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Abstract

Background: Balance impairments are common in people with multiple sclerosis (MS), with reduced ability to maintain position
and delayed responses to postural adjustments. Pilates is a popular alternative method for balance training that may reduce the
rapid worsening of symptoms and the increased risk of secondary conditions (eg, depression) that are frequently associated with
physical inactivity.

Objective: In this paper, we aimed to describe the design, development, and usability testing of MS Fitness Intervention Training
(MS-FIT), a Kinect-based tool implementing Pilates exercises customized for MS.

Methods: MS-FIT has been developed using a user-centered design approach (design, prototype, user feedback, and analysis)
to gain the target user’s perspective. A team composed of 1 physical therapist, 2 game programmers, and 1 game designer
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developed the first version of MS-FIT that integrated the knowledge and experience of the team with MS literature findings
related to Pilates exercises and balance interventions based on exergames. MS-FIT, developed by using the Unity 3D (Unity
Technologies) game engine software with Kinect Sensor V2 for Windows, implements exercises for breathing, posture, and
balance. Feedback from an Italian panel of experts in MS rehabilitation (neurologists, physiatrists, physical therapists, 1 statistician,
and 1 bioengineer) and people with MS was collected to customize the tool for use in MS. The context of MS-FIT is traveling
around the world to visit some of the most important cities to learn the aspects of their culture through pictures and stories. At
each stay of the travel, the avatar of a Pilates teacher shows the user the exercises to be performed. Overall, 9 people with MS
(n=4, 44% women; mean age 42.89, SD 11.97 years; mean disease duration 10.19, SD 9.18 years; Expanded Disability Status
Scale score 3.17, SD 0.75) were involved in 3 outpatient user test sessions of 30 minutes; MS-FIT’s usability was assessed through
an ad hoc questionnaire (maximum value=5; higher the score, higher the usability) evaluating easiness to use, playability,
enjoyment, satisfaction, and acceptance.

Results: A user-centered design approach was used to develop an accessible and challenging tool for balance training. All
people with MS (9/9, 100%) completed the user test sessions and answered the ad hoc questionnaire. The average score on each
item ranged from 3.78 (SD 0.67) to 4.33 (SD 1.00), which indicated a high usability level. The feedback and suggestions provided
by 64% (9/14) of people with MS and 36% (5/14) of therapists involved in the user test were implemented to refine the first
prototype to release MS-FIT 2.0.

Conclusions: The participants reported that MS-FIT was a usable tool. It is a promising system for enhancing the motivation
and engagement of people with MS in performing exercise with the aim of improving their physical status.

(JMIR Serious Games 2023;11:e41371) doi: 10.2196/41371
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Introduction

Background
Balance control impairments are common in people with
multiple sclerosis (MS) [1] and may affect approximately 75%
of people with MS during the course of the disease [1,2].
Weakness, spasticity, and fatigue are just some of the factors
that cause balance disorders; moreover, central sensorimotor
integration of visual, proprioceptive, and vestibular inputs is a
critical aspect of balance control that may underlie dysfunction
in static and dynamic balance [3,4]. Imbalance is usually
characterized by the reduced ability to maintain position and to
move toward the limits of stability and delayed responses to
postural adjustments [1,4]. These abnormalities, together with
other impairments and disabilities, often prevent people with
MS from correctly and easily performing daily living activities
and are considered as a primary fall risk in MS [5] with many
adverse physical and psychological consequences (eg, injuries,
fear of falling, and loss of autonomy) [6,7].

Mainly for these reasons, MS is associated with physical
inactivity [8,9] that may lead to rapid symptom worsening and
increased risk of secondary conditions (eg, fractures, high rates
of depression, and fatigue). In turn, these may seriously affect
participation in societal interactions and ultimately translate
into reduced quality of life (QoL) [10]. Thus, balance exercises
have increasingly been recommended in MS to control
symptoms, enhance participation in daily activities, and improve
QoL [11]. Balance exercises can be considered as the
cornerstone of MS interventions [4].

Pilates is a popular alternative method for the maintenance and
improvement of balance [12]. It is a precisely controlled form
of exercise that uses stabilizing muscles of the body.

Specifically, Pilates uses a holistic approach: concentration,
control, centering, flowing movement, precision, and breathing
are 6 fundamental principles; if correctly followed, they can
improve flexibility, strength, core stability, muscle control,
breathing, and posture and increase body awareness with less
ground impact and joint stress [12,13]. These aspects and the
possibility to perform exercises at the most convenient intensity
levels (ie, difficulty adjusted to own level of conditioning) make
Pilates an ideal approach to treat physical symptoms of MS
[14]. More specifically, although high-quality studies are needed
owing to the methodological flaw of most of the current
literature, a recent meta-analysis showed that Pilates exercises
might be an optional effective method to treat balance in people
with MS [15].

In this context, the advancement of technology makes new
alternatives available to deliver rehabilitative interventions in
the form of internet- and game-based exercises (exergames)
[16]. Playing exergames is a form of whole-body physical
exercise delivered via commercial nonimmersive virtual reality
[17] that requires users to complete the assigned tasks aimed at
improving fitness and promoting an active lifestyle [18].
Exergames stimulate users to be more active, allowing repetitive
practice and real-time interaction with feedback and tracking
of progress, which enhance motivation, treatment adherence,
and training outcomes [19-21]. Games that are specifically
designed to address a problem or teach a certain ability have
had a lot of success [22]. Researchers have demonstrated that
exergames are comparable with traditional therapies and can
be more fun and acceptable [23].

In the field of neurological diseases, a recent meta-analysis [24]
explored the extent to which exergaming was superior to
physical therapy or other forms of rehabilitation in improving
balance dysfunction. Results were consistent with those of
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previously published meta-analyses and systematic reviews
supporting the efficacy of exergames in the neurological setting
[25-28]. A beneficial effect of exergames was found in stroke;
Parkinson disease; and to a lesser extent, in MS, whereas
conclusions on other conditions, such as mild cognitive
impairment or Alzheimer disease, traumatic brain injuries, and
myelopathies, were not possible. Furthermore, the effect size
of exergames on balance significantly depended on the weekly
frequency of sessions, single session duration, and overall
intervention duration, whereas it was independent of the setting
(supervised or home-based) and strategy (exclusive or add-on)
of the intervention. Finally, exergames were found to be safe,
with only mild to moderate musculoskeletal adverse events
found in a minority of patients, with no significantly increased
risk of falls [29].

Among the internet- and game-based technologies used for
exercise training, the Kinect motion sensor (Microsoft Corp)
constitutes a high-potential approach; it provides a precise
markerless, full-body 3D motion tracker with real-time feedback
about user performance and enables users to virtually interact
hands-free with a computer system without needing a remote
controller [30-35]. Lozano-Quilis et al [36] demonstrated the
effectiveness of RemoviEM, a Kinect-based system offering
people with MS an intuitive and motivating way to perform
weight transfer and upper limb coordination exercises. Results
showed great improvement in balance outcomes in the group
using RemoviEM compared with the control group receiving
the same types of exercises in a standard rehabilitative
intervention. More recently, Molhemi et al [37] assessed the
efficacy of a rehabilitative protocol including standing, walking,
and weight shifting exercises delivered through a Kinect-based
versus conventional training on the improvement of balance
and mobility in people with MS. Both interventions improved
balance and mobility; however, training with exergames was
more efficacious in enhancing cognitive-motor function and
reducing falls, whereas conventional exercises led to better
directional control.

In the next years, new exergames will become available to the
therapists, and it is hoped that these will allow for the integration
in MS outpatient and at-home settings to optimize patient
clinical outcomes and to ensure the continuity of care [38]. On
the basis of the usability challenges faced by people with MS,
programmers should develop user-friendly interfaces customized
for people with MS, which is the main assumption for high
acceptance, adherence, and effectiveness.

Objective
The aim of this study was 2-fold: first, to design and develop a
usable Kinect-based exergame implementing Pilates exercises
appropriately adapted to MS requirements; second, to evaluate
the usability in people with MS for future research and clinical
use. An Italian network of experts in the field of MS
rehabilitation was involved in the different phases of the study.
The first steps were dedicated to literature revision and exercise
identification, followed by prototyping based on co-design with
MS health care professionals and people with MS. Usability
testing was conducted on the final version of the tool.

Methods

Overview
This study consists of 2 parts: the design and development of
an exergame implementing Pilates exercises and its
customization for the needs of people with MS (part 1) and
evaluation of its usability in terms of ease of use, playability,
enjoyment, satisfaction, and acceptance (part 2).

The exergame was developed for asynchronous telerehabilitation
purposes. The patient should be clinically supervised by a
physical therapist for the evaluation of the progress of training
and performances (Table 1). Moreover, for patients with
neurological problems, no limitations in terms of session
frequency and duration are considered; the more use, the higher
the effect size of the exergame [24].
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Table 1. Summary of the characteristics of Multiple Sclerosis Fitness Intervention Training.

