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Alexandra Königa,b,e,i, Pierre Foulonf , Baptiste Fostyg, François Bremonda,g, Fabienne
d’Arripe-Longuevilleh and Philippe Roberta,b,i

aEA 7276 CoBTeK – Cognition Behaviour Technology, University of Nice Sophia-Antipolis, Claude Pompidou
Institute, Edmond and Lily Safra center, Nice, France
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Abstract.
Background: The use of Serious exerGames (SeG) as enriched environments (EE), which promotes cognitive simulation
with physical activity in a positive emotional context, has been proposed to represent a powerful method to slow down the
decline due to neurodegenerative diseases (ND), such as Alzheimer’s disease (AD). However, so far, no SeG targeting EE
has been tested in ND subjects.
Objective: This study aimed at evaluating the usability and short-term training effects of X-Torp, an action SeG designed
for elderly ND subjects with mild cognitive impairment (MCI) and AD.
Methods: X-Torp is a SeG played using the Microsoft® Kinect™. 10 ND subjects and 8 healthy elderly controls (HEC)
were enrolled in a 1-month program with three training sessions per week. Usability was evaluated through game time, game
performance, the aerobic intensity level reached, perceived emotions, and perceived usability.
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Results: All participants successfully completed the training program. ND subjects played less and had a lower game
performance compared to HEC. During the sessions, ND subjects maintained a light intensity of aerobic activity, while
HEC maintained a moderate intensity. Both groups experienced only positive emotions, and reported a ‘moderate’ to ‘high’
perceived competence, a ‘moderate’ game difficulty, and a ‘high’ interest in the game.
Conclusion: Usability results suggest that X-Torp represents a usable EE for healthy subjects and persons with MCI and
AD. However, in order to reach moderate or high intensity of aerobic activity, X-Torp control modes should be adapted to
become more physically stimulating.

Keywords: Aerobic activity, Alzheimer’s disease, cognition, enriched environment, mild cognitive impairment, serious game

INTRODUCTION

Due to population aging, the number of people with
neurodegenerative disease (ND) leading to demen-
tia, a decline in mental ability that interferes with
activities of daily living, is predicted to escalate in
the next 50 years [1]. Dementia can result from dif-
ferent causes, the most common being Alzheimer’s
disease (AD). It is often preceded by a pre-dementia
stage, known as mild cognitive impairment (MCI),
characterized by a cognitive decline greater than
expected for an individual’s age, which, however,
does not interfere notably with activities of daily liv-
ing [1, 2]. Depending on the etiology and the disease’s
stage, dementia can be characterized by cognitive,
behavioral, motor, and/or functional symptoms. The
biological processes involved in ND are very het-
erogeneous, and include neuroinflammation, gliosis,
synaptic loss, neurodegeneration, cerebral atrophy,
and alterations of the blood-brain barrier permeabil-
ity [3]. These molecular alterations are due, among
others, to alterations in the bioenergy metabolism
(linked to dysfunctions in the brain cell mitochon-
dria), to hypoperfusion/hypoxia, and to dysfunctions
of the cerebrovascular hemodynamic (mainly due to
brain small vessel disease [3]). From a therapeu-
tic point of view, much research aims to modify
the course of the disease or to reduce the impact
of the clinical symptoms. Social interaction, activ-
ities, and motivation can have a major impact on
the disease progression. Hence, non-pharmacological
approaches targeting people’s lifestyle are of partic-
ular interest.

The Cognitive-Enrichment hypothesis [4] states
that ‘the behaviors of an individual (including cogni-
tive activity, social engagement, exercise, and other
behaviors) have a meaningful positive impact on the
level of effective cognitive functioning in old age’.
This hypothesis assigns a key role to cognitive stim-
ulation, physical activity (moderate and high intensity
aerobic activities [MIAA and HIAA]), social engage-

ment, emotions, and personality. These factors are
supposed to modulate neuroplasticity at any age.
Hence, an improvement in cognitive functioning and
a delay in cognitive decline can be achieved even
if behavioral modifications are started in later life.
One of the ideas of the Cognitive-Enrichment hypoth-
esis is to conceive enriched environment (EE) to
stimulate simultaneously several factors (e.g., cog-
nition and physical activity), in order to optimize
brain functioning. This is in line with recent recom-
mendations for dementia prevention [1, 5]. Aerobic
exercise, alone or in the context of EE (see [6] for a
review of EE effects), seems to be a powerful activ-
ity to delay neurodegenerative processes. Evidence
is available on the positive effects of HIAA (such
as walking, biking, or rowing) on cognition (better
memory and executive functions), neuroplasticity (in
the frontal and hippocampal brain regions), and max-
imal cardiorespiratory fitness (also named ‘maximal
aerobic fitness’ or ‘maximal oxygen consumption’,
VO2max) in healthy older adults and subjects with
dementia [7–9]. Moreover, animals’ studies showed
positives effects of MIAA and HIAA on cerebral aer-
obic metabolism, which can reduce alterations in the
bioenergy metabolism (e.g., increase of mitochondria
functioning in the brain cells [10]). These effects are
associated to improvements in cognitive functions,
neuroplasticity, and reduction of neuropathological
processes in animal models of ND [10, 11].

The idea to use a video game (VG) as an EE is
quite recent [12, 13]. It derives from the acknowl-
edgment that VG are intrinsically entertaining and
can involve physical exercise, leading to synergistic
effects on cognitive functions and neuroplasticity [8,
12, 13]. Serious games (SG) are VG (i.e., an amuse-
ment mental contest, played with a computerized
technology) designed primarily to educate or train the
player. VG that involve physical exercise are named
exergames. The cognitive activity stimulated by VG
depends on game types [14–16], and VG can enhance
neuroplasticity at any age [17–19]. Action VG need
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the player to move an avatar to avoid projectiles and
shoot to destroy targets (often played in first or third
person), and seem to improve several perceptual and
cognitive abilities, such as visuo-spatial and selective
attention [20–23], processing speed [24], and work-
ing memory [25]. Moreover, puzzle VG or problem
solving based mini-games are widespread and seem
to improve executive functions and processing speed
in older adults [26]. They can even produce brain
structural changes in young people [27].

