it has been demonstrated that the behavior of the patients during differ-
ent tasks of virtual navigation was different compared to healthy individuals. The
use of games might therefore be used in the future as a diagnostic tool to manage
and select the best therapeutic interventions.
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4.9.5 Down Syndrome

Down syndrome (trisomy 21) induces a significant cognitive delay and various mus-
culoskeletal system disorders. After a 24 weeks rehabilitation program (2 sessions
per week) using the video games, a significant increase in sensorimotor functions
(motor control, visual skills, and sensory integration) was observed in the patients
playing games compared to a group with conventional sessions of occupational
therapy. (Wuang et al. 2011).

4,9.6 Mild Cognitive Impairment

Video games can also be used with patients with mild cognitive impairment to
improve both cognitive and motor functions. One of the advantages highlighted by
the authors is that training with video games at the home could solve some barriers
to rehabilitation (access to care, cost) and allow the patient to perform moderate
physical activities. Such solutions enable people to stay more active (Padala et al.
2011).

In another study, 40 children with developmental delays have benefited from
intervention using video games. Significant improvements in balance and grip
strength were observed compared to the control group (Salem et al. 2012). It has
also been demonstrated that a 6 weeks training program (3 sessions per week) was
effective to increase aerobic capacity (endurance) of patients with developmental
disorders and coordination issues.

4.9.7 Alzheimer’s Disease

Video games were also tested with patients with another important cognitive disor-
ders: Alzheimer’s disease. After a period of 12 weeks of training, the authors dem-
onstrated that despite the cognitive and motor disorders associated with the disease
Alzheimer’s patients were still able to play (Padala et al. 2011).

Of course depending on the cognitive abilities and the severity of the disease,
these patients were either able to play the games directly and train during the first
session or some sessions were required before they can understand how to play.

In most cases, patients were satisfied with this activity and wished to continue
with the game after the study (Boulay et al. 2011).

4.9.8 Pulmonary Diseases

In case of obstructive pulmonary diseases (asthma, chronic obstructive pulmonary
disease [COPD]), management consists in bronchial decluttering, respiratory reha-
bilitation as well as a progressive retraining. Active video games may play a positive
role in this recovery.
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The use of commercial video games in patients with cystic fibrosis showed that
playing with these games provided a level of moderate intensity physical activity in
children (O’Donovan et al. 2013) and high intensity in adults (Holmes et al. 2013).

A feasibility study was conducted with 32 patients admitted in pulmonary reha-
bilitation service. After 4 weeks of treatment with 3 sessions per week, the authors
found that use of the games was safe for the patients and allows them to practice at
a moderate physical activity level during the rehabilitation session (Wardini et al.
2013).

Using video games also seems to have a direct positive effect on lung function.
After a 12 week program (5 sessions per week), it has been shown that the patient
had a significant increase in expiratory strength and endurance as well as for some
psychological parameters (quality of life and emotions) (Albores et al. 2013).

Finally, specific games were developed to train expiratory capacity with COPD
patients. These games are controlled by a spirometer. After a training period of 2
weeks, the results of all pulmonary measurements were increased. However, it is not
clear whether this increase is due to clinical improvement in lung function or a
habituation of the spirometry (Bingham et al. 2012).

4,99 Diabetes

Diabetes is defined by excessive glucose concentration in the blood (blood sugar).
There is a lack of insulin production in the pancreas in the case of type I diabetes;
in the case of type II diabetes, insulin is produced normally but there is a resistance
of muscle cells, fat tissues, and liver to this hormone. This resistance is in most
cases due to modern lifestyle: bad eating habits (fast acting sugar) and not enough
physical activity. We already discussed that the games could be used to educate
patients about the problem of diabetes and glycemic control (Sect. 3.3.2). For
patients with type II diabetes, it is important to promote regular physical activity
and modify the alimentation. Serious games can help with this. An extensive study
with 220 patients showed that after 12 weeks of daily training using the Nintendo
Wii Fit there was a significant decrease of the blood parameters (glycated hemoglo-
bin, fasting blood sugar level), weight, and BMI. The general level of physical activ-
ity was also significantly increased. Another interesting point to note is when
patients are more physically active they also have a better quality of life and mental
state (decrease depression and increase self-esteem) (Kempf and Martin 2013).

This study demonstrates, once again, the importance of promoting physical
activity not only for the direct physical benefits it provides but also for the many
related positive psychological aspects (Lee and Shin 2013).

4.9.10 Urinary Incontinence

Urinary incontinence is the uncontrollable and involuntary loss of urine. Because of
the constitution of the pelvic floor and the constraints on it during pregnancy or
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childbirth, these disorders are much more common in women than in men. Coupled
to preventive exercises (e.g., hypopressive abdominal exercises), the rehabilitation
exercises (strengthening of the pelvic floor muscles and proprioception) are key
pieces of the urinary incontinence management.

Dance video game was tested with patients presenting urinary incontinence.
These games were used as functional rehabilitation tool (strength, proprioception,
mobility) in combination with the conventional rehabilitation exercises for the pel-
vic floor muscles (contraction and proprioception). After a 12 week intervention
(one session per week), the 24 patients included in the study showed a decrease in
the amount of urine leakage, an increase in quality of life and increased adherence
to treatment (Elliott et al. 2015).

Another study showed that training with video games is possible to increase the
executive functions of these patients and the walking ability in dual-task situation.
The authors have shown not only a decrease in urinary incontinence but also an
improvement of walking in dual-task condition, these factors indicate a decreased
risk of falling that, as we have seen, can be particularly dangerous and debilitating
for older patients (Fraser et al. 2014).

4.9.11 Pain Management

Pain is the most common complaint in medical consultation.

Several approaches can be used to integrate the games in pain management
program.

The first is that games can be used for educational purposes to explain the dis-
ease, the treatment, or adverse side effects inherent of it. We have already presented
the case of the “Captain Novolin” game for diabetic patients (Brown et al. 1997) and
the play “Re-Mission” for cancer patients (Beale et al. 2007). We also saw the
importance of education and information on issues related to overweight and
obesity.

Pain, especially chronic pain, remains a relatively poor and poorly understood
process. Therefore, patients are asking many questions. Health professionals are not
always present and available to respond. Thus, “virtual coaches” have been devel-
oped (explanatory videos, texts, videos) to answer the questions of the patients and
help them.

These virtual systems have proven their efficacy in the treatment of chronic pain
associated with osteoarthritis in the elderly. This tool appears to be a feasible solu-
tion to increase the dialogue on pain management between patient and therapist
(McDonald et al. 2013).

Finally, the third approach is to create a distraction phenomenon in patients when
performing painful procedures. The challenge for developers is to create games in
which the patients won’t move but will be immersed enough in order to not feel
pain.
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Such solutions have been developed for young children going to the dentist.
There was a significant decrease in pain perception and anxiety with the use of vir-
tual reality glasses and games during dental treatment (Asl Aminabadi et al. 2012).

Another particularly painful condition is the treatment of severe burns. Virtual
reality and serious games can be used to reduce pain during wound cleaning. The
results seem to be maintained over time; in fact, after 3 or 4 days there is always a
positive effect on pain during care (Faber et al. 2013).
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Clinical and Practical Applications

Sometimes, you have to get to a point of total frustration before you’ll be
ready to make a big change. Don’t wait for what anyone else should

do but hasn’t yet and likely won't. Instead, look for what is up to you
and what you can do to change the situation for the better...even if i

t means walking away entirely.

— Doe Zantamata

5.1 Body and Brain

The relation between body and brain and how those two elements are working
together is still a tricky question. Before discussing the practical applications of the
serious games, let’s have a quick overview of the integration of body and brain.