DescriptionCharacteristic

Basic characteristics

Targeted population • People with MSa (adaptation needed for other clinical populations)

Exergame idea • The exergame is an internet game-based training system using Mi-
crosoft Kinect motion sensor technology

• It comprises games implementing Pilates exercises for breathing,
posture, and balance

Target player • Individual

Behavior change • An exergame to enhance the motivation and engagement of people
with MS in performing regular exercise

Clinical supervision • Physical therapist

Data shared with the user and clinician • Data are saved and stored in the hard disk and, if the tool is connected
to the internet, uploaded to cloud

• Performances in terms of the level of correctness, gained internet-
based coins, frequency and duration of exercise sessions, exercises
performed or skipped, unlocked cities, and completed missions are
given as feedback on the display screen during the execution of the
game or through dedicated menus

Type of game • Pilates exercises for breathing, posture, and balance

Software version • Release 2.0

Game components

Exergame goal

Physical components • Balance improvement
• Improve flexibility, strength, core stability, muscle control, and

breathing
• Improve posture
• Increase body awareness
• Reduce ground impact and joint stress

Cognitive components • Cognitive improvement (however, no specific exercises stimulated
cognition)
• Improve verbal and visuospatial memory, verbal fluency, and

information processing speed
• Decrease cognitive fatigue
• Improve cognitive-motor, dual-task performances

Rules • Breathing: breathe in and breathe out in correspondence of the
teacher’s instruction

• Posture: sitting or standing depending on the exercise requirements
(a chair should be ready to use for the sitting exercises)

• Prompts: follow trajectories or arrows displayed in correspondence
of the user’s avatar during the exercise execution

Game mechanics • The user interacts with the exergame by repeating the gesture of the
Pilates trainer’s avatar

• The exergame also provides audio and visual feedback to the users
while they are playing the games

Web environment • Travel to visit some of the most important cities around the world

Setting • Outpatient and at-home room environment with at least 3-m distance
between the sensor and user
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DescriptionCharacteristic

• Minicomputer, monitor with a HDMIb connector (minimum suggested

size: 27 tTFTc), Microsoft Kinect Sensor version 2, and power lead
controller

Hardware configuration

• Microsoft Kinect Sensor version 2 (or new compatible commercial
sensors such as Microsoft AzureKinect or MentorAge)

Sensors used

• 30 minutes per dayEstimated play time

aMS: multiple sclerosis.
bHDMI: high-definition multimedia interface.
cTFT: thin film transistor.

Ethical Considerations
The study was approved by the regional ethics committee of
the principal investigator (Azienda Ospedaliera San Martino
Genoa; n° 134/2018). All participants gave written informed
consent before entry into the study in accordance with the
revised Declaration of Helsinki [39].

Part 1: Design and Development of a Pilates Exergame

Overview
Part 1 implements the user-centered design (UCD) approach
[40-43], a user interface iterative design process that allows

designers to gain the target user’s perspective. Outcomes of the
UCD process are products with a high degree of usability. The
UCD approach is composed of 4 phases: design, prototype,
users’ feedback, and analysis [34]. All the study phases were
performed between November 2018 and November 2019. The
tool, customized for people with MS, was named MS Fitness
Intervention Training (MS-FIT). Figure 1 presents the
development process of MS-FIT.

Figure 1. The app development process involving a literature revision on Pilates and balance training with exergames in multiple sclerosis (MS) and
the identification and selection of the exercises to be implemented in MS Fitness Intervention Training (MS-FIT). A low-fidelity prototype and a
high-fidelity prototype have been developed after evaluation by people with MS, physical therapists, and a panel of experts. Feedback was implemented
to obtain the final version of MS-FIT. The icons in the figure have been modified from free licensed images from Flaticon [44].

Phase 1: Analysis of Existing Findings and Tool Design
During the first phase, a development team of 4 members,
composed of 1 physical therapist (25 years of experience in
neurological disease, including MS, and certified Pilates
instructor), 2 game programmers (5 years of experience in the
Unity 3D game engine), and 1 game designer (10 years of
experience in game design, game theory, innovative virtual
reality, and computer vision techniques), provided the design
of MS-FIT. It implements some decisive elements that could
enhance usability and user experience such as accessibility,
challenge, reward and feedback, skill development, and
difficulty adjustment [45,46].

Potential core game ideas were generated by integrating the
team knowledge and results from a literature review about
Pilates in MS and balance interventions in MS with exergames
[29,30,35-38,40-43,45-56]. The Pilates exercises were identified
for feasible implementation and safe execution in a digital tool
[46]. The exercises aimed to train breathing (exercises for
abdominal, costal, and sternal breathing perception; sitting and
kneeling Mermaid exercises; and sitting and standing arm circles
exercises able to increase the respiratory capacity; improve
mobilization of the rib cage; and align and stabilize the trunk,
backbone, head, pelvis, and shoulder), posture (eg, arch-and-curl
and spine stretch exercises for the correct alignment of the trunk,
backbone, head, pelvis, and shoulder in neutral position and
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during flexion extension; spine twist exercises to correctly
prepare the trunk and upper limbs to gait scheme; exercises for
self-correction of posture; and elephant exercise to stretch the
backbone and hamstring muscles), and balance (eg, side-to-side,
hip circle, side leg kick, 1-leg circle, and single leg extension
exercises for correct weight transfer and monopodalic support).
To ensure that the exergame was appropriate for each potential
user, exercises at different levels of accessibility were considered
(eg, some exercises are executed while seated). The game-based
training program underwent critical appraisal by the physical
therapist.

Multimedia Appendix 1 includes the description of Pilates
exercises considered to be clinically beneficial to improve
physical (ie, balance, mobility, and fatigue) and cognitive
performances and QoL and easily implementable in MS-FIT
[49].

Besides the identification and selection of the exercises, the
design model phase took into account other essential factors
such as rules and gameplay, options, levels of challenge, game
plot and story, and transfer into real life [46,57].

Phase 2: Prototyping
During the second phase, the Pilates exercises were implemented
in a low-fidelity prototype. The characteristics of MS-FIT are
presented in Table 1.

The developers used the Unity 3D game engine software with
Kinect Sensor V2 for Windows, a markerless tool usually
adopted in different research scenarios as a low-cost device
alternative to time-of-flight sensors (eg, SR-4000 CW10 by
Mesa technologies) and motion tracking systems (eg, Vicon
and Optotrac). It was preferred to Kinect Sensor V1 because it
provides great precision and more stable results [58]. Kinect
Sensor V2 is a depth RGB (Red, Green, Blue) image sensor
that provides information about the depth, color, and skeleton
of a user who is standing in front of the sensor. Therefore, it
can track and monitor full-body movements in 3D coordinates
(ie, the x-axis, y-axis, and z-axis). It emits a grid of infrared
light, and the distance of objects within the camera’s recording
range (0.5-4.5 m) is calculated using time-of-flight analysis of
reflected light beams, which yields a depth model of the
surrounding structures. On the basis of machine learning
techniques, the software development kit of Kinect Sensor V2
allows the detection of human shapes and provides an artificial
skeleton based on 25 anatomical landmarks (“Kinect joints”)
projected into these shapes based on depth data [59].

Kinect Sensor V2 acquired data at a rate of 30 frames per
second, and all the tracked body joints were first filtered by
using a third-order, low-pass Butterworth filter with a cutoff
frequency of 5 Hz. The filter order and bandwidth were
optimized to achieve the best results. The angle measures,
velocity, and acceleration were computed for each joint type
(eg, knee, shoulder, and neck) for each body frame. These
measures were used to define the gesture correctness, calculated
as the percentage of error (<5%) between the expected gestures
shown by the avatar of a Pilates teacher and those executed by
the user. The teacher’s avatar gesture database was recorded,
tagged, and compiled using a visual gesture builder app. On the

basis of the gesture correctness, we also defined the reward and
feedback system.

The hardware configuration of MS-FIT consists of other 3
devices: a minicomputer containing the exergame (eg, Intel
Next Unit Computer), a monitor with a high-definition
multimedia interface connector, and a power lead controller to
access the exergame and move through the menus. Moreover,
a chair without an armrest is needed for some exercises.

The Kinect sensor (in front) and the monitor (at the back) have
to be set on a cabinet (or table) at a height of approximately 0.8
m. The user has to stay approximately 2 to 3 m from the Kinect
sensor (Multimedia Appendix 2). At the first use of MS-FIT,
the user has to calibrate the system, standing with the arms along
the body for approximately 5 seconds in front of the sensor.
The calibration will be valid for the next sessions also.

Phases 3 and 4: Co-Design With MS Health Professional
Experts and People With MS
An Italian panel of experts in the field of MS rehabilitation
composed of 12 neurologists, 3 physiatrists, 1 statistician, and
1 bioengineer (refer to Multimedia Appendix 3 for a list of
participating centers) was invited to participate in the tool
co-design [60]. Overall, 2 evaluation cycles were conducted
during 2 separate meetings to refine the low-fidelity and
high-fidelity prototypes. The evaluation was conducted by using
a think-aloud method [61].

During the first cycle, the meeting started with a quick
presentation of the aims of phases 1 and 2, followed by a
demonstration of the low-fidelity prototype. Key questions
regarding the advantages, disadvantages, and potential
modifications were asked after each proposed feature. They
suggested some preliminary customizations necessary for use
with people with MS. Such modifications were mainly related
to how the exercises should be implemented to take into account
the different levels of physical disabilities of people with MS
(eg, adaptation to safe positions).

Similarly, a first cycle of assessment was also conducted on the
low-fidelity prototype with 60% (6/10) of people with MS and
40% (4/10) of physical therapists with experience in MS. They
were required to specifically focus on user interface interaction,
sound effects, and color contrast. Impaired movements and
sensory loss (ie, somatosensory, auditory, and visual) such as
those experienced by people with MS require specific user
interface adaptations. People with MS proposed to use travel
around the world as the game’s context instead of a numbered
track or an urban map; it was considered to be more motivating
for themselves given that, often, MS limits the possibility to
travel for both job and tourism.

Feedback from the first cycle was analyzed and used to modify
the prototype before the second cycle. Experts, people with MS,
and physical therapists agreed on the necessity of an introductory
screen that reports safety information; moreover, they agreed
on the necessity to wear comfortable clothes (eg, a tracksuit)
while using the tool. No other relevant additional modifications
were necessary.
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Part 2: Usability Evaluation With Targeted Users
Part 2 was deputed to evaluate the usability of MS-FIT (release
1.0) with people with MS; an ad hoc questionnaire was used to
analyze the ease of use, playability, enjoyment, satisfaction,
and acceptance.