Exergames (e.g., ‘WiiTMSport’) generally use
motion capture devices such as the WiiTM and the
KinectTM. Initial studies on elderly people show
positive effects of exergames on emotions (e.g.,
better quality of life and reduced depressive symp-
toms), physical fitness (e.g., improvement of strength,
agility, and aerobic performance), executive func-
tions, and processing speeds [13, 28]. However, most
of the existing exergames induce only light intensity
aerobic activity (LIAA) [29]. This is mainly due to
the fact that the WiiTM and KinectTM have limited
capabilities to capture movements in depth, and, as
a consequence, exergames usually imply stationary
movements involving mainly the upper limbs [29].
Cybercycle with Expresso® HD bike system (virtual
races played with a stationary bike) specifically tar-
gets aerobic training. Cybercycle training at HIAA,
in healthy elderly people (and in some subjects with
MCI), improve executive functions and enhance neu-
roplasticity more than cycling alone at same HIAA
[12].

The cognitive decline associated to ND questions
the usability of the VG designed for ‘healthy play-
ers’ [8, 30, 31]. Furthermore, very few SG usable in
subjects with dementia do exist, and they mainly tar-
get cognition [32, 33]. Recently, the serious exergame
(SeG) ‘X-Torp’ (Ben-Sadoun, unpublished data), was
developed to offer an EE including cognitive, emo-
tional, and physical stimulation for subjects with mild
and moderate cognitive impairment due to ND, such
as MCI and AD. However, no usability or efficacy
study has been conducted, so far.

The purpose of the present study was to assess the
usability of X-Torp in subjects with ND including
MCI and early AD, using a 1-month training pro-
gram, which aimed to induce a MIAA. Usability
was evaluated through game time, game perfor-
mance, the aerobic intensity level reached, perceived
emotions, and perceived usability. Usability in sub-
jects with ND was also compared with usability in
healthy elderly participants to detect possible X-Torp
disease-related usability problems, which could help

to find some ergonomics rules concerning the use
and the design of SeG in these populations. The
following hypotheses were advanced: (H1) all par-
ticipants should be able to complete the game (as it
was designed taking into account the target popula-
tion’s features), but game time and game performance
should be lower in subjects with ND, due to their
cognitive/physical/learning ability impairment; (H2)
all participants should be able to increase the aerobic
intensity level reached during the 1-month training, to
reach a MIAA at the end of training program, thanks
to X-Torp game controls; (H3) all participants should
report mainly positive emotions, but these should be
lower in subjects with ND, who often suffer from
apathy; (H4) perceived competence should increase
during the 1-month training in all participants, due to
game experience and the clinician’s help; (H5) per-
ceived difficulty should be comparable in the two
groups, and should not change during the training,
mainly due to the competence increase; (H6) per-
ceived interest should be lower in subjects with ND
at the beginning of the training program compared to
healthy elderly participants (again due to apathy) but
should increase at the end of training program, due
to a better understanding of game; and (H7) pre- and
post-training effects on cognitive and physical perfor-
mance are exploratory but should be different for the
two group, with an increase on physical performance
only for subjects with ND, due to their lower physical
fitness at baseline; with a small increase on cognitive
performance higher for healthy elderly participants,
due to their preserved learning ability.

METHODS

Participants

Ten elderly subjects with cognitive impairment
due to MCI or AD (ND group, including 3 subjects
with AD, 1 with mixed AD, 4 with nonamnestic
MCI, and 2 with amnestic MCI; 4 females, 6 males;
age = 82.3 ± 6.4 years; height = 167.3 ± 11.2 cm;
weight = 78.5 ± 17.8 kg) and 8 healthy elderly
control subjects (HEC group, 5 females, 3 males;
age = 71.4 ± 10.1 years; height = 167.1 ± 11.8 cm;
weight = 68.5 ± 14.1 kg) volunteered to take part in
this study. Participants were recruited at the Nice
Memory center in France. All participants were
retired, or they had not been working for the previous
two years. Participants were included in the ND
group if they had a diagnosis of MCI or early to
moderate state of AD with late onset or mixed type



A
U

TH
O

R
 C

O
P

Y

1302 G. Ben-Sadoun et al. / Serious ExerGame Training in Dementia

of AD according to the International Classification
of Diseases (ICD-10; [34]) and Peterson criteria [2].
Participants were not included if they had major
visual impairments, motor deficits requiring walking
aids, a history of myocardial infarction, tachycardia,
and/or uncontrolled hypertension. The study was
performed in compliance with the Declaration of
Helsinki, and was approved by the Nice Hospital
ethics committee (ID RCB: 2013-A00979-36). All
participants received detailed written explanations
on the study aims and procedures, and provided their
informed written consent before taking part in the
study.

Materials

The SeG was controlled by a desktop PC (Dell
Precision M4600, Intel Core i7 2 × 2.2 GHz pro-
cessor, 3Gbytes of RAM, AMD Fire Pro M5950
graphic card) and displayed on a high-resolution
wide screen (68 cm × 121 cm). Participants inter-
acted with the SeG thanks to a RGB-D (Red Green
Blue+Depth) KinectTM (V.1, Microsoft, U.S.A) and
to customized software (Software Development Kit,
Microsoft, USA).

Participants’ blood pressure and resting heart rate
(HRrest) before each training session were measured
through a digital blood pressure monitor (Omron,
M6 W, IntelliSense). Participants’ heart rate (HR)
was monitored continuously during the training ses-
sions through a wearable HR monitor with a HR
sensor positioned on the chest thanks to a chest
belt (Polar®, RS400, Finland). A customized soft-
ware (Polar® Pro Trainer 5TM, Polar, Finland) was
employed to extract and process the HR data.

The 6-Minute Walk Test (6MiWT) was realized
on a non-motorized treadmill (Striale ST-678 Mag-
Jogger II).

X-Torp SeG

X-Torp is an action SeG played with the Kinect™
(see Supplementary Video).

