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Abstract

Motion-based technology (MBT) has been applied in the last decades with enormous suc-
cess in a high number of applications. Its use continues growing and is specially interesting
in the health area. Nowadays, its employment is being more and more specialised with
respect to the profile of the end user (i.e., child, adolescent/teenager, adult or elderly). This
paper first reviews the use of MBT centered in the end user from a global perspective. It
also proposes a taxonomy that allows cataloguing the MBT employment directed to the end
user. Then, from these results, the paper centers the review on the MBT application aiming
to improve the health of elderly. The results highlighted in this paper can help to a better
understanding of MBT, especially when it is applied thinking in elderly as the end users.
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1 Introduction

Motion Capture (MoCap) can be globally defined as a technology that digitally tracks and
records human motion in a fixed scenario. This technology has been used in many different
areas with distinct applications related to robotics, surveillance, action/object recognition,
entertainment or humanoid imitation, just to name a few [6, 46]. This paper deals with
Motion-based technology (MBT), considered here as the use of MoCap to achieve distinct
goals depending on the profile of the end user. Generally speaking, MBT also involves the
interactive participation of the end user. MBT has been proved its efficacy in many distinct
applications but it is specially successful in the area of Health. In the scientific literature, one
can find a number of reviews centered on MoCap and its applications (e.g., [15, 44, 46, 94]).
This paper revises the term by focusing on the end user and not on the application of the
technology itself. In this sense, MoCap has been used to serve different groups of users (i.e.,
child, adolescent/teenager, adult or elderly) that differ in the age of their members. In fact,
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the profile of the end user has a clear influence in the design of user experiences based on
MoCap. This paper deals with this issue and, in its first part, describes a scoping review of
the use of MoCap with respect to the profile of the end user (i.e., a review of MBT). From
this review, the paper also proposes a taxonomy of MBT that can be used not only to classify
the existing works on MBT but also to help to the design of future user experiences based
on MBT.

The second part of the paper focuses on the group of older people (i.e., elderly), which
is the most marginalised but nonetheless important end users of technology. Note that
ageing is the accumulation of cellular deterioration over time. This affects our organism
physically (sensory, muscular, cardiopulmonary systems), cognitively (processing speed,
working memory, recognition impairment) and mentally (loneliness, depression, frustra-
tion) [39]. Although this is a natural and non-reversible effect, it happens that physical
activity can slow the process in those three aspects [32]. Nevertheless, sedentary lifestyle is
still largely present in elderly where the main barriers are health issue, lack of access, lack
of company and lack of motivation [52]. With the arrival of affordable motion-based sen-
sors able to capture and detect human movements, the Human Computer Interaction (HCI)
field made good progress towards the use of technology to support physical activity [22].
Research has identified, extracted and applied series of gaming elements, which were ini-
tially designed to entertain its audience across the whole experience, to improve motivation
and engagement in using digital activities [74]. This technique is called gamification and it
has shown beneficial effects on well-being, physical and cognitive skills in elderly [43, 55].
The gamification technique applied to physical activity creates a whole new genre called
“exergame”, which is half-way between sport and game [21]. A previous systematic liter-
ature review identified three clusters of application which are training, rehabilitation, and
wellness [29]. Exergames showed health benefits on older adults [87], including frail older
adults [92], with dementia [90] and with Parkinson disease [19]. Although exergaming is
one way of exploiting motion-based sensors, it is not the only one. Motion-based sensors
remain a focus of interest in several disciplines as a medium of interaction with digital activ-
ities, and it might result difficult to identify the existing gaps in the literature where such a
technology could be beneficial.

This paper provides three main contributions: a review centered on the end user of the
state of the art of motion-based technology, the proposal of a taxonomy for MBT, and a
specific review of the field focused on elderly (and specifically on the use of the technology
in the area of health).

2 Methods
2.1 Search strategy

We conducted the search, up to December 2021 with no domain and no year restrictions, on
the following databases: Scopus, IEEE Xplore, ACM Digital Library, PubMed, and Web of
science. We used the following search strings:

Technology: ( “motion-based” OR “gesture-based” )

®  Motor Detection: ( “motor skill” OR locomotor OR balance OR stability OR station-
ary OR manipulati* )

®  Population: ( child* OR adolescent OR teen* OR adult OR elderly )

@ Springer



Multimedia Tools and Applications (2024) 83:3963-3984 3965

2.2 Eligibility criteria

In this scoping review, we performed a two-pass selection of the screened records. For the
first pass, we included the articles that met the following criteria: (1) must use motion-based
sensors to detect movements or gestures, (2) must conduct an evaluation study (excluding
studies focused on design guidelines only), (3) must be written in English and (4) must
have the full-text available online or in the university’s library. Then, we performed a sec-
ond pass by adding more restrictive criteria: (5) must include elderly and (6) must conduct
an experimental evaluation study. Experimental studies aimed to analyse the effect of an
intervention/variable by comparing several groups. Non-experimental or observational stud-
ies happen when researchers cannot control, manipulate or alter the subjects and base the
conclusions on observation. Experimental studies reduce the risk of bias of the results.

2.3 Searchresults

The selection of the literature was conducted following the PRISMA statement [58] (see
Fig. 1). 484 studies referenced in previous Literature Reviews were integrated individually
in the list of records to screen, in addition to the database searches [18, 19, 21, 22, 25,29, 42,
43,45,55,56,59, 61, 68, 87,90, 92]. To ensure the uniqueness of the records, the titles were
encoded with MD5 hash code and the duplicates were removed. Then, the screening phase
was performed by reading the titles and the abstracts. The full papers were downloaded
and selected according to the first pass of eligibility criteria. Then, 408 full-texts were
reported with the following categories: 1. title; 2. year; 3. journal; 4. research application; 5.
population (children, adult, elderly); 6. sensor; 7. body detection (lower-limb, upper-limb,
full-body, etc); 8. motion detection (center of pressure, body movement, etc) ; 9. software
type (video-game, ad-hoc solution, etc); 10. evaluation design method (non-experimental,
(quasi-)experimental); 11. number of participants; 12. age (min and max); 13. diagnos-
tic; 14.number of sessions; 15. duration of the sessions; 16. instruments of evaluation. The
dataset generated during the current study is available online [2].

3 Results from a general perspective
3.1 Key terms

The first selection pass of the literature does not take into account the population profile
(i.e., children, teenager, adult, elderly) and includes a selection of 408 articles. The word
cloud of the titles (see Fig. 2) reveal key words from 5 categories:

1. Population: children, older adult;

2. Diagnostic: Multiple sclerosis, Parkinson, Developmental Coordination Disorder,

Autism, Stroke;

Motor detection: Balance, Physical activities, Gesture, Motor skills, Upper extremity;

Software technology: Virtual reality games; Serious game, Active video game;

5. Hardware technology: Virtual reality, Nintendo Wii/Fit/Balance Board, Leap motion,
Kinect, Wearable.

B w

Note that children and older adults are the main targets as end users.
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Fig.1 PRISMA flow diagram

3.2 Taxonomy of motion-based technology
One of the objective of this scoping review is to help newcomers have a proper vision and

understanding of the research in the field. In that sense, we establish a taxonomy based on
the studies selected in this review.
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Fig.2 Word cloud from the global overview of the field (408 studies)

After reading and classifying the 408 studies from the first selection pass, we realised that
the motion-based technology was applied into 8 main research fields of application (see
Fig. 3). Each of the studies used one of several hardware to detect body motion, which
were implemented within digital solutions. These four main terms define our taxonomy
(see Table 1).

With respect to the research application, the following 8 primary fields were identified:

®  Monitoring: observes and detects the execution of specific motor skills to support the
screening of motor/cognitive dysfunction
® Assessment: supports the diagnosis of potential physical/cognitive conditions

Research application of the studies
B Children m Adult Elderly

40
30
20
) - - | m

Monitoring  Assessment Cognitive Physical Training Fitness Education HCI
therapy therapy

Fig.3 Number of studies per population type and research application (408 studies)
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Table 1 Overview of the terms of the taxonomy

Research application Hardware Body detection Digital solution
Monitoring Force plate Full body Commercial video-game
Assessment Optical sensor Upper-limbs Ad-hoc solution
Cognitive therapy Inertial Measurement Unit Lower-limbs None

Physical therapy Multimodal sensor

Training

Fitness

Education

HCI

® Cognitive therapy: aims to improve cognitive skills of people with a specific diagnos-
tic

Physical therapy: aims to improve motor skills of people with a specific diagnostic
Training: trains or improves motor skills with no association to rehabilitation/therapy.
Fitness: motivates participants to do physical activity.

Education: supports cognitive skills learning through physical activity

HCI (Human Computer Interaction), explores or provides guidelines in the
use/development of motion-based technology.