Participants
People with MS were enrolled at the Rehabilitation Service of
the Italian Multiple Sclerosis Society in Genoa, IRCCS Institute
of the Neurological Sciences of Bologna in Bologna, and
Neurological Institute Carlo Besta IRCCS Foundation in Milan.
The inclusion criteria were (1) age ≥18 years, (2) all MS courses
(relapsing remitting, secondary progressive, and primary
progressive), (3) disability level 2 to 4 as determined by the
Expanded Disability Status Scale [62], (4) normal cognitive
function (determined by a Mini-Mental State Examination score
>24) [63], (5) no mood disorders as determined by a Hospital
Anxiety and Depression Scale score <10 in the 2 subsets for
anxiety and depression [64], (6) ability to maintain balance as
determined by a Berg Balance Scale score >46 [65], and (7) at
least 1 month without having been treated with rehabilitation.
The exclusion criteria were (1) visual deficits that could
compromise the use of MS-FIT and (2) relapses in the past 3
months.

Protocol
Each participant was involved in 3 outpatient usability test
sessions. Before the first session, they received a comprehensive
description of the MS-FIT concept and rules; furthermore, they
learned to autonomously assemble and calibrate the MS-FIT
tool. After the calibration, the participant could play the
exergame.

Recent MS recommendations [66] encourage people with MS
to practice ≥150 minutes per week of exercise or ≥150 minutes
per week of lifestyle physical activity. For this reason, MS-FIT
should be routinely used at home for 30 minutes per day for at
least 5 days a week. Therefore, a minimum of 30 minutes per

session was considered as proof of concept for the usability
study.

Outcomes
Before the first session, participants were administered a
questionnaire investigating their inclination to play traditional
games (eg, game of checkers and cards; options: yes or no) and
video games and exergames (options: nothing, consoles,
tablets/smartphones, and PC), how long they play video games
and exergames (options: 0, <4, 4-10, and >10 hours per month),
and whether they agree (options: strongly agree, agree, do not
know, disagree, and strongly disagree) that a digital assistant
is an appealing way to present exercises.

After the last session, participants were asked to rate their
experience through an ad hoc, 8-item questionnaire evaluating
usability in terms of ease of use, playability, enjoyment,
satisfaction, and acceptance, similarly to previous studies
[67,68]. All items were rated on a 5-point scale ranging from 1
(strongly disagree) to 5 (strongly agree). Moreover, the usability
was determined with a structured interview about the
impressions of participants toward MS-FIT features in terms
of rules, mechanics, interfaces, and scoring (Table 2).

In addition, the therapists involved in the user test were
administered a structured interview about the interaction the
participants had with MS-FIT. Specifically, we inquired them
about whether the patients were autonomous at the end of the
third session (options: yes/no) in using both hardware and
software and how long the patients took to set up the system
and start to play (options: <5, 5-10, 10-15, 15-20, and >20
minutes). Moreover, a free-text question was administered about
their impressions and suggestions regarding the tool in terms
of rules, mechanics, interfaces, and scoring.

Feedback from both interviews has been used by the research
team to update MS-FIT to a new release for use in MS (MS-FIT
2.0 release).
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Table 2. Questions of the ad hoc, 8-item questionnaire administered to the participants and the related scores.

Score, mean
(SD)

Participants’ scoreDomain and question

P9P8P7P6P5P4P3P2Pa1

Ease of use

3.89 (0.33)444444344Are the instructions on the MS-FITb hardware configura-
tion clear to follow?

3.78 (0.67)244444444Is the hardware configuration easy in practice?

4.11 (0.33)444454444Are the instructions on the MS-FIT use clear and easy to
follow?

3.78 (0.44)344344444Is the user interface pleasant?

Playability

3.89 (0.78)244444445Is MS-FIT easy to be played?

Enjoyment

4.11 (0.60)544354444Does a virtual trainer increase the enjoyment towards
exercise?

Satisfaction

3.89 (0.60)444454343Are you satisfied of the experience with MS-FIT?

Acceptance

4.33 (1)555555333Are you motivated to use MS-FIT autonomously at home?

aP: participant.
bMS-FIT: Multiple Sclerosis Fitness Intervention Training.

Data Analysis
Descriptive statistics were used to describe both participants’
characteristics and their scores on the ad hoc questionnaire. All
data were analyzed using STATISTICA 7.1 (StatSoft).

Follow-Up
In total, 14 therapists with specific backgrounds in MS (one for
each center; Supplementary Material 3) participated in a
dedicated meeting in Milan to evaluate the MS-FIT 2.0 release
and to suggest eventual further refinements.

Results

Part 1: Design and Development of a Pilates Exergame
MS-FIT is a tool for individual, internet-based, game-based
training using Microsoft Kinect Sensor V2. The high number
of implemented exercises (Multimedia Appendix 1) and the
different levels of difficulty prevent boredom.

The MS-FIT context is travel around the world to visit some of
the most important cities (Figure 2 and Multimedia Appendix
4) and to learn the aspects of their culture through pictures (eg,
landscape) and stories (eg, curiosity; Textbox 1). At each stay
of the travel, a teacher of Pilates, represented by an avatar,
shows and explains to the user the exercise they will have to
perform; a related caption is displayed. The teacher’s avatar (a
human model wearing web-based garments) is represented on
the left of the screen, whereas the user’s avatar (a human model
in a density gradient visualization) is represented on the right
and allows real-time feedback to the participant (Figure 3).

Accessibility was guaranteed through the implementation of
exercises tailored for people with MS and owing to the use of
auditory instructions provided by the teacher’s avatar before
starting the exercise while showing the related captions.

The challenge for the user is the execution of the exercises as
correctly and accurately as possible at the same time as the
teacher; green arrows (or circles for circular gestures), applied
to the user’s body joint and segment mainly involved in the
exercise, are displayed to suggest the correct direction and to
guide the execution (Figure 3). For each correct gesture, the
user is rewarded with web-based coins visible while gaming;
the reward represents the feedback about performances given
to the participant while playing MS-FIT. The accumulated
web-based coins can be used to unlock the next stay (ie, next
city) and progress along the travel; this progress represents
another feedback to the user. Besides this modality of game
progress, MS-FIT also provides several missions; for example,
twice-daily trainings for 5 consecutive days allow completing
the mission, Methodic (Multimedia Appendix 5).

As the game progresses, the user develops more skills that
motivate them to continue the training; according to the travel
progress, the level of difficulty in the next city increases in terms
of the number of consecutive repetitions of the same exercise
or in terms of exercise complexity; however, the user can also
repeat the exercises of previously unlocked cities without
training at increasing levels of difficulty.

All these aspects of MS-FIT are expected to be crucial for the
engagement of the users and the success of the product.
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MS-FIT collects use data and exercise metrics about the
frequency and duration of exercise sessions, types of exercises
that are performed or skipped by the user, performance in each
single exercise, and other statistics (eg, the ratio of unlocked

cities to total cities and the ratio of completed missions to total
missions). However, these in-game metrics are not shown to
the user and were not investigated in this usability study. All
data are anonymized and sent to a central server for storage.

Figure 2. (A) The main interface of Multiple Sclerosis Fitness Intervention Training. On the left, the different menus allow accessing the training, extra
contents, user’s profile, and unlocked missions and closing the program; a report of performances and metrics is also present. On the right, a representative
picture of the current city and the preview of the last 4 unlocked cities are shown. (B) shows an example of the stays of the travel in Europe. In this
case, Rome, Florence, Bologna, and Venice were already unlocked; the user has returned from Venice to Bologna to continue to Greece or Milan.
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Textbox 1. Stories about a city—an example of stories related to Venice. In Multiple Sclerosis Fitness Intervention Training, each story is associated
with the corresponding picture.

General

Venice is the capital of the Veneto region. It is built on a group of 118 islands separated by canals and linked by many bridges. During the Middle
Ages and Renaissance the city played a central financial and maritime role in Europe. Today Venice is one of the most popular tourist destinations in
Europe, so that most of its economy is based on tourism. One of the greatest challenges for Venice in the next future will be to face erosion and rising
seas that threaten the delicate balance of this unique city in the world.

History

The popular class of Venice was divided into two factions: Castellani and Nicolotti. The former lived in the eastern part, i.e. the industrial area, of the
city, while the latter prevalently resided on western area and were mainly engaged in fishing. Venice turned a blind eye to the skirmishes between the
two factions, so much to permit them to clash during the so-called “Wars of the Fists.” These battles took place on the bridges of Venice (one of these
is still named “Ponte dei Pugni,” i.e. “Bridge of Punches”) and consisted of people fighting each other with bare hands. The fights could be one-on-one,
multiple or as battle to take the bridge. During the clashes many contenders fell into the water, often injured, and more rarely someone dead. In 1705
Venice forbade these battles forever, replacing them with the custom of the “Forces of Hercules.”

Monuments

The bell tower of of St Mark’s Basilica initially had five bells used for different purposes. The “Maleficio” bell announced an imminent death sentence;
the “Marangona” bell marked the beginning and the end of the Arsenale’s workshift; the “Mezzana” bell rang at noon; the “Pregadi” bell announced
the start of a meeting at the Doge’s Palace; the “Trottera” bell, which takes its name from the trot of the horses, summoned the nobles to the Doge’s
Palace. Of these only the “Marangona” was saved from the collapse of the bell tower of St Mark’s Basilica.

Curiosity

In the gardens of the Biennale of Venice there is a statue of Garibaldi on which a funny legend was born. The protagonist of this story is Giuseppe
Zolli, a Venetian Garibaldian; it is said he swore to Garibaldi his protection for eternity. In 1921 some witnesses claimed to have seen the ghost of
Zolli next to the statue of Garibaldi, intent on persecuting anyone who approached it. The inhabitants erected a statue of Zolli behind that of his protege,
to allow him to always watch over him. The ghost has not been seen since.
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Figure 3. The execution of some exercises implemented in the exergame. During the preview of the exercise (A), the teacher stays in the center of the
view; she shows and explains the next exercise that the user will have to perform. Then, she moves to the left, and the user’s avatar is displayed on the
right. (B) to (F) represent instants of the execution of Side to side 1, Spide Stretch 1, Sitting Mermaid 1, One leg circle 1, and Scapola Position 1.