The scenario mode (SM) combines action game
dynamics, with exploration of open environments and
mini-games. It includes an experience point system,
which reflects the progression speed in the SM. To
complete the SM, the player must collect enough
experience points and money by destroying other
ships in the sea and by accomplishing all the missions
on the islands. The player controls a submarine in real
time with his/her stationary movements involving

(unlike most of the existing exergames) mainly the
lower limbs (e.g., walking and running on place to
move the submarine forward, using arms to turn or
shoot). Hence, several actions involving lower and
upper limb can be combined. When the player makes
a movement to give a command, the submarine per-
forms the action as long as the player keeps doing
the movement. When the player stops, the submarine
stops the action. The missions take the form of 2D
mini-games inspired to (1) classical neuropsycholog-
ical tests used in the clinical practice and (2) puzzle
VG. During mini-games, the player uses only his/her
hand, and a virtual hand follows his/her movements.
The player selects an icon by positioning the virtual
hand over it and keeping the hand position around
one second. Hence, the player is considered as phys-
ical active when he navigates or battles on the sea,
and physical inactive when he realizes mini-games
in missions on the islands. Results collected in a pilot
with healthy young adults suggested that X-Torp SM
duration is around 2 hours.

The therapist mode (TM) contains virtual versions
of classical neuropsychological tests. The only dif-
ferences are that they have the X-Torp graphics, and
are playable with the KinectTM. These tests were
employed as a starting point to design the mini-games
included in X-Torp SM, which used different items.
The TM also included a physical test played in a
virtual environment.

Procedure

Participants followed a 13-session training with
X-Torp over five weeks, for a total of 10 hours
of game stimulation. Clinical assessment was per-
formed before starting the program. A comprehensive
assessment of the physical fitness and cognitive
functions (2-3 hours) was performed by a medical
doctor one week before starting the game training
(pre-training-tests) and one week after finishing the
training (post-training-tests).

Clinical assessments

Participant’s characteristics at baseline included
collection of the following anthropomorphic data:
gender, age, height, weight, body mass index (BMI)
and education. The Apathy Inventory (AI) [35]
and the Neuropsychiatric Inventory (NPI) [36] were
used to assess, respectively, the presence of apathy
and behavioral disturbances. The Mini-Mental State
Examination [37] and the Clinical Dementia Rating
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[38] measured, respectively, global cognitive level
and dementia severity.

Assessments of the physical fitness and cognitive
functions before and after game training

Assessment of the physical fitness included three
standardized tests assessing lower limbs physical
condition during balance, gait, and sit to stand trans-
fer: the Short Physical Performance Battery (SPPB)
[39]; the 10-Meter Walk Test (10MeWT) [40, 41];
and the Time Up and Go (TUG) [42]. Aerobic exer-
cise capacity was also assessed using the 6MiWT on
treadmill [43, 44]. Assessment of cognitive functions
included: the MMSE; the Frontal Assessment Battery
(FAB) [45]; the memory and verbal fluency task of
Short Cognitive Battery (SCB Memory and SCB Flu-
ency) [46]; two tests of executive functions (the Trial
Making Test (TMT), [47]; the Digit Symbol Substi-
tution test (DSST), [48]); and one test of memory (the
Delayed Matching to Sample 48 (DMS48), [49, 50]).

X-Torp training sessions

T1
The first training session was the longest (80 min-

utes, see Table 1), but included regular breaks to
allow participants to rest. Participants were admin-
istered the cognitive tests included in the X-Torp
TM, in order to familiarize them with the mini-
games embedded in the X-Torp SM missions, and
to assess their performance in the game tests before
starting the X-Torp SM training. These tests included
an X-Torp version of: the TMT (X-Torp TMT);
the DDST (X-Torp DSST); the DMS48 (X-Torp
DMS48); inhibitory functions through the Go-No Go
Reaction Time Test paradigm (X-Torp GNGRTT)
[51] and selective visual attention through the Can-
cellation Test paradigm (X-Torp CT) [52]. At the
beginning and the end of this session, participants
were also administered the treadmill-based X-Torp
6MiWT, which following 6MiWT principles.

T2-T12
The following 11 training sessions started one

week after T1 and took place three times per week
over a 4-week period. During these sessions, par-
ticipants were trained with the X-Torp SM, for a
total of 7 hours and 40 minutes training (Table 1).
After each week first session of X-Torp SM train-
ing (T2, T5, T8, and T11), participants were asked to
fill in self-report questionnaires assessing perceived

emotions through the Positive Affect Negative Affect
Scale (PANAS) [53] and perceived usability (see
Supplementary Table 1). X-Torp SM training had
two specific objectives: session duration and aero-
bic stimulation level, which evolved from one week
to the next (Table 1). Hence, the two first weeks of
X-Torp SM training (weeks 2-3) were meant as a
learning phase, and the two last weeks (weeks 4-5)
as game physical and cognitive optimization phase.
A clinician accompanied participants to allow them
to achieve each session objectives using a chronome-
ter and a HR monitor (e.g., during the optimization
phase, the clinician asked participants to walk faster
or to run in place to increase exercise intensity). Par-
ticipants were allowed (1) to take pauses during the
sessions if they were tired, (2) to stop the session
if they were too tired or unwilling to continue for
any reason, and (3) to continue the training for a few
minutes after the end of the session to finish a task.

T13
In the last training session, participants employed

the SM for 20 minutes (physical active playing).
Then, participants employed the TM for 40 min-

utes and repeated the X-Torp TM tests administered
during T1 (except the X-Torp 6MiWT) in order to
evaluate improvements in the TM tests.

In summary, from T1 to T13, participants were
trained with the X-Torp SM for 8 hours and the X-
Torp TM for 2 hours (Table 1).

Data analysis

Game time during X-Torp SM training: (1) The
total training time, (2) the total physically inactive
training time (mini-games), and (3) the total physi-
cally active training time (navigation and battles on
the sea), as measured by the HR monitor (which
stopped during pauses and the mini-games) were
measured.

Game performance during X-Torp SM training:
The total number of times the game was completed
during the training program was calculated. More-
over, the progression speed on the SM during the
training program was assessed by the cumulative
number of experience points (Performance-1) and
the cumulative amount of money (Performance-2)
gained between T2 and T13 divided by the total time
(in minute) spent playing. Better Performance-1 and
Performance-2 indicated faster progression speed at
SM.
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Table 1
Summary of the X-Torp training sessions. The duration of the physical training is included in the total session duration (e.g., T2 consists of
30 training minutes including a minimum of 10 minutes of light physical activity: 30% of the mean%HRrpeak). W2-W3 was considered as

learning period and W4-W5 as optimization period

X-Torp training program

Weeks W1 W2 W3 W4 W5

X-Torp Mode TM SM TM

Training session T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13

Length (minutes) 80 30 30 35 35 40 40 45 45 50 50 60 20 40
Physical training including SM X-Torp training program
Length (minutes) 10 10 10 15 15 15 20 20 20 25 25 20
Intensity (Mean%HRrp) 30 30 30 40 40 40 50 50 50 50 50 50

SM, Scenario Mode; TM, Therapist Mode; mean%HRrpeak, mean percentage of heart rate reserve relative to the peak of HR measured during
the 6MiWT; W, weeks; T, training.