With respect to the hardware employed in the research, 2 main types of sensors have
been identified:

e Optical sensors: which, in general, have the ability to detect the scene from the light
spectrum. For instance, these sensors are cameras that capture either the 2D coloured
scene, or the “depth” by providing the distance of objects to the sensor (depth sensors).

® Non-Optical sensors, which do not use light to obtain data and employ other kind of
measures such as magnetic/pressure/temperature/inertial values.

With respect to the parts of the body detected, the researches usually focus on the full
body or specifically the upper limbs.
With respect to the digital solutions, the literature review reveals three types:

¢ Commercial video-game: video-games sold initially with the purpose of entertainment
® Ad-hoc solution: digital solution designed for a specific purpose such as:

—  Serious game: includes gaming mechanics (gamification)
— Artificial Intelligence: computational models able to recognise or predict a
specific outcome

® None: no digital solution was used

4 Specific analysis on elderly

By considering the profile of the end user, the original 408 articles employed in previous
section can be segmented as follows: 177 studies involved children, 126 involved adults
and 105 elderly. Elderly usually include participants over 65 years-old. Nevertheless, some
studies focusing on elderly (or older adults) also included participants aged between 55 and

@ Springer



Multimedia Tools and Applications (2024) 83:3963-3984 3969

65. Technology is usually well integrated in children cohorts being born in the digital era,
and well accepted in adults. However, older adults represent a minority in this field, and
thus, we decided to perform a second selection pass in order to explore and understand what
research has been conducted for such a population.

Thus, the 105 papers focused on elderly were analysed. From these, 44 papers were
not taken into account as these conducted no experimental evaluation (see Fig. 1). In the
subsequent sections, the remaining 61 papers were used as the base for the specific analysis
focused on elderly.

4.1 Analysis over the MBT taxonomy

In this section we developed the taxonomy defined on previous section for elderly. In par-
ticular, the analysis is centered independently on each of the 4 terms of the taxonomy, that
is to say: field of the research application, type of hardware, part of the body to detect, and
type of digital solution.

4.1.1 Research applications

The final 61 studies that involve elderly with an experimental evaluation study reveals that
no relevant research has been performed in HCI. The following subsections will deepen
into each of the remaining 7 fields. Figure 4 shows the evolution of the studies per research
application over the time whereas Fig. 5 shows the distribution of the selected 61 studies
across the taxonomy defined in previous section.

Monitoring Monitoring is the process that observes participants’ execution of determined
actions in order to track and detect when such actions happen and if these are performed
correctly. Monitoring in older adults rises several ethical and technical challenges such as
privacy and robust recognition and classification of activities [64]. The literature in this field
is scarce since only 4 studies were found (about 7% of the studies). The activities recognised
are gait [93], body movement [24], risk of falling [73] and daily activities [81].

Zhu et al. [93] used computer vision techniques to extract feet position and estimate
stride length via the camera of a phone. Their results compare to more expensive motion

Number of articles per year

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

m Monitoring  ® Assessment & Cog_therapy @ Phys_therapy ®Training ® Fitness M Education

Fig.4 Timeline of publications in elderly (61 studies)
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Fig.5 Visual summary of the distribution of the studies (61 studies on elderly). Each inner circle represents
one category of the taxonomy: field of the research application, type of hardware, part of the body to detect,
and type of digital solution

devices which could improve accessibility in the identification of gait decrease in people
with Parkinson disease.

Grammatikopoulou et al. [24] analysed movements of people with Parkinson disease
while playing a serious game. The authors found different movement patterns and game
scores according to the degree of the disease.

Schwenk et al. [73] combined the data from daily physical activity and fall history to
increase the prediction of falling of people with dementia.

Tarnanas et al. [81] proposed a protocol to monitor daily activity in older adults with
mild cognitive impairment. One of their criteria employs the Leap motion to detect finger
tapping.

Assessment The assessment of a condition is typically organised in sessions with trained
professionals who administer established evaluation tools, observe and analyse the person’s
tasks execution. Its multidimensional and interdisciplinary aspect make a real challenge
to determine older adult’s medical conditions, mental health or functional capability [77].
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Regarding the 4 selected studies in this field (about 7% of the studies), the research mostly
aim at recognising a diagnostic from the execution of body gestures.

Tarnanas et al. [82] proposed a virtual reality setup where participants interact with a
series of serious games. From the interaction data, the authors are able to discriminate
healthy participants and participants with mild cognitive impairment or Alzheimer disease.

Hsu et al. [26] analysed signals from an Inertial Measure Unit (IMU) to recognise
gait parameters and balance capability while walking. The authors were able to point out
differences between healthy participants and people with Alzheimer disease.

Similarly, [10] used machine learning models to predict diagnosis of Alzheimer disease
based on postural control.

Barth et al. [4] attached an Inertial Measure Unit on the participants’ feet in order to
obtain gait features. By applying machine learning to the features, the authors were able to
differentiate healthy participants from participants with Parkinson disease with a high rate
of prediction.

Cognitive therapy Cognitive therapy consists of structured sessions which aim to treat or
improve specific cognitive conditions. In elderly, cognitive therapy usually aims to improve
depressive and anxiety disorders [86]. The literature shows that 2 studies used motion-based
technology in that sense (about 3 % of the studies).

Zheng et al. [91] evaluated the impact of playing active video game with the Microsoft
Kinect on cognition, quality of life and depression on people with dementia. The results
showed that after 10 weeks of gaming, participants felt better.

Moyle et al. [53] tracked physical activity of older adults with dementia using an arm-
band. Treatment consisted in using a toy robot to reduce anxiety. The results showed that
the toy robot reduced agitation, but did not improve sleep patterns. In addition, the authors
highlighted that the use of armband is challenging on the long term.

Both main cognitive therapy targets, depression and anxiety, had been studied. However,
no experimental study aimed at quantifying the benefits of technology over conventional
therapies.

Physical therapy Physical therapies for elderly aim to reduce pain and the decline in func-
tional abilities caused by diseases or ageing process by improving range of motion, physical
strength, flexibility, coordination and balance [62]. About 24% of the selected studies
focused on physical therapy.

12 studies analyse the impact of using active video games as alternative to physical ther-
apies for balance skill: 7 studies involved older adults with Parkinson Disease [14, 17, 33,
37, 54, 69, 88]; 4 studies involved frail older adults [3, 11, 76, 84]; and 1 study for hos-
pitalised patients [7]. All these studies found that the use of active video game improved
static and/or dynamic balance of participants, although only four studies found a significant
increase compared to conventional therapeutic sessions [14, 33, 37, 84]. Amongst these four
studies, two developed their own game solutions [14, 84].

2 studies aimed at functional reach of post-stroke patients [8], and chronic spine afflic-
tions [78]. Both studies found improvements in functional reach after playing active video
game although no significant differences was found compared to conventional therapies.

The last selected study looked at vestibular rehabilitation of participants with mild cog-
nitive impairments and found a significant improvement with the use of Virtual Reality
solution compared to traditional vestibular rehabilitation [47].

Overall, the studies found that the use of motion-based technology could be a good
alternative for home-based rehabilitation.
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Training In prevention to potential physical therapies, training sessions are recommended
to postpone the decline of functional abilities such as range of motion, physical strength,
flexibility, coordination and balance. Training is the most researched field with 31% of the
selected studies.

The literature shows that balance is the main motor skill trained with motion-based tech-
nology with 13 studies. Amongst these studies, 2 studies compared the impact on balance
skills between sessions of Tai chi and the use of Nintendo Wii Balance Board on healthy
elderly [20, 63]. The two studies found similar improvement in both groups. 1 study com-
pared the use of insole shoe on a regular basis with the practice of Nintendo Wii Balance
Board and found no difference in static and dynamic balance skills but an improvement in
muscle strength for the latter group [27]. 7 studies analysed the impact on balance skills
from training with active video game compared to usual care and all found improvements
in balance and muscular strength [5, 23, 34, 65, 85], [70] but one study who found no
difference [51]. Finally, 3 studies compared the use of active video game with balance train-
ing programmes. Singh et al. [75] reported no difference of improvement between the two
groups, [80] observed a significant improvement with the use of videogames, and [16] did
not find any difference between the three groups (no intervention, conventional training,
videogame training). Compared to the others studies, the latter evaluated only 6 sessions of
10-15 minutes.

The second main motor skill studied in the literature is training steps for falls prevention.
Mirelman et al. [48] and [60] compared the use of non-immersive virtual reality games
while walking on treadmills, with the use of treadmill alone for frail older adults and older
adults with Parkinson disease, respectively. Both found significant improvement with the
use of Virtual Reality. Song et al. [79] analysed the impact of training steps on older adults
with Parkinson Disease with a dance pad game compared to no intervention. There were
no difference between the two groups, however, the intervention group felt like they had
improved their mobility. Similarly, [71] tested the same dance pad game with healthy elderly
but in this case they found significant improvement compared to no intervention.

