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Introduction: Serious games can be used to provide intensive rehabilitation
through attractive exercises as part of post-stroke rehabilitation. However,
currently available commercial and serious games systems primarily train shoulder
and elbow movements. These games lack the grasping and displacement
components that are essential to improve upper limb function. For this reason,
we developed a tabletop device that encompassed a serious game with a tangible
object to rehabilitate combined reaching and displacement movements: the
Ergotact system.

Objectives: The aim of this pilot study was to assess the feasibility and the short-
term effects of a training program using the Ergotact prototype in individuals with
chronic stroke.

Methods: Participants were assigned to one of two groups: a serious game
training group (Ergotact) or a control training group (Self).
Results: Twenty-eight individuals were included. Upper limb function increased

after the Ergotact training program, although not statistically significantly, and the
program did not induce pain or fatigue, demonstrating its safety.

Conclusion: The Ergotact system for upper limb rehabilitation was well accepted
and induced participant satisfaction. It complies with current recommendations
for people with stroke to autonomously perform intensive active exercises in a
fun context, in addition to conventional rehabilitation sessions with therapists.
Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT031660207ter
m=NCT03166020&draw=2&rank=1, identifier NCT03166020.

stroke, upper limb, rehabilitation, serious game, tangible object
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Introduction

Upper limb motor impairments affect 70% of people after stroke,
reducing their participation in activities of daily living (1, 2).
Improving upper limb function is therefore an essential goal of post-
stroke rehabilitation (3). Current recommendations for rehabilitation
include task-oriented training. For the upper limb, this involves
training combined reaching, grasping, displacement and release
actions (4). Training should be intense and include large numbers of
repeated movements (5). Regular training should also be provided in
the chronic phase of stroke to avoid degradation of motor capacities
and functional abilities (6). However, a major issue over the long-term
is maintaining patient motivation (7). The use of gaming technology
has become popular as a complement to traditional rehabilitation
approaches because of the fun, motivating and engaging nature of the
games (8). Many studies have evaluated the use of commercially
available systems designed for the general public, such as the Nintendo
Wii, Microsoft Xbox Kinect or Sony PlayStation, for the rehabilitation
of upper limb movements (9, 10). A systematic review of 19 studies
that included a total of 215 individuals in the chronic phase of stroke
showed that, despite the fact commercial games can be used to
increase the intensity of upper limb practice, they have little impact
on paretic upper limb function (11). According to a survey of 112
therapists, this is because of the lack of specificity of these games (12).

Serious games, designed specifically for rehabilitation, have been
increasingly developed in recent years. These games can be used to
provide intensive rehabilitation through attractive and fun exercises
(11). Systematic reviews and meta-analyses have shown that, in
contrast to commercial systems, serious games can improve the motor
ability of the paretic upper limb after stroke (13). Furthermore, they
may be more effective than conventional therapy, with a moderate
pooled effect size for the same training duration (14). It is postulated
that this greater efficacy is due to the motivational aspects of gaming,
which stimulate patients to perform a greater number of repetitions
(14). However, the currently available commercial and serious games
systems primarily train shoulder and elbow movements and lack the
grasping and displacement components that are essential to improve
upper limb function (10, 15-17). Most studies have focused either on
reaching or grasping, despite the fact these actions occur together
during activities of daily living. In our opinion, it is essential to
evaluate rehabilitation exercises that combine reaching and grasping
movements, for example, during grasping and moving an object (18).

For this reason, we established a collaboration between engineers,
developers and clinicians for the development of a tabletop device that
encompassed a serious game with a connected, tangible object to
rehabilitate combined reaching and displacement movements: the
Ergotact system (19). Electronic tabletop games have a strong potential
to facilitate the practice of specific and repeated movements,
particularly if they involve the manipulation of tangible objects (20).
For Ergotact, we chose a fantasy universe within the world of Kung Fu
based on the results of a meta-analysis that showed that fantasy
scenarios had the largest effect size compared to realistic, abstract and
mixed scenarios: it is believed that fantasy characters and scenarios
foster engagement (14). In the first phase of this project, the team of
clinicians and engineers developed the touch table and tangible object
as well as algorithmic rules for progression within the game.

