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Abstract

The integration of digital technologies into sport sciences and functional re-education has
opened new frontiers in the monitoring, management, and personalization of training and
therapeutic interventions. Among these innovations, telecoaching (TC), the remote delivery
of coaching and re-education support via digital platforms, has emerged as a promising
tool to promote adherence, engagement, and functional outcomes across diverse
populations, including elderly individuals, patients with neurological disorders, and
athletes. Simultaneously, wearable technologies such as Global Positioning Systems (GPS)
and smartwatches allow for continuous, real-time collection of physiological, kinematic,
and behavioural data, supporting a more precise understanding of individual responses and
needs. This thesis explores a new paradigm in functional re-education and sport
performance monitoring by examining the application of TC and wearable devices in both
clinical and sport contexts. It aims to provide a deeper understanding of how these tools
can be integrated to support personalized, data-driven interventions. Across the article,
particular attention is given to the role of TC in various settings, including neurological
rehabilitation, rare neurological diseases such as Charcot-Marie-Tooth (CMT), and elderly
population, highlighting its potential to extend care beyond traditional environments.
Furthermore, this thesis analyses the role of wearable devices in remote monitoring,
differentiating the contributions of Wearable Inertial Sensor (typically used in sport
performance tracking) and smartwatches (commonly applied in clinical and daily-life
settings). These tools are critically examined in terms of their technical capabilities,

usability, and potential integration into TC platforms.

To support this theoretical framework, the thesis includes multiple systematic reviews and

original studies that aim to:

- define and structure TC methodologies adapted to various populations;

- assess how wearable technologies can be used to monitor and personalize
functional re-education and training processes;

- explore how data from these devices can inform clinical decisions, enhance remote

coaching, and support recovery and performance outcomes.

The work contributes to a growing body of evidence supporting the combined use of TC

and wearable technologies, offering practical implications for researchers, clinicians, and



coaches. It suggests that the synergistic application of these tools represents a promising

new paradigm in both the optimization of physical function and the personalization of care

and training.
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Chapter I — Introduction

1.0 General Introduction

Since the early 21st century, the role of technology in sport has undergone a profound and
irreversible transformation, driven by the rapid advancement of digitisation and
technological innovation across all sectors of society. The emergence of the Internet,
mobile technologies, and digital platforms has positioned technology as a central
component of sporting practice at both professional and amateur levels [1]. These
developments have not only enhanced the efficiency of sport but have also made it more
engaging, accessible and demanding. Traditionally, sport was seen mainly as a recreational
activity, but increasing internationalisation and professionalisation, largely driven by
technological advances, have brought significant structural and cultural changes. Today,
fans and consumers are able to follow their favourite sporting events, teams, and athletes in
real time or on demand, via digital platforms and social media, at virtually any time and
from any location [2]. In this context, it is now widely recognised that future developments
in sport, particularly at the professional level, will be closely tied to ongoing technological
evolution [3]. However, the growing integration of technology into sport also raises
important ethical concerns related to competitive fairness, equitable access to technological
tools, the protection of personal data, and the fundamental nature of athletic performance.
These issues have received growing attention in the scientific literature, which has
explored their implications, challenges, and possible future developments [4-8]. Effective
integration of technology into sport and rehabilitation requires a critical, evidence-based

approach that encourages innovation while respecting fundamental principles.



1.1 Technology in Sport: An overview

Sports technology includes a wide range of tools, devices, and digital solutions aimed at
enhancing athletic performance, supporting decision-making, reducing injury risk, and
improving the overall sports experience for both professional athletes and the general
audience [9]. Examples include wearable devices for performance monitoring, software for
data management and analysis, tools for injury prevention and early detection, smart sports
infrastructures, and digital platforms designed to engage fans [10].

The use of technology in sport is not limited to the professional level. While elite leagues
such as the NBA, MLB, and football federations have incorporated advanced analysis and
scouting systems to optimise performance and recruitment, school, youth, and amateur
sports are increasingly adopting tools such as heart rate monitors, tracking applications,
and video analytics platforms [11-13]. Similarly, recreational athletes benefit from
accessible technologies like smartwatches and fitness monitoring applications. Moreover,
the impact of technology in sport extends beyond athletes to managers, coaches, athletic
trainers, data analysts, and fans. Digital tools facilitate the planning of seasons and
competitions, management of logistics and registrations, processing of statistics, and
automation of loyalty programmes [14]. For instance, goal-line technology systems are
now employed in various sports to enhance objectivity of refereeing decisions, contributing
to fairer competition management. Currently, the most used technologies include

[10,15,16]:

e Wearable technologies, including smartwatches, GPS devices, Wearable Inertial
Sensor and biometric sensors, enabling real-time monitoring of physiological,
kinematic, and behavioural parameters.

e Communication devices, such as helmets with integrated earphones, that facilitate

real-time interaction between athletes and technical staff.



e Sleep and recovery analysis systems, essential for maintaining long-term athletic
performance.
e Virtual reality tools that provide realistic simulations to support athletes’ technical

and mental preparation.

The fan experience has also been transformed by the introduction of digital devices and
applications. The integration of immersive visors, wearable display technologies such as
Apple Vision Pro, enables fans to follow sporting events in multiple ways, increasing
engagement and personalisation. The main advantages of sports technology can be

summarised as follows:

e More effective and personalised training

e Accident prevention and risk management

e Improved quality of visual and interactive experiences
e Support for athlete recruitment through data analysis

e Optimisation of event planning and management

Overall, technology in sport today represents a cross-cutting strategic factor that enhances
performance, supports functional rehabilitation, improves technical management, and
promotes innovative engagement with the sports experience at all levels. Technology is a
fundamental element in the development and practice of Paralympic sport, playing a
crucial role in enabling athletes with disabilities to reach their full potential [17]. The tools
and technological solutions employed in this context not only facilitate the execution of
motor actions specific to the sport but often constitute a necessary condition for
participation itself. A prominent example is sports prostheses; their introduction and
ongoing evolution have enabled Paralympic athletes to achieve performance levels that in
some cases surpass those attainable by a biological human body. The case of South African

sprinter Oscar Pistorius, known as the "Blade Runner," is emblematic in this regard.



Pistorius competed in the 400 meters using two carbon fibre blade-shaped prostheses, a
technology that some analyses suggest may have provided a mechanical advantage
exceeding 30% compared to able-bodied athletes [4]. His attempt to compete in the
Olympics alongside able-bodied athletes sparked intense debate across scientific, technical,
and ethical domains. Other notable examples of technological advancement in Paralympic
sport include high-performance racing wheelchairs and flexible J-shaped prosthetic feet,
such as the Flex-Foot Cheetah. Modern racing wheelchairs are constructed using ultra-light
materials like carbon fibre and designed with aerodynamic principles, typically featuring a
three-wheel configuration to enhance mechanical efficiency [18]. This design improves
force transmission and reduces fatigue, enabling athletes to achieve higher speeds more
quickly and with less effort. However, the adoption of such advanced technologies in
Paralympic sport raises significant concerns regarding equity and accessibility. State-of-
the-art racing wheelchairs and custom sports prostheses are costly and often affordable
only to athletes from economically advanced backgrounds. This creates a clear disparity
between athletes from developed countries and those from less affluent regions,
significantly affecting their opportunities to access high-level international competitions
[18]. In some disciplines, such as wheelchair basketball and wheelchair rugby, the use of a
wheelchair is a necessary and standardized condition for participation. In others, such as
track racing, prosthetic technologies can potentially provide a competitive advantage,
fuelling ongoing debate about the balance between functional compensation and
technological enhancement. In summary, Paralympic sport represents one of the clearest
and most complex contexts in which the interaction between technology and athletic
performance is observed. Reflection on these issues requires a critical analysis that

considers biomechanical, regulatory, social, and ethical implications.
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1.2 Technology in Functional Re-education: An Overview

Functional re-education is a therapeutic approach aimed at restoring or improving physical,
motor, and functional abilities following injury, illness, or disability. Exercise is a
fundamental component of a healthy lifestyle for all individuals, including people with
disabilities (PWDs), particularly those with functional and motor impairments [19,20]. A
substantial body of scientific evidence supports the benefits of physical activity in PWDs,
both for the prevention and for the management and treatment of chronic or secondary
health conditions [21,22]. Regular participation in physical exercise is also linked to better
decision-making, healthier lifestyle habits, and overall improvements in psycho-physical
well-being [23-25]. The literature has consistently demonstrated that exercise can alleviate
physical pain [26,27], enhance mental and emotional well-being [23,28], and support the
regulation of key physiological systems, with beneficial effects on circadian rhythms,
cardiovascular function, and metabolic processes [29,30]. However, despite strong
evidence of its benefits, a significant portion of the population, particularly in the United
States, does not engage in regular physical activity. Rates of physical inactivity are even
more pronounced among individuals with disabilities, exacerbating existing health
disparities and contributing to increased health inequities in PWDs [26,31]. Traditionally,
participation in exercise programs has required physical attendance at fitness centres,
gyms, healthcare facilities, or clinic [31-34]. However, this traditional model poses
multiple accessibility barriers for people with disabilities, including structural obstacles,
limited transportation options, perceived environmental insecurity, and the absence of
architecturally accessible facilities [31,34,35]. In response to these critical challenges,
recent years have seen a growing interest in solutions that deliver physical activity directly
to the home environment, challenging the long-standing notion that exercise must occur in
community-based settings [36,37]. The COVID-19 pandemic acted as a catalyst for the

widespread adoption of remote exercise interventions, prompted by the closure or
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restricted access to health and recreational facilities [31,36]. This shift has supported the
development of alternative, remotely delivered models that reduce environmental barriers,
enhance usability, and lower the costs associated with participation [33,35,38]. At the same
time, the growth of telemedicine and mobile health (mHealth) technologies has made it
possible to deliver inclusive, accessible, and personalized exercise programs [39,40]. The
integration of digital platforms, wearable devices, and TC solutions offers new
opportunities for promoting physical activity among people with disabilities, with
potentially measurable benefits for both physical and psychological health [30,41,42].
Telehealth is defined as “the delivery and facilitation of health and related services,
including medical care, provider and patient education, health information services, and
self-management, via telecommunication systems and digital communication
technologies” [43,44]. In recent years, the growing adoption of telehealth has significantly
transformed healthcare delivery, expanding the reach of therapeutic interventions into
home and remote settings. The health emergency triggered by the COVID-19 pandemic
further accelerated this shift, establishing tele-exercise and remote rehabilitation as safe
and viable options during periods of enforced social distancing [45,46]. In this context,
physical activity interventions supported by telehealth have emerged as effective
alternatives to traditional in-person treatments, ensuring therapeutic continuity even when

access to healthcare facilities is limited.

However, the use of telehealth is not without its limitations, particularly in the context of
motor re-education and physical rehabilitation. The effectiveness of digital interventions

may be compromised by several factors, including:

- The complexity of the technological platforms employed;
- Unclear or ambiguous user instructions;
- The requirement for stable internet connectivity (Wi-Fi or mobile data);

- Limited digital literacy among certain target populations, such as older adults.
12



In such cases, digital rehabilitation may prove less effective or less acceptable compared to

traditional, in-person rehabilitation approaches.

Moreover, the heterogeneity in the modes of intervention delivery, such as the presence or
absence of features like automated reminders, remote supervision, personalized feedback,
and synchronous communication, introduces an additional layer of variability. This
methodological diversity presents significant challenges for clinical research, complicating
direct comparisons across studies and limiting the generalizability of findings. Current
evidence indicates that the effectiveness of remote rehabilitation depends largely on well-
designed interventions, user-centered usability, and the appropriate tailoring of programs to

the specific needs and characteristics of everyone.

Therefore, while telehealth holds significant potential for expanding access to
rehabilitation services and enhancing continuity of care, it remains essential to further
investigate the most effective design principles. Particular attention must be given to
ensuring inclusivity, ease of use, and the provision of adequate technical support,

especially for the most vulnerable populations.