5.1.1 History and Philosophy

For thousands of years, questions about the soul, mind, and body have been dis-
cussed by philosophers, scientists, and doctors. Two major currents have emerged:
the dualism, a strict separation between body and soul, developed by Plato, and the
monism, considering the body as an indivisible whole, on the other hand. Today,
majority of the questions about consciousness remain unanswered.

In medicine and revalidation, it is clear that the dualistic approach still prevails
today. Indeed, only a few specialties are interested in the body as a whole and, a
fortiori, analyze the links and relations between these two entities.

The new “transhumanist” and “posthumanist” philosophico-medical currents
always pinpoint this body—mind dichotomy by considering the brain as a transmitter
of commands that can be artificially recreated (neural stimulation, transcranial mag-
netic stimulation, etc.) and as a hard disk for memories and emotions. Researchers
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even focus on “mind uploading,” literally downloading the mind and knowledge to
a computer. Some scientists believe that fiction will become reality around 2045
(Wiley 2014)!

Yet, as we will see, patients would benefit from a holistic approach by making
the most of each entity.

5.1.2 Current Knowledge

A better understanding of mind—body interactions has been made possible by a bet-
ter understanding of brain’s physiology and functioning. Two technologies have
allowed major advances in this field, on the one hand, functional imaging of the
brain and, on the other hand, brain operations performed on awake patients. The
work and the discoveries made in these two fields have shown that the hypotheses
of Broca developed nearly 150 years ago were not, fully, correct. According to
Broca, each cognitive function is located in a specific area of the brain. A lesion
located in this area will automatically cause a loss of the function of this area: the
famous aphasia of Broca, for example. Research in functional imaging, nuclear
magnetic resonance, magnetoencephalography, and especially brain operations in
awake patients during which the neurosurgeon specifically tests various areas of the
brain, ensuring him that the patient is always able to perform certain tasks (e.g.,
talking, playing music, performing calculation) showed that the locations described
were not as precise as what was commonly described and admitted and especially
that the most important element for brain function was not these areas but the con-
nections between the different regions involved in a neural function (Duffeau 2016).
In physical rehabilitation and movements training, it is thus not only important to
stimulate the motor cortex but also to stimulate all the different zones involved: pre-
motor cortex, motor, cerebellum, basal ganglia—and the connections between those
zones but also the areas in charge of the cognitive functions. It is therefore important
to maximize the different types of simulation.

5.1.3 Physical Rehabilitation Using the Brain

The interest of the brain—body relationship is not new in medicine. The best-known
example of “brain deception” is the “placebo” effect, the suggestion of the treatment
leads to physiologic changes induced by the brain that thinks it has been treated
(Finniss et al. 2010). This mechanism also works in the opposite direction, when the
administration of a treatment without active principles triggers undesirable effects:
the “nocebo” effect (Zaccara et al. 2016).

This principle of luring the brain is also found in physical revalidation in the mir-
ror therapy. Created in 1996 and intended initially for amputees of an upper limb,
this therapy aims to delude the brain by projecting an image of the limb on the
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amputated limb, thanks to the use of a mirror (Altschuler et al. 1999). This tech-
nique is now applied to hemiplegic patients: the image of the healthy limb is pro-
jected of the affected limb. When the patients are moving the healthy limb the brain
thinks that it is the affected limb that is moving and significant improvement of the
affected limb are observed.

Today, this principle of mirror revalidation is integrated into virtual revalidation
solutions: augmented reality (adding visual information that overlays reality) fits
perfectly to this theory and allows immersion and more complex motions than those
possible with the simple mirror.

We have already seen that virtual reality and new technologies allow to (re)create
environment to perform dual-task training. There are many possibilities to perform
cognitive tasks coupled with motor activity or to disturb the brain (e.g., inversion of
left and right movements, top and bottom) and force it to use and create other neural
connection.

In addition to these techniques of virtual reality, simple cognitive exercises car-
ried out using video games would have a favorable effect on the physical condition.
We already presented this study that demonstrated the positive effect of a daily
program of 12 mental training sessions with the game “How old is your brain”
directly after the total hip replacement. After this program, mentally trained patients
showed a better clinical outcome than those in the control group while they did not
have more physical exercises than in the control group. Mental activity improves the
revalidation of patients after total hip replacement (Lehrl et al. 2012). This proves
the importance of neuronal plasticity and the complexity of the different neural
circuits responsible for motor function.

Another study demonstrated the close interaction between brain and body.
Researchers studied the correlation between the activation on the prefrontal cortex
during the gait and the risk of fall. They observed that prefrontal brain activity levels
while performing a cognitively demanding walking condition predicted falls in
high-functioning seniors. These findings implicate neurobiological processes early
in the pathogenesis of falls (Verghese et al. 2017)

5.1.4 Effect on Physical Activity on the Brain

We have seen that a cognitive training has a positive influence on the motor aspects,
is the opposite true? Since the 1990s, the number of published studies on the link
between physical activity and cognitive performance has increased exponentially.
Two questions could be raised: Does physical activity have an immediate and/or
long-term effect on cognitive functions?

Concerning the short-term effect, the activation of the cerebral cortex after a
period of 20 min of walk compared to a group of subjects that do not move is much
more important, leading de facto to an increase in cognitive abilities (Hillman et al.
2009).
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For the long-term effect, a meta-analysis published in Nature summarized the
different researches performed: a positive correlation between aerobic capacities
and computing and reading capacities has been demonstrated (Hillman et al. 2008).

The type of exercise (endurance, explosive effort, or strength training) does not
seem to influence cognitive performance (Harveson et al. 2016). The choice can
therefore be left to the patient according to his abilities and envy.

5.2 Integration of Serious Games in the Conventional
Rehabilitation

In the previous chapter, a lot of studies have been presented about the use of serious
games to perform physical rehabilitation and the effect of this new approach on
several outcomes.

Several approaches are possible to integrate serious games within the rehabilita-
tion. Before discussing those modalities, it is important to discuss a bit about the
acceptance of new technology by the physiotherapist and the medical world in
general.

From the earliest times, physiotherapy and rehabilitation have been character-
ized by this special relationship that is established and built up throughout the treat-
ment between the clinician and the patient. This relationship is built on the duration
of treatment.

We have seen in the previous chapters the importance of developing new equip-
ment for patients and clinicians. This technological development, coupled with the
evolution of computers and related disciplines: Big Data, Data Mining, Artificial
Intelligence, offers, and will offer, every day new possibilities and perspectives in
the fields of rehabilitation and medicine.

It is therefore no longer a question of whether technology and informatics will be
developed and used in the field of healthcare or not but a question of time. The tech-
nophobic and retrograde attitude of some people would not allow a constructive
debate and an enlightened and enlightening vision.

It is interesting to note that misoneism, which aims at rejecting any innovation,
is not specific to technology or healthcare. There are plenty of examples in the lit-
erature of these neophobes: scientists, philosophers, professors, etc.

Several scenarios are possible to accept the technology or not and the computer
in health care system from the most conservative: total rejection of the use of tech-
nology to the most technophile one that would like to replace human by robots and
computers. We will discuss this question in the next chapter.

From now on let’s consider that the technology is a support and a help for both
clinicians and patients and let’s see how to use it and integrate it in different phases
of the rehabilitation process.
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5.2.1 Early Phase

Patients with some pathologies, such as acute stroke, polytrauma, and severe burns,
could not move during the early stages of management and hospitalization.
Currently, the treatment during this phase is mainly focusing on the prevention of
associated complications (e.g., bedsores, thrombosis).

We have just seen that brain training could have a positive influence on the body
and on motor performance; therefore, it could be interesting to try to use those con-
nections and interactions in the very early phase of the management of such com-
plex pathologies.