The aerobic intensity level reached during X-Torp
SM training: As a result of maximal cardiorespiratory
fitness decline in subjects with early AD compared
to healthy elderly people (expressed in HRpeak and
VO2

peak during maximal graded exercise testing on
treadmill [54, 55]), the aerobic intensity level reached
was not expressed in HR reserve relative to predic-
tive maximal HR equations, as used in other studies
involving healthy elderly people (for instance, see
[12]). For each training session (T2-T13), during the
active playing phases, the mean established aero-
bic intensity level reached was expressed in terms
of percentage of HR reserve relative to the peak of
HR measured during the 6MiWT (mean%HRrpeak).
It was calculated as follows:

mean%HRrpeak = ((meanHRexercise–HRrest)/
HRrpeak )×100; with: HRrpeak = HRpeak–HRrest
(HRpeak was peak of HR set during 6MiWT). As
a result of intermittent physical activity induced
by the X-Torp SM, the highest value of HR during
each training session was expressed using maximal
percentage of the HRrpeak (max%HRrpeak) and was
calculated as follows:

max%HRrpeak = ((maxHRexercise–HRrest)/
HRrpeak )×100). Then, averages of mean%HRrpeak,
max%HRrpeak and time physically active during the
learning phase (Weeks 2-3) and the optimization
phase (Weeks 4-5) were calculated.

Perceived emotions during X-Torp SM training:
Each PANAS item was scored through the 5-point
Likert ranging from 1 = ‘not at all’ to 5 = ‘very much’.
For each first training of each week (T2, T5, T8 and
T11), positive (/50) and negative (/50) affect scores
at the PANAS were measured by the sum of the 10
positive and 10 negative items scores. Then, the sum
of Positive (/100) and Negative (/100) affects scores
during the learning phase (Weeks 2-3) and the opti-
mization phase (Weeks 4-5) were calculated.

Perceived usability during X-Torp SM training:
Perceived usability questions were designed on
the two dimensions of the Technology Acceptance
Model of Davis (see [56] for review): ‘ease of use’
(3 questions for perceived competence, 3 questions
for perceived difficulty) and ‘perceived usefulness’
(3 for questions for perceived interest, see Supple-
mentary Table 1). Questions were assessed with a
7-point Likert self-report scale (ranging from 1 = ‘not
at all’ to 7 = ‘very much’). After each week first ses-
sion (T2, T5, T8, and T11), perceived competence
(/21), difficulty (/21), and interest (/21) were mea-
sured by summing the scores of the corresponding
3 items. Then, the sum of competence (/42), diffi-
culty (/42), and interest (/42) were calculated during
the learning phase (Weeks 2-3) and the optimization
phase (Weeks 4-5).

Clinical assessments: The BMI was measured
using the equation: BMI = Weight / Height2 . Edu-
cation was measured on a 5 points scale: 1 ‘no
education’, 2 ‘middle school’, 3 ‘high school’, 4 ‘A-
level’, and 5 ‘university’. Scores at AI, NPI, MMSE
and at CDR sum of boxes were calculated.

Assessment of the physical fitness (Standards
tests): SPPB score, times at 10MeWT, TUG, and
distance at 6MiWT were evaluated at pre- and post-
training-tests. In order to set the best peak of HR
during the 6MiWT, treadmill inclination was 5%
and flywheel magnetic resistance was at a middle
level. The bigger distance achieved in any of the two
6MiWT was kept for pre- and post-training-tests.

Assessment of the physical fitness (X-Torp TM
tests): During the X-Torp 6MiWT (T1), the par-
ticipant walked on a treadmill simultaneously with
an avatar walking in a virtual city. The greater
HRpeak reached in any of the two 6MiWT and the
two X-Torp 6MiWT was kept as a measure of the
HRrpeak.
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Assessment of cognitive functions (Standards
tests): Scores at MMSE, FAB, SCB Fluency, and SCB
Memory were evaluated at pre- and post-training-
tests. Times at TMT (A and B) and scores at DSST
and DMS48 (only first stage on DMS48 test but in
explicit memory [46, 47]) were evaluated at pre- and
post-training-tests.

Assessment of cognitive functions (X-Torp TM
tests): The X-Torp TMT consisted in selecting num-
bers in a numerical sequence (from 1 to 20, X-Torp
TMT A) and alternating numbers and letters in
ascending sequence (from 1 to 10 and from A to
J, X-Torp TMT B) as fast as possible. The X-Torp
DSST consisted in selecting the corresponding sym-
bol in the paired list (differently from the standard
DSST), following a list of digit, as fast as possible
in 120 seconds (see Supplementary video for exam-
ples). The X-Torp DMS48 used alternative sets of
pictures. The X-Torp CT consisted in selecting 30
target pictures among many distracter pictures as
fast as possible. For the X-Torp GNGRTT, partici-
pant clicked a mouse button as fast as possible when
a green sphere appeared, and did not click when a
square appeared. X-Torp TMT times (A and B), X-
Torp DSST score, X-Torp DMS48 score, X-Torp CT
performance (score and time), and X-Torp GNGRTT
performance (corrects action minus errors and mean
reaction time) were evaluated at T1 and T13.

Statistical analysis

All statistical analyses were performed with STA-
TISTICA 7.0.

Due to the relatively small sample size, clini-
cal assessments, game time and game performance
between-group comparisons (ND versus HEC)
were performed using Mann-Whitney U tests with
� = 0.05.