1.3 Aims and Objectives of the Thesis

The primary aim of this thesis is to advance knowledge and evidence on the application of
technologies in sport and motor re-education. This work seeks to provide a comprehensive
understanding of the complex relationships between technology, physical activity, and
sports performance. These topics are investigated across two experimental chapters, each

targeting specific objectives.

- Chapter II — Telecoaching: Concepts and Applications provides an overview of

the application of TC in the context of physical re-education, with a particular focus
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on neurological and rare neurological disorders. This section includes both
literature reviews and original studies that offer in-depth insight into the subject.
The chapter also extends the analysis to the use of TC in the sports domain, with
particular emphasis on workload management and recovery monitoring.

- Chapter III — Wearable Devices for Monitoring and Support provides an
overview of the application of wearable devices in both the motor re-education
context and the sports and performance domain. Specifically, it addresses the use of
smartwatches for monitoring fitness parameters in young adults, as well as the
application of Wearable Inertial Sensor technology for training load assessment and
recovery management. These topics are explored through original experimental

studies conducted as part of this research.

At the conclusion of this section, we will also discuss the limitations associated with the
application of technologies in both motor re-education and sports contexts. These include
challenges in data management, the lack of direct interpersonal contact between coach and
athlete, and ethical concerns, particularly regarding the continuous monitoring of health
and performance, which may infringe on personal privacy. Furthermore, disparities in
access to advanced technologies highlight issues of equity and inclusivity within these

fields.
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Chapter II — Telecoaching: Concepts and Applications

2.0 Chapter II Overview

In the contemporary digital era, the widespread diffusion of internet access and personal
communication technologies has significantly transformed healthcare delivery. Among the
emerging modalities, TC has gained increasing relevance as an alternative to traditional
face-to-face consultations with healthcare providers. Preliminary evidence suggests that
TC may offer comparable clinical effectiveness to in-person visits, while also enhancing
access to nutritional and health services and contributing to cost containment in healthcare
systems. TC involves the use of personal communication devices, such as smartphones,
tablets, or computers, to deliver remote support, including assessment, counselling, and
treatment planning. This modality helps mitigate common barriers to in-person care,
including time constraints, childcare responsibilities, geographic distance, and lack of
transportation. However, despite these advantages, TC also faces notable challenges.
Digital literacy and technological proficiency can limit participation for some patients,
while technical issues, connectivity problems, and concerns about data privacy and
security may hinder the overall experience. Addressing these barriers is essential to ensure
equitable access and maintain the quality of care. As with any innovative healthcare model,
the acceptability of TC among both providers and patients is critical to its successful
implementation. Existing studies report high satisfaction levels, with patients frequently

rating the quality of TC as equivalent to that of conventional in-person services.

2.1 Telecoaching in Neurology: Principles and Practice
List of publications/projects discussed within Chapter II:

Leale, L., Vinciguerra, C., Di Stefano, V., Brighina, F., & Battaglia, G. (2025). Effectiveness of
Telecoaching and Music Therapy in Neurological Disorders: A Narrative Review and Proposal for
a New Interventional Approach. Healthcare (Basel, Switzerland), 13(7), 826.
https://doi.org/10.3390/healthcare13070826
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INTRODUCTION

A study published in the Lancet Neurology as part of the Global Burden of Disease
research found that in 2021, more than three billion people, equivalent to 43% of the global
population, were affected by neurological conditions. This reflects an 18.2% increase
compared to 1990 and a 1.5 increase over the past two decades [47]. Neurological
disorders, including neurodevelopmental conditions and diseases affecting the nervous
system, were identified as the leading cause of disability worldwide [47], accounting for a
total of 168 million years lived with disability. Among the conditions examined were
multiple sclerosis (MS), Parkinson’s disease (PD), Alzheimer’s disease (AD), and
migraine, all of which present significant challenges for both patients and healthcare
professionals due to their complexity and substantial impact on Quality of Life (QoL)
[48,49]. The recent World Health Organization’s Action Plan outlines a comprehensive
strategy based on five objectives to improve brain health worldwide [49]: (a) increasing
policy priority; (b) providing effective, timely, and responsive diagnosis, treatment, and
care; (c) implementing promotion and prevention strategies; (d) promoting research and
innovation; and (e) strengthening the public health approach. This plan emphasizes the
importance of collaboration among stakeholders in the health sector and beyond,
promoting the involvement and empowerment of individuals with neurological disorders,
along with their caregivers and families [50]. In recent years, there has been a growing
interest in integrating innovative therapeutic approaches for the treatment of neurological
disorders [51]. The COVID-19 pandemic necessitated significant adaptations in healthcare
practices, leading professionals to comply with social distancing guidelines and quarantine
protocols. As a result, many transitioned from in-person consultations to virtual modalities,
accelerating the adoption of telemedicine interventions [52]. In this context, non-
conventional therapeutic approaches, such as TC, are gaining attention for their potential to
enhance patients’ QoL and overall well-being. TC is a new intervention approach that
utilizes digital technologies, such as a phone, personal computer, or tablet, to provide
personalized support and continuous monitoring, enabling individuals to access training
programs remotely [39]. This innovative approach can improve treatment adherence,
enhance self-efficacy, and promote greater involvement in health management. Another
important emerging approach is music therapy (MT), which involves the clinical and
evidence-based use of music interventions to achieve individualized therapeutic goals,
addressing physical, emotional, mental, social, and cognitive needs within a structured

therapeutic relationship [53-56], either “in person “as well as in “remote and virtual” mode
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[57]. MT has been shown to improve overall benefits for QoL and well-being, and it
positively influences the nervous system by modulating the parasympathetic,
dopaminergic, and opioid receptors [58]. The application of TC and MT can be particularly
significant for neurological patients, who often experience social isolation and heightened
anxiety [59,60]. Indeed, the remote accessibility of these therapies helps to overcome
geographical and logistical barriers, which is essential for individuals with mobility
challenges, a common issue among neurological patients [61]. Ultimately, these innovative
approaches may be more sustainable and cost-effective in the long term, potentially
reducing the financial burden associated with conventional treatment modalities. Thus, this
narrative review examines the use and effectiveness of TC and MT in individuals with
neurological disorders, analysing the available evidence. Through a critical synthesis of the
literature, the review aims to develop practical recommendations for health and exercise
professionals, highlighting implications for practice and future directions. Additionally, this
study proposes a strategic design for interventions that integrate TC and MT. The
integration of TC and MT highlights their complementary nature, offering a more
comprehensive approach to patient care. This integrated perspective can enhance treatment

outcomes by simultaneously addressing both the physical and emotional needs of patients.

METHODS

This narrative review was developed in accordance with the Assessment of Narrative
Review Articles guidelines [62]. It analyses the existing literature on the understanding,
management, and treatment of neurological disorders, with a particular focus on non-
pharmacological approaches such as TC and MT. Specifically, it explores their
mechanisms of action, clinical applications, and potential benefits in enhancing quality of
life and overall well-being in individuals with neurological conditions. Eligible articles
were identified through a manual search of the following databases: PubMed, Scopus, and
Web of Science. The search was conducted up to 10 January 2025. The following terms
and keywords were used in combination with the Boolean operators “AND” and “OR”:

2% ¢ 9% <6

“music therapy”, “musicotherapy”, “telecoaching”, “telehealth”, “home exercise”,
“physical activity”, “exercise”, “neurological disorders”, and “neurological diseases”. To
ensure comprehensive coverage, additional relevant articles were identified by screening
the reference list of selected studies. Only peer-reviewed, English-language articles
focusing on the recent advancements in the understanding and treatment of neurological

diseases were included. Eligible studies encompassed randomized controlled trials, non-
17



randomized controlled trials, and observational studies. Articles that did not provide
information on TC programs or MT interventions were excluded. The selected studies were
analysed through a qualitative synthesis approach. Key findings were categorized based on
intervention type, study design, target population, and main outcomes. The findings are
presented in structured subsections, each addressing key aspects of TC and MT
intervention, including their effectiveness, mechanisms of action, and potential clinical

implications.

RESULTS

In recent years, numerous studies have investigated innovative strategies to promote
healthy behaviours in individuals with neurological disorders, offering promising
advancements in treatment and care. Among the most notable emerging interventions are
TC and MT, both of which have shown encouraging results in improving health outcomes

and QoL in this population.

Telecoaching and Parkinson’s Disease

PD is one of the neurological disorders in which the TC approach has been most applied
[63]. Several studies have assessed the effectiveness of TC-based training programs in this
population. One prominent study conducted by Gandolfi and Colleagues (2017) compared
postural stability improvements following remotely supervised virtual reality (VR)-based
home balance training with sensory integration-based balance training (SIBT) conducted in
a clinical setting [64]. In this multicentre study, 76 patients with PD were randomly
assigned to either the TC group or the SIBT group. The intervention program consisted of
21 sessions, each lasting 50 min, conducted three times a week for 7 weeks. In the TC
group, each session began with a short warm-up, including stretching exercises for the
upper and lower limbs. The central phase involved ten exercises tailored to the patient’s
specific clinical condition, utilizing the Wii Fit and balance board. In the SIBT group, the
training session also began with a short warm-up phase, followed by static and dynamic
balance exercises performed under various sensory conditions. Each exercise was repeated
five to ten times, depending on the patient’s abilities, with gradual increases in intensity
and volume to promote improvement. Patients were assessed before and after the

intervention, as well as at one-month follow-up, using the Berg Balance Scale (BBS),
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Activities-Specific Balance Confidence, 10-Meter Walking Test, Dynamic Gait Index,
Parkinson’s Disease Quality of Life questionnaire. The number of falls in the previous
month was also recorded. Additionally, a cost analysis was conducted to compare the two
approaches. The results showed a significant improvement in BBS scores in the TC group
(p = 0.04) and a significant Time % Group interactions effect in the Dynamic Gait Index for
the SIBT group (p = 0.04). Both groups demonstrated improvements in all outcome
measures over time, except for fall frequency. The cost analysis revealed that the TC group

incurred lower treatment and equipment costs compared to the SIBT group.

Yang and Colleagues (2016) also investigated the effectiveness of TC using VR in
comparison to conventional balance training in individuals with PD [65]. A total of 23
participants were randomly assigned to either the TC group (n = 11) or the control group (n
= 12). Both groups completed 12 training sessions, each lasting 50 min. The TC group
engaged in VR-based exercises combined with a balance board, focusing on postural
maintenance and dynamic tasks that simulated daily activities. In contrast, the control
group participated in conventional, therapist-supervised training, which included static and
dynamic exercises aimed at improving balance. The primary outcome measure was the
BBS, while secondary outcomes included the Dynamic Gait Index, the Timed Up-and-Go
(TUG) Test, the Parkinson’s Disease Questionnaire, and the motor score of the Unified
Parkinson’s Disease Rating Scale. Assessments were conducted at baseline, after the
training program (6 weeks, post-test), and at week 8 (follow-up). Both groups showed
improvements across all outcome measures compared to baseline. However, no statistically
significant differences were observed between the two groups at either the post-test or

follow-up assessments.

Atterbury and Welman (2017) employed a TC approach to evaluate the effectiveness of a
home-based balance training program compared to a conventional therapist-supervised
training program in individuals with mild to moderate PD [66]]. A total of 40 participants
were divided into two groups: the TC group (n = 16), which performed home exercises,
and the control group (n = 24), which engaged in therapist-supervised sessions. Both
groups completed 8 weeks of training, with three sessions per week, each lasting between
40 and 60 min. Each session comprised a 10-min warm-up, 15-40 min of balance
exercises, and 10 min of cool-down. Outcome measures included the Timed-Up-and-Go
Test, Functional Gait Analysis (FGA), Activity-Specific Balance Confidence (ABC) Scale,
and Intrinsic Motivation Inventory. Both groups exhibited improvements in the FGA, with

a significant increase in step length (p < 0.05). However, enhancements in the ABC Scale
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(p = 0.05), stride velocity (p = 0.0006), and cadence (p = 0.046) were observed only in the
control group, which received therapist supervision. Additionally, the control group

demonstrated significantly higher motivation levels (p = 0.002).