Decline in gait is an early symptom in Parkinson Disease, [41] detected arm swing move-
ment with accelerometers, and analysed the improvements of range of motion with the use
of music while walking. The authors found significant improvements.

In terms of improving sensory motor skills, [57] found no improvement between no
intervention and the use of active video games in healthy older adults.

Most of the studies showed that the use of motion-based technology can have bene-
ficial effects in terms of motivation and/or improvements. However, few studies compar-
ing conventional with motion-based technology training found significant improvements
[48, 60, 80].

Fitness The World Health Organization recommends adults and elderly should do at least
150-300 minutes of moderate-intensity aerobic physical activity per week. Research has
showed that maintaining regular physical activity helps maintaining a good quality of life,
health, and reducing falls in elderly [32]. About 15% of the selected studies aimed to
increase physical activity with the technology.

The use of active video games is equivalent to light-moderate physical activity [36].
Besides, the entertaining aspects of the games seems to improve quality of life. For instance,
[30] and [66] found that the use of active video games improved the perception of quality
of life. Rica et al. [66] and [35] found that it also improves the mood thanks to the input of
positive emotions. These results are also supported by [28] who found that playing active
video games reduces loneliness and improves self-esteem.
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On the other hand, [89] found that the use of active video game can reduce pain in patients
with chronic pain. However, there were no improvement in terms of care-seeking, fear of
movement/re-injury, or falls efficacy. This was also reported by [31] with no significant
difference in the fear of falling between the use of active video games and regular gym
activity.

2 studies did not aim at analysing the impact of active video games on quality of life but
instead developed their own solution to improve motivation and engagement [9, 67].

Education A challenge in the ageing process is the cognitive decline which usually includes
processing activity, perceptual and sensory deficiencies, and weaker performance [49].
Therefore, learning and training cognitive skills is relevant to postpone such a decline. 13%
of the selected studies looked for educational solutions.

6 studies looked at the effect of motion-based technology on executive functions.
Liao et al. [38] found no difference in executive functions between elderly with mild
cognitive impairment using immersive Virtual Reality and traditional physical activity
programme. However, they observed a better performance in dual task gait. 3 studies
[13, 50, 72] compared conventional exercises against active video games, and found
improvement in executive functions in both experimental and control groups, but no sig-
nificant difference between groups. Maillot et al. [40] analysed the impact of active video
game on healthy elderly and [83] the impact of immersive Virtual Reality on older adults
with mild cognitive impairments. Both studies found significant improvements, however,
the control group had no intervention.

In terms of attention, [1] found that the cognitive load in active video games can reduce
slowness and complexity of electroencephalography and improve cognitive functions in
elderly with mild cognitive impairment. Liao et al. [12] found that dance pad game can
improve attention and working memory compared to the use of treadmill.

4.1.2 Type of hardware

The literature reveals the use of distinct types of devices when MoCap is applied to elderly.
® Optical sensors: In that category, the following devices are used:

*  Regular video-camera
*  Leap motion (depth sensor)
*  Microsoft Kinect (depth sensor)

®  Non-Optical sensors, which include:

—  Force plates that can detect where the user puts some pressure on. The
literature reveals 2 sensors in this category:

%  Nintendo Balance Board
*  Dance Mat

— Inertial Measurement Units (IMU) that captures acceleration and rotational
information. This includes:

*  Nintendo Wii-mote controllers
* Regular IMU
* VR (composed of headset and two IMU-based controllers)

@ Springer



3974 Multimedia Tools and Applications (2024) 83:3963-3984

SENSORS PER RESEARCH APPLICATION

Multi- ARMBAND .
modal
VR g :
IMU IMU : : . :
WIIMOTE : . ;
DANCE MAT : :
Force
Plates | galANCE BOARD , " . .
KINECT 2 1 1 4 4 3 P
Optical LEAP MOTION ; :
Sensors
CAMERA ; : :

Monitoring
Assessment
Cog_therapy
Phys_therapy
Training
Fitness
Education

Fig.6 Use of devices against purpose (considering elderly as end user)

—  Multimodal sensor which combines different types of sensors to capture
different types of information.

*  Armband which can record biometrics such as heart rate and it
embeds IMU.

We plotted Fig. 6 in order to show the use of sensors across the different research appli-
cations. An horizontal reading will show when the sensor was used, and the vertical reading
will show how many sensors a specific research application used. The Microsoft Kinect was
the only sensor used across all the research fields. The Wii balance board and Microsoft
Kinect are the main devices used with elderly.

4.1.3 Body detection

The selected studies used the above-mentioned sensors in order to capture different body
motion. The motion-based sensors are able to detect either upper-limbs (including hands),
or full-body (including lower-limbs and head) movements (see the first two columns of
Table 2).

Detecting body motion allowed the recognition of specific motor skills (see Table 2). In
terms of force plates, the Wii Balance Board was used to detect center of pressure and the
dance mats specific located steps. Depth sensors were used to detect sway movements of the
body (center of pressure and body movement), Functional Reach and steps. The information
provided by IMU allowed the detection of center of pressure, body movement, functional
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Table 2 Detection capacity of the motion-based sensors

Sensor Full-body Upper-Limb CoP BM FR HM Steps FD
Camera v - - 1 1 - 2 -
Leap Motion - v - - 2 - - R
Kinect v v 5 10 16 - 3 -
Balance Board v - 22 - 1 - - _
Dance Mat v - - - - - 4 -
Wii-mote v v 1 - 8 - - _
IMU v v 2 1 1 - 3 1
VR v v - 1 2 1 - -
ArmBand - v - - - - 1 -

Cop: Center of Pressure / BM: Body Movement / FR: Functional Reach / HM: Head Movement / FD: Fall
Detection

reach, steps and fall detection. Camera was used to detect body movement, functional reach
and steps. VR headset, besides body movement and functional reach, this device allowed
the detection of head rotation. Finally, the armband was able to detect steps through its
embedded IMU.

In terms of types of motion detected, besides falls and steps, no more advanced motor
skills was recognised such as squat, shaking hands, etc. Although some sensors were used
to detect different types of motion, no single device was able to detect all types of motion.

4.1.4 Digital solution

The appearance of commercial active video games had a big impact on society and most of
the studies analysed their effects for therapies, fitness, training and education (see Table 3).
Amongst these games the most used are Nintendo Wii-Fit [5, 11, 16, 17, 20, 23, 27, 31,
34, 37, 50, 51, 54, 63, 65, 75, 76, 89], Nintendo Wii-sport [28, 35, 40, 50, 69], Microsoft
Kinect Sports [30, 36, 57, 66, 80], Microsoft Kinect Adventures [3, 36, 80], Stepmania
[12, 13, 71, 79], Wii K-pop dance [33], Kinect Dr. Kawashima [1], and Kinect fruit
ninja [91].

Table 3 Type of Software used in the different research applications

Research application Commercial Ad-hoc solution None
Serious Game Artificial Intelligence

Monitoring - 2 1 1

Assessment - 1 3 -

—
'
'
—_—

Cognitive therapy

Physical therapy 8 7 - -
Training 14 4 - 1
Fitness 2 - -
Education 3 - -

@ Springer



3976 Multimedia Tools and Applications (2024) 83:3963-3984

The ad hoc solutions are developed by or with the researchers with the objective to per-
sonalise the content to specific purposes or audience. Most of the ad-hoc solutions consist
of a series of mini-games either to improve balance control [7, 8, 14, 70, 84, 85, 88], exer-
cising physical activities based on personal trainer [9] or soccer [67], or to train cognitive
skills [38, 72, 83]. The stand-alone ad-hoc solutions were developed to control the execu-
tion of a specific motor skill [24, 47] or exercise daily activities, such as fire drill [81, 82],
gardening [78], or hiking [48, 60].

Artificial Intelligence, was used to recognised gait features [93] and [26] or differen-
tiating motion execution to predict a diagnosis of Alzheimer Disease [10] or Parkinson
Disease [4].

Finally, two studies did not use any software. One analysed the effect of a robot on sleep
pattern using armband to monitor physical activities [S3]. The other study asked participants
to wear an IMU and monitored movements over 24 hours [73].

4.2 An additional analysis: instruments/mechanisms of evaluation

The purpose of this section is to present the main instruments of evaluation that are used in
the field and for what purpose. Thus, Table 4 classifies per research field (vertical reading)
and per criteria (horizontal reading) all the instruments tools that were used at least in two
different studies.

For instance, reading Table 4 horizontally shows that Mental condition is an important
criteria which is applied in all the research applications. Indeed, these tests serve two pur-
poses, first it is an eligibility criteria for the selection of the participants; second, it is also
used as pre-post tests to observe potential improvements.