Part 2: Usability Evaluation With Targeted Users

Participants
A total of 9 people with MS (n=4, 44% women) participated in
the usability phase. Their mean age was 42.89 (SD 11.97; range
22-61) years. Of the 9 participants, 8 (89%) were relapsing
remitting, and 1 (11%) was secondary progressive; the mean
Expanded Disability Status Scale score was 3.17 (SD 0.75;
range 2-4), and the mean disease duration was 10.19 (SD 9.18)
years.

Of the 9 participants, 6 (67%) did not have experience with
video games, 1 (11%) played for <4 hours per month, and 2
(22%) played for 4 to 10 hours per month. Those who played
video games used smartphones and tablets. Only 22% (2/9) of
the participants reported to be traditional game players. In
general, they agreed to consider a digital assistant (an avatar in
MS-FIT) as a useful way to make exercise more appealing.

User Experience With MS-FIT
All people with MS (9/9, 100%) completed the 3 outpatient
sessions of the user test and answered the ad hoc questionnaire.

The average score on each item ranged from 3.78 and 4.11,
which indicated a high usability level. The 8-item, ad hoc
questionnaire scores are illustrated in Table 2.

As reported by the 5 therapists involved in the user test, of the
9 participants, all (n=9, 100%) were autonomous in using both
hardware and software at the end of the third session, 6 (67%)
needed <10 minutes to set up the system, and 3 (33%) needed
10 to 15 minutes.

At the end of the third session, on average, they visited 2 cities
(range 1-3; Rome and Florence) and collected 1044 coins (range
945-1324).

Feedback and suggestions provided by the 9 people with MS
and the 5 therapists are presented in Textbox 2 and were
implemented in the MS-FIT 2.0 release.

A few final refinements were suggested by the 14 therapists
participating in the follow-up meeting and have been
implemented in the MS-FIT 2.0 release.

Thus, MS-FIT 2.0 was ready to be tested in a feasibility or a
randomized controlled trial (RCT) study.
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Textbox 2. Feedback and suggestions provided by people with multiple sclerosis (MS) and therapists.

Feedback and suggestions from people with MS

• Increment of the variety of exercises (especially for standing balance)

• Possibility of standby during the execution of an exercise (not only pause at the end of an exercise)

• Tailoring of treatment plan (eg, based on the disability level)

• Increment of the font size of writings (difficulty in reading for people with MS)

• Necessity of more colloquial terms for the instructions (very technical language is difficult to understand)

• Improvement of the reward system (need for visual feedback besides verbal feedback)

Feedback and suggestions from therapists

• Increment of the variety of exercises

• Possibility of detecting an aid (especially in the monopodalic exercises)

• Necessity of more colloquial terms for the instructions (very technical language is difficult to understand)

• Improvement of the reward system (although motivational feedback was implemented, more attention was required for negative performances)

Discussion

Principal Findings
In this study, we aimed to design, develop, and user test MS-FIT,
an internet-based, game-based tool deputed to deliver Pilates
exercises for people with MS. Study outcomes support the
therapeutic use of Pilates in MS management because it is a
safe, active treatment method (few adverse effects) with high
adherence (low dropout rate) and can improve important
parameters in the target population, such as balance, gait,
physical functional capacities, and even cognitive functions
[69].

MS-FIT was formulated by integrating the principal knowledge
and existing evidence from MS literature and by subjecting the
exergame to critical appraisal from patients and experts. We
adopted a research-based and iterative development process
that considered the knowledge gained from different disciplines
(human movement science, rehabilitation, physical activity,
game design, and research) and users’perspectives (people with
MS and therapists) to holistically generate a potentially attractive
and effective user-centered exergame for people with MS.

Although the participants had few experiences with
exergames/video games and consoles, they became autonomous
in using MS-FIT after only 3 sessions. All of them (9/9, 100%)
completed the three 30-minute sessions and reported finding
the tool easy to use, playable, enjoyable, and satisfactory. This
result was corroborated by the quantity of coins gained and the
number of cities unlocked, which could be considered as a
surrogate index of the ease to use, playability, and acceptance.
Feedback and suggestions provided by people with MS and
therapists allowed for increasing the number of implemented
exercises and, overall, improving the quality of the MS-FIT
exergame.

Comparison With Previous Studies
In MS-FIT, we used Microsoft Kinect because it has been
reported to be well accepted by users and for its effectiveness
in several rehabilitative interventions for people with MS. For

example, RemoviEM [36] is an intuitive and motivating way
to train weight transfer and upper limb coordination of people
with MS and to improve balance and mobility. Similarly,
Molhemi et al [37] demonstrated the efficacy of a Kinect-based
rehabilitative tool to train standing, walking, and weight shifting
in MS. In addition, more consolidated experiences with a
portable, low-cost tool such as the Nintendo Wii Balance Board
could pave the way for an easy future adoption of Kinect-based
exergames into clinical practice [24]. In this context, Brichetto
et al [70] investigated the effectiveness of balance training based
on the Nintendo Wii Balance Board versus a traditional
rehabilitative training. Despite the excellent compliance with
both interventions, a high clinically significant improvement in
balance was shown in the group using the exergame. In addition,
Prosperini et al [71] showed that training with the Nintendo Wii
Balance Board induced microstructure modifications of the
superior cerebellar peduncles, suggesting that high-intensity
and task-oriented exercises such as those implemented in the
Nintendo Wii Fit Plus package could favor brain reorganization
in people with MS. Overall, internet-based, game-based training
is an effective and efficient approach for empowering user
engagement, which contributes to positive outcomes of an
intervention [72,73].

To limit high dropout rates owing to potential low engagement
with modern digital technology, the UCD approach, which
incorporates game design principles (ie, goals, rules, feedback,
points, time, reward structures, levels, and esthetics), was used
in the process of designing and developing MS-FIT. Many
studies demonstrated the benefits of using the UCD concept for
developing exergames. For example, Lange et al [18] used the
UCD approach to develop an internet-based, game-based
program aimed at training the dynamic balance of individuals
who had experienced a stroke. Hemingway et al [43] used the
UCD process to develop a mobile game to influence the
behavior of HIV service uptake among a key population. Howes
et al [74] also used UCD to develop a bespoke exergame to
deliver strength and balance exercise programs to older adults.
Similarly, Kamnardsiri et al [34] developed and tested an
internet-based, physical-cognitive, game-based training system
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using Kinect for older individuals. Therefore, the UCD approach
is a core process that should be embedded in health game
development to ensure usability and acceptability of and full
benefit from exergame technology.

The findings from this study seem to be confirming these results.
Consistent with previous studies, our game system provides
feedback, including scores and performance outcomes, which
enhances the motivation of the users [75,76]. However, it was
not possible to evaluate the clinical benefit of MS-FIT because
the number of user test sessions was very low; future planned
studies will assess this aspect.

To the best of our knowledge, MS-FIT is the first exergame
designed and developed to deliver Pilates exercises through an
internet-based, game-based technology. Although MS-FIT was
customized for people with MS, few adaptations would be
necessary for use in the context of other clinical conditions
[77-80].

Plans for Future Studies
The design, development, and usability testing of MS-FIT is
the first step of a large research plan including an ongoing
feasibility study followed by an RCT. The feasibility study has
been planned to assess the satisfaction and acceptance toward
the tool, adherence to the intervention, and dropout rate on a
large sample size and for a long period of more intense use (ie,
5 sessions a week for 6 weeks). The use of validated
questionnaires investigating usability [81-83] and the
identification of potential bugs will be useful for further tool
refinement. Moreover, the administration of clinical tests
evaluating balance (eg, timed up-and-go test) will allow for
estimating the effect of the intervention and its variance, which
are necessary to calculate the appropriate sample size for the
RCT. Finally, the feasibility study will allow the identification
of groups of exercises with a level of difficulty that is suitable
for the specific needs and capabilities of people with MS in
different clinical stages.

An RCT (ClinicalTrials.gov; ID NCT04011579) will assess the
effect of MS-FIT on physical and cognitive domains, mood,
and QoL of people with MS. If RCT results are positive, MS-FIT
could be proposed in combination with rehabilitation to

potentiate the rehabilitative intervention effect or guarantee the
continuity of care of people with MS.

Owing to the discontinuation of the Kinect Sensor V2, for the
continued development of MS-FIT and successful translation
into clinical practice, a new compatible commercial sensor must
be identified and the app should be adapted. The Microsoft
AzureKinect demonstrated sufficiently high interrater and
intrarater reliability when compared with the Kinect Sensor V2.
Moreover, a full-body skeletal tracking library in Python has
recently become available. These aspects suggest that the
Microsoft AzureKinect may be an adequate replacement within
the MS-FIT system [84]. Another alternative solution to the
Kinect Sensor V2 is MentorAge, a depth RGB (Red, Green,
Blue) image sensor tracking system that operates on the Android
system and uses infrared 3D capturing technology. It can detect
a maximum of 4 people in a single room within a range of 0.6
to 5 m and has proven its capabilities and potentialities in
real-life scenarios [80,85,86]. No additional equipment is
thought to be used compared with the current version of
MS-FIT.

Limitations
Some limitations of the study need to be acknowledged. First,
the evaluation of the target user’s experience involved a small
number of participants. Furthermore, the usability results were
obtained from a few training sessions. Thus, the findings should
be considered as preliminary and interpreted with caution.
Second, the minimum requested distance between the Kinect
sensor and user could limit at-home use. New versions of the
Kinect sensors could allow overcoming this limitation. Finally,
this study investigated the usability by using an ad hoc
questionnaire; however, in a future feasibility study, the use of
validated questionnaires should be encouraged.

Conclusions
MS-FIT is an exergame using the Microsoft Kinect sensor for
outpatient and at-home MS balance interventions. It digitally
implements Pilates exercises for breathing, posture, and balance.
MS-FIT is usable and well accepted by the target users, with
positive feedback. Thus, the exergame is a promising tool for
enhancing the motivation among people with MS to engage in
exercise with the aim of improving their physical status.