Telecoaching and Multiple Sclerosis

Another neurological disorder in which the effectiveness of the TC approach has been
investigated is multiple sclerosis (MS). An important study by Pagliari and colleagues
(2016) evaluated the effectiveness of TC using VR compared to conventional rehabilitation
intervention for patients with MS [67]. This multicentre, randomized, controlled trial
involved 70 participants, with 35 assigned to the TC group and 35 to the control group.
Both groups completed 30 training sessions, consisting of five sessions per week, each
lasting 45 min. The TC group engaged in exercises using a dedicated VR Rehabilitation
System Kit that incorporated digital cognitive and motor content, with asynchronous
training monitored remotely by a therapist. In contrast, the control group received active
treatment, which included conventional motor and cognitive exercises. The main outcomes
assessed included the cognitive and psychological motor profiles of the participants,
measured by the Multiple Sclerosis Quality of Life-54, the Mini-Balance Evaluation
System Test (Mini-BESTest), and the State-Trait Anxiety Inventory (STAI). The findings
revealed that 63.3% of the TC group experienced improvements in the physical domain of
QoL (p = 0.045). Furthermore, the TC group demonstrated significantly greater
enhancements compared to the control group in the Mini-BESTest domains of balance (p =
0.014), postural control (p = 0.024), and dynamic walking (p = 0.020) at post-treatment.
Additionally, higher adherence rates were observed in the TC group compared to the

control group (86.67% vs. 80.0%).

Hoang and colleagues (2015) employed a TC approach to evaluate whether step training
could improve physical and neuropsychological measures related to falls in individuals
with MS [68]. This randomized controlled trial involved 50 patients with moderate
disability, who were divided into two groups: a TC group (n = 28) and a control group (n =
22). Participants in the TC group engaged in two interactive exergames, participating in
two 30-min sessions per week over 12 weeks. The first exergame utilized open-source
software (Stepmania) (https://www.stepmania.com/) to create a rhythmic video game,
synchronizing movements with visual stimuli displayed on a monitor. The second

exergame focused on fast and precise movements involving both lower limbs. Conversely,
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participants in the control group continued with their usual physical activity. The primary
outcomes of the study included Choice Stepping Reaction Time (CSRT) and Stroop
Stepping Test (SST) time. Secondary outcomes included measures of balance (postural
sway and CSRT components), gait speed, cognitive tests, and the Nine-Hole Peg Test (9-
HPT). The TC group demonstrated statistically significant improvements in CSRT and
SST, as well as in open-eye oscillation, the 9-HPT, and gait speed compared to the control
group. Additionally, a non-significant trend toward fewer falls was observed in the
intervention group. Importantly, no adverse events were reported during the intervention

program.

Giingor and colleagues (2022) utilized a TC approach to evaluate the effectiveness of a
home-based Pilates-based core stability training (PBCST) program on lower-limb strength
and postural control in individuals with MS, comparing it to the same program conducted
under supervision [69]. In this study, 50 individuals with MS were randomly assigned to
two groups: a TC group, which performed the training program independently at home,
and a control group, which completed the routine training program under supervision in a
clinical setting. Both groups followed the training program for 8 weeks, participating in
two sessions per week, each lasting approximately 60—75 min. Exercises were performed
in different positions, including supine, lateral, prone, quadrupedal, sitting, and standing,
and were complemented with self-stretching exercises during the final phase of each
session. The primary outcomes of the study included postural oscillation and isokinetic
muscle strength of the lower limbs, assessed using the Modified Clinical Test of Sensory
Integration of Balance, the Balance Error Scoring System (BESS Test), the Postural
Stability Test (PST), and a Biodex Multi-Joint System (isokinetic dynamometer).
Secondary outcomes included physical ability and fatigue. Statistically significant
improvements were observed in all parameters for both groups, although certain sub-
parameters of postural oscillation in the TC group did not reach statistical significance (p <

0.05). Overall, the control group demonstrated slightly greater improvements.

Telecoaching and Ataxia

Cabanas Valdés and colleagues (2024) utilized a TC approach to investigate the
effectiveness of a home-based core stability exercise (CSE) program on ataxia severity,
functional abilities, QoL, and fall rates in individuals with both short- and long-term

hereditary ataxia [70]. This randomized controlled trial involved 23 participants, divided
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into two groups: a TC group that received standard care combined with the home-based
CSE program and a control group that received standard care alone. Participants in the TC
groups performed the CSE independently, engaging in sessions five days a week for 5
weeks, with each session lasting 60 min. The exercises were designed to strengthen trunk
muscles and enhance proprioception, incorporating movements in various positions,
including supine, sitting on an unstable surface, prone, and standing. Assessments were
conducted at baseline, at the end of the intervention (5 weeks), and at follow-up (10
weeks). The primary outcomes included ataxia severity and trunk function, while
secondary outcomes included the following: balance confidence, measured by the ABC
Scale; gait speed, assessed with the 4-Meter Walk Test (4-MWT); lower-limb motor
function, evaluated by the 30-Second Sit-to-Stand Test; QoL, measured using the EuroQol
5-Dimension 5-Level (EQ-5D-5L); health status, assessed with the EQ-5D Index and fall
rates. Although no statistically significant differences were observed between the groups
regarding ataxia severity or trunk function, significant improvements were noted in balance
confidence, gait speed, QoL, and fall rates. A statistically significant interaction between
groups and time was observed for the ABC Scale (p = 0.007), the EQ-5D-5L total score (p
=0.013), and the EQ-5D index (p = 0.006).

Jabri and colleagues (2022) conducted a study investigating how a home TC training
program, with and without vibrotactile Sensory Augmentation (SA), influences balance
and coordination in individuals affected by hereditary cerebellar ataxia [71]. This crossover
study recruited 10 patients who participated in two blocks of training, each lasting six
weeks. Participants were instructed to perform balance and coordination exercises five
times a week for a total of 12 weeks, with each session lasting 30 min. The exercises were
categorized into five groups: Static Standing, standing on a Compliant Surface, Arm
Raises, Weight Shifting, and Gait. Regardless of whether they received vibrotactile SA, all
participants utilized a smartphone balance trainer during their home training sessions. This
balance training system included an Apple iPod, four tactor buds attached to an elastic belt,
and a portable Apple iPod. During sessions incorporating vibrotactile SA, the tactors
delivered directional vibrotactile feedback corresponding to the navel, lumbar spine, and
right and left sides of the trunk. When a participant’s control signal exceeded a predefined
threshold, the corresponding tactor was activated to deliver a vibrotactile signal, prompting
participants to make postural corrections by “moving away from the vibration”.
Participants were instructed to record any step-outs and self-evaluations using the iPod

interface, with these data automatically uploaded to a secure cloud server for review by a
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physical therapist who remained unaware of the participants’ identities or group
assignments. Each week, the therapist personalized exercises for each participant based on
these data. Performance was assessed before, during, and after the training program.
Several assessment measurements were used, including the Scale for the Assessment and
Rating of Ataxia (SARA), the posture and gait sub-scores of SARA, the Dynamic Gait
Index, the modified Clinical Test of Sensory Interaction in Balance, and the TUG Test.
Among the seven participants who completed both training blocks, the changes in SARA
scores and the SARA posture and gait sub-scores following training with SA were not
statistically significant compared to those observed after training without SA (p > 0.05).
However, a trend toward indicating improved SARA scores and sub-scores for posture and
gait was observed with vibrotactile SA. Significantly, participants demonstrated
improvements in their SARA scores (p = 0.02) and SARA posture and gait sub-scores (p =

0.01) when compared to their pre-training evaluations with vibrotactile SA.

Telecoaching and Other Neurological Disorders

The TC approach was employed by Burns and colleagues (2017) to evaluate the safety and
effectiveness of progressive resistance exercise for addressing foot dorsiflexion weakness
in children with CMT disease [72]. In this randomized, double-blinded, controlled study,
60 children were assigned to either a progressive resistance training group (n = 30) or a
control group receiving a sham training program (n = 30). All participants engaged in
training three times a week for six months, focusing on dorsiflexion exercises for each
foot, using an adjustable exercise cuff specifically designed to increase load capacity. For
the exercise group, the intensity was initially set at 50% of one repetition maximum (1RM)
and was gradually increased to 70% over the training period. In the control group,
participants followed the same procedure but trained at a very low intensity (less than 10%
of 1RM) without any increases throughout the training. The primary outcome was the
between-group difference in dorsiflexion strength, expressed as a Z score, assessed using
hand-held dynamometry at baseline and at 6 months, 12 months, and 24 months. The
ANCOVA-adjusted Z score differences in dorsiflexion strength between groups were as
follows: 0 (95% CI —0.37 to 0.42; p = 0.91) at 6 months, 0.3 (95% CI —0.23 to 0.81; p =
0.27) at 12 months, and 0.6 (95% CI1 0.03 to 1.12; p =0.041) at 24 months. Overall, the
study concluded that six months of targeted progressive resistance exercise effectively
attenuated the long-term progression of dorsiflexion weakness in paediatric patients with

CMT disease, with no reported adverse events.
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Mehta and colleagues (2021) utilized a TC approach to compare the effectiveness of
physical therapy (stretching) and yoga therapy as complementary tools to standard drug
treatment in patients with migraine [73]. A total of 61 participants were divided into three
groups: a physical therapy group (n = 20), a yoga therapy group (n = 20), and a standard
therapy group (n =21). All participants followed their respective programs for 12 weeks:
the physical therapy group practiced relaxation exercises, neck stretching, and cardio-
respiratory resistance training; the yoga therapy group performed specific exercises,
including the butterfly position (Bhadrasana), cobra position (Bhunjagasana), and foot
touch (Padhastasana); and the standard therapy group continued only with drug treatment.
The outcome measures assessed included headache frequency, the Short-Form McGill Pain
Questionnaire, and the Headache Impact Test-6. These assessments were conducted at
recruitment and subsequently at monthly intervals for three months. All three groups
demonstrated a significant reduction in headache frequency when comparing baseline
measurements with post-intervention assessments at 1 month, 2 months, and 3 months (p <
0.05). However, the reduction in headache frequency was significantly greater in the
physical therapy group compared to the other two groups. Furthermore, all three groups
showed significant differences in sensory and affective pain ratings between pre-
intervention and post-intervention at 1 month, 2 months, and 3 months. A one-way
ANOVA Test revealed a statistically significant reduction in headache frequency across all

groups at 3 months post-intervention.

Menengi and colleagues (2022) evaluated the effectiveness of home-based exercise
treatment using a TC approach in patients with AD [74]. The study involved 20 individuals
with early to middle-stage AD, who were randomized into two groups: a TC group (n = 10)
and a control group (n = 10). Participants in the TC group completed 25 training sessions
over 6 weeks, with each session lasting between 15 and 40 min. All sessions included dual-
task motor and cognitive exercises, utilizing specific strategies to maintain participant
engagement, such as singing and rhythm activities. The progression of exercises was
facilitated by introducing new activities throughout the program. Primary outcomes
included the Mini-Mental State Examination (MMSE), the TUG Test, and the Five-Times
Sit-to-Stand Test. Secondary outcomes included the One-Leg Stance Test (OLST), Katz
Activities of Daily Living Scale (Katz-ADL), Functional Independence Measure, Geriatric
Depression Scale-Short Form, Beck Anxiety Scale, Zarit Caregiver Burden Inventory
(ZCBI), and the Warwick Edinburgh Well-Being Scale. These outcomes were assessed at

baseline and post-treatment. Results indicated a significant difference in the mean change
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between the groups, favouring the TC group for all primary and secondary outcomes (p <

0.05), except for the ZCBI and OLST (p > 0.05). No significant differences were observed

in the comparison of primary outcome measures between the groups in the post-treatment

results (p > 0.05). However, significant differences in all secondary outcome measures

were noted in favour of the TC group (p < 0.05), except for the OLST, Katz-ADL, and

ZCBI (p > 0.05). More information about TC in different neurological disorders can be

found in Table 1.