Two possibilities could be considered (in the context of this book):

The first one is the use of mental training and brain imagery to (r)establish syn-
aptic connection and create new neural networks that will later help with the physi-
cal rehabilitation process. Serious games can be used in this phase to help the
patients to think about the motion they need to perform. Actually in this part, this is
not really games but movies of the games, when the patient is seeing the avatar
performing some motions and tasks in the games he is integrating the information
in the area of the brain involved in the programmation of the motion. Many afford-
ables and easy-to-use electroencephalography devices (approximately 400€) are
currently being developed with a relatively small amount of sensors (16-20). The
spatial accuracy is thus limited, and it is difficult to link electroencephalography
activities to motion (e.g., the studies trying to use EEG signals to control prosthesis
are not advanced enough yet). So such kind of devices is not ready yet but with the
exponential development of technologies and artificial intelligence it should be pos-
sible in a few years.

The second one is the use of surface electromyography. This is obviously possi-
ble only when patients are still able to control and contract the muscles but electrical
activity can be detected and recorded even if the patients are not moving. Once
again thanks to the development of affordable (350€) wireless and easy-to-use elec-
tromyography devices, researchers and developers try to integrate those devices
within some rehabilitation exercises (Liu et al. 2016). This method presents lots of
advantages: rehabilitation can really start in the early phase of the medical care,
patients have to learn to contract one specific muscle (or group of muscles) in order
to avoid co-contraction (co-contraction is a frequent consequence of neurologic dis-
ease that causes difficulties in gross and fine motor control); although there is no
motion, the different systems involved in motor generation and control could be
preserved and finally it could speed up the brain plasticity.

Currently, this is only hypothetical and based on previous studies and theories
there is no trial supporting such kind of intervention yet because it is only being
developed now.
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5.2.2 During the Treatment

All the studies about the integration of serious games within the conventional reha-
bilitation process are currently being performed during the treatment.

Results of different studies (RCTs, cohorts, case studies) have been presented in
the previous chapter. There is an important aspect that needs to be taken into consid-
eration: the translational aspect of the research. To say it simply, it is the way to
integrate research (fundamental and applied) directly to the patient in clinics. Some
studies have shown great results in the very strict and controlled environment of
RCT for a new drug, medical devices, or rehabilitation techniques (efficacy) but
when the treatment is applied in daily clinics the results are not as good as expected
during the research and validation process (effectiveness).

Same problems could occur with the serious games. Of course, serious games
must be based on clinical schemes, be motivating for the patients even for a long
period and easy to use for both clinicians and patients. Maybe the most important
point is to decide when and how to integrate the games in the treatment: based on
the motivation or based on the amount of exercises.

We already discussed and highlighted the importance of motivation during the
rehabilitation. Figure 5.1 shows the typical evolution of the motivation of the patient
during the rehabilitation: during the first sessions, the patients are motivated and
they progress, then there is a plateau the evolution is slower and then finally there is
a lack of motivation when there is no more progress or when there is deterioration
of the status, the exercises are always the same. Therefore integrating the serious
games during this period before the fall of motivation is a good option considering
the motivational point of view. Most of the patients like novelty and this will boost
them and encourage them to continue the rehabilitation.

Another approach is to consider the amount of exercises and motions that the
patients are doing. In the beginning of the treatment, the sessions are close to one
another and the patients do not need to do that much exercises without the physio-
therapist. Then, progressively the sessions are getting more and more spaced and
the patients are asked to perform at-home exercises. Unfortunately, it is known that
only 30% of the patients did all the prescribed exercises at home (Bonnechere et al.
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Fig. 5.2 Example of “cooperative” work between conventional physiotherapy and serious games

2016). In order to maintain a high amount of exercises, the serious games can be
integrated progressively first during the rehabilitation session with the help and
supervision of the physiotherapist and then being progressively installed at home to
help the patients form a motivational point of view (Fig. 5.2). The games can also
be used to correct the exercises and provide feedback for both patients and clini-
cians (see Chap. 7 about the future developments) (Fig. 5.2).

5.2.3 After the Treatment

Too often after the rehabilitation, patients do not perform any exercises anymore. This
could be potentially problematic since a lot of these exercises are more preventive
than curative. Patient empowerment has been highlighted and is encouraged by lot of
national health system and professionals. It has been proved that it induces a reduction
of the cost related to healthcare and treatment. Another interesting point is that there
is a decreased the risk of relapse when the patients are more active in the treatment.
In order to turn the patient from a passive situation to an active one, the information
is very important and after the treatment the possibilities offered by the serious games
should definitely not be neglected from the motivational point of view but it can act as
areminder for the patients to perform some exercises. Furthermore, there is very often
visualization tools, in the specific system not in the commercial video games, that
allows a follow-up of the progress done by the patients that could stimulate them.
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The Need of Clinical Validation

Ultimately, I feel that will be a key to the success of this watch,
or any new wearable technology. With validation will come
utilization and ultimately success.

—Jon Meyer

6.1 Introduction

One of the conclusions of this review was that there was a lack of standardization
for protocol (e.g., duration and number of sessions) and outcome measurements.
Therefore, it is difficult to compare the studies published in this domain. However,
there is sufficient evidence in support of SG to allow its inclusion in conventional
treatment.

In this chapter, we are going to present a protocol designed for the validation of the
integration of serious games in the treatment of children with cerebral palsy (CP) (e.g.
Sharan et al. 2012). The protocol, (e.g. number of patients, tests used) can be adapted
for other pathologies, the number of patients and the tests used must be adapted.

To increase levels of evidence, it is important to adopt standardized protocols
(i.e., interventions, populations, and outcomes) and use common tools, allowing
comparison between studies (Van Sint Jan et al. 2015). The aim of this large, multi-
center study is to present a protocol to validate the use of SGs in conventional physi-
cal rehabilitation treatment for children with CP, using specially developed
solutions.

© Springer International Publishing AG 2018 119
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6.2 Designs of RCTs to Validate the use of Serious Games
6.2.1 Design

The study will be a multicenter interventional randomized controlled trial (RCT). It
will be a single-blind experiment: all testing will be performed by clinicians who
are unaware of the group allocation. Because of the nature of the intervention, it is
not possible to perform a double- or triple-blind study.

6.2.2 Setting

The flow chart for patient selection and repartition is presented in Fig. 6.1. The
duration of the intervention will be 3 months. The patients will be randomly allo-
cated to one of three groups:

* One group receiving standard physiotherapy
* One group receiving standard physiotherapy (50%) combined with SGs (50%)
* One group receiving only SGs

The intervention involving SGs is described in Sects. 6.2.4 and 6.2.5 below.

Five different evaluations will be performed during the study: one before the
intervention (baseline); two during the intervention (one per month), to determine
the best duration for the intervention; one immediately after the intervention; and

Assessed for Excluded
eligibility Did not meet
inclusion criteria
Randomized
(n=169)
I
¥ ¥ ¥
Combined
Standard Physiotherapy Serious Games
physiotherapy and Serious (n=74)
(n=21) Games B
(n=74)
¥ ¥ ¥
Lost to follow up Lost to follow up Lost to follow up
(n=1) (n=4) (n=4)
. ¥ ¥ ¥
Fig. 6.1 Flow chart for
the study and patient Expected number Expected number Expected number
study and p (n = 20) (n=70) (n =70)
selection
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INTERVENTION (3 MONTHS)
I I

TEST TEST TEST PORT-TEST
Month 1 Month 2 Month 3 Month 6

BASELINE

Fig. 6.2 Timeline for the study, with the intervention steps and evaluations in the protocol

one 3 months after the intervention, to determine whether progress is maintained
over time (the timeline for the study is presented in Fig. 6.2).

6.2.3 Participants

The inclusion criteria will include the age 618 years, a diagnosis of CP, the ability
to stand (Gross Motor Function Classification System [GMFCS]: I-II-III), and the
ability to understand the instructions (no cognitive [minimum IQ: >70] or language
problems). The exclusion criteria will include use of trunk support, behavioral dis-
orders, orthopedic interventions or botulinum toxin injections in the preceding
6 months, and the use of an intrathecal baclofen pump.