Acknowledgments
The authors would like to thank the Italian Multiple Sclerosis Foundation and Roche Società per Azioni for supporting this study.
The authors would like to thank Davide Cafiero and HELAGLOBE Società a Relazioni Limitate for the development of the
Multiple Sclerosis Fitness Intervention Training exergame. Generative artificial intelligence was not used to generate text.

Data Availability
The data sets generated and analyzed during this study are available from the corresponding author upon reasonable request.

Authors' Contributions
AT was involved in conceptualization, data curation, formal analysis, investigation, supervision, writing the original draft, and
reviewing and editing the paper. MP was involved in conceptualization, data curation, formal analysis, methodology, and reviewing
and editing the paper. PC was involved in conceptualization, data curation, and reviewing and editing the paper. LL, MI, DC,
EC, PG, DP, MR, GT, LP, FP, and PB were involved in conceptualization and reviewing and editing the paper. LS was involved
in conceptualization, data curation, and reviewing and editing the paper FP was involved in conceptualization and reviewing and

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 13https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


editing the paper. PB was involved in conceptualization and reviewing and editing the paper. EP was involved in reviewing and
editing the paper. MAB was involved in funding acquisition and reviewing and editing the paper. GB was involved in
conceptualization, data curation, funding acquisition, project administration, and reviewing and editing the paper.

Conflicts of Interest
AT, MP, PC, EC, MR, LS, GT, LP, FP, PB, EP, MAB, and GB have no conflicts of interest to disclose. LL has received honoraria
for consultancy over the past 3 years from Almirall, Merck, Novartis, and Roche. MI received compensation for participation in
advisory boards from Almirall, Biogen, BMS, Merck, Novartis, Janssen, Roche, and Sanofi. MI is coeditor for MS Journal. DC
is an advisory board member or has given advice to Almiral, Bayer Schering, Biogen, GW Pharmaceuticals, Merck Serono,
Novartis, Roche, Sanofi-Genzyme, and Teva; has received honoraria for speaking or consultation fees from Almiral, Bayer
Schering, Biogen, GW Pharmaceuticals, Merck Serono, Novartis, Roche, Sanofi-Genzyme, and Teva; and is the principal
investigator in clinical trials for Bayer Schering, Biogen, Merck Serono, Mitsubishi, Novartis, Roche, Sanofi-Genzyme, and Teva.
His preclinical and clinical research was supported by grants from Bayer Schering, Biogen Idec, Celgene, Merck Serono, Novartis,
Roche, Sanofi-Genzyme, and Teva. DP has received honoraria for consultancy and speaking from Biogen, Merck, Novartis,
Sanofi, and Roche.

Multimedia Appendix 1
Pilates exercises implemented in Multiple Sclerosis Fitness Intervention Training.
[DOCX File , 49 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Additional illustration of the device and implementation.
[DOCX File , 3378 KB-Multimedia Appendix 2]

Multimedia Appendix 3
List of participating centres.
[DOCX File , 21 KB-Multimedia Appendix 3]

Multimedia Appendix 4
List of cities.
[DOCX File , 21 KB-Multimedia Appendix 4]

Multimedia Appendix 5
List of the missions.
[DOCX File , 20 KB-Multimedia Appendix 5]

References

1. Cattaneo D, Jonsdottir J. Sensory impairments in quiet standing in subjects with multiple sclerosis. Mult Scler 2009
Jan;15(1):59-67 [doi: 10.1177/1352458508096874] [Medline: 18845654]

2. Soyuer F, Mirza M, Erkorkmaz Ü. Balance performance in three forms of multiple sclerosis. Neurol Res 2006
Jul;28(5):555-562 [doi: 10.1179/016164105X49373] [Medline: 16808889]

3. Cameron MH, Nilsagård YE. Measurement and treatment of imbalance and fall risk in multiple sclerosis using the
international classification of functioning, disability and health model. Phys Med Rehabil Clin N Am 2013 May;24(2):337-354
[doi: 10.1016/j.pmr.2012.11.009] [Medline: 23598267]

4. Cameron MH, Nilsagard Y. Balance, gait, and falls in multiple sclerosis. Handb Clin Neurol 2018;159:237-250 [doi:
10.1016/B978-0-444-63916-5.00015-X] [Medline: 30482317]

5. Sosnoff JJ, Socie MJ, Boes MK, Sandroff BM, Pula JH, Suh Y, et al. Mobility, balance and falls in persons with multiple
sclerosis. PLoS One 2011 Nov 22;6(11):e28021 [FREE Full text] [doi: 10.1371/journal.pone.0028021] [Medline: 22132196]

6. Schwartz AV, Nevitt MC, Brown BW, Kelsey JL. Increased falling as a risk factor for fracture among older women: the
study of osteoporotic fractures. Am J Epidemiol 2005 Jan 15;161(2):180-185 [doi: 10.1093/aje/kwi023] [Medline: 15632268]

7. Stevens JA, Corso PS, Finkelstein EA, Miller TR. The costs of fatal and non-fatal falls among older adults. Inj Prev 2006
Oct 01;12(5):290-295 [FREE Full text] [doi: 10.1136/ip.2005.011015] [Medline: 17018668]

8. Motl RW, McAuley E, Snook EM. Physical activity and multiple sclerosis: a meta-analysis. Mult Scler 2005 Aug
02;11(4):459-463 [doi: 10.1191/1352458505ms1188oa] [Medline: 16042230]

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 14https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v11i1e41371_app1.docx&filename=0f1645988a73eed7067eca2cc55142e6.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app1.docx&filename=0f1645988a73eed7067eca2cc55142e6.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app2.docx&filename=a7ec03f7607af96c399fe3f3b99f045a.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app2.docx&filename=a7ec03f7607af96c399fe3f3b99f045a.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app3.docx&filename=819ea10f7dfc4e2d2ecc1f354367b99f.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app3.docx&filename=819ea10f7dfc4e2d2ecc1f354367b99f.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app4.docx&filename=6da5f979b49f0ec3d987d10cba56cb2a.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app4.docx&filename=6da5f979b49f0ec3d987d10cba56cb2a.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app5.docx&filename=146215724f93e5492648b3832afc4070.docx
https://jmir.org/api/download?alt_name=games_v11i1e41371_app5.docx&filename=146215724f93e5492648b3832afc4070.docx
http://dx.doi.org/10.1177/1352458508096874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18845654&dopt=Abstract
http://dx.doi.org/10.1179/016164105X49373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16808889&dopt=Abstract
http://dx.doi.org/10.1016/j.pmr.2012.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598267&dopt=Abstract
http://dx.doi.org/10.1016/B978-0-444-63916-5.00015-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30482317&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0028021
http://dx.doi.org/10.1371/journal.pone.0028021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22132196&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwi023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15632268&dopt=Abstract
https://europepmc.org/abstract/MED/17018668
http://dx.doi.org/10.1136/ip.2005.011015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17018668&dopt=Abstract
http://dx.doi.org/10.1191/1352458505ms1188oa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16042230&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Motl RW, Arnett PA, Smith MM, Barwick FH, Ahlstrom B, Stover EJ. Worsening of symptoms is associated with lower
physical activity levels in individuals with multiple sclerosis. Mult Scler 2008 Jan 01;14(1):140-142 [doi:
10.1177/1352458507079126] [Medline: 18089672]

10. Turner AP, Kivlahan DR, Haselkorn JK. Exercise and quality of life among people with multiple sclerosis: looking beyond
physical functioning to mental health and participation in life. Arch Phys Med Rehabil 2009 Mar;90(3):420-428 [doi:
10.1016/j.apmr.2008.09.558] [Medline: 19254606]

11. Motl RW, Pilutti LA. The benefits of exercise training in multiple sclerosis. Nat Rev Neurol 2012 Sep 24;8(9):487-497
[doi: 10.1038/nrneurol.2012.136] [Medline: 22825702]

12. Wells C, Kolt GS, Bialocerkowski A. Defining Pilates exercise: a systematic review. Complement Ther Med 2012
Aug;20(4):253-262 [doi: 10.1016/j.ctim.2012.02.005] [Medline: 22579438]

13. Kloubec JA. Pilates for improvement of muscle endurance, flexibility, balance, and posture. J Strength Cond Res 2010
Mar;24(3):661-667 [doi: 10.1519/JSC.0b013e3181c277a6] [Medline: 20145572]

14. Sánchez-Lastra MA, Martínez-Aldao D, Molina AJ, Ayán C. Pilates for people with multiple sclerosis: a systematic review
and meta-analysis. Mult Scler Relat Disord 2019 Feb;28:199-212 [doi: 10.1016/j.msard.2019.01.006] [Medline: 30623859]

15. Arik MI, Kiloatar H, Saracoglu I. Do Pilates exercises improve balance in patients with multiple sclerosis? A systematic
review and meta-analysis. Mult Scler Relat Disord 2022 Jan;57:103410 [doi: 10.1016/j.msard.2021.103410] [Medline:
34852992]

16. Taylor MJ, McCormick D, Shawis T, Impson R, Griffin M. Activity-promoting gaming systems in exercise and rehabilitation.
J Rehabil Res Dev 2011;48(10):1171-1186 [FREE Full text] [doi: 10.1682/jrrd.2010.09.0171] [Medline: 22234662]

17. Read JL, Shortell SM. Interactive games to promote behavior change in prevention and treatment. JAMA 2011 Apr
27;305(16):1704-1705 [doi: 10.1001/jama.2011.408] [Medline: 21447802]

18. Lange B, Flynn S, Proffitt R, Chang CY, Rizzo AS. Development of an interactive game-based rehabilitation tool for
dynamic balance training. Top Stroke Rehabil 2010 Jan 05;17(5):345-352 [doi: 10.1310/tsr1705-345] [Medline: 21131259]