Table 1. Telecoaching Approach in Different Neurological Disorders

Neurological Program .. . .
Disorder (time) Training TC Strategies Main Results
- Digital tools
) tsrl:tli;)neirr:/;se;sion TC program is feasible,
12 weeks - Asynchronous ifﬁ;zgglefgfgtIZi n
Hoang, of Interactive TC approach NS SEppINg,
MS . . standing balance,
2015 training, Exergames - Interactive coordination. and
2 times/w exergaming . ’ .
svstemns functlpnal perfomance in
) v{,eekly progress individuals with MS.
assessment calls
6 weeks of Vlm%al - Digital tools . TC s effective in .
Yang, PD trainin Reality - Svnchronous TC improving balance, gait,
2016 ) times/g\:v Balance ay roach and QoL in individuals
Training PP with PD.
- Logbook
- Digital tools
Virtual - Synchronous TC  TC is a feasible alternative
Gandolfi 7 weeks of Realit approach to conventional training
2017 ’ PD training, Balancye - Supervised for reducing postural
2 times/w Trainin training session instability in individuals
& - Interactive with PD.
exergaming
systems
- Losbook TC resistance training
e attenuates the long-term
24 weeks . - Digital tools .
Burns of Resistance - Supervised progression of
’ CMT o Strength . . dorsiflexion weakness
2017 training, .S training session . .
. Training without adverse effects in
3 times/w - Asynchronous . .
TC approach children with CMT
disease.
TC is effective in
8 weeks of  Dual-Task - Digital tools fmproving some aspects of
Atterbur .. gait, such as stride
PD training, Balance - Asynchronous . .
2017 Stimes/w Trainin TC approach velocity and cadence, in
& pp individuals with mild to
moderate PD.
- Dicital tools TC is effective in
Virtual & improving the physical
— 6 weeks of . - Asynchronous .
Pagliari, .. Reality domain of QoL and
MS training, TC approach _
2021 . Dual-Task . alleviating motor
5 times/w . - Offline Remote LS
Training Monitorin symptoms in individuals
£ with MS.
Mehta, MG 12 weeks Physical - Logbook Physical therapy and yoga,
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2021 of Therapy or Digital tools when added to regular
training, Yoga Supervised care, improve QoL and
3 times/w training training session reduce the frequency of
Asynchronous headaches in individuals
TC approach with MG.
Weekly progress
assessment calls
Supervised training is
more effective than TC in
Supervised improving strength,
. - . postural control, core
Pilates- training session o N
R 8 weeks of stability, and fatigue in
Giingor, .. Based Core Asynchronous o .
MS training, o individuals with MS.
2022 . Stability TC approach
2 times/w .. However, TC can be
Training Weekly progress .
recommended for patients
assessment calls T
with limitations in
attending supervised
sessions.
TC may significantly
6 weeks of Motor- . enhanc.e.cog.nltlon and
Menengi training Cognitive Digital tools mobility, improve
’ AD ’ Synchronous TC  independence, and reduce
2022 25 Dual-Task . )
. . approach anxiety and depressive
times/6w Training o
symptoms in individuals
with AD.
12 weeks TC balance and
. Balance and Digital tools coordination training
Jabri, of L .
AT . Coordination Synchronous TC improved motor
2022 training, .. .
. Training approach performance in
4 times/w .
participants.
Logbook TC improves balance
Digital tools confidence, gait speed,
Cabanas 5 weeks of Home-Base Supqrwsed . and QoL, gnq refigces the
Valdés AT training Core training session fall rate in individuals
2024 ’ 3 times /“’] Stability Asynchronous with AT. No evidence
Training TC approach supports its effectiveness
Weekly progress in improving AT severity
assessment calls and trunk function.

Legend: (TC) Telecoaching; (PD) Parkinson's disease; (MS) Multiple Sclerosis; (CMT) Charcot-Marie-Tooth; (MG)
Migraine; (AD) Alzheimer’s disease; (AT) ataxia; (QoL) Quality of Life.

DISCUSSION

This narrative review explores the effectiveness of TC and MT in the treatment of

neurological disorders, highlighting their potential benefits for individuals. The findings

suggest that TC significantly improves physical function, balance, and QoL and reduces

fall risk, while MT enhances cognitive function, motor performance, and psychological

well-being. Unlike conventional training, which typically takes place in dedicated facilities

with direct interaction between trainers and participants, TC leverages digital tools and

technologies to remotely manage and deliver training programs [8]. Common TC strategies

include the use of wearable devices, mobile applications, and VR systems, often enhanced

by gaming consoles. Wearable devices, such as smartwatches, play a crucial role in
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continuous and non-invasive monitoring of key health data, including heart rate, daily step
count, walking speed, and weekly physical activity levels [75,76]. Applications and digital
platforms further enhance TC by enabling the creation of personalized exercise plans and
facilitating the remote delivery of training programs aimed at improving physical activity
and cardiorespiratory fitness [77,78]. One particularly effective TC strategy is VR-based
training, which immerses participants in interactive, simulated environments that mimic
real-life activities. This approach not only increases physical activity levels but also
enhances executive function, short-term memory, and long-term memory [79,80].
Moreover, VR-based TC improves participant engagement by dynamically adjusting
difficulty levels based on individual skill levels, helping overcome barriers such as time
constraints, geographical distances, and transportation challenges [39]. The effectiveness
of TC has been demonstrated across various populations, including older adults [81,82]
and individuals with respiratory [83,84], metabolic [85], and cardiovascular diseases [86].
However, further research is needed to precisely determine its long-term effectiveness and
clarify its role as both a preventive and therapeutic approach [87,88]. The mechanisms
through which TC influences neurological disorders are multifactorial. Firstly, TC provides
personalized and flexible interactions, which enhance motivation and adherence to the
training programs. Continuous engagement with a coach can strengthens participants’
commitment to rehabilitation, fostering a sense of responsibility for their progress.
Additionally, TC develops practical and cognitive skills, improving awareness and
decision-making related to well-being [89]. Beyond behavioural benefits, TC actively
stimulates neuroplasticity, potentially aiding in the recovery of motor and cognitive
functions [90]. Research shows that the human brain is highly adaptable and capable of
reorganizing itself in response to new demands and environmental influences [91].
Neuroplasticity plays a key role in acquiring new skills and recovering from neurological
injuries [92]. Similarly, MT is believed to leverage neuroplasticity. Whether through active
participation or passive listening, MT engages multiple neural pathways and sensory
modalities in the brain. Structural changes occur at both cortical and subcortical levels,
impacting regions responsible for sensorimotor functions [93], auditory perception [94],
and white-matter tracts [95]. Additionally, MT has been associated with increased grey
matter density in the left anterior hippocampus, a region linked to memory and learning
[96] [...]. However, the potential limitations and negative effects of these innovative
approaches must also be considered. Regarding TC, the main limitations may include low
technological ability among some patients and the possible lack of a stable internet

connection. These factors could negatively impact patient engagement and reduce
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adherence to the intervention program. An additional factor to consider when
implementing these interventions is the influence of circadian rhythms on both physical
and cognitive performance [97]. Circadian rhythms impact not only sleep but also mood,
emotional responses, and physical abilities [98,99]. For individuals with neurological
disorders, who often experience fatigue and cognitive fluctuations, it is important to
schedule therapy sessions during optimal times of day when they are most energetic and
alert [100]. Aligning TC and MT interventions with circadian rhythms may also improve
sleep quality, which is frequently compromised in these populations [101]. In this context,
our review findings suggest that while MT can enhance mood, attention, and QoL in
individuals with PD, it does not lead to improvements in dual-task performance or balance
ability. The progression of the disease may limit neuronal plasticity, preventing long-term
effects on motor and cognitive abilities in this population. Cognitive and motor functions
in this condition may require more specific and multi-component interventions to achieve
substantial improvements [102]. In addition, the role of patient demographics and the
presence of comorbidities may affect the effectiveness of the intervention [80]. Similarly,
in patients with MS, the PBCST program has been shown to be more effective when
delivered through a traditional method rather than a TC approach. The effectiveness of
PBCST may be enhanced by direct interaction with a therapist, highlighting the importance
of supervised training in some conditions. Therefore, it is essential to adapt therapeutic
approaches to meet the specific needs of the population. Administering these interventions
at times when individuals feel most motivated and energized could significantly enhance

their effectiveness [99].

Proposed Integrated Intervention Program: Music Therapy and Telecoaching for

Neurological Disorders

This proposal presents an integrated program that combines MT and TC to enhance the
physical, cognitive, and social well-being of individuals with neurological disorders. The
selection of participants for the integrated TC and MT program will be conducted through
a rigorous screening process that employs the following inclusion criteria: (a) a confirmed
diagnosis of a neurological disorder; (b) age between 18 and 75 years; (c) readiness to
engage in a 12-week training program; and (d) signed informed consent. The evaluation of
the training program will involve both instrumental assessments and questionnaires
specifically designed to assess various aspects of neurological disorders. The assessments

will include the State-Trait Anxiety Inventory (STAI) to evaluate emotional function, the
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BBS and TUG Test to assess balance and fall risk, the Pittsburgh Sleep Quality Index to
measure sleep disturbances, the 36-Item Short Form Survey Instrument (SF-36) to evaluate
QoL, and the International Physical Activity Questionnaire (IPAQ) to assess levels of
physical activity. These assessments will enable the measurement of changes in physical
functioning, cognitive abilities, and emotional well-being throughout the duration of the
intervention. The intervention would consist of weekly TC sessions led by sports and
exercise science professionals, guiding participants through personalized physical
activities. Participants would receive tailored training programs supported by wearable
devices that monitor their goals and make necessary adjustments to their training.
Additionally, the training program would utilize video calls and dedicated platforms to
facilitate ongoing communication between participants and professionals. This approach
fosters an engaging and supportive environment, encouraging participants to remain
motivated and connected. These strategies will be effective in addressing potential
variability in participants’ engagement, enabling the collection of objective data and
facilitating personalized adjustments to training programs based on individual needs. MT
sessions could be conducted online by certified music therapists and would include a
variety of activities such as active listening, passive listening, musical improvisation, and
group activities. These sessions aim to promote social interaction and the release of
positive emotions. The intervention program could last for 12 weeks, with three sessions
per week and continuous monitoring. It should commence with an assessment of the
participant’s physical and cognitive condition using standardized tests and questionnaires.
A combined program of TC and MT promotes continuous monitoring, supports the
development of a sustainable intervention, enhances motivation and adherence, fosters
stronger social relationships, and leads to improvements in cognitive functions and
memory. In summary, these integrated TC and MT programs represent a valuable
opportunity to enhance well-being among individuals with neurological disorders. This
combined approach aims to address cognitive and physical decline while providing

emotional support, ultimately contributing to an improved QoL.

Strength and Limitations

One of the primary strengths of this study is its comprehensive examination of TC and MT
in the treatment of neurological disorders. The review provides valuable insights into the
benefits of both approaches, highlighting potential physical, cognitive, and emotional

improvements for patients. Another significant strength is the exploration of the
29



mechanisms of action for both approaches. Understanding these mechanisms, particularly
the role of neuroplasticity, establishes a solid theoretical foundation for their application in
treatment. Additionally, in today’s digital age, the incorporation of technology and
wearable devices is an important aspect to consider. These tools help overcome barriers by
enhancing motivation, monitoring progress, and ensuring high adherence to intervention
programs. However, this study has some limitations. Firstly, as it is a narrative review
rather than a systematic review, there was no rigorous methodology for selecting studies,
which could introduce bias in the results. Additionally, the variability in intervention
programs, along with differences in administration methods and duration, complicates the
comparison of results. Finally, while the review analyses the potential impacts of the TC
and MT on cognitive, psychological, and emotional well-being, the lack of long-term
follow-up limits the ability to comprehensively evaluate the effects of these approaches

over time.