Here we present the second phase of this project: a pilot study that
aimed to assess the short-term effects of a training program using the
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Ergotact prototype on paretic upper limb impairment, function, pain,
fatigue and quality of life in people with chronic stroke. Other data has
been collected with the Ergotact prototype and a motion capture
system (speed of the gesture to reach the target, kinematic, grip
strength). We chose to focus here on the clinical approach and a first
presentation of the device. We hypothesized that paretic upper limb
function would increase and that the training program would not
induce pain or fatigue.

Methods
Participants

Outpatients with chronic stroke followed in our university
hospital were invited to participate in this study if they met the
following inclusion criteria: (i) aged over 18years; (ii) hemiparesis
caused by a single hemispheric stroke more than 6 months previously;
(iii) able to lift an object placed in the paretic hand from the table; (iv)
able to understand instructions and the Ergotact program (aphasia
severity score>3 points on the Boston Diagnostic Aphasia
Examination); (v) having given written consent for participation in
the study. People were not included if they had a Montreal Cognitive
Assessment (MoCa) evaluation score<17 (the score was checked
against the patients medical record), points had undergone
musculoskeletal surgery to the upper limb in the last 6 months, or had
complex regional pain syndrome in the upper limb. The study was
approved by an ethics committee and all participants provided written
informed consent before participation. The study was registered
prospectively on ClinicalTrials.gov (NCT03166020) and was
supported by a French ANR grant (ANR-14-CE17-0019).

Materials

The Ergotact prototype is shown in Figure 1. The tangible object
was cylindrical in shape and was made using a custom-made 3D
printing tool developed specifically for this project. The diameter of
the cylinder (5cm) was chosen to conform with the typical grasping
capacity of people with chronic stroke (21). The shape of the tangible
object also matched the shape of everyday life objects such as a glass

FIGURE 1
Ergotact prototype system.
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FIGURE 2

1:Bottom right target
2:Upper right target
3:Upper middle target
4:Upper left target
5:Bottom left target )

6: Initial position of
object (Phases 1 and 2)
7: Initial position object
(Phases 3, 4, 5and 6)

Touch table with the initial position of the tangible object and targets for the assessment.

or a cup. The serious game was displayed on a touch table that could
support the movement of the tangible object.

The Ergotact game is based on a fantastic universe in which the
player embodies a character training in kung fu, guided by his spiritual
master. The character is moved by sliding the tangible object on the
touch table, jumps by lifting the object, hits by squeezing the object,
and hits using a stick by rotating the object (using wrist flexion or
extension). At the beginning, the difficulty of the game was adjusted
for each participant according to the results of the initial assessment
on the touch table. During the game, a self-adaptive algorithm ensured
that the participant always worked at the appropriate level. To progress
to the next level of the game, the participant had to win a virtual battle
otherwise they continued at the same level. If the participant could not
progress to the next level, the game automatically adjusted the level of
difficulty to match with the participant’s capacities.

A demonstration of the game is available here.!

Experimental procedure

The short-term effects of training with Ergotact were compared
with an upper-limb, home-based, self-rehabilitation program (22)
which is currently proposed in our center to out-patients with
chronic stroke.

Participants were assigned to one of the two groups: the serious
game training group (Ergotact) or the control training group (Self).
The randomization procedure was performed using computer-
generated block randomization. Participants were randomly assigned

1 https://www.youtube.com/watch?v=uA9ttrZfg_Q&ab_channel=GENIOUS

Healthcare

Frontiers in Neurology

to the study groups in a 1:1 ratio. Allocation was performed using
sequentially numbered sealed opaque envelopes.

All participants continued their usual rehabilitation in
non-specialized outpatient clinics.