Reading the table vertically shows a clear difference between physical therapy and train-
ing research applications. Physical therapy mostly focuses on balance skills while training
is more heterogeneous aiming at fall risks, reflex or manipulation . The vertical reading
also brings out the two main objectives of the education research application, which is
fitness/mobility and cognitive activity.

4.3 Reasoned analysis of the outcomes

More than half of the selected studies focused on physical therapy (15 papers) and training
(19 papers). While training remains a trendy research with recent publications, no study was
published on physical therapy since 2019 (see Fig. 4). Research in these two fields mostly
used the Wii-balance board as motion-based device followed by the Microsoft Kinect (see
Fig. 6) focusing mainly on the center of pressure and body/arm movement respectively (see
Table 2). While physical therapy used equally commercial and ad-hoc solutions, training
mainly focused on the impact of commercial games (see Table 3). This reveals a potential
niche for future research in training since this field usually requires personalised solutions.

Another two fields of interest in elderly are fitness (9 papers) and education (8 papers).
Contrary to physical therapy and training, which mostly focused on the use of balance and
upper limbs, fitness and education are not interested in a particular set of motor skills. This
is perceived in Fig. 5 with homogenised research across the different categories and Fig. 6
where these two fields use several types of sensors homogeneously. Research in fitness
mainly focuses on the impact of commercial games on energy expenditure (see Table 3). On
the other hand, education tends to integrate fitness as main mechanism in exercising the sets
of cognitive skills (see Table 4). Since ageing is a process that affects physically, cognitively,
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Table4 Use of evaluation instruments across the fields
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and mentally, it is important to research how personalised solutions can improve well-being
in elderly via fitness and cognitive training.

Finally, this review shows that there is a limited total number of studies in both cog-
nitive therapy (22 studies) and assessment (8 studies) with motion-based technology,
which are reduced to 2 and 4 in elderly respectively. Indeed, most of the studies in those
fields are focused on children, who easily adopt technology as good support to motiva-
tion. Besides, the selected studies of these two research fields combine both motor and
cognitive skills, which is not as common as studying cognitive skills only. Regarding
monitoring and assessment, these fields are usually controversial with technology since
it is preferably undertaken by humans. Nevertheless, these research fields are primordial
in health-related research, and thus, research should continue to seek for technological
support.

This paper reviews a large number of studies using motion-based technology and limits
its scope with generic keywords to obtain a global view of the research. Furthermore, as
scoping review, there is no assessment or risk of bias of the included articles. In order
to reduce bias, the selection and analysis of the studies is limited to (quasi-)experimental
research. Despite such limitations, this scoping review identifies the state of the art and
potential direction of research of motion-based technology with elderly.

5 Conclusions

This paper reviews the terminology of motion-based technology, which is when motion
capture technology takes into account the profile of the end users with respect to their age.
The paper reports an extensive analysis conducted on a large number of papers (above 400)
that have been published in the scientific literature. Two main results have been achieved:
a scoping review that will help the interested readers understand the context and a new tax-
onomy related to motion-based technology. This taxonomy identifies 8 main research fields
of application, and then separates the research works with respect to three other aspects:
the hardware, part of the body involved in the research and nature of the digital solution
employed.

Then, in a subsequent phase, the research have been centered on elderly as end users. Out
of 408 selected studies, 105 employed MoCap with older adults, amongst which 61 followed
an experimental approach. More than half of the studies focused on physical therapy and
training. These fields predominantly validated the impact of commercial videogames using
the Nintendo Wii-balance board (centre of pressure) and the Microsoft Kinect (functional
reach mostly). Other research applications such as monitoring, assessment and education
took advantage of personalised experiences provided by ad-hoc solutions. In terms of motor
detection, sensors are mostly used to follow simple movements (centre of pressure or upper
limbs), with few studies aiming to recognise specific motor skills such as steps and falls.
Overall, this paper shows a relevant number of studies that focuses on motor and cognitive
skills. However, and as stated in the introduction, ageing affects physically, cognitively, and
mentally. Therefore, we recommend that further research in the field should consider the
social component as an additional value to MBT [55].

@ Springer



Multimedia Tools and Applications (2024) 83:3963-3984 3979

Author Contributions All authors certify that they have participated sufficiently in the work to take public
responsibility for the content, including participation in the concept, design, analysis, writing, or revision of
the manuscript

Funding Funding for open access publishing: Universidad de Malaga/CBUA. This study is partially funded
by the Universidad de Malaga with the national project Bio4Res (PID2021-125184NB-I00) from the
Ministerio de Ciencia e Innovacion de Espana (MCIN).

Data Availability The dataset generated during and/or analysed during the current study are available online

[2].
Declarations

Conflict of Interests The authors confirm that this work is original and has not been published elsewhere,
nor is it currently under consideration for publication elsewhere. The authors have no conflicts of interest to
disclose. The authors declare they have no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visithttp://creativecommons.org/licenses/by/4.0/.

References

1. Amjad I, Toor H, Niazi IK et al (2019) Xbox 360 kinect cognitive games improve slowness, complexity
of eeg, and cognitive functions in subjects with mild cognitive impairment: a randomized control trial.
Games for Health Journal 8:144—152. https://doi.org/10.1089/G4H.2018.0029, https://pubmed.ncbi.nlm.
nih.gov/30239213/

2. Authors’ name hidden for review (2023) List of reviewed articles. https:/sites.google.com/view/
scopingreviewtaxonomymbt/home, Accessed 10 Jan 2023

3. Bacha JMR, Gomes GCV, Freitas TBD et al (2018) Effects of kinect adventures games versus con-
ventional physical therapy on postural control in elderly people: a randomized controlled trial. Games
for Health Journal 7:24-36. https://doi.org/10.1089/G4H.2017.0065, https://pubmed.ncbi.nlm.nih.gov/
29239677/

4. Barth J, Klucken J, Kugler P et al (2011) Biometric and mobile gait analysis for early diagnosis and ther-
apy monitoring in parkinson’s disease. In: Annual International Conference of the IEEE Engineering in
Medicine and Biology Society IEEE Engineering in Medicine and Biology Society Annual International
Conference 2011, pp 868-871. https://doi.org/10.1109/IEMBS.2011.6090226, https://pubmed.ncbi.nlm.
nih.gov/22254448/

5. Bieryla KA, Dold NM (2013) Feasibility of wii fit training to improve clinical measures of balance in
older adults. Clin Interv Aging 8:775. https://doi.org/10.2147/CIA.S46164, https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3699053/

6. Bregler C (2007) Motion capture technology for entertainment [in the spotlight]. IEEE Signal Proc Mag
24(6):160-158. https://doi.org/10.1109/MSP.2007.906023

7. Bruno B, Melissa VV, Christophe B et al (2017) A preliminary study of the integration of specially
developed serious games in the treatment of hospitalized elderly patients. In: International Conference
on Virtual Rehabilitation, ICVR 2017-June. https://doi.org/10.1109/ICVR.2017.8007508

8. Cannell J, Jovic E, Rathjen A et al (2018) The efficacy of interactive, motion capture-based reha-
bilitation on functional outcomes in an inpatient stroke population: a randomized controlled trial.
Clin Rehabil 32:191. https://doi.org/10.1177/0269215517720790, https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5777543/

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1089/G4H.2018.0029
https://pubmed.ncbi.nlm.nih.gov/30239213/
https://pubmed.ncbi.nlm.nih.gov/30239213/
https://sites.google.com/view/scopingreviewtaxonomymbt/home
https://sites.google.com/view/scopingreviewtaxonomymbt/home
https://doi.org/10.1089/G4H.2017.0065
https://pubmed.ncbi.nlm.nih.gov/29239677/
https://pubmed.ncbi.nlm.nih.gov/29239677/
https://doi.org/10.1109/IEMBS.2011.6090226
https://pubmed.ncbi.nlm.nih.gov/22254448/
https://pubmed.ncbi.nlm.nih.gov/22254448/
https://doi.org/10.2147/CIA.S46164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3699053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3699053/
https://doi.org/10.1109/MSP.2007.906023
https://doi.org/10.1109/ICVR.2017.8007508
https://doi.org/10.1177/0269215517720790
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5777543/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5777543/

3980 Multimedia Tools and Applications (2024) 83:3963-3984

10.

11.

14.

15.

16.

18.

20.

21.

22.

23.

24.

25.

26.