CONCLUSION

In conclusion, the findings of this review suggest that TC and MT are effective alternative
approaches for treating neurological disorders. Both TC and MT, as well as their
combination, enhance physical well-being while also improving the overall QoL by
enhancing cognitive abilities and psychological well-being in individuals with neurological
disorders. Neuroplasticity emerges as a key mechanism through which these approaches
positively influence brain functions. However, the limited number of studies assessing
long-term effects highlights the need for further research to explore these interventions in
greater depth and to develop practical guidelines for their implementation in clinical

practice.

30



2.2 Telecoaching in Rare Neurological Diseases: Focus on Charcot-Marie-Tooth

(CMT)

List of publications/projects discussed within Chapter II:

Leale, 1., Di Stefano, V., Costanza, C., Brighina, F., Roccella, M., Palma, A., &
Battaglia, G. (2024). Telecoaching: a potential new training model for Charcot-Marie-

Tooth patients: a systematic review. Frontiers in neurology, 15, 1359091.
https://doi.org/10.3389/fneur.2024.1359091

INTRODUCTION

CMT also named hereditary motor and sensory neuropathy (HMSN) [103], encompasses a
heterogeneous set of disorders affecting peripheral nerves. CMT is the most common
inherited neuromuscular disorder with an estimated prevalence of 1 in 2500 [104,105],
caused by mutations in more than 80 genes [106]. In this disease, the most common
subtypes are CMT1A, CMT1X, hereditary neuropathy with a predisposition to pressure
paralysis (HNPP), CMT1B and CMT2A. The other identified subtypes represent less than
1% [107]. CMT1 is characterized by a slow conduction speed in the motor nerves caused
by a high demyelination process. According to Latour, the CMT1A is the most common
form (76%), followed by CMT1X (11%), CMT1B (6%), and CMT1C (<6%) [108]. CMT2
is characterized by a mutation in the MFN2 gene, which causes axonal neuropathy with
onset in childhood. In general, patients with CMT show a high genetic heterogeneity but
with a relatively homogeneous clinical component. Clinically the main symptoms include
distal weakness, muscle atrophy, loss of proprioception, sensory loss, reduced reflexes, and
skeletal deformities such as hollow foot [109,110]. The combination of these symptoms
causes in patients an altered gait associated with difficulty in balance [111,112] . It has also
been shown that patients with CMT have anxiety and depression problems [113] with
alteration of body composition [114] and low levels of physical activity [113,115,116]. A
sedentary lifestyle increases body weight, muscle loss, and musculoskeletal pain,
worsening the medical case of patients with CMT [117]; this condition increases the risk of
comorbidities such as metabolic syndrome or cardiovascular disease [118]. The
optimization of body composition profiles should be one of the main objectives to be
achieved in patients with CMT. In fact, in these patients, a strong relationship between lean
mass and physical functionality has been demonstrated [114]. In addition, reduced fat mass
is related to improved quality of life and reduced symptoms [114]. The current absence of
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specific medical treatment for several neurological diseases [119], and the need for new
evidence for the use of drugs [120] emphasizes the importance of developing sustainable
physical activity programs [109]. Indeed, physical exercise might be an effective tool to
improve quality of life and improve lifestyle in these patients, as well as slowing the
progression of the disease. In particular, aerobic exercises, resistance training, and
stretching appear to be the main training methods for CMT patients [121]. However, it
could be challenging to investigate new types of exercise in these patients, considering the
potential benefits of physical activity but the difficulties in its practice in this population
[122]. Therefore, this systematic review aims to analyze the effectiveness and safety of TC
training programs for CMT patients. Physical exercise in TC involves the use of
technological and digital tools, such as computers and mobile devices, to remotely access
training content [39]. Physical exercise in TC may be useful to reverse the sedentary
lifestyle of CMT patients, allowing them to gain greater autonomy and independence, and

improving their quality of life.

METHODS
Search strategy

This systematic review was developed based on the favoured reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines [123]. The studies were
selected through a database screening, such as PubMed (NLM) Web of Science (TS), and
Scopus. The following keywords have been included to identify the articles: exercise,
physical activity, telecoaching, tele-coaching, Charcot—Marie-Tooth, aerobic training,
resistance training, and training. Terms were included in three different groups. In Group A

the terms “telecoaching” and “tele-coaching” were inserted, in Group B the terms
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“exercise,” “physical activity,” “aerobic training,” “resistance training” and “training” were
inserted. Finally, in Group C has been inserted the “Charcot—Marie-Tooth” term. To
analyze the groups, Boolean operators “AND” and “OR” were used. Examples of matching
included: Charcot—-Marie-Tooth AND aerobic training OR telecoaching; resistance training
AND Charcot-Marie-Tooth. All the founded articles were transferred into the Endnote

software (Vers. X20 for Windows 11, © Thomson Reuters).
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Eligibility criteria

All studies that have the following criteria were included in this systematic review: (1)
original research with full text written in the English language; (2) all study designs
different than reviews, meta-analyses, letters to editors, and theses; (3) studies with training
protocol in TC for patients with CMT. No gender differences between males and females
were used for exclusion criteria. Articles from gray literature have not been investigated.
The PICOS approach (Population, Intervention, Comparator, Outcomes, Study design) is
explained in Table 2.

Table 2. The PICOS framework.

Population
Males and female subjects with Charcot—Marie—Tooth disease

Interventions
Physical endurance, physical fitness, acrobic training, resistance training, and physical therapy performed in
telecoaching. Training protocols not performed in TC have been excluded.

Comparator
No restriction.

Outcomes
Muscle strength, aerobic capacity, balance, psychological status, quality of life, physiological adaptations, or
functional ability.

Study design

Randomized clinical trials, randomized controlled trials, or clinical trials. Articles that were not published in
the last 10 years, systematic reviews, scoping reviews, meta-analyses, letters to editors, and grey literature
have been not investigated.

Study selection

The identification and elimination of duplicate studies were carried out by a single
researcher. Subsequently, two authors analysed independently the articles. Initially, the
authors analysed the title and abstracts of each study. Secondly the authors analysed the
full text to assess whether the selected studies agreed with the criteria of inclusion and
exclusion. The two authors discussed any dispute regarding their decisions; if the two
authors did not agree on the inclusion or exclusion of a study, a third auditor was
consulted. A Microsoft Excel spreadsheet (Microsoft Corp, Redmond, Washington) was
used to report the following information related to the included studies: year of publication,

sample age, gender, the aim of the study, and the TC protocol.
Quality assessment

Two authors evaluated the quality and bias of all the studies included in this review, using a
modified version of the checklist to measure the quality of RCTs and not RCTs written by
Downs and Black [124]. In the modified version of the checklist, item 27 (power) was
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changed from 0 to 5 to a score of 0—1, so that a study would receive a score of 0 in case the
statistical power was below 80%, a score of 1 if the statistical power was above 80% [125].
As a result, the final checklist score changed from 32 to 28. The quality of the studies was
divided into four levels: excellent [123-125], good (20-25), fair (15-19), and poor (<14)

[126,127]. The authors’ results were compared by an external researcher and discrepancies

were resolved in a consensus meeting.

RESULTS

Study identification

A total of 382 studies were identified through electronic databases. The titles and abstracts
of 199 studies were analysed after removing 183 duplicates. The full text of 17 studies has
been examined of which only 7 articles agree with the inclusion and exclusion criteria. The

PRISMA flowchart shows the entire selection process (Figure 1).
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Figure 1. Flow Diagram representing the selection process of manuscripts.

In detail, of the 7 included studies, 5 analysed the effectiveness of a resistance training
protocol in patients with CMT [72,128-131], while 2 studies analysed the effectiveness of
an interval training protocol on this target population [132,133]. A total of 170 patients
with CMT were included in this review with an age between 11 and 45 years. Of the 7

studies, it is possible to identify two studies of EI Mhandi et al. [132,133] that included
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only male participants. The other 5 studies included both male and female participants.

More detailed information on each study can be found in Table 3.

Table 3. The aim of the manuscripts and relative characteristics of the sample

1%t author, Participants
year [f] [m], Aim Telecoaching
Age + SD
- 12/72 supervised training
60 Evaluate the safety and efficacy of  sessions.
Burns, [30] [30], progressive resistance exercise for - a demonstration video for
2017 11,5+33 foot dorsiflexion weakness in each participant.
children with CMT disease. - an exercise diary.
- parents as a guide.
Evaluate the effects of a home-
20 based resistance exercise program - weekly telephone calls.
Chetlin, [117[9], on strength, body composition, and - a demonstration video for
2004 452 +89 activities of daily living in patients  each participant.
with CMT disease. - an exercise diary.
Evaluate the effects of resistance
20 training with and without creatine - weekly telephone calls.
Chetlin, [11]71]9], supplementation on muscle, - a demonstration video for
2004 452+89 strength, and function in patients each participant.
with CMT disease. - an exercise diary.
Evaluate if 24 weeks of interval-
8 training exercise cycling can - weekly telephone calls.
El Mhandi, [0] [8] significantly improve - a heart rate monitor for each
2008 34+11 physiological, neuromuscular, and  participant.
functional capacities and alleviate - an exercise diary.
fatigue in CMT patients.
El Mhandi, 16 Evaluate the effects of an interval - weekly telephone calls.
2008 [0][16] exercise training program on heart - a heart rate monitor for each
33+8 rate variability in CMT patients. participant.
- an exercise diary
32 Evaluate the effects of a 16-week - weekly telephone calls.
Ramdharry, [17]1[15] home-based program of resistance - monthly visits to progress
2014 44 £ 15 training on hip flexor muscle resistance.

strength in CMT patients.

- an exercise diary.

F: female; M: male; SD: standard deviation; CMT: Charcot-Marie-Tooth disease.

Methodological quality
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The methodological quality of the included studies was analysed using the modified
version of the Downs and Black checklist. Out of 7 studies, 1 study was evaluated as “good
quality” [130], 3 studies as “fair quality” [72,129,131], and 3 studies were evaluated as
“poor quality” studies [128,132,133]. Some items of Downs and Black are difficult to use

in studies with physical activity protocol, such as the use of a study design in double-blind.

Resistance training

Of the extrapolated studies, five used a TC resistance training protocol in patients with
CMT (31-34). Among these, there is the study of Burns and colleagues [72]; a
randomized, double-blind, sham-controlled trial, in which the experimental group
performed a TC training resistance exercise, while the control group performed a fictitious
workout. The treatment team was the only one who knew about group assignment;
participants, parents, caregivers, clinical evaluators, and other investigators were not
informed of the group allocation. The experimental group, consisting of children, had
performed a TC training program that aimed to improve the weakness in the dorsiflexion
of the foot. Participants were trained using an adjustable ankle bracelet, designed to
prevent slipping, three times a week or non-consecutive days, for 6 months with a protocol
that provided an initial intensity of 50% and a progressive increase of up to 70% of 1RM.
The control group trained with the same procedure, including the same equipment, the
same duration, the same frequency, the same series, and repetitions. However, the
participants trained with a very low intensity, never exceeding 10% 1RM. Each parent was
asked to help the child with the application of the bracelet and to supervise the training
performed in TC. TC included the compilation of an exercise diary, the delivery of a video
to be used as a familiarization, and the active participation of parents as a guide, as well as
the execution of some supervised training sessions. The results indicated that after a 24-
week intervention period, the experimental group had reduced the long-term progression of
dorsiflexion weakness without side effects on muscle morphology; there were no signs of
overwork fatigue. It has been shown that a TC training program is safe, valid, and effective
in a paediatric population affected by CMT disease. A drop-out of 5 patients was detected,
demonstrating high adherence to the training mode. Also, Chetlin’s study [130] used a
home-based resistance training program, for 12 weeks. This study aimed to evaluate the
efficacy of resistance training with and without creatine supplementation on muscle
strength and activities of daily living (ADL) in patients with CMT disease. ADL included

getting up from the chair without using your arms, getting up from a supine position, and
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going up and down the stairs. The subjects were also timed while performing a lifting and

moving test. Each test was performed from 3 to 6 times. In detail, 20 patients with CMT

consumed 5 g/day creatine or placebo, while participating in a resistance training program.