The participants in the Ergotact group performed the 30-min
training program in the center, supervised by a therapist. The Ergotact
device was placed on the edge of a height adjustable table, centered on
the participant’s sternum. The participant was seated in a chair without
armrests, in front of the table, with their abdomen 5 cm from the edge.
The trunk was constrained by a harness to promote paretic upper-limb
movement rather than trunk compensations (23). The height of the
table was adjusted so that the participant’s shoulder was flexed to 45°
when the elbow was on the table.

Each training program was preceded by an assessment phase to
adjust the level of the training to the participant’s capacities to avoid
bias from heterogeneity of participant responses to the training. The
training level was then set so that training objectives were 10% further
than the movements performed during the assessment.

Figure 2 presents the spatial configuration of the targets on the
touch table for the assessment. The arrows correspond to the
movements made by the participant.

The assessment lasted between 5 and 15min depending on
participant’s abilities. For phases 1 and 2, the participant grasped the
object at position 6, which was the starting position for all
the movements.

Phase 1: sliding the object from the bottom center of the table
(position 6, Figure 2) to 5 targets that appeared at the different
extremities of the tabletop: bottom right (position 5), upper right
(position 4), upper middle (position 3), upper left (position 2), bottom
left (position 1).

Phase 2: lifting the object from the bottom center of the table
(position 6, Figure 2) to 5 targets that appeared at the different
extremities of the tabletop (bottom left, upper left, upper middle,
upper right, bottom right).
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Phase 3: rotating the object to the right by performing wrist
extension (for right-side hemiparesis) and vice versa for a left-side
hemiparesis, at position 7 (Figure 2).

Phase 4: rotating the object to the left by performing wrist flexion
(for right-side hemiparesis) and vice versa for a left-side hemiparesis,
at position 7 (Figure 2).

Phase 5: squeezing the object as hard as possible and releasing, at
position 7 (Figure 2).

Phase 6: lifting the object as high as possible, from position 7
(Figure 2).

The position of the targets induced the movement direction;
targets were positioned both on the paretic side (to stimulate shoulder
abduction) and on the non-paretic side, and in the front of the
workspace (to stimulate elbow extension) and the back of the
workspace. The results of the assessments defined the participant’s
workspace and the dimensions of the game display were adjusted to
the participant’s motor capacity.

The target on the top of the touch table on the paretic side involved
shoulder flexion/abduction and possibly external rotation and elbow
extension. The target on the top of the touch table on the non-paretic
side involved shoulder flexion/adduction and possibly internal rotation
and elbow extension. The target on the bottom of the touch table on the
paretic side involved shoulder abduction and possibly external rotation,
and elbow flexion. The target on the bottom of the touch table on the
non-paretic side involved shoulder adduction and possibly internal
rotation and elbow extension. Some tasks required wrist flexion/
extension and others required grasping / releasing of the object.

The participants in the self-training group (SELF) performed self-
rehabilitation at home. During the inclusion visit in the center, they
participated in a 30-min session with a therapist who taught them the
self-rehabilitation program. The exercises focused on upper-limb
impairments and functional limitations. They included 3 stretching
exercises, 3 strengthening exercises and 3 specific task-oriented
exercises. The stretching exercises targeted the shoulder adductors,
elbow flexors and wrist flexors. The strengthening exercises involved
lifting an object as high as possible, extending the elbow, and
performing wrist extension. The task-oriented exercises involved
grasping and moving a bottle, grasping and moving a glass, and
holding a bottle of water with the paretic hand while opening it with
the other hand. These exercises have been described previously (22).
A booklet with photographs and detailed instructions of each exercise
was provided to the participants.

The training duration was the same for both groups: 30 min per
session, 5days a week, for 2 weeks (10 sessions). This frequency and
duration was chosen to ensure that the protocol was acceptable for
participants and because we did not find evidence in the literature
that the duration of the training would influence effectiveness (14).
Moreover, in view of the fact very specific movements were
repeatedly trained, in particular with the Ergotact, we expected
short-term improvements to occur in paretic upper limb function.
In addition, the duration was constrained by the fact we had only
one prototype.