6.2.4 Materials

A platform for physical rehabilitation for children with CP, which includes spe-
cially developed serious games, has been designed and validated (Omelina et al.
2012). Several mini-games are available. Screenshots, descriptions of the games,
and the therapeutic objectives of each game are presented in Tables 6.1 and 6.2.
The system included a powerful configuration interface that allows the clinician
to set all of the game (e.g., speed, visual complexity, and sounds) and play (e.g.,
joints and required range of motion) parameters. Therefore, each set of games can
be adapted according to patient need and specificity (Omelina et al. 2012).
Screenshots and explanations for this configuration interface are presented in
Fig. 6.3. A Kinect™ sensor is used to control the games involving limb and trunk
displacement, and a Wii Balance Board™ (WBB) is used for balance and posture
training. This system has already been used in a feasibility study involving 10
children with CP (Bonnechere et al. 2017).

6.2.5 Interventions

The duration of the intervention will be 3 months, with three sessions per week,
each lasting 30 min. The duration of the intervention and number of sessions are
highly dependent on the study, and there is no consensus regarding the best treat-
ment duration or number of sessions in the literature (Bonnechere et al. 2014).
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Table 6.2 Summary of the therapeutic objectives of each game
Dark green main target, light green secondary target, red not targeted

Mot
or
Control

Game Balance |Posture |Proprioception |Strengthening

Wipeout

Mushrooms

Flight
simulator
Hit the
box

The
pirates
Drop the
ball

Fig. 6.3 (a) Configuration interface used to adapt the games to each patient. (b) A single touch is
used to select a body segment. (¢) An up-down gesture is used to specify the neutral position for
the selected body segment. (d) A gesture involving two fingers is used to specify the range of
motion for the selected joint
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Therefore, we will perform intermediate evaluations during the intervention to ana-
lyze the patients’ progress (if any) over time and define the best duration for the
intervention in future clinical use.

For the group receiving SG exercises, the order of the games and configuration
used (game controllers and joints involved) will be defined at random to avoid
effects of habituation or fatigue. Each game will be played for 5 min (3 different
games in the group receiving combined physiotherapy and SGs, and 6 in the group
receiving only SGs). At the end of the intervention, each game will be played for the
same amount of time.

Relative to commercial video games, one of the advantages of specific games in
rehabilitation is that they can be configured and adapted according to patient need
and specificity. The games will be configured by a trained therapist during the first
session of the intervention. This configuration will be modified according to the
patients’ progress (or a familiarization with the games) after 1 and 2 months, to
ensure that it is suits their abilities.

With respect to the standard physiotherapy, the therapist will not receive particular
instructions, with the exception of those regarding the duration of the session, which
is fixed to 30 min for the group receiving standard physiotherapy alone and 15 min for
the group receiving standard physiotherapy combined with 15 min of SGs.

6.2.6 Outcomes

Several parameters will be evaluated during the study. A distinction will be made
between the tests performed during evaluations (Fig. 6.2) and continuous follow-up
performed during rehabilitation exercises.

6.2.7 Evaluation

All of the tests that will be performed during the five evaluations are presented in
Table 6.3.

Balance and posture: Two different approaches are available to assess balance
(e.g., diagnosis and treatment evaluation): quantitative evaluation using force plates
(Bonnechere et al. 2015b) or qualitative evaluation using a clinical scale (Heyrman
etal. 2011).

Qualitative balance assessments will be performed using the qualitative Trunk
Control Measurement Scale (Heyrman et al. 2011), which is subdivided into three
categories: static sitting balance, dynamic sitting balance, and dynamic reaching.
The total possible score is 58 points for healthy subjects (i.e., 20 points for static
sitting, 28 points for dynamic sitting, and 10 points for dynamic reaching). The
scale has previously been used to evaluate trunk control before and after an SG
intervention (Bonnechere et al. 2017).

Quantitative balance assessments will be performed using the WBB coupled to
software to obtain parameters derived from center of pressure (CoP) displacement
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Table 6.3 Tests used to assess patients

Baseline | Intervention | Post-test
Test 1 2 3 14 |5

TCMS Static sitting (/20)
Dynamic sitting (/28)
Dynamic reaching (/10)
Total (58)

Balance Bipedal—eyes open
Right leg—eyes open
Left leg—eyes open
Bipedal—eyes closed
Right leg—eyes closed

Left leg—eyes closed
FMS Home (/6)

School (/6)
Community (/6)
Total (/18)

PEDI Self-care (/73)
Mobility (/59)

Social function (/65)
Total (/197)

MUUL (/122)
PedsQL Physical health (/100)
Psychosocial health (/100)
Total (/100)

SFQ-child
Borg scale of perceived exertion (/20)

FMS functional mobility scale, MUUL Melbourne assessment of unilateral upper limb function,
PEDI pediatric evaluation of disability inventory, PedsQL pediatric quality of life inventory, SFQ
short feedback questionnaire, TCMS trunk control measurement scale

(Bonnechere et al. 2015b). Patients will be asked to stand on the WBB for 30 s.
Different conditions will be tested: bipedal and unipedal with eyes open and closed.
The parameters derived from CoP will include total displacement of sway, the area
of the 95% prediction ellipse (often referred to as the 95% confidence ellipse); dis-
persion of CoP displacement from the mean position, the distance between maxi-
mum and minimum CoP displacement, mean velocity for CoP displacement; and
anterior-posterior and medio-lateral displacement of the total CoP sway divided by
the total duration of the trial (total mean velocity). We decided to use the WBB
instead of a laboratory force plate to facilitate the organization of the study. All of the
experiments can be conducted in the institutions, and patients will not need to visit a
gait laboratory. Several studies have validated the use of the WBB to assess balance
and posture in patients with neurological diseases in clinical contexts (e.g., multiple
sclerosis (Castelli et al. 2015) and Parkinson’s disease (Holmes et al. 2013)).

Gross motor function: The Functional Mobility Scale, which is completed by
parents and measures children’s ability to move in various situations (e.g., at home
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and at school) will be used to assess gross motor function (Harvey et al. 2010). The
Pediatric Evaluation of Disability Inventory will be used to evaluate patients’ auton-
omy, mobility, and social function (Dumas et al. 2010). The GMFCS and the Manual
Ability Classification System (Compagnone et al. 2014) will be used to define the
population during the first evaluation.

Fine motor control in the upper limbs: The Melbourne Assessment of Unilateral
Upper Limb Function (MUUL), which is an objective tool that evaluates upper limb
function in children with CP, will be used to assess upper limb function. Several
functions, such as grasping, releasing, and object manipulation, will be assessed.

Quality of life: Quality of life will be assessed using the Pediatric Quality of Life
Inventory (PedsQL). The PedsQL is a brief, standardized, generic assessment
instrument that systematically evaluates patients’ and parents’ perceptions of
health-related quality of life in pediatric patients with chronic health conditions
(Varni et al. 1999).

Patient’s satisfaction: The Short Feedback Questionnaire for Children will be
used to assess patients’ responses while performing exercises. This scale evaluates
8 items: enjoyment, sense of presence, success, control, perception of the environ-
ment as realistic, the understandability of feedback from the games, discomfort, and
difficulty level (Weiss et al. 2004). The Borg Scale of Perceived Exertion will be
used to assess patients’ perceived physical effort, with responses provided using a
scale ranging from 6 (no exertion) to 20 (maximum exertion possible) (Borg 1990).