Resistance training consisted of 12 weeks of exercise performed in TC, divided into three

phases (each phase of 4 weeks) with the amount of work increased systematically by

adjusting the resistance or repetitions for each of the phases. For example, hand-grip

exercises consisted of 3 sets of 4 repetitions, three times per week, with a 1-min rest period

between each set. If the subjects failed to perform the number of repetitions, they used a

lower resistance to complete the required program. More details can be found in Table 4.

TC included the delivery of videos describing in detail the training techniques as well as

supervised training sessions in which subjects knew the exercises to be performed.

Table 4. Type of treatment and protocol in telecoaching.

Author, Exercise Intervention Treatment Training protocol
Years (n) (time)
Burns, RT TCG (30) 24 weeks of TCG: exercises with an intensity that is initially
2017 vs. training, at 50% and progressed to 70% of the IRM.
CG (30) 3 CG: participants trained at very low intensity
times/week  (<10% of one repetition maximum).
Chetlin, RT Male TCG 2 weeks of  TCGs: Resistance training was increased as
2004 (11) vs. training, follows: knee flexors and extensors, 40% (phase
Female TCG 3 1), 45% (phase II), 50% (phase III); elbow flexors
Q) times/week  and extensors, 20% (phase I), 25% (phase II),
30% (phase III). Repetitions: week 1, 4RP; week
2, 6 RP; week 3, 8 RP; and week 4, 10 RP.
Chetlin, RT TCG (10) 12 weeks of TCGs: Resistance training was increased as
2004 vs. training, follows: knee flexors and extensors, 40% (phase
TCG+ 3 1), 45% (phase II), 50% (phase III); elbow flexors
integration times/week  and extensors, 20% (phase I), 25% (phase II),
(10) 30% (phase III). Repetitions: week 1, 4RP; week
2, 6 RP; week 3, 8 RP; and week 4, 10 RP.
Integration: 5 g creatine monohydrate fortified
with 2 g dextrose (Neotine; Avicena, Cambridge,
MA) daily.
El Mhandi, ITE TCG group 24 weeks of TCG: cycling program adapted; 5-minute warm-
2008 ®) training, up followed by six S-minute exercise bouts: 4
3 minutes at 40% of Pmax alternated with 1 minute
times/week  at 80% of Pmax.
El Mhandi, ITE TCG (8) 24 weeks of TCG: 5-minute warm-up followed by six 5-
2008 Vs. training, minute exercise bouts: 4 minutes at 40% of Pmax
CG (8) 3 alternated with 1 minute at 80% of Pmax.
times/week  CG: No intervention.
Ramdharry, RT TCG (18) 16 weeks of TCG: Ankle weights with 0.5 kg increments and
2014 VS. training, progressed from loads at 40% of the maximal
CG (14) 4 voluntary isometric contraction to 60%. Two
times/week  consecutive sets of 8-12 repetitions.

CG: No intervention.
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The results indicated that for both groups, the type I muscle fiber diameter, and strength,
were improved as well as the ADL. Overall, patients with CMT respond to resistance
training performed in TC with muscle fibre adaptations, and with improvements in
strength, and in the ADL. However, the use of Creatine was not beneficial. No drop-out
has been detected. The same research design has been applied by Chetlin and colleagues
[128] to determine the effectiveness of a TC resistance training program on body
composition, strength, and function of daily activities in men and women with CMT. The
women’s group consisted of 11 participants while the men’s group of 9. At baseline,
women had a normal percentage of strength (80%) in 4 out of 10 measurements, while men
did not reach 80% of normal force in any measure. After resistance training, women
reached 80% of normal strength in 8 out of 10 measurements, while men in 1
measurement. The functions of daily activities were improved after training without gender
differences; moreover, men had significantly more fat-free mass (p < 0.05) before and after
training compared to women. Ramdharry and colleagues [129] used a randomized single-
blind crossover design to assess the effectiveness of a physical exercise in TC on hip flexor
muscle strength. Randomization was used to assign the subjects to one of two groups:
group A with initial training, and group B with initial control period. The training protocol
conformed with the guidelines of the American College of Sports Medicine (ACSM) and
provided 16 weeks of training with 4 weekly training (38). Weights were used, positioned
in the ankle, with periodic increments of 0.5 kg and oscillation from 40 to 60% of the
maximum voluntary isometric contraction (MVC). Participants performed 2 sets of 8—12
repetitions, 4 days a week for 16 weeks. The exercise was performed in the supine position
with load displacement from 10° in hip extension to 45° in hip flexion. After a period of
familiarization, patients were monitored through an exercise diary, weekly phone calls, and
monthly visits to improve protocol adherence. The results showed a significant increase in
the strength of the hip flexor muscles to the left but not to the right, demonstrating that the
resistance training was well-tolerated without evidence of weakness from overload. In
addition, no drop-out was recorded, indicating high compliance with this training mode.
Finally, Dudziec and colleagues [131] used TC training protocol to assess the effectiveness
of resistance training and multisensory balance training, delivered at home, on the ability
to balance in patients with CMT. 14 patients were randomized into two groups: the TC
group performed 12 weeks of strength training and multisensory balance; the control group

performed the daily activities. The results showed high adherence to this training modality
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with 93% of patients completing the study. Posturography tests showed improvement in
postural stability in favour of the intervention group, and the ability to balance and gait
showed an improved elevated in the TC group. In the same group, partial improvements

have been shown in the strength of the lower limbs.

Interval-training exercise

Only two of the studies analysed have used a TC protocol of interval training. E1 Mhandi
and colleagues [133] have used this training program to assess if 24 weeks of interval
training cycles could significantly improve physiological, neuromuscular, and functional
abilities, as well as alleviate the perception of fatigue in patients with CMT. The training
program included 24 weeks of training of which 12 were supervised and 12 TC-
independently at home. The single training session was 45 min and included 5 min of
warm-up, 30 min of the middle phase, and 10 min of cool-down. No stretching activity was
foreseen. The central phase consisted of 6 exercises of 5 min, of which 4 min at 40% of the
maximum aerobic power (Pmax) and 1 min at 80% of Pmax. The exercise was made on
stationary cyclo-ergometers. TC period was performed with the same protocol, although
several personal cyclo-ergometers were used by subjects in their homes. Subjects were
motivated and checked by weekly phone calls. The training period was well tolerated; no
subjects reported adverse events or complications during the protocol. The results showed
significant improvements in cardiorespiratory abilities, functional ability, and isokinetic
strength, as well as in the scale of pain and fatigue during training. Also, benefits obtained
at the end of the supervised period were maintained after the home period. However, the
results also revealed that there was no effect on the production of isometric strength and
indices of fatigue resistance after training. The same training protocol was applied by El
Mhandi and colleagues [132] to assess the effectiveness of interval training on heart rate
variability (HRV) in patients with CMT. An experimental group and a healthy control
group were included in this study. The HRV assessment was conducted at the baseline
(TO) and the end of the 24-week study period (T1); in both evaluations, subjects were
monitored through 24-h Holter electrocardiographic (ECG). The results showed that at the
baseline all HRV indices of the experimental group were lower than the control group with
a statistically significant difference for the pNN50 parameter. After the training program,
the researchers found improvement in some time and frequency parameters in the
experimental group; in some cases, the values of the experimental group at T1 exceeded

the values of the control group at baseline (+8% mean R—R interval, +95% pNN50, 52%
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reduction in low/high-frequency ratio). These results suggest that interval training might
improve dysautonomia in CMT, improving the activity of the parasympathetic nervous

system.

DISCUSSION

The present review aimed to analyse the effectiveness of TC programs in patients with
CMT disease. The topic is innovative and punctual, but there are still few studies in the
literature. It has been found that this modality of exercise training can determine significant
improvements in motor strength, functional abilities, heart rate variability, activities of
daily life, as well as cardiorespiratory ability. However, due to the low number of
randomized controlled trials, the low quality of the studies, the reduced number of
participants within each training protocol, and the limited evidence of pre-post differences,
the true effectiveness of TC in CMT disease remains unclear. Most of the studies analysed
examined the effectiveness of a TC resistance training program, showing positive changes
in the indices of strength and muscle weakness, associating them with an increase in
physiological abilities, neuromuscular and functional. Similarly, interval training showed
significant improvements in HRV and the perception of fatigue, as well as an increase in
cardiovascular ability. In detail, Burns and colleagues [72] showed that 6 months of
resistance training in TC preserved the strength of the dorsiflexion in the children; while
over the weeks, likewise of an adult with CMT [134,135], children have produced through
resistance training, an overall gain of strength of 5% compared to a deterioration of 23%
for the sedentary children, reflecting the normal course of the disease [136]. Although
creatine has not involved any more significant changes, the improvements induced by the
training protocol of Chetlin and colleagues [128,130], show the effectiveness of the TC
training mode. The results obtained could be the result of muscle adaptation induced by
resistance training. Indeed, post-workout, a hypertrophy of type 1 fibres was found, a
condition consistent with what happens in healthy people after high-volume training [137].
However, subjects with CMT are not able to train at the same intensities recommended for
healthy sedentary subjects (8—12 repetitions to exhaustion or 67-80% of maximum
strength) [138]. Considering that the high intensity of training is associated with a decrease
in performance and an increased risk of injury in patients with neuromuscular diseases
(44), CMT patients needed to perform more repetitions, with less intensity, to equalize the

recommended training volume. About creatine, it has been shown that oral intake increases
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muscle levels of creatine and phosphocreatine in healthy subjects, improving performance
and post-exercise recovery [139-141]. In detail, subjects who increase creatine levels by
17-30% get the biggest increases [142], while those who increase by 5% do not get any
performance improvement [143]. Conversely, although the initial levels of creatine are
within the reference values for subjects with neuropathy [144], the lack of benefits induced
by taking it might be caused by a low percentage of intake (5%). Not increasing muscle
creatine concentration in patients with CMT may be caused by the non-compliant use of
the supplement or an alteration of the creatine transporter. Future studies could analyse the
correct functioning of the creatine transporter in patients with CMT. Moreover, the study
by Ramdharry and colleagues [129], showed contrasting results, demonstrating a modest
improvement in hip strength, but only to the left side. Overall, resistance training
performed in TC would seem beneficial for this population, even if in the programming
phase it should be considered that the muscles of CMT subjects do not physiologically
respond to the training session due to chronic denervation [145]. In addition, the sedentary
lifestyle of CMT patients may be the cause of the improvements achieved by resistance
training evidenced in other studies, as seen in healthy subjects [146]; hence, it could be
useful to extend the protocol administration period. Also, the protocol of El Mhandi and
colleagues [132,133] of interval training performed in TC was an effective strategy,
aligning with other studies that demonstrate the effectiveness of regular and progressive
dynamic activity in neuromuscular diseases [147-149]. The numerous positive results
obtained show that the program developed by researchers is perfectly in line with the needs
and abilities of patients with CMT. A program that requires high functional abilities may
be difficult to integrate into the daily routine, demotivating patients and causing a high risk
of abandonment [150]. A physical activity program should consider this aspect, especially
if executed in TC; indeed, it has been shown that poor motivation becomes an obstacle to
exercise for both the patient and the healthcare professional [151,152] . Moreover,
recruitment is one of the main problems of studies conducted on CMT (60), because many
patients with neuromuscular diseases do not undertake a physical activity program for lack
of motivation and difficulties in shifts and logistics. Indeed, only one of the studies in this
review has analysed the sample size to ensure sufficient power in its study, to detect a
statistically significant effect [129]; the remaining studies did not use any reference to
sample power. From this perspective, TC could be a training mode that helps this
population by offering a practical and attainable approach. In addition, physical exercise in
TC for patients with CMT should consider the age of participants. All studies included