Outcomes

Outcomes were evaluated in both groups at day 0 (DO: before the
training) and at day 15 (D15: at the end of the training sessions). The

Frontiers in Neurology

10.3389/fneur.2023.1176071

occupational therapist who performed the measures was blinded to
group assignment.

Outcome measures

Assessment of impairment
- Upper extremity motor impairments were assessed using the
Upper Limb Fugl Meyer scale, which is composed of 22 items
and yields an overall score ranging from 0 (worst) to 66
(normal) (24).
- Spasticity of the elbow, wrist and finger flexors was evaluated
using the Modified Ashworth Scale (MAS) (25).
- Pain during upper limb movement was evaluated on a
ten-point visual analog scale (0: “no pain” to 10:
“unbearable pain”).
- Fatigue following the training sessions was assessed with the
Fatigue Severity Scale (26).

Assessment of function

- Upper limb motor and functional capacity was assessed using the
Wolf Motor Function Test. The maximum time allowed per task
is 120s and performance is rated on a 6-point scale (of 0-5)
where 0 =inability to perform the task and 5= performance of the
task is similar to a healthy subject (27). Change in proximal (first
6 items) and distal (last 9 items) performance time and score
were also analyzed.

- Gross manual dexterity was evaluated using the Box and block
test. It consists of grasping, moving and releasing as many
2.5-cm cubes as possible from one box to another in
1 min (28).

- Complex activities in different categories of daily living were
assessed using the Frenchay activities Index. It includes 15 items,
and the score is based on the frequency at which activities are
performed in daily life ranging from 0 (inactive) to 45 (very
active) (29).

Quality of life
- Quality of life was assessed with the Short Form Health Survey
SF12 (30).

Satisfaction/motivation

- Satisfaction and motivation were each assessed on a ten-point
visual analog scale (0: “worst” to 10: “best”). At the baseline
assessment (DO0), participants were asked to evaluate their
satisfaction with their usual conventional rehabilitation in a
non-specialized outpatient clinic and their level of motivation to
continue. At D15, they were asked to evaluate their satisfaction
with either the Ergotact or self-rehabilitation program and their
level of motivation to continue.

Data analysis

Descriptive statistics were calculated and data are presented as
medians (interquartile ranges) for continuous variables and
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- aged over 18 years
6 months previously

table
- able to understand instructions

Assessed for eligibility (n =50)

- hemiparesis due to a single hemispheric stroke more than

- able to lift an object placed in the paretic hand from the

Enroliment
DO Evaluation

Randomized (n = 28)

Assessement

Upper limb Impairment

- Fugl Meyer

- Spasticity

- Pain

- Fatigue

Upper limb function

- Wolf Functional
Motor Test

- Box and Block

- Frenchay Activities

ERGOTACT: Ergotact
training group

Training with Ergotact
device supervised by an

Index Occupational Therapist.
. . (n=14)
Quality of life
- SF 12

v

Not included (n = 22)

- severe aphasia, apraxia or neglect (n = 5)

- those unlikely to adhere to the program
(n=0)

- having undergone musculoskeletal
surgery to the upper limb in the last 6
months (n=0)

- Refused to participate (n=17)

SELF: Home self-training group

Standardized self-training program at

Allocation
home.

(n=14)

Satisfaction/ Motivation

D15 Evaluation

- VAS |
Lost to follow-up (n =2) Lost to follow-up (n = 2)
Follow-Up
Protocol too demanding Protocol too demanding
Analyzed (n= 14) Analysis Analyzed (n = 14)
FIGURE 3
Study flow chart.
frequencies for categorical variables. Because of the explanatory Results