6.2.8 Continuous Follow-Up

All of the motions performed by the patients will be recorded via the game control-
lers (Kinect™ and WBB). Dynamic evaluation of the balance will be performed for
the games played using the WBB. The same parameters as those used for the quan-
titative balance assessment will be used to perform this follow-up. Depending on
the games and configurations used, different scores will be derived from the games
played using the Kinect™ (Bonnechere et al. 2015a; Sholukha et al. 2015).

6.2.9 Statistical Analysis

The normality of the data will be assessed using Kolmogorov-Smirnov tests. ANOVAs
will be performed to compare results of the five evaluations. In cases involving differ-
ence, post hoc tests will be performed using the Bonferroni procedure. To identify the
patients who benefit most from the intervention, progress made between baseline and
the mid-term intervention (assessment at 2 months) will be evaluated and expressed in
percentages using Eq. (6.1), before examining correlations between this score and
GMEFCS and Manual Ability Classification System classification.

. . Post-intervention test — Pre-intervention test
Normalized difference = x100 (6.1)

Pre-intervention test
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The same procedure will be applied before the baseline and final (3 months after
the intervention) evaluations to determine whether there is a correlation between the
progress made during the intervention, assessed immediately after the intervention,
and retention.

The characteristics of the tests used to assess the patients were used to estimate
the required sample size. We set the expected differences for the tests just above the
standard error of measurement for each test. Because of the heterogeneity of the
sample size estimation, we chose the highest value (for the MUUL and PedsQL)
and set the sample size at 70. Based on this value, we calculated power and obtained
amean P of 0.86 for all tests (lowest p was that of the MUUL [0.77]).

6.3 Discussion

Because of the complexity of CP, management is a complex task that requires the
involvement of a multidisciplinary team. Rehabilitation exercises must be per-
formed as frequently as possible to avoid spasticity and related consequences (e.g.,
vicious attitudes or bone deformation). These exercises (at home or with a physio-
therapist) are subject to several problems. The first involves a lack of patient motiva-
tion, with only 30% of patients performing the exercises regularly at home (Sluijs
et al. 1993). The second is that exercises performed at home are not supervised by a
clinician, and there is no feedback provided for either patients or therapists. The
third involves difficulties in gaining access to care, which are roughly categorized as
either financial or physical. For these physically impaired children and their care-
givers, the need to travel to a rehabilitation center frequently is a serious burden.
The World Health Organization highlighted lack of access to available rehabilitation
services, particularly in low-income countries and rural areas, as a major barrier to
rehabilitation (WHO 2011). All of these problems could be solved by the use of SGs
in rehabilitation. For example, the development of rehabilitation schemes based on
SGs could compensate for the lack of therapists in some emerging countries. A
pilot-study pertaining to this topic was conducted in Jamaica (Gordon et al. 2012),
and SGs could be used to provide feedback for patients and ensure that they are
performing the exercises correctly (Bonnechere et al. 2013).

Despite these benefits, the important question as to the efficacy of SGs when
used for children with CP remains unanswered (Bonnechere et al. 2014). The lack
of evidence in this regard could result from the protocol used. Indeed, in most previ-
ous studies, SGs are added to conventional therapy; therefore, it is impossible to
determine whether the observed outcomes result from the use of SG or an increase
in rehabilitation time. For this reason, the proposed study will involve three
branches: one involving conventional physical therapy, one involving a combination
of conventional therapy and SGs, and one involving SGs alone. From an ethical
perspective, some would argue that it is unacceptable to deprive children with CP of
their regular therapy in favor of a new treatment for which there is no supportive
evidence. However, several points address this concern. First, conventional therapy
will not be lost to these children indefinitely; they will receive a different type of
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Table 6.4 Sample size estimation and power analyses

Mean Expected
Test (SD) SEM | difference N [p(n=70)
TCMS (Heyrman et al. 2011) 38 (8) 2 3 44 1093
Balance (Clark et al. 2010) 48 (13) 5 6 30 [0.99
PEDI (Berg et al. 2004) 143 (35) |10 11 63 0.84
MUUL (Klingels et al. 2008) 57 (14) 3 4 69 0.77
PedsQL (Tantilipikorn et al. 2013) 71 (17) 4 5 72 10.79

Power analyses were performed based on 70 patients

MUUL Melbourne assessment of unilateral upper limb function, PEDI pediatric evaluation of dis-
ability inventory, PedsQL pediatric quality of life inventory, SD standard deviation, SEM standard
error of measurement, TCMS trunk control measurement scale

therapy for 3 months before returning to their original rehabilitation. Second, there
are good indications from pilot studies (Bonnechere et al. 2017) and previous
research that children who receive therapy involving SGs are not worse than chil-
dren who receive regular therapy. The management and treatment of CP in children
is a complex, multidisciplinary, multidimensional task with numerous parameters
that require consideration. The complexity and heterogeneity of the clinical presen-
tation of CP make it difficult to obtain scientific evidence for treatments and inter-
ventions. Therefore, most of the treatments currently used in daily practice for
children with CP are not based on scientific evidence (Bonnechere et al. 2014).

Another weakness in previous studies was the sample size. Because of the nature
of the pathology and heterogeneity of the symptomatology, it is difficult to perform
large-scale studies; however, depending on the characteristics of tests and pathology
(see Sect. 6.2.9 and Table 6.4), a large number of patients are likely to be required
to demonstrate clinically significant differences. In this particular context, a multi-
center trial is required to facilitate patient recruitment and inclusion. Another advan-
tage of conducting multicenter trials is that they are less dependent on the enthusiasm
of one particular clinician (e.g., the researcher), and feedback and information can
be obtained from different specialists. This approach is closer to clinical application
relative to monocenter trials performed by one therapist.

One last point that requires discussion is that of game choice. We have discussed
the difference between commercial and specially developed games above. The advan-
tages of specific games adapted for rehabilitation are somewhat obvious. Of course,
this type of research could be conducted with numerous different games for the target
group. However, we have chosen to frame it in the context of a specific set of games
that have been developed in close collaboration with clinicians (e.g., medical doctors,
physiotherapists, and occupational therapists), patients, and their relatives.
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In the Future

The best way to predict your future is to create it.

— Abraham Lincoln

7.1 Problems to Solve

Although the fact that serious games have been tested since several years in clinics,
there are still a lot of problems to be solved before using them in daily clinics. Some
of these problems concern the technology (precision, price, usability) but the big-
gest problem seems to be the human mind: how to convince people that playing
games is not just fun but can really be helpful in rehabilitation? We saw in the previ-
ous chapter that well-conducted clinical studies, large-scale Randomized Clinical
Trials, are needed because as presented in the Chap. 4 such kind of studies are still
missing. Nonetheless in order to conduct such kind of a study, the clinicians must
be convinced of the benefits, safety, and the scientific basis of this new approach.

7.1.1 Technological Issues

A lot of new (gaming) devices and technologies have been presented throughout
this book as well as plenty of clinical trials and studies on the use of new kind of
technology. Nevertheless, the current technology is, currently, not fully adapted to
the clinics and further development and improvement are needed.

7.1.1.1 Accuracy and Precision

These two terms are often misused and confounded although they are used for two
totally different things. The accuracy of a measurement system is the degree of
closeness of measurements of a quantity to that quantity’s true value. The precision
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of a measurement system, related to reproducibility and repeatability, is the degree
to which repeated measurements under unchanged conditions show the same results.
Several studies have been performed in order to validate the use of gaming devices
to perform some simple biomechanical and functional assessment (see Chap. 1).
Paradoxically, the biomechanics community appears to be skeptical about the use of
this technology with patients during functional analysis, and often does not consider
it as a potential complementary tool to standard equipment (Bonnechere et al.
2016).

It appears that scientists are mainly concerned with the accuracy of instruments
in order to accept them as clinical tools.