To compare usability during the learning phase
(Weeks 2-3) and the optimization phase (Weeks 4-5)
of X-Torp SM training, the aerobic intensity level
reached, perceived emotions, and perceived usability
indexes were submitted to separate repeated-
measures ANOVAs with ‘Group’ (ND versus HEC)
as between-subject factor and ‘Training phase’
(Weeks 2-3 versus Weeks 4-5) as within-subject fac-
tor. Post-hoc corrected Fisher tests have also been
reported. Differences were significant for p < 0.05.
With the hypothesis of no statistical difference for
perceived difficulty (H5), differences were not signif-
icant for p > 0.01 in order to reduce the risk of Type
1 error.

Concerning perceived usability, internal consisten-
cies of the items composing each dimension were
assessed using the standardized Cronbach Alpha
Coefficient [57].

Assessments of the physical fitness and cogni-
tive functions (including X-Torp TM tests) before
and after X-Torp SM training were performed with
repeated-measures ANOVAs with ‘Group’ (ND ver-
sus HEC) as between-subject factor and ‘Time’
(pre-training versus post-training) as within-subject
factor. Post-hoc corrected Fisher tests have also been
reported. Differences were significant for p < 0.05.

RESULTS

All participants completed the study. After data
collection, one participant in the HEC group was
excluded from the analyses because his performance
at several cognitive tests was more than two stan-
dard deviations away from the mean of the HEC
participants (suggesting the presence of a degener-
ative disease different from those addressed in the
present study). Thus, the reported results refer to 17
participants, 10 ND subjects, and 7 HEC participants.

A complete list of the ANOVAs results (p and F
values) are reported in Supplementary Table 2.

Clinical assessment

Anthropomorphic data, the MMSE and CDR sum
of box, are reported in Table 2. Participants in the
ND group were significantly older (p = 0.02) and
had a lower education level (p = 0.03) compared to
HEC participants, but the two groups did not differ
concerning the BMI (p = 0.14). Furthermore, even if
the difference did not reach statistical significance,
ND subjects had a higher AI score compared to
HEC (p = 0.056). No difference between ND sub-
jects and HEC participants was found in the NPI
score (p = 0.08). ND subjects scored lower at MMSE
(p = 0.001) and a higher at the CDR (p < .001) com-
pared to HEC participants.

Usability during X-Torp SM training

Game time and game performance
HEC participants played longer during X-Torp SM

training compared to ND subjects (p = 0.003), due to
the longer time (more than one hour) spent in the
total physically active game phases (p = 0.007, see
Table 3). No difference in the total physically inactive
game phases was found (p = 0.79).
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Table 2
Characteristics and group comparisons between ND and HEC

Participants AD/Mixed (n = 4) MCI (n = 6) ND (n = 10) HEC (n = 7) Z-adjusted

Age (years) mean (SD) 86 (4) 81 (5) 83 (5) 70 (10)∗ 2.4
Study level (0–4) mean (SD) 2 (0.8) 2.5 (1.5) 2.3 (1.3) 3.6 (0.5)∗ –2.24
BMI mean (SD) 28.1 (4.9) 27.7 (5) 27.8 (4.7) 25.3 (3.7) 1.47
AI (/12) mean (SD) 6 (3.9) 2.3 (3.7) 3.8 (4) 0.6 (1.5) 1.91
NPI (/60) mean (SD) 11.5 (11.7) 10.8 (13.9) 11.1 (12.4) 4.3 (7.8) 1.99
MMSE (/30) mean (SD) 20.5 (3.3) 24.7 (2.7) 23 (3.5) 28.6 (1.5)∗∗ –3.19
CDR sum of box (/18) mean (SD) 5.5 (2.4) 1.4 (1.1) 3.1 (2.7) 0 (0)∗∗∗ –3.55

Group comparisons were made using Mann–Whitney U test (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001). ND, neurodegenerative disease; HEC,
healthy elderly controls; BMI, body mass index; MMSE, Mini-Mental State Examination; CDR sum of box, Clinical Dementia Rating sum
of box; NPI, Neuropsychiatric Inventory; AI, Apathy Inventory; MCI, mild cognitive impairment; AD/Mixed, Alzheimer’s Disease or mixed
type of AD.

Table 3
Game play time and game performance at X-Torp SM

Participants ND HEC Z-adjusted

Total playtime (hh:mm:ss) mean (SD) 06 : 59 : 54 08 : 08 : 06 –2.98
(01 : 11 : 24) (00 : 12 : 36)∗∗

Total playtime in aerobic exercise (hh:mm:ss) mean (SD) 02 : 59 : 36 04 : 15 : 11 –2.69
(00 : 48 : 54) (00 : 39 : 21)∗∗

Total playtime without aerobic exercise (hh:mm:ss) mean (SD) 03 : 56 : 18 03 : 52 : 56 0.26
(00 : 37 : 54) (00 : 33 : 49)

Finite game (number of times). mean (SD) 2.4 (0.7) 3.8 (0.5)∗∗ –2.94
Performance-1

(experience points/minute) mean (SD) 185.6 (74.4) 298 (29.9)∗∗ –2.93
Performance-2 ($/minute) mean (SD) 84.2 (78.3) 230.9 (44.2)∗∗ –3.03

Group comparisons were made using Mann–Whitney U test (∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001). ND, neurodegenerative disease; HEC,
healthy elderly controls.

Concerning game performance, HEC participants
completed the X-Torp Scenario more times com-
pared to ND subjects (p = 0.003) and gained a
higher proportion of experience-point per minute
(Performance-1, p = 0.003) and money per minute
(Performance-2, p = 0.003, see Table 3).

The aerobic intensity level reached

A repeated-measures ANOVA on mean%HRrpeak

with ‘Group’ as between-subject factor and ‘Training
phase’ revealed a significant main effect of ‘Train-
ing phase’ (p = 0.005) and a significant interaction
between ‘Training phase’ and ‘Group’ (p = 0.046, see
Table 4). Post-hoc tests revealed that mean%HRrpeak

increased from Weeks 2-3 to Weeks 4-5 only for
HEC participants (36.3% of increase, p = 0.002).
A repeated-measures ANOVA on max%HRrpeak

revealed only a main effect of ‘Training phase’, with
an increase of 16.3% from Weeks 2-3 to Weeks 4-5
(p = 0.005). Interestingly enough, and while interac-
tion effects are not significant, simple effects analysis
suggest an increase in max%HRrpeak from Weeks 2-3
to Weeks 4-5 only for HEC participants (F(1,6) = 7.04,
p = 0.04).