design of this study and the small sample, non-parametric tests were
used. Differences between the two groups in age and time since
lesion were compared using the Mann Whitney U test and
differences between sex, laterality, type of stroke and side of
hemiparesis, were compared using the Fisher exact test. The
Wilcoxon test was used to evaluate changes in outcomes between D0
and D15 for each group. Between group differences in change were
evaluated using the Mann-Whitney U test. Intention-to-treat
analysis was performed, and missing data were imputed with the
Last Observation Carried Forward LOCF method. The level of
significance was fixed at p<0.05. Data were analyzed using R
software version 3.6.1.
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Of the 50 eligible participants invited to take part in the study, 17
could not participate because their professional activity or their
schedule was not compatible with the protocol requirements (i.e.,
daily attendance at the center if allocated to the Ergotact group). Five
met an exclusion criterion, thus 28 were included (13 females and 15
males, mean + SD age 61.8 + 13.5years). Four dropped out during the
protocol thus 24 participants completed the study. Figure 3 shows the
trial flow chart.

Participant characteristics are shown in Table 1.

There were no differences between the Ergotact and Self groups
for sex (p=0.45), time since lesion (p=0.52), laterality (p=1), type of
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TABLE 1 Demographic characteristics of participants.

Ergotact
N Mean SD
Sex 0.45
Male 6 9
Female 8 5
Age (years) 55.8 15.7 67.8 7.5 0.03
Time since lesion 12.5 11.8 9.42 4.7 0.52
(years)
Laterality 1.00
Right-handed 12 12
Left-handed 1 2
Ambidextrous 1 0
Type of stroke 0.67
Hemorrhagic 3 5
Ischemic 11 9
Side of 0.25
hemiparesis
Right 8 4
Left 6 10
MOCA score 23.71 3.38 24.00 3.111 0.64

Age, time since lesion: Mann Whitney test. Sex, laterality, type of stroke and side of
hemiplegia: Fisher exact test.

stroke (p=0.67), side of hemiplegia (p=0.25) or Moca Score
(p=0.64). Participants in the Ergotact group were younger than those
in the Self group (p=0.03).

Impairment and function

Table 2 shows the results of the upper limb impairment and
function tests.

There were no within-group differences between the baseline and
end of training outcomes in either group for the Fugl Meyer, the
modified Ashworth scale, the Fatigue Severity Scale, the WEMT, the
Box and Block test or pain during movement. The total Frenchay
activities index score and the outdoor activities dimension score
increased significantly only in the SELF group.

Quality of life, satisfaction and motivation

Table 3 shows the results of the SF12 Physical health score, SF12
Mental Health score, and satisfaction and motivation ratings.

There were no significant within-group differences between the
baseline and end of training measures in either group for quality of life
(SF12 Physical health score, SF12 Mental Health score), satisfaction
or motivation.

Discussion

This pilot study assessed the short-term effects of training sessions
using the Ergotact system, a prototype serious gaming system
developed to rehabilitate object displacement in individuals with
chronic stroke. As hypothesized, upper limb function increased
following the Ergotact training program, although not statistically
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significantly, and the program did not induce pain or fatigue,
demonstrating its safety.

The improvements in certain outcomes are interesting and
encouraging. We analyzed the proximal and distal WMFT scores and
time separately since stroke often causes differences in motor capacity
between these limb segments. Although the between-group
differences were not statistically significant, more improvements
occurred in the Ergotact group: the proximal score and performance
time increased, the distal score did not change and, the distal time
decreased; in contrast, in the self-group, all the scores decreased, and
all the performance times increased. The fact that in the Ergotact
group the improvement in some scores was associated with a
concomitant increase in performance times suggests an interaction
between speed and ability for the performance of functional tasks:
participants may have performed movements more slowly in order to
generate better movements.

An important result of this study is that it highlighted the
difficulty improving upper limb function in the chronic phase of
stroke. The mean time since stroke onset in the whole sample was
10.97 (8.99) years. By this time, it is likely that substantial
physiological and anatomical changes will have occurred within the
muscles and joints. Furthermore, individuals will likely have
accommodated to their disability by developing habits of function
that are difficult to alter, compared with those in the first or second
year of their stroke.