Yet, most of the daily clinical activities rely more on measurement precision
rather than on instrument accuracy to perform patient follow-up. The term precision
includes reproducibility (i.e., interobserver measurement) and repeatability (i.e.,
intraobserver measurement).

Previously published studies on the gaming hardware validation have shown that
WBB and Kinect hardware accuracy is lower than gold standards (e.g., Clark et al.
2010, Huurnink et al. 2013 for the WBB; Bonnechere et al. 2013, Cippitelli et al.
2015 for the Kinect); for the WBB, these differences were mainly due to the lack of
rigorous calibration of the gaming hardware.

However, gaming hardware showed a similar precision to gold standards (Clark
et al. 2010 for the WBB; Bonnechere et al. 2013, 2014a, 2014b for the Kinect). This
precision seems to indicate that gaming hardware could be useful for clinical appli-
cations in order to monitor patients during follow-up activities. As such, and because
of their cost-effectiveness and easiness of use, such hardware could be used for very
frequent (e.g., weekly) assessments of patients to, for example, quantify their pro-
gresses without the need of sending the patients to specialized centers. The latter
centers would still be involved to perform a full and detailed analysis at less fre-
quent intervals (e.g., monthly or bi-annual). As the readers can see, there is a high
and obvious complementarity between both systems: on the one hand, accurate and
very detailed analysis using high-end equipment, on the other hand, precise and
very flexible general assessment using cost-effective transportable and intuitive
hardware. The availability of the latter hardware would allow more frequent func-
tional analysis in the practice of private therapists or even at the patient’s home.

7.1.1.2 Calibration and Customization
Each patient is unique with specific pathology inducing functional impairment and
limitations. Therefore, the games used for the rehabilitation of these patients should
also be adapted. This is by definition not the case with commercial games in which
it is not possible to modify any relevant parameters.

Specific games have been developed to fulfill, partially, the need of rehabilitation
and the capacities of these new kinds of “players.”

Two different approaches are currently being used to adapt the games for each
patient.

If the games are played under therapist supervision, the clinician can configure
the different parameters of the games (range of motion, joints, speed, acceleration,
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visual background and complexity, sounds, etc.) manually. User-friendly interfaces
have been developed to enable real-time modifications in these parameters while the
patient is playing in order to have direct feedback of these changes (Omelina et al.
2012).

In the future when the system will be installed in patient’s home, in a more sys-
tematic way, such kind of calibration and customization will be done automatically
based on previous and current patient’s performances, thanks to machine learning
techniques (Nirme et al. 2011; Perez et al. 2011)

7.1.2 Ethical Issues

Several ethical issues are raised by the development of serious games and telemedi-
cine. The new paradigm of communication between the different actors of rehabili-
tation is presented in Fig. 7.1. The database, including not only the data storage but
also the data analysis and data mining tools, is the key piece of telerehabilitation. As
such it is put in the middle of the organigram. Data protection authority and

— v
DATABASE ®

Fig. 7.1 The communication between the different actors of rehabilitation. Dotted lines are used
to present the traditional and conventional way of communication, solid lines are used for tele-
medicine and telerehabilitation. Note the central position of the database
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agencies in charge for the protection of medical data, including ethical committees,
pay a lot of attention to the security of databases containing medical or health-
related data (encrypted data, patient anonymization). Solid lines represent the com-
munication between patients or clinicians and the database. These connections must
also be highly secured and encrypted to allow safe transfer of the health-related data
(sensitive data).

Unfortunately, it is almost impossible to guarantee inviolable system since hack-
ers seem able to bypass almost all the security systems, even the more complicated
ones. Of course, hackers are more involved in security and financial system but
apparently health care services are not spared as illustrated by the case of a hacker
having recently taken control of the pacemaker of a patient! or hackers tacking con-
trol of self-driving cars.

7.1.3 People’s Mind

In physical rehabilitation, although there is the world “serious” in it the use of
games or serious games is, too often, only associated to fun. Therefore some clini-
cians, and patients, think that they are only playing and not doing rehabilitation
exercises. However, they are doing exactly the same kind of motions in the games
that during a conventional rehabilitation session using especially dedicated games.

People are often reluctant to use new technology, especially in the health care
sector. The use of games in rehabilitation must thus tackle these two problems:
proves that new technologies, issue from the games, and the games themselves can
be beneficial in the health care services.

With the “web generation,” or the digital native (Prensky 2007), there is no doubt
that the mentalities are going to change and there is no reason that these technolo-
gies could not be used in rehabilitation; it is certainly just a matter of time.

For the more septic, and more scientific (?), people there is a need of scientific
and clinical validation of the use of this new approach in the conventional treatment
of different health-related conditions. It is therefore important to conduct clinical
validation studies following strict protocol used in clinics to validate new treatment
(see Chap. 6).

Ultimately, as final user, patients must be convinced that serious games are ben-
eficial for them. Easy-to-use and user-friendly interfaces must be developed to run
the games for all kind of patients (elderly, patients with cognitive impairment, etc.)
(Laver et al. 2011). The games must also be easy to play and patients have to under-
stand what they have to do (Plow and Finlayson 2014). Last but not least, the inter-
face must allow a follow-up of the patients and plots the progresses over the time to
motivate and stimulate them to perform the rehabilitation exercises during a long
time of period.

"http://www.theatlantic.com/health/archive/2014/11/can-hackers-get-into-your-pacemaker/
382893/.
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7.1.4 Financial Aspects

We already mentioned the financial issue as potential barrier to rehabilitation. The
main and most important question is who is going to pay for this new kind of ser-
vice. Such kind of device could be installed in private practice, large clinical center
(hospital), or at patient’s home. Different business model and option must thus be
discussed.

In the first case, the material should be bought by the clinician (or group of clini-
cians), as it is the case with any other health care material. In some cases (choc wave
therapy, cryotherapy), clinicians are free to ask a financial participation of the
patient in addition to the session.

If the system is installed at home, several scenarios are possible. Either the
patient buys the system or he rents it for the duration of the treatment. In this case,
is it the clinician who buys the system and rents it to patients (Business-to-Business
solution)? Do the companies provide the system with a monthly subscription
directly to the patient (Business-to-Customer solution)?

Current companies are relatively young and the products are still in develop-
ment; therefore, we are not able to provide more information about the best sales
strategy or approach.

Last questions: Are the health-care systems going to participate in the reimburse-
ment, fully or partially, of this new kind of intervention? Is it that the patients need
to pay everything? What about the use of serious games in emerging countries?

7.2 A Lucrative Market?
7.2.1 Targeted Populations

The benefits generated by the industry of commercial video games are huge: 25 bil-
lion dollars estimated for 20142. Compared to this market how important can the
serious games industry be? The different pathologies discussed in the Chap. 4 have
been listed in Table 7.1. The number of patients suffering from these pathologies in
the different region of the world has been estimated.

From a business point of view, three business models are possible: develop prod-
ucts for patients (at-home system), for therapists in private practice (or small cen-
ter), or for hospital and specialized reference centers (including database for patients
follow-up).

From the patient point of view, we have highlighted that the specificity of the
treatment is a key point in rehabilitation. It is thus better to use serious games instead
of commercial video games because they are adapted to specific pathologies and
patients. Therefore, the Table 7.1 should be interpreted line by line rather than by
columns because companies must focus on one particular pathology or at least a

2The Video Gaming Industry Outlook.
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Table 7.1 Number of patients suffering from different pathologies in different regions of the

world
Total (by
Pathology Africa Americas Asia Europe Oceania pathology)
Stroke® 2 millions 2.2 millions 19 1.8 100,000 ~ 25
millions millions millions
Cerebral 3.3 millions | 2.9 millions 13 22 120,000 ~21.5
palsy millions millions millions
Aging 5.6 millions | 138.3 476 147 5.8 ~ 770
(>65 years millions (71.6 | millions millions | millions millions
old)® millions for
North
America
+66.7
millions for
Latin
America and
Caribbean)
Obesity 88 millions | 262 millions | 130 163 2 millions | ~ 645
millions millions millions
Parkinson’s | 500,000 1 million 2.15 750,000 50,000 ~5
disease* millions millions
Total (by 99 millions | 406 millions | 640 315 8 millions | ~1.5
regions) millions millions billiards

“Number of stroke survivors per year

baccording to WHO estimation for 2025 (http://www.un.org/esa/population/publications/
worldageing19502050/)

‘Crude prevalence rate

(couple) of clinical signs (e.g., balance, spasticity, coordination) in order to develop
specific solutions.