A repeated-measures ANOVA on the time per
training spent in physically active playing showed
only main effects of ‘Group’ (p = 0.001) and ‘Train-
ing phase’ (p = 0.006). HEC participants spent more
time physically active per training compared to ND
subjects. However, all participants were physically
active 43.4% longer from Weeks 2-3 to Weeks 4-5.

Perceived emotions and usability

The PANAS results suggested that participants
reported to have experienced ‘moderately’ positive
emotions, and to have experienced ‘few’ or ‘not at all’
negative emotions. A repeated-measures ANOVAs
with ‘Group’ as between-subject factor and ‘Training
phase’ as within-subject factor revealed a signifi-
cant main effect of ‘Group’ only for the positive
affects scale (p = 0.01, see Table 4). HEC participants
experienced more positive emotions compared to ND
subjects.

The internal consistency (Cronbach �) of the three
items assessing perceived competence, difficulty and
interest was 0.95, 0.78, and 0.88, respectively, thus
suggesting that the three items of each subscale were
capturing the same component.
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Participants reported to be ‘moderately’ compe-
tent, and between ‘moderately’ and ‘very’ interested
in the game. They reported that the game had a
‘moderate’ difficultly. A repeated-measures ANOVA
with ‘Group’ as between-subject factor and ‘Training
phase’ as within-subject factor revealed significant
mains effects of ‘Group’ and ‘Training phase’ only
for the perceived competence scale (p = 0.045 and
p = 0.002, respectively, see Table 4). HEC partici-
pants perceived higher competence compared to ND
subjects. However, perceived competence increased
from Weeks 2-3 to Weeks 4-5 for all participants.

Although not statistically significant, ND subjects
tented to have a higher perceived difficulty score
compared to HEC (p = 0.105). A repeated-measures
ANOVA revealed a significant interaction between
‘Group’ and ‘Training phase’ for the difficulty scale
(p = 0.05, explained by an increase in perceived dif-
ficulty from Weeks 2-3 to Weeks 4-5 only for ND
subjects, p = 0.03 and by a higher perceived difficulty
in Weeks 4-5 compared to HEC participants, p = 0.02,
see Table 4).

Finally, a repeated-measures ANOVA revealed a
significant interaction between ‘Group’ and ‘Training
phase’ for the perceived interest scale (p = 0.05). Post-
hoc analysis revealed an increase in perceived interest
from Weeks 2-3 to Weeks 4-5 only for ND subjects
(p = 0.05, see Table 4).

X-Torp SM training effects

The repeated-measures ANOVA with ‘Group’ as
between-subject factor and ‘Time’ as within-subject
factor revealed a significant main effect of ‘Group’
for all the standard physical fitness tests (SPPB,
10MeWT, TUG, 6MiWT) and most of the standard
and X-Torp cognitive functions tests (MMSE, FAB,
SCB Fluency, TMT A, TMT B, DSST, DMS48, X-
Torp TMT A, X-Torp TMT B, X-Torp DSST, and
X-Torp DMS48, see Table 5). ND subjects showed
lower performance compared to HEC participants
in both tests of physical fitness and of cognitive
functions.

Also, a main effect of ‘Time’ was found for the
SPPB, TMT B, X-Torp TMT A, X-Torp TMT B, X-
Torp DSST, X-Torp DMS48, and X-Torp CT (Time),
with higher performance at post-training-tests com-
pared to pre-training-tests of 7.3%, 13.8%, 20.3%,
17.1%, 30.6%, 6.9%, and 24.2%, respectively.

Interestingly enough, and while interaction effects
are not significant, simple effects analysis suggest
a higher TMT A performance for HEC participants

(F(1,6) = 40.79, p < 0.001) and a higher TMT B per-
formance only for HEC participants (F(1,6) = 8.3,
p = 0.03) at post-training-tests compared to pre-
training-tests.

The interaction between ‘Time’ and ‘Group’ was
significant only for the 6MiWT (p = 0.04) and the
X-Torp DMS48 (p = 0.03, see Table 5). Post-hoc anal-
ysis revealed that this interaction was due to an effect
of ‘Time’ only for the ND subjects (performance at
post-training-tests compared to pre-training-tests of
23.2% for the 6MiWT, p = 0.02 and 15.3% for the
X-Torp DMS48, p = 0.003). However, performance
of ND subjects in the post-training-tests was still
lower compared to that of HEC participants (6MiWT,
p = 0.009; X-Torp DMS48, p = 0.02).

The repeated-measures ANOVA revealed no sig-
nificant effects for the SCB Memory, X-Torp CT
(score) and X-Torp GNGRTT (score and reaction
time).

DISCUSSION

The present study tested the usability and effects
of X-Torp, a Serious exerGame (SeG) targeting cog-
nitive functions and physical activity, in ND subjects
(MCI and AD) compared to HEC participants.