Two weeks seems a too short period for the rehabilitation of the
paretic upper-limb of people with stroke, and may be the reason for
the non-significant improvement in both groups. Although the meta-
analysis by Taut et al. (14) did not find any effect of the duration of
serious game training on the results, consensus within the scientific
community advocates for longer durations of rehabilitation (14). A
study by our group on the effects of the same upper limb self-
rehabilitation program performed in addition to botulinum toxin
injections (30 min daily for 4 weeks) also found only weak effects of
self-rehabilitation (30). However, in that study, participants performed
more self-rehabilitation than prescribed, indicating that they felt it was
worth it. A recent large-scale study showed that significant changes
occurred after a 90-h program (31). Therefore, we suggest that future
studies focus on upper limb rehabilitation programs of longer duration
and/or intensity for chronic stroke.

Despite the randomized allocation of participants to the two
groups, at baseline the Fugl-Meyer score was much lower in the
Ergotact group than in the Self group, although the difference was not
significant. Some participants in the Ergotact group had severe
impairment that may have reduced their chances of improving in the
short study timeframe. Likewise, the participants in the Self group
were significantly older than those in the Ergotact group, which may
have affected the results of the study. It could be hypothesized that
older participants would adhere less to the gaming nature of the
Ergotact system, however another study found no effect of age on
adhesion (31).

Other factors intrinsic to the Ergotact games could have
affected the results. Determining the appropriate level of
compromise between the difficulty of the game (target size and
sensitivity of the target validation, for example) to ensure the
participant is challenged, while allowing them to achieve the
goals to maintain their motivation (8) is highly complex. This
aspect may require further exploration of the self-adaptive
algorithm in order to optimize the Ergotact games.
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TABLE 2 Results for the impairment and function tests (Fugl Meyer, upper limb pain, fatigue severity scale, WFMT, box and block, Frenchay activities

index).

Ergotact

Median DO [IQR] Median D15 [IQR] DO)

Ergotact
p (D15 vs

Self Self

Median D15 [IQR] 55“335)

(Ergotact
vs Self)

Median DO [IQR]

Impairment assessment

Fugl-Meyer

Fugl-Meyer 39.50 [22.00; 55.75] ‘ 40.00 [28.75; 54.25] ‘ 0.68 46.00 [35.00; 51.00] ‘ 46.50 [44.38; 53.12] ‘ 0.97 0.20
Modified Ashworth scale score for each muscle group

Elbow F 1.50 [1.00; 1.88] 1.25 [1.00; 2.00] 0.68 1.00 [1.00; 1.00] 1.00 [1.00; 1.00] 0.68 1.00
Wrist F 1.00 [0.00; 1.50] 1.50 [1.38; 2.00] 0.05 1.00 [0.00; 1.00] 0.50 [0.00; 1.12] 0.34 0.20
MP F 1.00 [0.00; 1.50] 1.50 [0.00; 1.50] 0.35 0.50 [0.00; 1.50] 0.50 [0.00; 1.50] 0.37 0.54
FDS 0.00 [0.00; 0.00] 0.00 [0.00; 1.12] 0.09 0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 1.00 0.07
FDP 0.00 [0.00; 0.00] 0.00 [0.00; 1.00] 0.17 0.00 [0.00; 0.00] 0.00 [0.00; 0.00] 1.00 0.09
Upper limb pain

Pain during movement ‘ 1.50 [0.12; 5.38] ‘ 0.30 [0.00; 3.25] ‘ 0.34 ‘ 1.00 [0.00; 3.50] ‘ 0.30 [0.00; 3.65] ‘ 0.93 ‘ 0.35
Fatigue Severity Scale

Fatigue Severity Scale ‘ 4.39 [2.69; 5.36] ‘ 4.00 [3.58; 5.83] ‘ 0.98 ‘ 3.89 [2.56; 4.33] ‘ 3.67 [3.06; 4.25] ‘ 0.61 ‘ 0.98