7.2.2 The Current Companies

The aim of this chapter is not to make any kind of advertising for any company; the
author is not involved in any of these, but to give an overview of the existing solu-
tions already available for clinicians and patients. This is a non-exhaustive descrip-
tion and all the existing companies are probably not listed here after.

7.2.2.1 Jintronix
This company develops serious games for neurologic rehabilitation using the Kinect
Sensor.

From a clinician point of view, they claim that the system is useful to improve the
quality (clinicians gain access to a range of valid performance metrics and multiple
means of displaying improvement) to save time (clinicians don’t need to fill in paper
since everything is in the system), and to strengthen patients’ compliance and
motivation.


http://www.un.org/esa/population/publications/worldageing19502050
http://www.un.org/esa/population/publications/worldageing19502050
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From the patients point of view, this system is more motivating than traditional
at-home rehabilitation exercises, more affordable (patients do not need to go every
times to clinicians), and more accessible (clinicians can work remotely).

7.2.2.2 SeeMe Rehabilitation

SeeMe is a computer-based system, innovative and comprehensive solution, offer-
ing clinician-controlled exercise and a diagnostic system. It is designed to help the
rehabilitation process and track patients’ progress. It improves coordination, bal-
ance, muscle strength, range of motion, reaction times, and cognitive functions. It
also uses Kinect technology.

7.2.2.3 VirtualRehab

According to their creators, VirtualRehab is a clinically validated physical rehabili-
tation system which uses video games technology and allows the monitoring of the
progress of patients from anywhere in the world. The games can be configured
according to patients’ needs and capabilities.

7.2.2.4 Mira

Mira is a software platform designed to make physiotherapy fun and convenient for
patient recovering from surgery or injury. This system transforms existing physical
therapy exercises into video games and uses external sensor to track and assess
patients’ compliance.

7.2.2.5 Rehametrics

Rehametrics, previously Neuro@home, is one solution offering both physical and
cognitive rehabilitation within the same product. This solution allows clinicians to
prescribe personalized rehabilitation exercises remotely. All the motions performed
by the patients are stored and analyzed to get feedback to both patients and thera-
pists. Clinicians can therefore objectively quantify the progress of the patient and
adapt the treatment according to the status of the patient.

7.2.2.6 Mitii: Move It to Improve It

Mitii is a solution that combines the newest research of how to prime and boost
brain and body and motion tracking using Kinect sensor and tele-technology.
Cognitive and physical training are combined in a non-prescriptive way that devel-
ops the brains’ networks, thus enhancing the foundation on which people learn and
increase skills. Mitii is customized to the individual. Training is regularly adjusted
in line with the user’s progress by the therapist.

7.2.2.7 Valedo

The Valedo’s products offer a continuous solution from spine assessment to therapy
in the clinic and at home. The Valedo Therapy Concept is developed for patients
suffering from low back pain. The system allows clinical assessments and func-
tional exercise training. This company offers both software (the games) and hard-
ware (the device) to perform the rehabilitation exercises and the evaluation.
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7.2.2.8 TyroMotion
TyroMotion is a company offering solutions, both software and hardware to per-
form virtual rehabilitation of various pathologies. Specific materials have been
developed to answer relevant clinical questions and requests: balance training,
bimanual coordination, robotic system, haptic rehabilitation, etc.

Since their products are developed for rehabilitation, they claim that the evalua-
tion and follow-up is very accurate.

7.3 NewTrends
7.3.1 Functional Evaluation During Rehabilitation

We saw in the presentation of the current available commercial products that a lot of
solutions allow evaluation and follow-up of the patients. We have also seen that
most of these companies are using commercial solution (e.g., Kinect and Balance
Board). We already discussed the limits of such kind of hardware (Chap. 1); there-
fore, novel solutions must be developed (such as Valedo and TyroMotion products)
or the available products should be improved.

For example, for the Kinect sensor the skeleton model is composed of only 25
points that are gross estimations of the center of the major joints of the human body.
This kind of model only allows simple motion assessment (e.g., vector angle
between 3 points for knee or elbow flexion, simple geometric approach to estimate
elbow abduction between shoulder and elbow) with limited accuracy.

Furthermore, this skeleton is a planar representation of the human anatomy, and
therefore does not really represent the human skeleton in 3D. It must be stressed that
in order to be used in clinics for the evaluation and the follow-up of patients, the
standard provided skeleton must be improved to include anatomical knowledge to
meet anatomical and clinical conventions. A new Model-Based Approach (MBA)
that has been specially developed for Kinect input based on previous validated ana-
tomical and biomechanical studies performed (Sholukha et al. 2013). This approach
allows real 3D motion analysis of complex movements respecting conventions
expected in biomechanics and clinical motion analysis (Bonnechere et al. 2013).

7.3.2 Telemonitoring

Thanks to the generalization of the use of new technology, there is currently more
and more electronic devices (laptops, tablets, smartphone, and smartwatch) installed
at home. All these devices could be used to monitor people (motions tracking, moni-
tor the mental health, cardiac functions, food intake, etc.).

Since the hardware is, most of the time, already at home, effort must be done on
the development of new software.
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For example, the project TEKI? has been developed for telemonitoring of patients
with mental disorders. TEKI proposes a change in the doctor—patient relationship
paradigm making easier the use of technology for people with low level of educa-
tion and/or cognitive impairment.

We have already seen that the risk of fall is one of the most problematic situa-
tions for elderly people because it induces lots of adverse effects and comorbidities
in case of fractures. Solutions have been developed to use the Kinect sensors as a
tool to evaluate the risk of fall and detect people that are most likely to fall. Different
kinds of solutions have been proposed: automated test and evaluation during medi-
cal consultation (Colagiorgio et al. 2014) or telemonitoring at home to evaluate the
patients continuously (Rantz et al. 2015).

In the future, we could also use the motions performed in the serious games to
monitor patients and detect if something got wrong during the treatment (Bonnechere
et al. 2017).

7.3.3 Evaluation of Clinical Trial

Serious games could be used to monitor the patients during clinical trials. Different
approaches can be considered (Byrom 2015).

The first one is directly linked to the functional evaluation: the games could be
used to measure objective health outcomes with more sensitivity than the scales and
scores currently used to assess patient.

Another approach is to use the games to drive positive patients’ compliance
behavior and reduce unnecessary withdrawals during clinical studies (e.g., the game
Re-Mission designed to increase the compliance to treatment for children with
cancer).

The last approach is to educate patients about clinical trial to encourage consid-
eration of trial participation and adherence to treatment.

7.3.4 Hapticand Robotic Devices

Different techniques and approaches of the telerehabilitation have been presented in
this book. We were mainly focusing on the use of commercial video games or the
use of specially developed games for rehabilitation (using the hardware developed
for commercial games). There is one important aspect of the use of new technology
in rehabilitation that we do not have addressed: the use of haptic devices.

The haptic sense recreates the sense of touch by applying force, vibrations, or
motions to the user*.