recruited adult participants with an average age of 40 years, except for the study conducted
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by Burns and colleagues [72], in which participants were children between the ages of 6
and 17 years and an average age of 11.5 years. The age of the participants could influence
both recruitment and results obtained; it is more likely that the main benefits induced by
physical exercise in TC, are obtained at the disease onset, therefore in the early stages of
the disease when the clinical burden is limited, and chronic complications have still not

overcome.
Future directions

A training program performed in TC has already been used in many other target
populations, resulting in effective and risk-free [86,153]. From the analysis of these
studies, it is possible to observe the main strengths and limitations of this new training
approach. Indeed, the execution of physical exercise in TC has several advantages, among
these we can identify the reduction of economic resources, the reduction of geographical
limits, the freedom to train when you want as well as the possibility of training in a family
environment and safe. In addition, this mode increases the autonomy and independence of
the patient. However, TC has also negative factors, including social isolation, loss of
contact between coach and patient, the high risk of abandonment, and the difficulty for the
patient to understand the right execution technique of the exercises. For these aspects,
physical exercise in TC requires tele-coaches flexible and available to every need of the
patient, constant weekly calls in order to supervise and control the progress of the exercise
as well as an initial familiarization in order to learn and improve the execution of the
exercises. Moreover, to optimize the effectiveness of this training modality, could be
useful to provide each patient a clear and concise digital material that explains in detail the
exercises to be performed, such as demo videos. Another important tool could be an
exercise diary, in which to record when the training is carried out and any personal

considerations to optimize PA.

CONCLUSION

Overall, this systematic review has found consistent results regarding the effectiveness and
safety of a training protocol performed in TC, resulting in free of adverse events, with high
adherence to the training mode and effective on all the variables analysed. However, due to

the low number of randomized controlled trials, the low quality of the studies, the reduced
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number of participants within each training protocol, and the limited evidence of pre-post
differences, the true effectiveness of TC in CMT disease is still unclear. The TC training
intervention allows researchers to develop new research strategies. Considering this, a
multicentre study project involving a larger number of subjects could be the main
intervention strategy to reduce these limits. Further research is needed to verify the real
benefits of a training protocol in TC and to organize and detail the training parameters such

as volume, intensity, and density.

2.3 Telecoaching in Migraine: Principles and Practice

List of publications/projects discussed within Chapter II:

Leale, L., Figlioli, F., Giustino, V., Brusa, J., Barcellona, M., Nocera, V., Canzone, A., Patti, A.,
Messina, G., Barbagallo, M., Palma, A., Dominguez, L. J., & Battaglia, G. (2024).
Telecoaching as a new training method for elderly people: a systematic review. Aging clinical and
experimental research, 36(1), 18. https://doi.org/10.1007/s40520-023-02648-9

INTRODUCTION

Incidence and Impact of Migraine

Migraine is a highly common neurological disorder that affects approximately 15% of the
European population [154], resulting in the second most severe disorder in terms of years
lived with disability [155], and is the main cause of disability in the 15-49 age group
[155]. It is a cyclic disorder characterised by recurrent attacks of moderate-to-severe
headaches that may be pulsating in quality and unilateral, accompanied by nausea and
intolerance to light or noise [156]. Moreover, one of the characteristics is that the pain
usually worsens with physical exercise [156]. Some patients also experience transient focal
neurological symptoms (usually lasting up to one hour each) before or during an attack,
called aura, which configure the migraine with aura subtype [156]. Migraine creates a
debilitating condition that causes work absenteeism or presenteeism (i.e., working with
limited efficiency) and reduced participation in social activities [157]. Some consequences
are high economic losses [158] and an increased risk of side effects due to overuse or

misuse of medications [159].

Pathogenesis and Management of Migraine

In recent decades, much progress has been made in understanding the physiopathology,

genetics, and neurophysiology of migraine. There is strong evidence that migraine may
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depend on alterations in cortical excitability (i.e., increased), which may lead to
maladaptive patterns of brain plasticity, especially when the frequency of headache attacks
increases (i.e., transformation from episodic to chronic migraine) [160-162]. The progress
allowed the creation of new opportunities for the diagnosis and management of this
disorder, even in rare familial forms [163,164]. There are two different approaches, which
include the use of acute medication to stop a migraine attack, or preventive medication to
reduce the frequency, duration, and severity of the pain episodes. The guidelines
recommend the use of preventatives in case of debilitating headaches occurring for 2 or
more days per month [165]. However, traditional oral prophylaxes may not be well

tolerated or accepted by patients due to the possible side effects [166,167].

Non-Pharmacological Treatment of Migraine

For the above-mentioned reasons, non-pharmacological treatments, such as self-
management strategies, manual therapy, physical activity, or physical exercise
progressively gained interest as valid alternatives to conventional therapies [168-170].
Sport has a controversial role in migraine [171,172]. Although sport has been associated
with a worsening of migraine attacks [173,174], there is evidence that regular physical
activity or physical exercise could play a primary role in preventing them [175,176]. This
phenomenon could be related to the intensity of exercise. High-intensity exercise (mainly
present in sport) is a migraine trigger [173,174], while regular and moderate-intensity
exercise (mainly present in physical activity) plays a role in attacks prevention [172-176].
Busch and colleagues [176], in their review, showed that regular, planned, and structured
physical activity was associated with several benefits in this target population. The
beneficial effects of exercise on migraine may be related to better pain modulation. Indeed,
several studies demonstrate the analgesic effect of aerobic exercise [177,178]. Despite
these findings, it has been shown that patients with migraine are more sedentary than
healthy subjects [179]; a sedentary lifestyle that has further increased due to the recent
COVID-19 pandemic, in several neurological disorders [115,116]. On the other side, the
recent COVID-19 pandemic raised the need and gave impulse for the development of

telemedicine.

Aerobic and Resistance Training: Evidence-Based Benefits

Recent literature demonstrated that exercise plays a significant role in the management of

migraine. Specifically, aerobic activity has been shown to be particularly effective in
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reducing both the frequency and intensity of headache episodes, as well as enhancing the
overall well-being of patients [180,181]. Indeed, as shown by the current literature, acrobic
activity improves not only the specific parameters of migraine (frequency, intensity, and
duration), but also the cardiovascular function, the affective discomfort [181], and the
quality of life (QoL) of these patients [180]. A recent systematic review highlighted that
moderate aerobic training is the most effective approach for reducing migraine-related
disability [182]. Furthermore, the findings suggest that combining pharmacological
treatment with aerobic training is more effective than drug treatment alone in decreasing
both the frequency and intensity of migraine attacks [182]. Resistance training has been
shown to positively contribute to migraine management by enhancing overall muscle
strength and physical resilience, as well as reducing the frequency of headache attacks
[183]. Muscle strengthening and reconditioning, particularly focused on the neck, shoulder,
and upper limb muscles, could be the mechanisms responsible for the therapeutic effects of
resistance training [ 183]. Furthermore, resistance training facilitates the increase and
preservation of lean muscle mass, which can help reduce sarcopenia [184]. Research
indicates that an increase in lean muscle mass is associated with a reduction in the
frequency of migraine episodes [185]. These findings highlight the importance of

incorporating resistance training into a comprehensive approach to migraine management.

Telecoaching: New Training Approach

A recent study showed the important association between migraine and some
neurodegenerative disorders. For example, patients with migraine are more likely to
develop Parkinson’s disease (PD) than subjects without migraine [186]. Kim and
colleagues also found a relevant association between migraine and Alzheimer’s disease
[187]. The authors demonstrated that individuals with a history of migraine had a higher
prevalence of Alzheimer’s disease. The association was even stronger in young and obese
subjects with migraine [187]. These findings suggest that migraine may be a risk factor for
some neurodegenerative diseases, so proper migraine management (as well as an active
lifestyle) might help reduce this risk. For these reasons, there is a need to develop new
intervention strategies to contrast migraine and increase physical activity levels. This
approach could also induce changes in brain plasticity that could have a beneficial effect
on headache frequency. A new training modality could be represented by telecoaching
(TC). Unlike traditional training, where exercises are performed in specific facilities and

coach—athlete communication occurs in person, TC utilises technological and digital tools,
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such as computers and mobile devices, to deliver and manage training services remotely.
This new approach of distance communication offers greater flexibility and facilitates
access to the training. Technological tools allow the trainer to send training materials and
monitor adherence to the program, while allowing patients to train independently,
overcoming obstacles such as time, distances, and transport [39]. This new approach could
serve as a primary strategy to increase adherence and engagement of individuals, reducing
sedentary lifestyles. The effectiveness of TC in other populations and diseases has already
been demonstrated, including its efficacy in the elderly population [81,82], in respiratory
diseases [83,84], in patients with metabolic or cardiac diseases [85,86], as well as in
patients with other neurological diseases such as Charcot—-Marie—Tooth [72,88]. Therefore,
TC could be one of the main tools to be used to increase physical activity levels in
migraine patients, reducing their sedentary lifestyle and promoting improved QoL,
autonomy, and self-esteem [188]. However, potential issues related to internet connection,
as well as video and audio quality, should be considered to ensure the effectiveness of this
modality [189]. TC aligns well with telemedicine and eHealth, which, despite its various
approaches and challenges primarily related to the complexities of app development [190],
has been extensively utilised and studied [189], as well as with the use of wearable devices
for the benefit of human health [76]. While some patients express a preference for a hybrid
care model [190], telemedicine consultations demonstrated a quality of care comparable to
that of traditional headache outpatient consultations, offering a more cost-effective solution
for patients [189], with also a positive endorsement from neurologists [191]. However, the
use of telemedicine is significantly influenced by geographic location [192]. Countries
such as the United States, China, and Norway, which benefit from advanced technology,
make extensive use of telemedicine [193,194]. In contrast, countries such as Lithuania
have not adopted this tool to the same extent. A recent study indicated that only 17% of
migraine patients in Lithuania received remote consultations, compared to 57.5% of
patients in the United States [192,193]. Positive experiences with telemedicine may

encourage wider adoption of this approach.

Aim of the Study

Considering these premises, this scoping review aims to identify the available evidence on

the use and feasibility of TC training programs in migraine patients.

46



MATERIALS AND METHOD

This scoping review was developed according to the PRISMA guidelines for systematic
reviews and meta-analysis [123]. The protocol was not recorded in a specific database but

was developed before the study.

Eligibility Criteria

Inclusion criteria were: (a) original research with full text written in English; (b) all study
designs different than reviews, meta-analyses, letters to editors, and theses; (¢) studies with
training programs performed in TC for migraine patients; (d) studies published over the
last decade, concluding in September 2024. No gender difference between males and
females was used as an exclusion criterion. The population, intervention, comparison,

outcome, and study design (PICOS) framework was used as shown in Table 5.

Table 5. The PICOS framework.

PICOS components Details
. Migraine individuals.
Population
Telecoaching training program (aerobic training, resistance training,
Intervention & &P .g ( . & &
stretching and physical therapy)
. The post-exercise migraine endpoints were compared to pre-exercise
Comparison L . s
migraine endpoints within each study
Migraine Endpoints
Outcome (Migraine days, attack frequency,
pain intensity, duration of migraine attacks)
Study design Original articles

Data Collection

Major databases, including PubMed (NLM), Web of Science (TS), and Scopus, were used
to find useful articles for this study. Keywords included: exercise, physical activity,
telecoaching, migraine, and headache. The different terms have been divided into 3 groups.
In Group A, the terms “migraine” and “headache” were entered; in Group B, the terms
“exercise” and “physical activity”; and in Group C, the term “telecoaching” was entered.
The Boolean operators ‘AND’ and ‘OR’ were used to analyse the three categories.