. Carmichael A, Rice M, MacMillan F et al (2010) Investigating a dtv-based physical activity application

to facilitate wellbeing in older adults. In: Proceedings of the 24th BCS Interaction Specialist Group
Conference. BCS Learning & Development Ltd., Swindon, GBR, BCS 10, pp 278-288

Costa L, Gago MF, Yelshyna D et al (2016) Application of machine learning in postural con-
trol kinematics for the diagnosis of alzheimer’s disease. Comput Intell Neurosci 2016:3891253.
https://doi.org/10.1155/2016/3891253

Daniel K (2012) Wii-hab for pre-frail older adults. Rehabilitation nursing: the official Journal of the
Association of Rehabilitation Nurses 37:195-201. https://doi.org/10.1002/RNJ.25, https://pubmed.ncbi.
nlm.nih.gov/22744992/

. Eggenberger P, Schumacher V, Angst M et al (2015) Does multicomponent physical exercise with simul-

taneous cognitive training boost cognitive performance in older adults? a 6-month randomized controlled
trial with a 1-year follow-up. Clin Interv Aging 10:1335-1349. https://doi.org/10.2147/CIA.S87732,
https://pubmed.ncbi.nlm.nih.gov/26316729/

. Eggenberger P, Wolf M, Schumann M et al (2016) Exergame and balance training modulate pre-

frontal brain activity during walking and enhance executive function in older adults. Frontiers in
aging neuroscience 8:66. https://doi.org/10.3389/FNAGI.2016.00066, https://pubmed.ncbi.nlm.nih.gov/
27148041/

Feng H, Li C, Liu J et al (2019) Virtual reality rehabilitation versus conventional physical therapy
for improving balance and gait in parkinson’s disease patients: a randomized controlled trial. Medi-
cal Science Monitor: International Medical Journal of Experimental and Clinical Research 25:4186.
https://doi.org/10.12659/MSM.916455, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6563647/
Field M, Stirling D, Naghdy F et al (2009) Motion capture in robotics review. In: 2009 IEEE International
Conference on Control and Automation, pp 1697—-1702, https://doi.org/10.1109/ICCA.2009.5410185
Franco JR, Jacobs K, Inzerillo C et al (2012) The effect of the nintendo wii fit and exer-
cise in improving balance and quality of life in community dwelling elders. Technology and
health care: Official Journal of the European Society for Engineering and Medicine 20:95-115.
https://doi.org/10.3233/THC-2011-0661, https://pubmed.ncbi.nlm.nih.gov/22508022/

. Gandolfi M, Geroin C, Dimitrova E et al (2017) Virtual reality telerehabilitation for postural instability

in parkinson’s disease: a multicenter, single-blind, randomized, controlled trial. Biomed Res Int 2017:11.
https://doi.org/10.1155/2017/7962826, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5733154/
Garcia-Bravo S, Cuesta-Goémez A, Campuzano-Ruiz R et al (2021) Virtual reality and video
games in cardiac rehabilitation programs. a systematic review. Disabil Rehabil 43:448-457.
https://doi.org/10.1080/09638288.2019.1631892

. Garcia-Lopez H, Obrero-Gaitan E, Castro-Sanchez AM et al (2021) Non-immersive virtual reality to

improve balance and reduce risk of falls in people diagnosed with parkinson’s disease: a systematic
review. Brain Sci 11(11):1435. https://doi.org/10.3390/BRAINSCI11111435, https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC8615507/

Gatica-Rojas V, Cartes-Veldsquez R, Albornoz-Verdugo ME et al (2019) Effects of a nintendo wii exer-
cise program versus tai chi chuan on standing balance in older adults: a preliminary study. J Phys Ther
Sci 31:1. https://doi.org/10.1589/JPTS.31.1, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348192/

Gerling K, Mandryk R (2014) Custom-designed motion-based games for older adults: a review of litera-
ture in human-computer interaction. Gerontechnology 12:68-80. https://doi.org/10.4017/GT.2013.12.2.
001.00

Gerling K, Leuven K, Ray BM et al (2020) Critical reflections on technology to support physical
activity among older adults. ACM Transactions on Accessible Computing (TACCESS) 13(1):1-23.
https://doi.org/10.1145/3374660, https://dl.acm.org/doi/abs/10.1145/3374660

Gomes GCV, do Socorro Simdes M, Lin SM et al (2018) Feasibility, safety, acceptability, and func-
tional outcomes of playing nintendo wii fit plus tm for frail older adults: a randomized feasibility clinical
trial. Maturitas 118:20-28. https://doi.org/10.1016/J.MATURITAS.2018.10.002, https://pubmed.ncbi.
nlm.nih.gov/30415751/

Grammatikopoulou A, Dimitropoulos K, Bostantjopoulou S et al (2019) Motion analysis of parkinson
diseased patients using a video game approach. In: ACM International Conference Proceeding Series pp
523-527. https://doi.org/10.1145/3316782.3322757

Hickman R, Dufek JS, Popescu L et al (2017) Use of active video gaming in children with neuro-
motor dysfunction : a systematic review. Developmental Medicine & Child Neurology 59:903-911.
https://doi.org/10.1111/dmcn.13464

Hsu YL, Chung PC, Wang WH et al (2014) Gait and balance analysis for patients with alzheimer’s
disease using an inertial-sensor-based wearable instrument. IEEE J Biomed Health Inform 18:1822—
1830. https://doi.org/10.1109/JBHI.2014.2325413, https://pubmed.ncbi.nlm.nih.gov/25375679/

Springer


https://doi.org/10.1155/2016/3891253
https://doi.org/10.1002/RNJ.25
https://pubmed.ncbi.nlm.nih.gov/22744992/
https://pubmed.ncbi.nlm.nih.gov/22744992/
https://doi.org/10.2147/CIA.S87732
https://pubmed.ncbi.nlm.nih.gov/26316729/
https://doi.org/10.3389/FNAGI.2016.00066
https://pubmed.ncbi.nlm.nih.gov/27148041/
https://pubmed.ncbi.nlm.nih.gov/27148041/
https://doi.org/10.12659/MSM.916455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6563647/
https://doi.org/10.1109/ICCA.2009.5410185
https://doi.org/10.3233/THC-2011-0661
https://pubmed.ncbi.nlm.nih.gov/22508022/
https://doi.org/10.1155/2017/7962826
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5733154/
https://doi.org/10.1080/09638288.2019.1631892
https://doi.org/10.3390/BRAINSCI11111435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8615507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8615507/
https://doi.org/10.1589/JPTS.31.1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6348192/
https://doi.org/10.4017/GT.2013.12.2.001.00
https://doi.org/10.4017/GT.2013.12.2.001.00
https://doi.org/10.1145/3374660
https://dl.acm.org/doi/abs/10.1145/3374660
https://doi.org/10.1016/J.MATURITAS.2018.10.002
https://pubmed.ncbi.nlm.nih.gov/30415751/
https://pubmed.ncbi.nlm.nih.gov/30415751/
https://doi.org/10.1145/3316782.3322757
https://doi.org/10.1111/dmcn.13464
https://doi.org/10.1109/JBHI.2014.2325413
https://pubmed.ncbi.nlm.nih.gov/25375679/

Multimedia Tools and Applications (2024) 83:3963-3984 3981

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Jorgensen MG, Laessoe U, Hendriksen C et al (2013) Efficacy of nintendo wii training on mechanical
leg muscle function and postural balance in community-dwelling older adults: a randomized controlled
trial. J Gerontol A Biol Sci Med Sci 68:845-852. https://doi.org/10.1093/GERONA/GLS222, https://
pubmed.ncbi.nlm.nih.gov/23114461/

Jung Y, Li KJ, Janissa NS et al (2009) Games for a better life: effects of playing wii games on the
well-being of seniors in a long-term care facility. In: Proceedings of the 6th Australasian Conference on
Interactive Entertainment, IE, 2009. https://doi.org/10.1145/1746050.1746055

Kappen DL, Mirza-Babaei P, Nacke LE (2019) Older adults’ physical activity and exergames: a system-
atic review. International Journal of Human-Computer Interaction 35:140-167. https://doi.org/10.1080/
10447318.2018.1441253

Karahan AY, Tok F, Tagkin H et al (2015) Effects of exergames on balance, functional mobility, and
quality of life of geriatrics versus home exercise programme: randomized controlled study. Cent Eur J
Public Health 23:Suppl:S14-S18. https://doi.org/10.21101/CEJPH.A4081, https://pubmed.ncbi.nlm.nih.
g0v/26849537/

Kwok BC, Pua YH (2016) Effects of wiiactive exercises on fear of falling and functional out-
comes in community-dwelling older adults: a randomised control trial. Age and ageing 45:621-628.
https://doi.org/10.1093/AGEING/AFW 108, https://pubmed.ncbi.nlm.nih.gov/27496921/

Langhammer B, Bergland A, Rydwik E (2018) The importance of physical activity exercise among older
people. BioMed Research International 2018. https://doi.org/10.1155/2018/7856823, https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC6304477/

Lee NY, Lee DK, Song HS (2015) Effect of virtual reality dance exercise on the balance, activities
of daily living, and depressive disorder status of parkinson’s disease patients. J Phys Ther Sci 27:145.
https://doi.org/10.1589/JPTS.27.145, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4305547/