3http://ec.europa.eu/digital-agenda/events/cf/psp0113-ob3/item-display.cfm?id=10152.
*http://www.isfh.org/ch.html.
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The use of robot is quite popular in neurologic rehabilitation to help the motion,
to provide a feedback to the user, to create vibration during the motion, to provide
resistance to motion, etc.

The most known, and oldest example, of this kind of equipment is the passive
knee rehabilitation device: a system designed for early rehabilitation after total knee
replacement. This device performs flexion-extension movements of the knee to
avoid muscle contraction and regain a functional range of motion.

This “robot” is quite rudimentary since it allows only one degree of freedom and
does not adjust the amplitude or the force to the patients, those factors must be
adjusted by the physiotherapist.

Currently, two main types of robots are being developed for physical rehabilita-
tion: system for gait rehabilitation and systems designed for the upper limbs.

Before robotic gait rehabilitation system, rehabilitation of a patient with spinal
cord injury required three clinicians: one to stabilize the trunk and two to mobilize
the lower limbs in order to reproduce the gait. Two major problems were related to
this technique: the cost since three therapists must be present during the session and
the discomfort of the therapists who had to be kneeled to move the patients’ legs!
Therefore, robots that support patients and assist them to perform the motion, fully
supported and doing all the motions in the beginning before gradually becoming
more and more passive, is a valuable tool for the rehabilitation of patients suffering
from various neurological disorders. These devices (e.g., Lokomat) can also be
combined with virtual reality systems or serious games to perform dual-task train-
ing and increase the benefit of the rehabilitation.

The other important field of robotics rehabilitation is upper limbs
rehabilitation.

Different options are possible depending on the capacity of the patients from
relatively simple systems allowing two degrees of freedom: most often a table
equipped with a robotic arm that guides the movements of the patient to gradually
move towards more functional and complex systems with six degrees of freedom
able to reproduce all the complex 3D motions of the upper limbs.

One of the biggest advantages of robotics rehabilitation is the adjustment of the
force exerted by the device according to the force generated by the patient. Robotic
devices can be used to fully perform the motion or can be used to create resistance
or to slow down the motion. These systems can also induce disturbances, forces, or
motions that will reinforce the learning and the rehabilitation.

7.3.5 Orthosis

Orthosis are external devices used to support and assist the motion of one or multi-
ple joints. There are static orthosis used to lock and protect the joint and dynamic
orthosis that allow some motions. If static devices have been used for hundreds of
years (splints created with a branch used to stabilize a bone or joint), dynamic
devices are newer. Currently active and dynamic devices not only supporting the
joint but also allowing some motions are being developed and tested with patients.

Prostheses are systems that replace limbs. As with orthosis, there is a new para-
digm between totally passive systems used for years and increasingly active and
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intelligent systems currently developed that allow patients to perform more func-
tional and complex motions.

7.3.6 Virtual Reality

Virtual reality is composed of different disciplines: augmented reality, substituted
reality, mixed reality, etc.

The aim of virtual reality is to recreate artificially an environment—visual, olfac-
tory, audio, tactile—to immerse the subjects or the patient. The augmented reality is the
addition of new information that overlays information from the real world. The substi-
tuted reality is the opposite way: The goal is to subtract real information from the real
environment, to do so a camera records what the subject is seeing, and to project this
information on a virtual reality device. Then, it is possible to modify the reality accord-
ing to the needs and specificities of the rehabilitation program or the games.

The goal of virtual reality is to dupe the brain by creating an inadequacy between
visual, tactile, auditory perceptions, and the reality. The advantage of this immer-
sion in the virtual world is that a multitude of situations can be easily recreated that
place the patient in various situations compared to the traditional rehabilitation ses-
sion. Different regions of the brain can be stimulated and a faster and/or more opti-
mal recovery of those functions can thus be achieved.

This therapeutic principle is of course not, totally, innovative for rehabilitation
since it is the same principle used in the mirror therapy (Altschuler et al. 1999).

7.3.7 Machine Learning and Artificial Intelligence

We discussed about telemonitoring and the different kind of devices used for telerehabili-
tation. In a more general context, the sensors are everywhere: around us (cameras in the
street, thermal control camera in the airport), at home (motion analyzer to prevent risk of
fall), on the body (watch with heart rate monitor, smartphone with pedometer), and even
inside the body (biosensors, prosthesis). All these sensors collect a huge amount of data.

In order to get relevant and useful information from this huge dataset, machine
learning algorithms have been developed. These algorithms are designed to find
similar profiles in databases by comparing a large sample of data (variables). It is
then relatively easy to predict the behavior of an individual by analyzing the behav-
ior of many other users close to this subject.

In the medical field, such techniques are used to try to adapt the treatment and
intervention of the patients.

The role of the clinicians is to choose the best type of treatment for each patient
based of the clinical history, the environmental factors, etc. is the role of the clini-
cian. Currently, those decisions are based on the medical background but also on the
experience, developed with practice, and sometimes on intuition and feeling.

Tomorrow theses decisions must be taken with the support of the technology.
The final decision must, of course, be taken by the clinicians but data mining and
other techniques should be used of facilitate the diagnosis and increase the quality
of the treatment.
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Conclusion

The aim of this book was to give an overview of the current use of serious games in
physical rehabilitation by presenting the available technology and the status of the
clinical validation of this kind of intervention.

The main question was to determine if serious games can be used, and be efficient,
in physical rehabilitation. This is obviously not a yes or no question but several points
related to this new trend of rehabilitation were addressed: the technological issues, the
rehabilitation point of view, and several problems that still need to be fixed.

Therefore, we hope that after reading this book the reader has a more precise idea
and opinion about the possibilities offered by the serious games, but also the
limitations.

We have seen that, thanks to the development of new technology and the gaming
industry, more and more sophisticated solutions are being developed and are avail-
able for patients.

Currently the general trend is, still, that the devices used in clinics are first devel-
oped for gaming purpose only—the gaming market is much larger and lucrative
than the rehabilitation one—such solutions are then adapted and transformed for
rehabilitation purposes or used directly with the patients.

In some cases, the games are not adapted at all for patients and rehabilitation
(i.e., visual complexity, motions, speed) but the gaming devices could be used for
rehabilitation purpose (e.g., Kinect sensor and Wii Balance Board).

We have seen that, slowly but surely, the use of serious games started to emerge
in hospital and private practice. Solutions are being developed for the management
of various pathologies and therefore the number of patients that could potentially
benefit from this kind of intervention is growing and the scientific evidences sup-
porting this intervention are being published.

Some potential investors and entrepreneurs did not miss these opportunities and
believe in the future and the development of this field in the health care sector.
Companies are created and proposed several applications for telemedicine, tele-
monitoring, telecare, and telerehabiliation.

Those companies developed and proposed their solutions in a context of uncer-
tainty in terms of legality, safety, and reimboursement. This particular context does
not encourage enough new development and there is still not enough investment in
this field.
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146 Conclusion

The three most important factors hampering future development are: safety and
responsibility, price and reimboursement, and the state of mind of the users.

The question of the responsibility in case of accident should be discussed at
worldwide level no only for serious games but in the global context of the use of
new technology and robotics in the health care sector. The legislation is currently far
away compared to the development of technology, and there is a huge gap between
research and development and the use in daily clinic.

The question about price and reimbursement should also be discussed at higher
level in order to prevent medical shopping and to avoid a gap between developed
and emerging countries.

The last point is the state of mind. Despite the published studies, a lot of people
are still reluctant to use, or even to discuss about, serious games to treat patients. For
lots of people, the serious games are still just games and games cannot be used for
medical purposes.

Therefore, there is still lot of works to be done in order to continue the develop-
ment of adapted solutions based on the specificity and need of the rehabilitation
scheme and the validation of these solutions by performing a large-scale random-
ized and controlled clinical trial using the serious games in order to change people’s
mind and to convince them that serious games are serious and can be used safely to
help patients!
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