Results on game time and game performance show
that ND subjects played less time. HEC participants
were able to adhere to the training program in terms
of training attendance, duration, and goals. A simi-
lar adhesion level was found by Maillot et al. [13]
with 97.5% training attendance rate. ND subjects
were generally tired after 30-40 minutes of train-
ing, and needed to stop earlier or to take breaks.
In addition, 3 ND subjects missed one training ses-
sion. This result suggests that the maximal duration
of the SeG training sessions must be shorter in peo-
ple with mild to moderate cognitive impairment. ND
subjects gained fewer experience points/minute and
money/minute compared to HEC participants. As
hypothesized (H1), ND subjects progressed on the
SM at a slower pace than HEC participants. These
results are not surprising but raise a question: what
cognitive factors can explain game performance dif-
ferences between ND subjects and HEC participants?
X-Torp combines action games, mini-games, and
exergaming in order to stimulate several cognitive
functions, especially executive functions, memory,
and attention [12–15, 20–28]. It is thus difficult to
explore the relationship between performance at the
X-Torp SM and cognitive impairments.
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Results of the aerobic intensity level reached show
that HEC participants followed better the training
program goals compared to ND subjects. Accord-
ingly, the mean%HRrpeak increased from the first two
weeks to the last two weeks only for HC participants
(45% of the HRrpeak during weeks 4-5). Maillot and
colleagues [13] reached an aerobic intensity level at
41.5% of the HR reserve (relative to the equation
which estimate maximal HR) for the exergames ‘Wii
Sports’ and ‘Mario & Sonic at the Olympic Games’.
Taylor et al. [29] also reached, in similar exergames,
an aerobic intensity level at 3 MET (Metabolic Equiv-
alent of Task) only for boxing games and 1.5 to 2.5
MET for other games (tennis, golf, tai chi). In the
present study, mean%HRrpeak method was used to
account for probable maximal cardiorespiratory fit-
ness decline in people with early dementia [54, 55]
and could overestimate the aerobic intensity level in
HEC participants. Hence, it is difficult to conclude
that X-Torp, which is played primarily with stationary
movements of the lower limbs, physically stimulate
more than other exergames. Results show that the
max%HRrpeak increased from the first two weeks to
the last two weeks reaching in the HEC participants
60% of the HRrpeak. Physically active phases (naviga-
tion and battles) lasted from two to five minutes and
were alternated to physically inactive phases (mis-
sions). The max%HRrpeak values suggest that X-Torp
SM training may be even more physically intense in
HEC participants if the physically active phases were
lasting longer or permanently. Taken together, the
results of the HRrpeak suggest that X-Torp SM train-
ing seems to induce a LIAA in ND subjects (<40%
of the HR reserve) [58] and a MIAA in the HEC par-
ticipants (40% to 59% of the HR reserve) [58]. The
stimulation induced in ND subjects may not sufficient
to induce an improvement bioenergetics functions,
mainly aerobic metabolism functioning, maximal
cardiorespiratory fitness (VO2max), and thus to favor
cognitive improvements, neuroplasticity, or to slow
down neuropathological processes involved to ND
through physical training [8]. Indeed, evidence col-
lected so far suggests that bioenergetics functions,
mainly aerobic metabolism functioning and aerobic
fitness, are associated with cognitive functioning [59,
60], and could play a major in the early develop-
ment of neuropathology [8, 61, 62]. In elderly healthy
subjects or elderly subjects with MCI or AD, aero-
bic exercise training becomes efficient if the aerobic
intensity level exceeds 50% of the HR reserve [7, 8,
63–66]. The poor increase of aerobic stimulation in
ND subjects between the first two weeks to the last

two weeks could be explained by their inability to
run in place, contrary to HEC participants. However,
no study on aerobic stimulation during walk versus
run in place, and on gait apraxia during these move-
ments exists to confirm this hypothesis. Hence, these
results suggest that X-Torp and the exergames using
these control modes are not an appropriate strategy
to induce MIAA and HIAA in subjects with demen-
tia, thus rejecting hypothesis H2. In order to induce
MIAA and HIAA in subjects with dementia, X-Torp
should be interfaced with a treadmill (as done for the
X-Torp 6MiWT) or an exercise bike. For instance, in
cybercycle study [12], elderly participants have been
trained at 60% of the HR reserve.

Participants reported to have experienced positive
emotions and almost no negative emotion during the
training (PANAS), similarly to previous findings on
SG in subjects with MCI and AD [33]. HEC par-
ticipants reported higher positive emotions (from
‘moderately’ to ‘high’) compared to ND subjects
(from ‘few’ to ‘moderately’). These results sug-
gest that X-Torp represented an emotionally positive
experience, not stressful, thus confirming hypoth-
esis H3. The Cognitive-Enrichment hypothesis [4]
advanced that experiencing positive emotions is a
protective factor against brain dysfunctions. Con-
sistent with this theory, Kühn and colleagues [19]
showed a maximal effect of a VG on neuroplastic-
ity in young adults during the first month of training,
when positive emotions (e.g., the willingness to keep
playing) seemed stronger. They concluded that the
playful power of VG could partially trigger neuro-
plasticity induced by cognitive challenges. In our
study, perceived competence was different between
ND subjects and HEC participants, who reported
respectively ‘moderately’ and ‘high’ competence.
Perceived competence increased from the first two
weeks to the last two weeks of X-Torp SM training
in both groups, suggesting that participants devel-
oped game experience, confirming hypothesis H4.
Counter-intuitively, perceived difficulty tended to be
higher in ND subjects compared to HEC participants.
They reported that the game was slightly more dif-
ficult in the last two training weeks, thus rejecting
hypothesis H5. This may be explained by the fact
that training sessions became progressively longer
and, thus, more tiring. Also, despite a better com-
petence, ND subjects could have developed a better
understanding of the game challenges, and thus could
evaluate the task difficulty more objectively. Par-
ticipants reported a ‘medium’ to ‘high’ interest for
X-Torp. Perceived interest was lower for ND subjects
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at the beginning of the training program compared to
HEC participants, but increased at the end of train-
ing program, which confirming hypothesis H6. This
increase may be explained by their better understand-
ing on game, together with an increase in perceived
competence and difficulty, which made the game
more motivating. Moreover, many ND subjects (and
their caregivers) expressed the desire to continue the
training after the end of the trial. Interest did not
increase for HEC participants, most probably due
to the fact that the SM was too short for them and
became repetitive. Taken together with game perfor-
mance, these results also suggest that X-Torp should
propose a longer SM in order to play more than 1
month, especially for healthy participants.

Finally, another explanation concerning usability
differences between ND subjects and HEC partic-
ipants, is that HEC participants were younger and
more educated than ND subjects, and thus were more
likely to have gained experience with computerized
technologies (e.g., possible higher socioeconomic
status and younger age at the beginning of the VG
commercialization). Future studies should employ
a better-matched control sample, to disentangle the
effects of these variables.