Lee Y, Choi W, Lee K et al (2017) Virtual reality training with three-dimensional video games improves
postural balance and lower extremity strength in community-dwelling older adults. J Aging Phys Act
25:621-627. https://doi.org/10.1123/JAPA.2015-0271, https://pubmed.ncbi.nlm.nih.gov/28290746/

Li J, Theng YL, Foo S et al (2018) Exergames vs. traditional exercise: investigating the influenc-
ing mechanism of platform effect on subthreshold depression among older adults. Aging & Mental
Health 22:1634-1641. https://doi.org/10.1080/13607863.2017.1385722, https://pubmed.ncbi.nlm.nih.
g0v/28984486/

Li J, Li L, Huo P et al (2021) Wii or kinect? a pilot study of the exergame effects on older
adults physical fitness and psychological perception. Int J Environ Res Public Health 18:12939.
https://doi.org/10.3390/IIERPH182412939, https://www.mdpi.com/1660-4601/18/24/12939/

Liao YY, Yang YR, Cheng SJ et al (2015) Virtual reality-based training to improve obstacle-crossing
performance and dynamic balance in patients with parkinson’s disease. Neurorehabil Neural Repair
29:658—-667. https://doi.org/10.1177/1545968314562111, https://pubmed.ncbi.nlm.nih.gov/25539782/
Liao YY, Chen IH, Lin YJ et al (2019) Effects of virtual reality-based physical and cogni-
tive training on executive function and dual-task gait performance in older adults with mild
cognitive impairment: a randomized control trial. Frontiers in Aging Neuroscience 11:162.
https://doi.org/10.3389/FNAGI.2019.00162, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6646677/
Liu Y, Tamura R (2020) Application of game therapy in the health of future elderly: an experience
design perspective. LNCS Springer Science and Business Media Deutschland GmbH 12426:608—625.
https://doi.org/10.1007/978-3-030-60149-2_46

Maillot P, Perrot A, Hartley A (2012) Effects of interactive physical-activity video-game training on
physical and cognitive function in older adults. Psychol Aging 27:589-600. https://doi.org/10.1037/
A0026268, https://pubmed.ncbi.nlm.nih.gov/22122605/

Mainka S, Schroll A, Warmerdam E et al (2021) The power of musification: sensor-based music feed-
back improves arm swing in parkinson’s disease. Movement Disorders Clinical Practice 8:1240-1247.
https://doi.org/10.1002/MDC3.13352, https://pubmed.ncbi.nlm.nih.gov/34761058/

Marotta N, Demeco A, Indino A et al (2020) Nintendo wiitm versus xbox kinecttm for functional
locomotion in people with parkinson’s disease: a systematic review and network meta-analysis. Dis-
abil Rehabil 0:1-6. https://doi.org/10.1080/09638288.2020.1768301, https://doi.org/10.1080/09638288.
2020.1768301

Martinho D, Carneiro J, Corchado JM et al (2020) A systematic review of gamification techniques
applied to elderly care. Artif Intell Rev 53:4863—4901. https://doi.org/10.1007/s10462-020-09809-6
Maya RD, A RR (2021) A review on human motion capture. In: Proceedings of the International Confer-
ence on Systems, Energy & Environment (ICSEE), pp 151-157, https://doi.org/10.2139/ssrn.3791097
de Medeiros P, Capistrano R, Zequinao MA et al (2017) Exergames as a tool for the acquisition and
development of motor skills and abilities: a systematic review. Revista paulista de pediatria : orgao

@ Springer


https://doi.org/10.1093/GERONA/GLS222
https://pubmed.ncbi.nlm.nih.gov/23114461/
https://pubmed.ncbi.nlm.nih.gov/23114461/
https://doi.org/10.1145/1746050.1746055
https://doi.org/10.1080/10447318.2018.1441253
https://doi.org/10.1080/10447318.2018.1441253
https://doi.org/10.21101/CEJPH.A4081
https://pubmed.ncbi.nlm.nih.gov/26849537/
https://pubmed.ncbi.nlm.nih.gov/26849537/
https://doi.org/10.1093/AGEING/AFW108
https://pubmed.ncbi.nlm.nih.gov/27496921/
https://doi.org/10.1155/2018/7856823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304477/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304477/
https://doi.org/10.1589/JPTS.27.145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4305547/
https://doi.org/10.1123/JAPA.2015-0271
https://pubmed.ncbi.nlm.nih.gov/28290746/
https://doi.org/10.1080/13607863.2017.1385722
https://pubmed.ncbi.nlm.nih.gov/28984486/
https://pubmed.ncbi.nlm.nih.gov/28984486/
https://doi.org/10.3390/IJERPH182412939
https://www.mdpi.com/1660-4601/18/24/12939/
https://doi.org/10.1177/1545968314562111
https://pubmed.ncbi.nlm.nih.gov/25539782/
https://doi.org/10.3389/FNAGI.2019.00162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6646677/
https://doi.org/10.1007/978-3-030-60149-2_46
https://doi.org/10.1037/A0026268
https://doi.org/10.1037/A0026268
https://pubmed.ncbi.nlm.nih.gov/22122605/
https://doi.org/10.1002/MDC3.13352
https://pubmed.ncbi.nlm.nih.gov/34761058/
https://doi.org/10.1080/09638288.2020.1768301
https://doi.org/10.1080/09638288.2020.1768301
https://doi.org/10.1080/09638288.2020.1768301
https://doi.org/10.1007/s10462-020-09809-6
https://doi.org/10.2139/ssrn.3791097

3982 Multimedia Tools and Applications (2024) 83:3963-3984

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

oficial da Sociedade de Pediatria de Sao Paulo 35:464-471. https://doi.org/10.1590/1984-0462/;2017;
35:4;00013

Menolotto M, Komaris DS, Tedesco S et al (2020) Motion capture technology in industrial applications:
a systematic review. Sensors 20(19):5687. https://doi.org/10.3390/s20195687, https://www.mdpi.com/
1424-8220/20/19/5687

Micarelli A, Viziano A, Micarelli B et al (2019) Vestibular rehabilitation in older adults with and with-
out mild cognitive impairment: Effects of virtual reality using a head-mounted display. Arch Gerontol
Geriatr 83:246-256. https://doi.org/10.1016/J.ARCHGER.2019.05.008

Mirelman A, Rochester L, Maidan I et al (2016) Addition of a non-immersive virtual reality com-
ponent to treadmill training to reduce fall risk in older adults (v-time): a randomised controlled trial.
Lancet 388:1170-1182. https://doi.org/10.1016/S0140-6736(16)31325-3, https://pubmed.ncbi.nlm.nih.
gov/27524393/

Mogle J, Sliwinski M (2013) Perspectives on cognitive aging, Springer Publishing Company, New York,
chap Gerontology: Perspectives and issues, pp 49-68

Monteiro-Junior RS, da Silva Figueiredo LF, de Tarso Maciel-Pinheiro P et al (2017) Acute effects of
exergames on cognitive function of institutionalized older persons: a single-blinded, randomized and
controlled pilot study. Aging Clin Exp Res 29:387-394. https://doi.org/10.1007/S40520-016-0595-5,
https://pubmed.ncbi.nlm.nih.gov/27256080/

Montero-Alia P, Miralles-Basseda R, Lopez-Jiménez T et al (2019) Controlled trial of balance train-
ing using a video game console in community-dwelling older adults. Age and ageing 48:506-512.
https://doi.org/10.1093/AGEING/AFZ047, https://pubmed.ncbi.nlm.nih.gov/31081504/

Moschny A, Platen P, Klaaen-Mielke R et al (2011) Barriers to physical activity in older adults
in germany: a cross-sectional study. Int J Behav Nutr Phys Act 8:1-10. https://doi.org/10.1186/
1479-5868-8-121/TABLES/4, https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-12
Moyle W, Jones C, Murfield J (2018) Effect of a robotic seal on the motor activity and sleep patterns
of older people with dementia, as measured by wearable technology: a cluster-randomised controlled
trial. Maturitas 110:10-17. https://doi.org/10.1016/J.MATURITAS.2018.01.007, https://pubmed.ncbi.
nlm.nih.gov/29563027/

Negrini S, Bissolotti L, Ferraris A et al (2017) Nintendo wii fit for balance rehabilitation
in patients with parkinson’s disease: a comparative study. J Bodyw Mov Ther 21:117-123.
https://doi.org/10.1016/J.JBMT.2016.06.001

Nguyen H, Ishmatova D, Tapanainen T et al (2017) Impact of serious games on health and well-being of
elderly: A systematic review. pp 3695-3704 http://hdl.handle.net/10125/41605

Norris E, Hamer M, Stamatakis E (2016) Active video games in schools and effects on physical activity
and health: A systematic review. J Pediatr 172:40-46e5. https://doi.org/10.1016/j.jpeds.2016.02.001,
http://dx.doi.org/10.1016/j.jpeds.2016.02.001