19. Deutsch JE, Brettler A, Smith C, Welsh J, John R, Guarrera-Bowlby P, et al. Nintendo wii sports and wii fit game analysis,
validation, and application to stroke rehabilitation. Top Stroke Rehabil 2011 Nov;18(6):701-719 [doi: 10.1310/tsr1806-701]
[Medline: 22436308]

20. Hoffmann K, Sportwiss D, Hardy S, Wiemeyer J, Göbel S. Personalized adaptive control of training load in
Cardio-Exergames--a feasibility study. Games Health J 2015 Dec;4(6):470-479 [doi: 10.1089/g4h.2014.0073] [Medline:
26484388]

21. Pirovano M, Surer E, Mainetti R, Lanzi PL, Alberto Borghese N. Exergaming and rehabilitation: a methodology for the
design of effective and safe therapeutic exergames. Entertain Comput 2016 May;14:55-65 [FREE Full text] [doi:
10.1016/j.entcom.2015.10.002]

22. Griffiths MD. The therapeutic and health benefits of playing video games. In: Attrill-Smith A, Fullwood C, Keep M, Kuss
DJ, editors. The Oxford Handbook of Cyberpsychology. Oxford, UK: Oxford University Press; 2019:485-505

23. Horne-Moyer HL, Moyer BH, Messer DC, Messer ES. The use of electronic games in therapy: a review with clinical
implications. Curr Psychiatry Rep 2014 Dec;16(12):520 [FREE Full text] [doi: 10.1007/s11920-014-0520-6] [Medline:
25312026]

24. Prosperini L, Tomassini V, Castelli L, Tacchino A, Brichetto G, Cattaneo D, et al. Exergames for balance dysfunction in
neurological disability: a meta-analysis with meta-regression. J Neurol 2021 Sep 23;268(9):3223-3237 [doi:
10.1007/s00415-020-09918-w] [Medline: 32447551]

25. Cano Porras D, Siemonsma P, Inzelberg R, Zeilig G, Plotnik M. Advantages of virtual reality in the rehabilitation of balance
and gait: systematic review. Neurology 2018 May 29;90(22):1017-1025 [doi: 10.1212/WNL.0000000000005603] [Medline:
29720544]

26. Goble DJ, Cone BL, Fling BW. Using the Wii Fit as a tool for balance assessment and neurorehabilitation: the first half
decade of "Wii-search". J Neuroeng Rehabil 2014 Feb 08;11(1):12 [FREE Full text] [doi: 10.1186/1743-0003-11-12]
[Medline: 24507245]

27. Taylor MJ, Griffin M. The use of gaming technology for rehabilitation in people with multiple sclerosis. Mult Scler 2015
Apr;21(4):355-371 [doi: 10.1177/1352458514563593] [Medline: 25533296]

28. Ravenek KE, Wolfe DL, Hitzig SL. A scoping review of video gaming in rehabilitation. Disabil Rehabil Assist Technol
2016 Aug;11(6):445-453 [doi: 10.3109/17483107.2015.1029538] [Medline: 25815680]

29. Jalink MB, Heineman E, Pierie JP, ten Cate Hoedemaker HO. Nintendo related injuries and other problems: review. BMJ
2014 Dec 16;349(dec16 6):g7267 [FREE Full text] [doi: 10.1136/bmj.g7267] [Medline: 25515525]

30. Yeung LF, Yang Z, Cheng KC, Du D, Tong RK. Effects of camera viewing angles on tracking kinematic gait patterns using
Azure Kinect, Kinect v2 and Orbbec Astra Pro v2. Gait Posture 2021 Jun;87:19-26 [FREE Full text] [doi:
10.1016/j.gaitpost.2021.04.005] [Medline: 33878509]

31. Sápi M, Fehér-Kiss A, Csernák K, Domján A, Pintér S. The effects of exergaming on sensory reweighting and mediolateral
stability of women aged over 60: usability study. JMIR Serious Games 2021 Jul 21;9(3):e27884 [FREE Full text] [doi:
10.2196/27884] [Medline: 34287215]

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 15https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1177/1352458507079126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18089672&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2008.09.558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19254606&dopt=Abstract
http://dx.doi.org/10.1038/nrneurol.2012.136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22825702&dopt=Abstract
http://dx.doi.org/10.1016/j.ctim.2012.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22579438&dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e3181c277a6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20145572&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2019.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30623859&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2021.103410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34852992&dopt=Abstract
https://www.rehab.research.va.gov/jour/11/4810/pdf/page1171.pdf
http://dx.doi.org/10.1682/jrrd.2010.09.0171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234662&dopt=Abstract
http://dx.doi.org/10.1001/jama.2011.408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21447802&dopt=Abstract
http://dx.doi.org/10.1310/tsr1705-345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21131259&dopt=Abstract
http://dx.doi.org/10.1310/tsr1806-701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22436308&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26484388&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S1875952115000166
http://dx.doi.org/10.1016/j.entcom.2015.10.002
https://europepmc.org/abstract/MED/25312026
http://dx.doi.org/10.1007/s11920-014-0520-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25312026&dopt=Abstract
http://dx.doi.org/10.1007/s00415-020-09918-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32447551&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000005603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29720544&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/1743-0003-11-12
http://dx.doi.org/10.1186/1743-0003-11-12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24507245&dopt=Abstract
http://dx.doi.org/10.1177/1352458514563593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25533296&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2015.1029538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25815680&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25515525
http://dx.doi.org/10.1136/bmj.g7267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25515525&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0966-6362(21)00127-2
http://dx.doi.org/10.1016/j.gaitpost.2021.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33878509&dopt=Abstract
https://games.jmir.org/2021/3/e27884/
http://dx.doi.org/10.2196/27884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34287215&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Laver K, George S, Thomas S, Deutsch JE, Crotty M. Virtual reality for stroke rehabilitation. Stroke 2012 Feb;43(2):e20-e21
[FREE Full text] [doi: 10.1161/strokeaha.111.642439]

33. Adcock M, Sonder F, Schättin A, Gennaro F, de Bruin ED. A usability study of a multicomponent video game-based
training for older adults. Eur Rev Aging Phys Act 2020 Jan 11;17(1):3 [FREE Full text] [doi: 10.1186/s11556-019-0233-2]
[Medline: 31938075]

34. Kamnardsiri T, Phirom K, Boripuntakul S, Sungkarat S. An interactive physical-cognitive game-based training system
using Kinect for older adults: development and usability study. JMIR Serious Games 2021 Oct 27;9(4):e27848 [FREE Full
text] [doi: 10.2196/27848] [Medline: 34704953]

35. Zhang Z. Microsoft Kinect sensor and its effect. IEEE Multimedia 2012 Feb;19(2):4-10 [FREE Full text] [doi:
10.1109/mmul.2012.24]

36. Lozano-Quilis JA, Gil-Gómez H, Gil-Gómez JA, Albiol-Pérez S, Palacios-Navarro G, Fardoun HM, et al. Virtual
rehabilitation for multiple sclerosis using a kinect-based system: randomized controlled trial. JMIR Serious Games 2014
Nov 12;2(2):e12 [FREE Full text] [doi: 10.2196/games.2933] [Medline: 25654242]

37. Molhemi F, Monjezi S, Mehravar M, Shaterzadeh-Yazdi MJ, Salehi R, Hesam S, et al. Effects of virtual reality vs
conventional balance training on balance and falls in people with multiple sclerosis: a randomized controlled trial. Arch
Phys Med Rehabil 2021 Feb;102(2):290-299 [doi: 10.1016/j.apmr.2020.09.395] [Medline: 33161005]

38. Iodice R, Aceto G, Ruggiero L, Cassano E, Manganelli F, Dubbioso R. A review of current rehabilitation practices and
their benefits in patients with multiple sclerosis. Mult Scler Relat Disord 2023 Jan;69:104460 [doi:
10.1016/j.msard.2022.104460] [Medline: 36535234]

39. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA 2013 Nov 27;310(20):2191-2194 [doi: 10.1001/jama.2013.281053] [Medline: 24141714]

40. Lange B, Chang CY, Suma E, Newman B, Rizzo AS, Bolas M. Development and evaluation of low cost game-based balance
rehabilitation tool using the Microsoft Kinect sensor. Annu Int Conf IEEE Eng Med Biol Soc 2011;2011:1831-1834 [doi:
10.1109/IEMBS.2011.6090521] [Medline: 22254685]

41. Schättin A, Häfliger S, Meyer A, Früh B, Böckler S, Hungerbühler Y, et al. Design and evaluation of user-centered exergames
for patients with multiple sclerosis: multilevel usability and feasibility studies. JMIR Serious Games 2021 May 07;9(2):e22826
[FREE Full text] [doi: 10.2196/22826] [Medline: 33960956]

42. Chu CH, Biss RK, Cooper L, Quan AM, Matulis H. Exergaming platform for older adults residing in long-term care homes:
user-centered design, development, and usability study. JMIR Serious Games 2021 Mar 09;9(1):e22370 [FREE Full text]
[doi: 10.2196/22370] [Medline: 33687337]

43. Hemingway C, Baja ES, Dalmacion GV, Medina PM, Guevara EG, Sy TR, et al. Development of a mobile game to influence
behavior determinants of HIV service uptake among key populations in the Philippines: user-centered design process. JMIR
Serious Games 2019 Dec 20;7(4):e13695 [FREE Full text] [doi: 10.2196/13695] [Medline: 31859673]

44. Flaticon. URL: https://www.flaticon.com/ [accessed 2023-10-27]
45. Beristain-Colorado MD, Ambros-Antemate JF, Vargas-Treviño M, Gutiérrez-Gutiérrez J, Moreno-Rodriguez A,

Hernández-Cruz PA, et al. Standardizing the development of serious games for physical rehabilitation: conceptual framework
proposal. JMIR Serious Games 2021 Jun 24;9(2):e25854 [FREE Full text] [doi: 10.2196/25854] [Medline: 34185003]