Results of the pre- and post-training-tests show a
significant post-training improvement in the SPPB.
This small improvement may be explained by the fact
that X-Torp control modes required participants to
stand up, walk and run in place, and squat down, sim-
ilarly to SPPB components. Consistent with previous
findings [13], this study also showed an improvement
in the post-training 6MiWT (+36.6 meters), but only
for ND subjects. However, the X-Torp 6MiWT per-
formance (at T1) seems similar to the post-training
6MiWT. During X-Torp 6MiWT, ND subjects did not
seem to use the virtual avatar to increase their moti-
vation. Hence, the observed improvement may not be
ascribed to the training. Taken together, it is difficult
to conclude that ND subjects were physically better
after the training with X-Torp, which can be explained
by their incapacity to follow a MIAA with X-Torp
control modes, thus rejecting partially hypothesis H7.
Results of the pre- and post-training-tests show a
significant post-training improvement in the TMT
A and TMT B only for HEC participants. In a
similar population, Maillot et al. [13] showed a train-
ing effect in executive functions using several tests
including the TMT but also the DSST. Cybercycle
training study [12] showed an increase in executive
functions using several tests. The poorer cognitive
training effects for HEC participant compared to

these exergames studies may be explained by the
1-month training program. However, as showed by
Nouchi et al. [26] in 4 weeks of training using the
puzzles game ‘Brain Age’, cognitive improvements
in short term training seem possible. Results show
also better performance at post-training-tests in all
participants in the X-Torp TMT A, X-Torp TMT B,
X-Torp DSST and X-Torp CT (time). Taken together
with standard cognitive tests results, improvements in
the X-Torp TM tests did not translate into improve-
ments in the corresponding standard tests, except
for TMT in HEC participants. The differences in
X-Torp TM pre-post-training-tests sessions and no
differences in standards pre-post-training-tests in ND
subjects may be explained by their greater difficulty
to transfer their cognitive improvement to task differ-
ent from those trained (X-Torp TM Tests to standards
tests), already affected by aging [4]. More likely, this
suggests that the improvement in the X-Torp TM
tests may be mainly due to a better control of the
Kinect™ control modes. Accordingly, Basak et al.
[17] observed an increase of cerebellum volume after
VG training in novice elderly players. These authors
attributed this result to improvements of visuomotor
coordination, induced by a better control of the mouse
cursor. X-Torp CT results could reinforce this hypoth-
esis. Failing to find impairments in selective visual
attention in the ND subjects is against the expec-
tations [52], and suggests that the X-Torp CT was
not well designed. The classical CT requires finding
target symbols among distractors. The Kinect™ con-
trol modes imposed to position symbols at a certain
distance, to avoid interferences in the target selec-
tion. This constraint reduced the task difficulty, and
thus reduced the recruitment of attentional resources.
Hence, X-Torp CT improvements may be due solely
to a better control of the Kinect™ control modes, con-
firming that changes in performance in the X-Torp
TM tests should be interpreted with caution. It is
noteworthy that training program aimed at testing
usability, and was anyway too short and not intense
enough to expect large improvements in the targeted
cognitive functions.

Finally, the presence of a clinician during the whole
training could be a critical factor in determining
usability and in facilitating training adherence and
training effects, especially for ND subjects. The pres-
ence of a clinician enriched the game with a social
component, which may further contribute to trigger
neuroplasticity [4]. A feasibility study should be con-
ducted in order to evaluate the impact of the clinician
on VG usability and performance in elderly subjects,
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to assess objectively the role played by the game
social dimension.

In conclusion, this feasibility study indicates that
the SeG X-Torp represents a usable tool, not stressful,
proposing a usable EE combining cognitive, phys-
ical, and positive emotional stimulation for people
with mild and moderate cognitive impairment due
to ND and in elderly healthy people. ND subjects
progressed on the SM at a slower pace than HEC par-
ticipants and have less capacity training, suggesting
that the maximal duration of the training session for
subjects with dementia should be shorter compared
to healthy elderly people. Game difficulty seems
well calibrated in functions of subject’s competence,
reminding the importance of designing SG or SeG in
function of the cognitive or physical player’s char-
acteristics, as suggested by Bastien and Scapin [67]
through the ‘compatibility’ ergonomic criteria. How-
ever, the Kinect™ control modes, using stationary
movements, do not seem adequate to induce sufficient
aerobic stimulation, thus clearly limiting the potential
effectiveness of X-Torp. These control modes should
be adapted to become more physically stimulating
in subjects with dementia. Future efficacy studies
should test training effects in a longer training period
with a longer X-Torp SM, more participants and a
randomized controlled trial design, in order to test
the effectiveness of this SeG as EE in populations
with dementia.
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[5] O’Donnell CA, Manera V, Köhler S, Irving K (2015) Pro-
moting modifiable risk factors for dementia: Is there a role
for general practice? Br J Gen Pract 65, 567-568.

[6] Sale A, Berardi N, Maffei L (2014) Environment and brain
plasticity: Towards an endogenous pharmacotherapy. Phys-
iol Rev 94, 189-234.

[7] Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkin-
son CW, Mc Tiernan A, Plymate SR, Fishel MA, Watson
GS, Cholerton BA, Duncan GE, Mehta PD, Craft S (2010)
Effects of aerobic exercise on mild cognitive impairment:
A controlled trial. Arch Neurol 67, 71-79.

[8] Ben-Sadoun G, Petit P-D, Colson SS, König A, Robert
P (2015) Aerobic activity and environmental enrichment:
Perspective for Alzheimer’s patient. Sci Sports 30, 1-12.

[9] Yu F (2011) Guiding research and practice: A conceptual
model for aerobic exercise training in Alzheimer’s disease.
Am J Alzheimers Dis Other Demen 26, 184-194.

[10] Marques-Aleixo I, Oliveira PJ, Moreira PI, Magalhães
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JP, Goni S, Troy S (2003) [Validation of the Short Cog-
nitive Battery (B2C). Value in screening for Alzheimer’s
disease and depressive disorders in psychiatric practice]. L
Encephale 29(3 Pt 1), 266-272.

[47] Reitan RM (1958) Validity of the Trail Making Test as an
indicator of organic brain damage. Percept Mot Skills 8,
271-286.

[48] Wechsler D (1997) Wechsler Adult Intelligence Scale. 3rd
Edition (WAIS-3®). Harcourt Assessment, San Antonio,
TX.

[49] Barbeau E, Didic M, Tramoni E, Felician O, Joubert S,
Sontheimer A, Ceccaldi M, Poncet M (2004) Evaluation

http://apps.who.int/classifications/icd10/browse/2010/en#/F00-F09
http://apps.who.int/classifications/icd10/browse/2010/en#/F00-F09


A
U

TH
O

R
 C

O
P

Y

1314 G. Ben-Sadoun et al. / Serious ExerGame Training in Dementia

of visual recognition memory in MCI patients. Neurology
62, 1317-1322.

[50] Rullier L, Matharan F, Barbeau EJ, Mokri H, Dartigues
JF, Pérès K, Amieva H (2014) Test du DMS 48: Normes
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