Ordnung M, Hoff M, Kaminski E et al (2017) No overt effects of a 6-week exergame training on
sensorimotor and cognitive function in older adults. a preliminary investigation. Front Hum Neu-
rosci 11:160. https://doi.org/10.3389/FNHUM.2017.00160, https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5378780/

Page MJ, McKenzie JE, Bossuyt PM et al (2021) The prisma 2020 statement: an updated guideline for
reporting systematic reviews. BMJ 372. https://doi.org/10.1136/bmj.n71, https://www.bmj.com/content/
372/bmj.n71, https://www.bmj.com/content/372/bmj.n71.full.pdf

Page ZE, Barrington S, Edwards J et al (2017) Do active video games benefit the motor skill development
of non-typically developing children and adolescents: a systematic review. J Sci Med Sport 20:1087—
1100. https://doi.org/10.1016/j.jsams.2017.05.001, https://doi.org/10.1016/j.jsams.2017.05.001

Pelosin E, Cerulli C, Ogliastro C et al (2020) A multimodal training modulates short afferent inhibition
and improves complex walking in a cohort of faller older adults with an increased prevalence of parkin-
son’s disease. J Gerontol A Biol Sci Med Sci 75:722-728. https://doi.org/10.1093/GERONA/GLZ072,
https://pubmed.ncbi.nlm.nih.gov/30874799/

Peng W, Crouse JC, Lin JH (2013) Using active video games for physical activity promotion.
Health Education & Behavior 40:171-192. https://doi.org/10.1177/1090198112444956, http://journals.
sagepub.com/doi/10.1177/1090198112444956

Pils K (2016) Aspects of physical medicine and rehabilitation in geriatrics. Wien Med Wochenschr
166(1-2):44-47. https://doi.org/10.1007/S10354-015-0420-3, https:/link.springer.com/article/10.1007/
$10354-015-0420-3

Pluchino A, Lee SY, Asfour S et al (2012) Pilot study comparing changes in postural con-
trol after training using a video game balance board program and 2 standard activity-based
balance intervention programs. Archives of physical medicine and rehabilitation 93:1138-1146.
https://doi.org/10.1016/J.APMR.2012.01.023, https://pubmed.ncbi.nlm.nih.gov/22414490/

Springer


https://doi.org/10.1590/1984-0462/;2017;35;4;00013
https://doi.org/10.1590/1984-0462/;2017;35;4;00013
https://doi.org/10.3390/s20195687
https://www.mdpi.com/1424-8220/20/19/5687
https://www.mdpi.com/1424-8220/20/19/5687
https://doi.org/10.1016/J.ARCHGER.2019.05.008
https://doi.org/10.1016/S0140-6736(16)31325-3
https://pubmed.ncbi.nlm.nih.gov/27524393/
https://pubmed.ncbi.nlm.nih.gov/27524393/
https://doi.org/10.1007/S40520-016-0595-5
https://pubmed.ncbi.nlm.nih.gov/27256080/
https://doi.org/10.1093/AGEING/AFZ047
https://pubmed.ncbi.nlm.nih.gov/31081504/
https://doi.org/10.1186/1479-5868-8-121/TABLES/4
https://doi.org/10.1186/1479-5868-8-121/TABLES/4
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-12
https://doi.org/10.1016/J.MATURITAS.2018.01.007
https://pubmed.ncbi.nlm.nih.gov/29563027/
https://pubmed.ncbi.nlm.nih.gov/29563027/
https://doi.org/10.1016/J.JBMT.2016.06.001
http://hdl.handle.net/10125/41605
https://doi.org/10.1016/j.jpeds.2016.02.001
http://dx.doi.org/10.1016/j.jpeds.2016.02.001
https://doi.org/10.3389/FNHUM.2017.00160
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5378780/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5378780/
https://doi.org/10.1136/bmj.n71
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71.full.pdf
https://doi.org/10.1016/j.jsams.2017.05.001
https://doi.org/10.1016/j.jsams.2017.05.001
https://doi.org/10.1093/GERONA/GLZ072
https://pubmed.ncbi.nlm.nih.gov/30874799/
https://doi.org/10.1177/1090198112444956
http://journals.sagepub.com/doi/10.1177/1090198112444956
http://journals.sagepub.com/doi/10.1177/1090198112444956
https://doi.org/10.1007/S10354-015-0420-3
https://link.springer.com/article/10.1007/s10354-015-0420-3
https://link.springer.com/article/10.1007/s10354-015-0420-3
https://doi.org/10.1016/J.APMR.2012.01.023
https://pubmed.ncbi.nlm.nih.gov/22414490/

Multimedia Tools and Applications (2024) 83:3963-3984 3983

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Ranasinghe DC, Torres RL, Wickramasinghe A (2013) Automated activity recognition and mon-
itoring of elderly using wireless sensors: research challenges. Proceedings of the 2013 5th
IEEE International Workshop on Advances in Sensors and Interfaces. IWASI 2013:224-227.
https://doi.org/10.1109/IWASIL.2013.6576067

Rendon AA, Lohman EB, Thorpe D et al (2012) The effect of virtual reality gaming on dynamic balance
in older adults. Age Ageing 41:549-552. https://doi.org/10.1093/AGEING/AFS053, https://pubmed.
ncbi.nlm.nih.gov/22672915/

Rica RL, Shimojo GL, Gomes MC (2020) Effects of a kinect-based physical training program on body
composition, functional fitness and depression in institutionalized older adults. Geriatrics & Gerontol-
ogy International 20:195-200. https://doi.org/10.1111/GGI.13857, https://onlinelibrary.wiley.com/doi/
10.1111/ggi.13857

Rice M, Wan M, Foo MH et al (2011) Evaluating gesture-based games with older adults on a large
screen display. ACM SIGGRAPH 2011 Game Papers, SIGGRAPH’ 11 https://doi.org/10.1145/2037692.
2037696, www.acsm.org/

Rosly MM, Rosly HM, OAM GMD et al (2017) Exergaming for individuals with neurological disability:
a systematic review. Disabil Rehabil 39:727-735. https://doi.org/10.3109/09638288.2016.1161086
Santos P, Machado T, Santos L et al (2019) Efficacy of the nintendo wii combination with conven-
tional exercises in the rehabilitation of individuals with parkinson’s disease: a randomized clinical
trial. NeuroRehabilitation 45:255-263. https://doi.org/10.3233/NRE-192771, https://pubmed.ncbi.nlm.
nih.gov/31498138/

Sato K, Kuroki K, Saiki S et al (2015) Improving walking, muscle strength, and balance in the elderly
with an exergame using kinect: a randomized controlled trial. Games for Health Journal 4:161-167.
https://doi.org/10.1089/G4H.2014.0057, https://pubmed.ncbi.nlm.nih.gov/26182059/

Schoene D, Lord SR, Delbaere K et al (2013) A randomized controlled pilot study of
home-based step training in older people using videogame technology. PloS one 8:e57734.
https://doi.org/10.1371/JOURNAL.PONE.0057734, https://pubmed.ncbi.nlm.nih.gov/23472104/
Schittin A, Arner R, Gennaro F et al (2016) Adaptations of prefrontal brain activity, executive functions,
and gait in healthy elderly following exergame and balance training: a randomized-controlled study.
Frontiers in Aging Neuroscience 8:278. https://doi.org/10.3389/FNAGI.2016.00278, https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC5120107/

Schwenk M, Hauer K, Zieschang T et al (2014) Sensor-derived physical activity parameters can pre-
dict future falls in people with dementia. Gerontology 60:483—492. https://doi.org/10.1159/000363136,
https://pubmed.ncbi.nlm.nih.gov/25171300/

Seaborn K, Fels DI (2015) Gamification in theory and action: a survey. Int ] Hum Comput Stud 74:14—
31. https://doi.org/10.1016/j.ijhcs.2014.09.006

Singh DK, Rajaratnam BS, Palaniswamy V et al (2012) Participating in a virtual real-
ity balance exercise program can reduce risk and fear of falls. Maturitas 73:239-243.
https://doi.org/10.1016/J.MATURITAS.2012.07.011

Singh DK, Rajaratnam BS, Palaniswamy V et al (2013) Effects of balance-focused interac-
tive games compared to therapeutic balance classes for older women. Climacteric 16:141-146.
https://doi.org/10.3109/13697137.2012.664832, https://www.tandfonline.com/doi/abs/10.3109/
13697137.2012.664832

Singh I (2016) Assessment and management of older people in the general hospital setting.
https://doi.org/10.5772/64294, https://doi.org/10.5772/64294