Motor function of the upper limb assessment

‘WEMT/box and block/Frenchay activities index

WEMT time 423.00 [211.00; 776.00] 465.00 [273.00; 683.00] 1.00 215.00 [88.00; 833.00] 327.00 [69.00; 569.00] 1.00 0.84
WEMT score 36.00 [20.22; 52.00] 37.00 [24.25; 49.50] 0.76 41.00 [31.00; 46.0] 42.19 [33.75; 46.50] 0.87 0.71
WEMTp time 14.98 [11.73; 25.41] 16.30 [9.98; 34.31] 0.13 13.25 [10.67; 22.27] 14.77 [8.38; 18.12] 0.85 0.24
WEMT)p score 17.00 [12.00; 24.50] 19 [10.75; 23.25] 0.44 19.00 [16.00; 21.00] 18.50 [17.75; 21.25] 0.90 0.46
WEFMTd time 386.00 [186.00; 696.00] 370.00 [260.00; 543.00] 1.00 199.00 [75.00; 567] 270.00 [56.00; 519.00] 0.85 0.84
WEMTd score 19.00 [9.00; 26.25) 19.00 [9.00; 26.25) 0.94 23.00 [17.00; 25.00] 22.19 [16.75; 25.81] 0.86 0.58
Box and Block 11.50 [0.25; 19.50] 8.00 [0.75; 17.25] 0.72 14.50 [3.00; 26.25) 10.50 [3.75; 24.25] 0.65 0.48
FAI Total 24.00 [21.25; 32.25] 26.00 [15.50; 31.25] 0.76 14.00 [8.00; 17.00] 18.50 [13.00; 27.00] 0.03% 023
FAI domestic chores 10.00 [5.25; 12.00] 9 [6.00; 14.00] p=0.67 4.00 [0.00; 6.00] 6.00 [0.75;9.00] 0.06 0.61
FAI leisure/work 7.00 [4.00; 9.00] 5.50 [4.00; 7.50] p=083 3.00 [2.00; 5.00] 4.50 [2.00; 5.50] 0.10 037
FAI outdoor activities 10.50 [7.50; 11.75) 9.5 7.5 17.5] p=084 7.00 [5.00; 10.00] 11.00 [7.50; 12.25] 0.04% 013

Differences between D0 and D15 for each group: paired Wilcoxon test. Between, group differences in change: Mann-Whitney U test. MP, metacarpal phalangeal; F, flexors; FDS, flexor
digitorum superficialis; FDP, flexor digitorum profundus; VAS, visual analog scale WMFTp, proximal section of WMFT items 1-6; WMFTd, distal section of WMFT items 8-13 and 15; FAI,

Frenchay activities index; *, intragroup significant difference.

TABLE 3 Results of the SF-12, satisfaction and motivation questionnaires.

Ergotact Ergotact Self Self P
P p (Ergotact
Median DO [IQR] = Median D15[IQR]  (y2ysV1) MedianDO [IQR] Median D15 [IQR] (v2 vs V1) vs Self)

SF-12

SF-12 (PCS score) 32.89 [30.97; 38.16] 33.54 [23.15; 37.53] 091 30.38 [2.56; 4.33] 32.49 [27.75; 35.97] 091 0.63
SF-12 (MCS score) 43.21 [39.03; 49.67] 45.85 [41.47; 51.29] 0.47 49.39 [36.80; 54.03] 48.71 [43.57; 58.99] 0.47 051
Satisfaction/motivation regarding intervention

Satisfaction VAS 6.00 [3.88; 9.62] 8.00 [5.07; 8.62] 037 5.00 [3.10; 8.00] 7.10 [4.43; 8.27] 037 0.62
Motivation VAS 8.1(7.08;9.18] 8.25 (7.72; 9.85) 0.9 9.00 [5.75; 10.00] 8.25 (7.05; 10.00] 0.83 0.97

Differences between D0 and D15 for both groups: paired Wilcoxon test. Between group difference: Mann-Whitney U test. PCS, physical health score; MCS, mental health score; VAS, visual

analogic scale.