46. Dias SB, Diniz JA, Konstantinidis E, Savvidis T, Zilidou V, Bamidis PD, et al. Assistive HCI-serious games co-design
insights: the case study of i-PROGNOSIS personalized game suite for Parkinson's disease. Front Psychol 2020 Jan
15;11:612835 [FREE Full text] [doi: 10.3389/fpsyg.2020.612835] [Medline: 33519632]

47. Kalron A, Rosenblum U, Frid L, Achiron A. Pilates exercise training vs. physical therapy for improving walking and balance
in people with multiple sclerosis: a randomized controlled trial. Clin Rehabil 2017 Mar;31(3):319-328 [doi:
10.1177/0269215516637202] [Medline: 26951348]

48. Alvarenga-Filho H, Sacramento PM, Ferreira TB, Hygino J, Abreu JE, Carvalho SR, et al. Combined exercise training
reduces fatigue and modulates the cytokine profile of T-cells from multiple sclerosis patients in response to neuromediators.
J Neuroimmunol 2016 Apr 15;293:91-99 [doi: 10.1016/j.jneuroim.2016.02.014] [Medline: 27049568]

49. Küçük F, Kara B, Poyraz E, İdiman E. Improvements in cognition, quality of life, and physical performance with clinical
Pilates in multiple sclerosis: a randomized controlled trial. J Phys Ther Sci 2016 Mar;28(3):761-768 [FREE Full text] [doi:
10.1589/jpts.28.761] [Medline: 27134355]

50. Soysal Tomruk M, Uz MZ, Kara B, İdiman E. Effects of Pilates exercises on sensory interaction, postural control and
fatigue in patients with multiple sclerosis. Mult Scler Relat Disord 2016 May;7:70-73 [doi: 10.1016/j.msard.2016.03.008]
[Medline: 27237762]

51. Kara B, Küçük F, Poyraz EC, Tomruk MS, İdıman E. Different types of exercise in multiple sclerosis: aerobic exercise or
pilates, a single-blind clinical study. J Back Musculoskelet Rehabil 2017;30(3):565-573 [doi: 10.3233/BMR-150515]
[Medline: 27911284]

52. Freeman J, Fox E, Gear M, Hough A. Pilates based core stability training in ambulant individuals with multiple sclerosis:
protocol for a multi-centre randomised controlled trial. BMC Neurol 2012 Apr 05;12(1):19 [FREE Full text] [doi:
10.1186/1471-2377-12-19] [Medline: 22480437]

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 16https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://www.ahajournals.org/doi/full/10.1161/strokeaha.111.642439
http://dx.doi.org/10.1161/strokeaha.111.642439
https://eurapa.biomedcentral.com/articles/10.1186/s11556-019-0233-2
http://dx.doi.org/10.1186/s11556-019-0233-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31938075&dopt=Abstract
https://games.jmir.org/2021/4/e27848/
https://games.jmir.org/2021/4/e27848/
http://dx.doi.org/10.2196/27848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34704953&dopt=Abstract
https://ieeexplore.ieee.org/document/6190806
http://dx.doi.org/10.1109/mmul.2012.24
https://games.jmir.org/2014/2/e12/
http://dx.doi.org/10.2196/games.2933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25654242&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2020.09.395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33161005&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2022.104460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36535234&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
http://dx.doi.org/10.1109/IEMBS.2011.6090521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22254685&dopt=Abstract
https://games.jmir.org/2021/2/e22826/
http://dx.doi.org/10.2196/22826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33960956&dopt=Abstract
https://games.jmir.org/2021/1/e22370/
http://dx.doi.org/10.2196/22370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33687337&dopt=Abstract
https://games.jmir.org/2019/4/e13695/
http://dx.doi.org/10.2196/13695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31859673&dopt=Abstract
https://www.flaticon.com/
https://games.jmir.org/2021/2/e25854/
http://dx.doi.org/10.2196/25854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34185003&dopt=Abstract
https://europepmc.org/abstract/MED/33519632
http://dx.doi.org/10.3389/fpsyg.2020.612835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33519632&dopt=Abstract
http://dx.doi.org/10.1177/0269215516637202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26951348&dopt=Abstract
http://dx.doi.org/10.1016/j.jneuroim.2016.02.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27049568&dopt=Abstract
https://europepmc.org/abstract/MED/27134355
http://dx.doi.org/10.1589/jpts.28.761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27134355&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2016.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27237762&dopt=Abstract
http://dx.doi.org/10.3233/BMR-150515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27911284&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/1471-2377-12-19
http://dx.doi.org/10.1186/1471-2377-12-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22480437&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


53. Marandi SM, Nejad VS, Shanazari Z, Zolaktaf V. A comparison of 12 weeks of pilates and aquatic training on the dynamic
balance of women with mulitple sclerosis. Int J Prev Med 2013 Apr;4(Suppl 1):S110-S117 [FREE Full text] [Medline:
23717760]

54. Guclu-Gunduz A, Citaker S, Irkec C, Nazliel B, Batur-Caglayan HZ. The effects of pilates on balance, mobility and strength
in patients with multiple sclerosis. NeuroRehabilitation 2014;34(2):337-342 [doi: 10.3233/NRE-130957] [Medline: 23949064]

55. van der Linden ML, Bulley C, Geneen LJ, Hooper JE, Cowan P, Mercer TH. Pilates for people with multiple sclerosis who
use a wheelchair: feasibility, efficacy and participant experiences. Disabil Rehabil 2014 Aug 19;36(11):932-939 [doi:
10.3109/09638288.2013.824035] [Medline: 23957639]

56. Fox EE, Hough AD, Creanor S, Gear M, Freeman JA. Effects of Pilates-based core stability training in ambulant people
with multiple sclerosis: multicenter, assessor-blinded, randomized controlled trial. Phys Ther 2016 Aug;96(8):1170-1178
[doi: 10.2522/ptj.20150166] [Medline: 26893507]

57. Shi YR, Shih JL. Game factors and game-based learning design model. Int J Comput Games Technol 2015;2015:1-11
[FREE Full text] [doi: 10.1155/2015/549684]

58. Gonzalez-Jorge H, Rodríguez-Gonzálvez P, Martínez-Sánchez J, González-Aguilera D, Arias P, Gesto M, et al. Metrological
comparison between Kinect I and Kinect II sensors. Measurement 2015 Jun;70:21-26 [FREE Full text] [doi:
10.1016/j.measurement.2015.03.042]

59. Rocha AP, Choupina H, Fernandes JM, Rosas MJ, Vaz R, Silva Cunha JP. Kinect v2 based system for Parkinson's disease
assessment. Annu Int Conf IEEE Eng Med Biol Soc 2015 Aug;2015:1279-1282 [doi: 10.1109/EMBC.2015.7318601]
[Medline: 26736501]

60. Almeqbaali M, Ouhbi S, Serhani MA, Amiri L, Jan RK, Zaki N, et al. A biofeedback-based mobile app with serious games
for young adults with anxiety in the United Arab Emirates: development and usability study. JMIR Serious Games 2022
Aug 02;10(3):e36936 [FREE Full text] [doi: 10.2196/36936] [Medline: 35916692]

61. van Someren MW, Barnard YF, Sandberg JA. The Think Aloud Method: A Practical Guide to Modelling Cognitive
Processes. Cambridge, MA: Academic Press; 1994.

62. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS). Neurology
1983 Nov;33(11):1444-1452 [doi: 10.1212/wnl.33.11.1444] [Medline: 6685237]

63. Beatty WW, Goodkin DE. Screening for cognitive impairment in multiple sclerosis. An evaluation of the mini-mental state
examination. Arch Neurol 1990 Mar;47(3):297-301 [doi: 10.1001/archneur.1990.00530030069018] [Medline: 2310313]

64. Honarmand K, Feinstein A. Validation of the Hospital Anxiety and Depression Scale for use with multiple sclerosis patients.
Mult Scler 2009 Dec;15(12):1518-1524 [doi: 10.1177/1352458509347150] [Medline: 19965520]

65. Cattaneo D, Regola A, Meotti M. Validity of six balance disorders scales in persons with multiple sclerosis. Disabil Rehabil
2006 Jun 30;28(12):789-795 [doi: 10.1080/09638280500404289] [Medline: 16754576]

66. Kalb R, Brown TR, Coote S, Costello K, Dalgas U, Garmon E, et al. Exercise and lifestyle physical activity recommendations
for people with multiple sclerosis throughout the disease course. Mult Scler 2020 Oct;26(12):1459-1469 [FREE Full text]
[doi: 10.1177/1352458520915629] [Medline: 32323606]

67. Cruz VT, Pais J, Bento V, Mateus C, Colunas M, Alves I, et al. A rehabilitation tool designed for intensive web-based
cognitive training: description and usability study. JMIR Res Protoc 2013 Dec 13;2(2):e59 [FREE Full text] [doi:
10.2196/resprot.2899] [Medline: 24334248]

68. Tacchino A, Pedullà L, Bonzano L, Vassallo C, Battaglia MA, Mancardi G, et al. A new app for at-home cognitive training:
description and pilot testing on patients with multiple sclerosis. JMIR Mhealth Uhealth 2015 Aug 31;3(3):e85 [FREE Full
text] [doi: 10.2196/mhealth.4269] [Medline: 26323749]

69. Rodríguez-Fuentes G, Silveira-Pereira L, Ferradáns-Rodríguez P, Campo-Prieto P. Therapeutic effects of the Pilates method
in patients with multiple sclerosis: a systematic review. J Clin Med 2022 Jan 28;11(3):683 [FREE Full text] [doi:
10.3390/jcm11030683] [Medline: 35160134]

70. Brichetto G, Spallarossa P, de Carvalho ML, Battaglia MA. The effect of Nintendo® Wii® on balance in people with
multiple sclerosis: a pilot randomized control study. Mult Scler 2013 Aug 15;19(9):1219-1221 [doi:
10.1177/1352458512472747] [Medline: 23322502]