Smeddinck JD, Herrlich M, Malaka R (2015) Exergames for physiotherapy and rehabilita-
tion: a medium-term situated study of motivational aspects and impact on functional reach.
In: Conference on Human Factors in Computing Systems - Proceedings 2015-April:4143—4146.
https://doi.org/10.1145/2702123.2702598

Song J, Paul SS, Caetano MJD et al (2018) Home-based step training using videogame technology
in people with parkinson’s disease: a single-blinded randomised controlled trial. Clinical rehabilitation
32:299-311. https://doi.org/10.1177/0269215517721593, https://pubmed.ncbi.nlm.nih.gov/28745063/
Sapi M, Domjan A, Kiss AF et al (2019) Is kinect training superior to conventional balance
training for healthy older adults to improve postural control? Games for Health Journal 8:41-48.
https://doi.org/10.1089/G4H.2018.0027, https://pubmed.ncbi.nlm.nih.gov/30153062/

Tarnanas I, Mouzakidis C, Schlee W (2013a) Functional impairment in virtual-reality-daily-
living-activities as a defining feature of amnestic mci: cognitive and psychomotor corre-
lates. In: 2013 International Conference on Virtual Rehabilitation, ICVR 2013, pp 27-34,
https://doi.org/10.1109/ICVR.2013.6662099

@ Springer


https://doi.org/10.1109/IWASI.2013.6576067
https://doi.org/10.1093/AGEING/AFS053
https://pubmed.ncbi.nlm.nih.gov/22672915/
https://pubmed.ncbi.nlm.nih.gov/22672915/
https://doi.org/10.1111/GGI.13857
https://onlinelibrary.wiley.com/doi/10.1111/ggi.13857
https://onlinelibrary.wiley.com/doi/10.1111/ggi.13857
https://doi.org/10.1145/2037692.2037696
https://doi.org/10.1145/2037692.2037696
www.acsm.org/
https://doi.org/10.3109/09638288.2016.1161086
https://doi.org/10.3233/NRE-192771
https://pubmed.ncbi.nlm.nih.gov/31498138/
https://pubmed.ncbi.nlm.nih.gov/31498138/
https://doi.org/10.1089/G4H.2014.0057
https://pubmed.ncbi.nlm.nih.gov/26182059/
https://doi.org/10.1371/JOURNAL.PONE.0057734
https://pubmed.ncbi.nlm.nih.gov/23472104/
https://doi.org/10.3389/FNAGI.2016.00278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120107/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120107/
https://doi.org/10.1159/000363136
https://pubmed.ncbi.nlm.nih.gov/25171300/
https://doi.org/10.1016/j.ijhcs.2014.09.006
https://doi.org/10.1016/J.MATURITAS.2012.07.011
https://doi.org/10.3109/13697137.2012.664832
https://www.tandfonline.com/doi/abs/10.3109/13697137.2012.664832
https://www.tandfonline.com/doi/abs/10.3109/13697137.2012.664832
https://doi.org/10.5772/64294
https://doi.org/10.5772/64294
https://doi.org/10.1145/2702123.2702598
https://doi.org/10.1177/0269215517721593
https://pubmed.ncbi.nlm.nih.gov/28745063/
https://doi.org/10.1089/G4H.2018.0027
https://pubmed.ncbi.nlm.nih.gov/30153062/
https://doi.org/10.1109/ICVR.2013.6662099

3984 Multimedia Tools and Applications (2024) 83:3963-3984

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Tarnanas I, Schlee W, Tsolaki M et al (2013b) Ecological validity of virtual reality daily
living activities screening for early dementia: longitudinal study. JMIR Serious Games 1.
https://doi.org/10.2196/GAMES.2778, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307822/
Thapa N, Park HJ, Yang JG, other (2020) The effect of a virtual reality-based intervention program
on cognition in older adults with mild cognitive impairment: a randomized control trial. J Clin Med
9(5):1283. https://doi.org/10.3390/JCM9051283, https://pubmed.ncbi.nlm.nih.gov/32365533/

Uzor S, Baillie L (2019) Recov-r: evaluation of a home-based tailored exergame system to
reduce fall risk in seniors. ACM Transactions on Computer-Human Interaction 26(4):1-38.
https://doi.org/10.1145/3325280

Whyatt C, Merriman NA, Young WR et al (2015) A wii bit of fun: a novel platform to deliver effective
balance training to older adults. Games For Health Journal 4:423. https://doi.org/10.1089/G4H.2015.
0006, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624248/

Wilkinson P (1997) Cognitive therapy with elderly people. Age Ageing 26:53-58. https://doi.org/10.
1093/AGEING/26.1.53, https://pubmed.ncbi.nlm.nih.gov/9143440/

Xu W, Liang HN, Baghaei N et al (2020) Health benefits of digital videogames for the aging population:
a systematic review. Games for Health Journal 9:389—404. https://doi.org/10.1089/g4h.2019.0130

Yang WC, Wang HK, Wu RM et al (2016) Home-based virtual reality balance training and conventional
balance training in parkinson’s disease: a randomized controlled trial. Journal of the Formosan Med-
ical Association = Taiwan Yi Zhi 115:734-743. https://doi.org/10.1016/J.JFMA.2015.07.012, https://
pubmed.ncbi.nlm.nih.gov/26279172/

Zadro JR, Shirley D, Simic M et al (2019) Video-game-based exercises for older people with
chronic low back pain: a randomized controlledtable trial (gameback). Phys Ther 99:14-27.
https://doi.org/10.1093/PTJ/PZY 112, https://pubmed.ncbi.nlm.nih.gov/30247715/

Zhao Y, Feng H, Wu X et al (2020) Effectiveness of exergaming in improving cognitive and physical
function in people with mild cognitive impairment or dementia: systematic review. JMIR Serious Games
8(2):e16841. https://doi.org/10.2196/16841

Zheng J, Yu P, Chen X (2021) An evaluation of the effects of active game play on cognition, quality
of life and depression for older people with dementia https://doi.org/10.1080/07317115.2021.1980170,
https://www.tandfonline.com/doi/abs/10.1080/07317115.2021.1980170

Zheng L, Li G, Wang X et al (2020) Effect of exergames on physical outcomes in frail elderly: a
systematic review. Aging Clin Exp Res 32:2187-2200. https://doi.org/10.1007/s40520-019-01344-x
Zhu W, Anderson B, Zhu S et al (2016) A computer vision-based system for stride length estima-
tion using a mobile phone camera. In: ASSETS 2016 - Proceedings of the 18th International ACM
SIGACCESS Conference on Computers and Accessibility pp 121-130. https://doi.org/10.1145/2982142.
2982156, http://dx.doi.org/10.1145/2982142.2982156

Zhu X, Li KF (2016) Real-time motion capture: an overview. In: 2016 10th International Conference
on Complex, Intelligent, and Software Intensive Systems (CISIS), pp 522-525, https://doi.org/10.1109/
CISIS.2016.134

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer


https://doi.org/10.2196/GAMES.2778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307822/
https://doi.org/10.3390/JCM9051283
https://pubmed.ncbi.nlm.nih.gov/32365533/
https://doi.org/10.1145/3325280
https://doi.org/10.1089/G4H.2015.0006
https://doi.org/10.1089/G4H.2015.0006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4624248/
https://doi.org/10.1093/AGEING/26.1.53
https://doi.org/10.1093/AGEING/26.1.53
https://pubmed.ncbi.nlm.nih.gov/9143440/
https://doi.org/10.1089/g4h.2019.0130
https://doi.org/10.1016/J.JFMA.2015.07.012
https://pubmed.ncbi.nlm.nih.gov/26279172/
https://pubmed.ncbi.nlm.nih.gov/26279172/
https://doi.org/10.1093/PTJ/PZY112
https://pubmed.ncbi.nlm.nih.gov/30247715/
https://doi.org/10.2196/16841
https://doi.org/10.1080/07317115.2021.1980170
https://www.tandfonline.com/doi/abs/10.1080/07317115.2021.1980170
https://doi.org/10.1007/s40520-019-01344-x
https://doi.org/10.1145/2982142.2982156
https://doi.org/10.1145/2982142.2982156
http://dx.doi.org/10.1145/2982142.2982156
https://doi.org/10.1109/CISIS.2016.134
https://doi.org/10.1109/CISIS.2016.134

	A scoping review and a taxonomy of the use of motion-based technology centered on the end user. A special focus on elderly health
	Abstract
	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Search results

	Results from a general perspective
	Key terms
	Taxonomy of motion-based technology

	Specific analysis on elderly
	Analysis over the MBT taxonomy
	Research applications
	Monitoring
	Assessment
	Cognitive therapy
	Physical therapy
	Training
	Fitness
	Education

	Type of hardware
	Body detection
	Digital solution

	An additional analysis: instruments/mechanisms of evaluation
	Reasoned analysis of the outcomes

	Conclusions
	Declarations
	References