Importantly, the Ergotact training program did not induce
fatigue, upper limb pain or increase spasticity, demonstrating the
safety of the exercises. Furthermore, the level of satisfaction and
motivation to pursue this type of training were high. The level of
motivation relating to Ergotact training was slightly higher than for
usual, non-specialized out-patient rehabilitation, while for the self-
training, it was slightly lower. This is consistent with data in the
literature that indicate that video gaming based on fantastic scenarios
is motivating (11, 14). The higher level of participant satisfaction with
Ergotact compared with usual, non-specialized out-patient
rehabilitation is in line with the opinions of therapists collected in a

Frontiers in Neurology

previous, ergonomic study of Ergotact: therapists reported that the
Ergotact system fulfilled an unmet need for chronic upper limb stroke
rehabilitation (19). Nevertheless, the 2 weeks of rehabilitation were
too short to highlight a significant difference between the motivation
and satisfaction of the two groups. A longer-term study is required to
determine if the high motivation and satisfaction scores persist
over time.

The Ergotact system as a rehabilitation tool meets current
recommendations regarding the provision of intensive exercises for
people with stroke. Because of the exploratory nature of this study,
the Ergotact training was performed under therapist supervision,

frontiersin.org


https://doi.org/10.3389/fneur.2023.1176071
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Pouplin et al.

however, the system could be used for self-rehabilitation in addition
to supervised rehabilitation sessions, thus increasing rehabilitation
intensity (11). Despite the fact the cost is somewhat higher than a
simple exercise-based self-rehabilitation program, the Ergotact
system opens more prospects for home rehabilitation, with a self-
adaptive algorithm to ensure that the individual always works at the
appropriate level. Furthermore, training with digital technology
allows the possibility to transfer data to the rehabilitation center for
follow-up and support by a therapist, which is reccommended in the
chronic phase of stroke (32, 33). Providing continued support to
exercise is important to prevent functional deterioration (6). The
Ergotact system was developed to be relatively low-cost and based
on a tablet-like device which is familiar to the general public, and
thus easy to use in the person’s home. Furthermore, play promotes
motivation and involvement (14). The Ergotact system also offers
many long-term perspectives, such as playing within a network of
other individuals with stroke, or a multiplayer mode in which the
family could play together. Such functions could help to maintain
long-term motivation and increase home rehabilitation time.

The Ergotact prototype provides a new, objective assessment of
reaching and grasping capacity after stroke and an innovative serious
game that meets the recommendations for intensive motor training after
stroke (in a context of limited therapist time). To our knowledge, there is
currently no rehabilitation device that simultaneously trains reaching and
grasping. In addition, the Ergotact prototype allows the individual to
training autonomously outside of conventional rehabilitation sessions.

Limitations

The main limitation of this study was that the duration of training
chosen was too short. However, this study was only the second step in
the development and evaluation process of the Ergotact system after
the ergonomic study by Mégard et al. (19). The study generated
preliminary data that are required prior to performing a large
randomized, controlled trial, for example to calculate the sample size.
We performed a sample size calculation using our results, but it
showed that more than one thousand participants would be necessary.
Therefore, we suggest that future studies should evaluate rehabilitation
programs of at least 1 month in duration (34, 35) with more intense
rehabilitation (at least 3h per day) (36); this would be consistent with
the objective of the Ergotact prototype.

Conclusion

The prototype Ergotact system developed through a collaboration
between engineers, developers and clinicians trains object
displacement concomitantly with upper limb movements in a large
workspace. The high participant ratings of motivation and satisfaction
demonstrate the pertinence of its use in addition to conventional
rehabilitation sessions. Furthermore, the training had no adverse
effects. The prototype Ergotact provides new technological
possibilities for upper limb rehabilitation. It complies with current
recommendations for the autonomous performance of intensive
active exercises in a playful context, in addition to conventional
rehabilitation sessions with therapists. These preliminary data justify
the performance of a large, randomized, controlled trial involving
daily, unsupervised home-based training sessions over a very long
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period of time to determine the effectiveness of the Ergotact system
in improving upper limb function, and to evaluate long-term
adherence to training using such a system.
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