71. Prosperini L, Fanelli F, Petsas N, Sbardella E, Tona F, Raz E, et al. Multiple sclerosis: changes in microarchitecture of
white matter tracts after training with a video game balance board. Radiology 2014 Nov;273(2):529-538 [doi:
10.1148/radiol.14140168] [Medline: 25158046]

72. Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et al. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. J Med Internet Res
2011 Jan 06;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

73. Davies CA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK. Meta-analysis of internet-delivered interventions
to increase physical activity levels. Int J Behav Nutr Phys Act 2012 Apr 30;9:52 [FREE Full text] [doi:
10.1186/1479-5868-9-52] [Medline: 22546283]

74. Howes SC, Charles D, Pedlow K, Wilson I, Holmes D, McDonough S. User-centred design of an active computer gaming
system for strength and balance exercises for older adults. J Enabling Technol 2019;13(2):101-111 [FREE Full text] [doi:
10.1108/jet-12-2018-0057]

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 17https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/23717760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23717760&dopt=Abstract
http://dx.doi.org/10.3233/NRE-130957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23949064&dopt=Abstract
http://dx.doi.org/10.3109/09638288.2013.824035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23957639&dopt=Abstract
http://dx.doi.org/10.2522/ptj.20150166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26893507&dopt=Abstract
https://www.hindawi.com/journals/ijcgt/2015/549684/
http://dx.doi.org/10.1155/2015/549684
https://www.sciencedirect.com/science/article/abs/pii/S0263224115001888
http://dx.doi.org/10.1016/j.measurement.2015.03.042
http://dx.doi.org/10.1109/EMBC.2015.7318601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26736501&dopt=Abstract
https://games.jmir.org/2022/3/e36936/
http://dx.doi.org/10.2196/36936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35916692&dopt=Abstract
http://dx.doi.org/10.1212/wnl.33.11.1444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6685237&dopt=Abstract
http://dx.doi.org/10.1001/archneur.1990.00530030069018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2310313&dopt=Abstract
http://dx.doi.org/10.1177/1352458509347150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19965520&dopt=Abstract
http://dx.doi.org/10.1080/09638280500404289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16754576&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1352458520915629?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1352458520915629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32323606&dopt=Abstract
https://www.researchprotocols.org/2013/2/e59/
http://dx.doi.org/10.2196/resprot.2899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24334248&dopt=Abstract
https://mhealth.jmir.org/2015/3/e85/
https://mhealth.jmir.org/2015/3/e85/
http://dx.doi.org/10.2196/mhealth.4269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26323749&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm11030683
http://dx.doi.org/10.3390/jcm11030683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35160134&dopt=Abstract
http://dx.doi.org/10.1177/1352458512472747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23322502&dopt=Abstract
http://dx.doi.org/10.1148/radiol.14140168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25158046&dopt=Abstract
https://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-52
http://dx.doi.org/10.1186/1479-5868-9-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22546283&dopt=Abstract
https://www.emerald.com/insight/content/doi/10.1108/JET-12-2018-0057/full/html
http://dx.doi.org/10.1108/jet-12-2018-0057
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. Tabak M, Dekker-van Weering M, van Dijk H, Vollenbroek-Hutten M. Promoting daily physical activity by means of
mobile gaming: a review of the state of the art. Games Health J 2015 Dec;4(6):460-469 [doi: 10.1089/g4h.2015.0010]
[Medline: 26397179]

76. Lewis ZH, Swartz MC, Lyons EJ. What's the point?: A review of reward systems implemented in gamification interventions.
Games Health J 2016 Apr;5(2):93-99 [doi: 10.1089/g4h.2015.0078] [Medline: 26812253]

77. Miranda S, Marques A. Pilates in noncommunicable diseases: a systematic review of its effects. Complement Ther Med
2018 Aug;39:114-130 [doi: 10.1016/j.ctim.2018.05.018] [Medline: 30012382]

78. Yun SM, Park SK, Lim HS. Influence of pilates training on the quality of life of chronic stroke patients. J Phys Ther Sci
2017 Oct;29(10):1830-1835 [FREE Full text] [doi: 10.1589/jpts.29.1830] [Medline: 29184300]

79. Çoban F, Belgen Kaygısız B, Selcuk F. Effect of clinical Pilates training on balance and postural control in patients with
Parkinson's disease: a randomized controlled trial. J Comp Eff Res 2021 Dec;10(18):1373-1383 [FREE Full text] [doi:
10.2217/cer-2021-0091] [Medline: 34726472]

80. Dias SB, Grammatikopoulou A, Diniz JA, Dimitropoulos K, Grammalidis N, Zilidou V, et al. Innovative Parkinson's disease
patients' motor skills assessment: the i-PROGNOSIS paradigm. Front Comput Sci 2020 Jul 21;2:1-19 [FREE Full text]
[doi: 10.3389/fcomp.2020.00020]

81. Billingham SA, Whitehead AL, Julious SA. An audit of sample sizes for pilot and feasibility trials being undertaken in the
United Kingdom registered in the United Kingdom Clinical Research Network database. BMC Med Res Methodol 2013
Aug 20;13:104 [FREE Full text] [doi: 10.1186/1471-2288-13-104] [Medline: 23961782]

82. Borsci S, Federici S, Lauriola M. On the dimensionality of the System Usability Scale: a test of alternative measurement
models. Cogn Process 2009 Aug;10(3):193-197 [doi: 10.1007/s10339-009-0268-9] [Medline: 19565283]

83. Home Page. User Experience Questionnaire. URL: https://www.ueq-online.org/ [accessed 2023-01-07]
84. Koontz AM, Neti A, Chung CS, Ayiluri N, Slavens BA, Davis CG, et al. Reliability of 3D depth motion sensors for capturing

upper body motions and assessing the quality of wheelchair transfers. Sensors (Basel) 2022 Jun 30;22(13):4977 [FREE
Full text] [doi: 10.3390/s22134977] [Medline: 35808471]

85. Petsani D, Konstantinidis E, Katsouli AM, Zilidou V, Dias SB, Hadjileontiadis L, et al. Digital biomarkers for well-being
through exergame interactions: exploratory study. JMIR Serious Games 2022 Sep 13;10(3):e34768 [FREE Full text] [doi:
10.2196/34768] [Medline: 36099000]

86. Mahboobeh DJ, Dias SB, Khandoker AH, Hadjileontiadis LJ. Machine learning-based analysis of digital movement
assessment and ExerGame scores for Parkinson's disease severity estimation. Front Psychol 2022 Mar 17;13:857249 [FREE
Full text] [doi: 10.3389/fpsyg.2022.857249] [Medline: 35369199]

Abbreviations
MS: multiple sclerosis
MS-FIT: Multiple Sclerosis Fitness Intervention Training
QoL: quality of life
RCT: randomized controlled trial
UCD: user-centered design

Edited by G Eysenbach, T Leung; submitted 23.07.22; peer-reviewed by S Sungkarat, A Teles, M Metcalf, S Balula; comments to
author 18.11.22; revised version received 30.01.23; accepted 30.07.23; published 08.11.23

Please cite as:
Tacchino A, Ponzio M, Confalonieri P, Leocani L, Inglese M, Centonze D, Cocco E, Gallo P, Paolicelli D, Rovaris M, Sabattini L,
Tedeschi G, Prosperini L, Patti F, Bramanti P, Pedrazzoli E, Battaglia MA, Brichetto G
An Internet- and Kinect-Based Multiple Sclerosis Fitness Intervention Training With Pilates Exercises: Development and Usability
Study
JMIR Serious Games 2023;11:e41371
URL: https://games.jmir.org/2023/1/e41371
doi: 10.2196/41371
PMID:

©Andrea Tacchino, Michela Ponzio, Paolo Confalonieri, Letizia Leocani, Matilde Inglese, Diego Centonze, Eleonora Cocco,
Paolo Gallo, Damiano Paolicelli, Marco Rovaris, Loredana Sabattini, Gioacchino Tedeschi, Luca Prosperini, Francesco Patti,
Placido Bramanti, Elisabetta Pedrazzoli, Mario Alberto Battaglia, Giampaolo Brichetto. Originally published in JMIR Serious
Games (https://games.jmir.org), 08.11.2023. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 18https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1089/g4h.2015.0010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26397179&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2015.0078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26812253&dopt=Abstract
http://dx.doi.org/10.1016/j.ctim.2018.05.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30012382&dopt=Abstract
https://europepmc.org/abstract/MED/29184300
http://dx.doi.org/10.1589/jpts.29.1830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29184300&dopt=Abstract
https://www.becarispublishing.com/doi/10.2217/cer-2021-0091?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2217/cer-2021-0091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34726472&dopt=Abstract
https://www.frontiersin.org/articles/10.3389/fcomp.2020.00020/full
http://dx.doi.org/10.3389/fcomp.2020.00020
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-104
http://dx.doi.org/10.1186/1471-2288-13-104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23961782&dopt=Abstract
http://dx.doi.org/10.1007/s10339-009-0268-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19565283&dopt=Abstract
https://www.ueq-online.org/
https://www.mdpi.com/resolver?pii=s22134977
https://www.mdpi.com/resolver?pii=s22134977
http://dx.doi.org/10.3390/s22134977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35808471&dopt=Abstract
https://games.jmir.org/2022/3/e34768/
http://dx.doi.org/10.2196/34768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36099000&dopt=Abstract
https://europepmc.org/abstract/MED/35369199
https://europepmc.org/abstract/MED/35369199
http://dx.doi.org/10.3389/fpsyg.2022.857249
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35369199&dopt=Abstract
https://games.jmir.org/2023/1/e41371
http://dx.doi.org/10.2196/41371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


in any medium, provided the original work, first published in JMIR Serious Games, is properly cited. The complete bibliographic
information, a link to the original publication on https://games.jmir.org, as well as this copyright and license information must
be included.

JMIR Serious Games 2023 | vol. 11 | e41371 | p. 19https://games.jmir.org/2023/1/e41371
(page number not for citation purposes)

Tacchino et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