Matching examples were “migraine” AND “physical activity” AND “telecoaching”. All
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items found were transferred to Endnote software for the analyses (Version X20 for

Windows 11, Thomson Reuters, New York, NY, USA).

Study Selection

Database analysis, identification, and elimination of duplicates were carried out by a single
researcher. Subsequently, two authors independently analysed the studies (I.L.; V.D.S.). In
detail, in the initial phase, the title and abstract of each study was examined; in the final
phase, the researchers double-checked the entire text to confirm that the selected studies
met the inclusion and exclusion criteria. In case of disagreements between the two raters
on the inclusion or exclusion of a study, a third researcher was consulted (G.B). A
Microsoft Excel spreadsheet (Microsoft Corp, Redmond, WA, USA) was used to report the
study information including year of publication, age of sample, gender, aim of the study,
results, and TC training protocol. The PRISMA flow diagram (Figure 13) illustrates the

process by which the articles were selected.

Quality and Risk of Bias Assessment

Two authors (I.L.; V.D.S.) evaluated the quality and BIAS of all the studies included,
using a modified version of the “Downs and Black Checklist” [124]. In the modified
version of the Downs and Black checklist, the score of item 27 (concerning the power of
the study) was changed from 0-5 to 0—1, so that a study would receive a score of 0 in case
the statistical power was below 80%, and a score of 1 if the statistical power was above
80% [125]. Taking this into account, the final checklist score changed from 32 to 28. The
quality of the studies was divided into four levels: excellent (26-28), good (20-25), fair
(15-19), and poor (<14) [126,127]. Another researcher (G.B.) compared the authors’

results for each study and discrepancies were resolved through a consensus meeting.
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Figure 2. The flow diagram representing the selection process of records

RESULTS

A total of 2011 studies were identified through electronic databases. In total, 504 studies

were eliminated because they were duplicates; 1507 titles and 130 abstracts were analysed.

The full text of 48 studies was analysed; of these, only 3 studies agreed with the inclusion

and exclusion criteria. Specifically, the three included studies analysed the efficacy of a TC

aerobic training program [195], a TC resistance training program [196], and a TC physical

therapy [197]. A total of 181 participants with migraine were included in this review. All

included studies presented data on both males and females, but female sex was prevalent (n

=139, 76.7%). More detailed information about the study selection process and the

characteristics of the included studies can be found in Figure 2 and Table 6.
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Table 6. The aim of the studies and relative characteristics of the samples.

First  Participants Telecoachin Downs and
author,  [F%], Aim tratoatos g Black
year Age £SD g score

- Weekly telephone calls to

Compare the preventive ..
assess the progress of training.

Santiago 60 treatment benefits of 1 supervised training session
£, [88%],  amitriptyline and aerobic p & ’ 18
2014 . . . - Explanatory leaflet about the
319 exercise in patients with .
L warm-up exercises.
chronic migraine.
- Weekly telephone calls to
Examine the effect of assess the progre?ss of trgiping.
. - Some supervised training
60 strength training of the .
Madsen, sessions.
[68%], shoulder/neck muscles on . . 19
2018 . - An exercise diary to monitor
32+ Na tension-type headache .
. adherence and migraine
frequency and duration. . .
Intensity.
- Weekly telephone calls to
61 Evaluate and compare the assess the progress of training.
Mehta, [74%] effectiveness of physical - Some supervised training 19
2021 304 80 24 and yoga therapies in sessions.
' patients with migraine. - An exercise diary to monitor
adherence.

F: female; SD: standard deviation; Na: Not available

Methodological Quality

For each study, the methodological quality was analysed through the modified version of
the Downs and Black Checklist. All studies included were rated as “fair quality” [195-
197]. These results must consider that some items on the checklist are difficult to use in
sport and exercise field. For example, the use of a double-blind study design is difficult

due to the presence of a program with physical activity.

Aerobic Training

Among the identified studies that used aerobic training, there is the article by Santiago and
colleagues [195]. Researchers evaluated the benefits induced by the association between
exercise and medication compared to medication alone in patients with migraine. The
inclusion criteria for this study were a diagnosis of chronic migraine, normal cardiac and
neurological examination, and being sedentary for at least 3 months. Based on these
criteria, 60 patients were included and divided into two groups: a control group receiving
pharmacological treatment only, and an experimental group combining pharmacological
treatment with a TC training program. The control group was treated with amitriptyline (25

mg/day) for 12 weeks. The experimental group followed the same pharmacological
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treatment but integrated with an aerobic training program. The aerobic training program,
performed via TC, consisted of free outdoor walking of 40 min with a weekly frequency of
3 times for 12 consecutive weeks. TC strategies included weekly phone calls to monitor
progress and motivate participants, the flexibility for participants to choose when and
where to perform the exercises, a spreadsheet with a detailed training plan to ensure the
correct execution of the exercises, and a supervised training session with a movement
expert. The following parameters were evaluated: frequency (days/month), intensity, and
duration/day of migraine attacks (6 h, 12 h, 18 h, and 24 h), body mass index, Back
Depression Inventory, and Beck Anxiety Inventory at baseline and the end of the third
month. Both groups showed a decrease in the frequency, intensity, and duration of
migraine episodes. However, the efficacy of amitriptyline increased when combined with

the TC training program.

Resistance Training

Of the identified studies, Madsen and colleagues [196] used a TC approach to examine the
effectiveness of a resistance training program and a postural training program on the
frequency and duration of migraine. A total of 60 subjects were randomised into two
groups: the control group and the experimental group. The control group was instructed on
ergonomic and postural correction and performed postural exercises three times a day for
10 weeks. The experimental group performed a resistance training program, with three
sessions per week for 10 weeks. The resistance training program involved the execution of
specific shoulder exercises with progressive intensity: initially 70%, and later 80% of
IRM. All exercises were performed with elastic bands. TC approach was applied in both
groups and the strategies included a free choice of when and where to perform the
exercises, weekly calls to monitor exercise adherence and manage progress and motivate
subjects to protocol adherence, and some supervised sessions to manage the correct
execution of exercises. In addition, participants were given a migraine diary to record the
frequency, duration, and intensity of headache episodes. Although no statistically
significant changes were detected between groups, the experimental group reduced the
frequency of headache episodes by 11% and the duration by 10%, while the control group

showed a 24% reduction in frequency and 27% in duration 27% of headache attacks.
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Physical Therapy

Mehta and colleagues [197] used a randomised controlled trial to evaluate and compare the
effectiveness of physical therapy (stretching) and yoga therapies, applied with a TC
approach, for the adjuvant therapy of standard pharmacologic treatment in patients with
migraine. Subjects diagnosed with migraine, over 18 years old, and with at least five
headache attacks per month were included in the study. A total of 61 patients were
distributed in three groups: physical therapy, yoga therapy, and standard therapy. The
physical therapy group practiced relaxation exercises, stretching of the neck muscles, and
cardiorespiratory endurance training (30 min of free walking). The yoga therapy group
performed several specific exercises, including the position of the butterfly (Bhadrasana),
the position of the cobra (Bhunjagasana), and the touch of the feet standing (Padhastasana).
The standard treatment group continued the usual medication treatment without any
additional physical therapy. Participants performed the specific program for 12 weeks. All
subjects received lifestyle advice including obtaining adequate rest, not skipping meals,
avoiding bright lights, and using a headache diary to identify headache triggers. TC
strategies, both physical therapy and yoga groups, included free choice of when and where
to perform the exercises, constant weekly calls to monitor the progress, encouragement for
participants, and motivation for them to perform the recommended intervention regularly.
All groups showed statistically significant improvements in the frequency and severity of
headaches. Additionally, pain assessments revealed improvements in all groups compared
to baseline. Table 7 summarises the different types of treatment and the training programs

applied to the TC approach.

52



Table 7. Types of program in telecoaching.

Author, . Intervention Treatment . .
Exercise . Training protocol Main results
Years (n) (time)
TCG: 40’ free outdoor
TCG (30) 12 weeks of k The drug was an effective
walk.
Santiago, Vs. training, . . treatment for chronic
AT . CG: usual daily activities + | .
2014 CG (30) 3 times/w migraine, but its efficacy
drug treatment. .
was increased when
combined with AT.
TCG: shoulder exercises
with resistance from the
Mad TCG (30) 10 weeks of elastic bands. Both groups showed a
adsen, .. . .
2018 RT Vs. training,  CG: ergonomic and posture reduction in the frequency
CG (30) 3 times/w correction + specific and duration of migraine
exercise for lumbar lordosis. episodes.
TCG: progressive muscle
relaxation exercise, self-
stretching of neck muscles,
isometric exercise of neck
TCG (20) Vs. muscles, and
12 weeks of ) . .
Mehta, PT YG (20) Vs. traini cardiorespiratory endurance Physical therapy and Yoga,
raining, ..
2021 CG(21) . € training added to regular care,
4 times/w

(30’ of free walking).  improved QoL and reduced
YG: Pranayama, and asana the frequency of migraine.
followed by Savasana.
CG: usual daily activities.

TCG: telecoaching group,; CG: control group; YG: yoga group, W: week; TC: telecoaching; QoL: quality of
life; AT: aerobic training; RT: resistance training; PT: physical therapy.

DISCUSSION

The primary aim of this scoping review was to investigate the use and feasibility of TC

training programs in patients with migraine. The main outcomes assessed included the

intensity, frequency, and duration of headache episodes, as well as pain perception and any

potential adverse events. The present study showed very interesting results. First, this

scoping review comprised more than 60% of women, a distribution that aligns with

numerous epidemiological studies reporting a female to male ratio of 3:1 [198]. Second,

the review demonstrated that in the analysed studies, an exercise conducted in TC

significantly reduced the burden of headache attacks, leading to decreases in their intensity,

frequency, and duration.
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The Benefits of Physical Exercise in Migraine Management

The relationship between exercise and migraine is very complex [199]. Many studies show
how physical exercise may represent a trigger for migraine attacks [171,200].
Nevertheless, for many authors, these negative aspects would depend on the excessive
intensity of exercise [173] or performing an inadequate warm-up [201]. We can
hypothesise that it may depend on the rise of serum calcitonin gene-related peptide
(CGRP) levels occurring during exercise for its cardiovascular role in vasodilation
[202,203] in a susceptible subject. In contrast, many studies highlight the positive effects
of exercise in this population. Indeed, exercise would seem to significantly reduce the
impact of migraine, improving the lifestyle and QoL [204,205]. Moreover, the absence of
exercise, which increased during the COVID-19 pandemic and related social restrictions,
has been shown to affect sleep quality in migraineurs [206]. The benefits of physical
exercise would seem to depend on an increase in the plasma level of B-endorphins [207]; in
fact, the B-endorphin level appears to be lower in migraineurs than in healthy subjects
[208]. There is evidence that exercise increases the concentration of -endorphins in
healthy individuals [209,210]. Koseoglu and colleagues [211] showed a similar effect on
migraine patients both after a single training session and after a prolonged training
program. Further studies in the literature highlight additional benefits of exercise in this
population, including increased cardiovascular and cerebrovascular capacity, as well as
improvements in psychological states such as depression, stress, and anxiety [199,212].
Moreover, exercise has been shown to improve pain perception [213]. After exercise,
patients show a reduction in pain-related fear and its perception [213]. In addition,
migraine is a risk factor for excessive drug intake [214]. Overuse of medications in
migraine patients causes increased disability, depression, anxiety, and fear, as well as
increased pain and headache frequency (i.e., medication overuse headache) [215].
Consequently, exercise can be proposed as a useful tool to counteract the high use of
drugs. Despite these positive aspects, as shown by Lemmens and colleagues [216], the
drop-out rate to exercise is very high in migraineurs, due to the lack of time to perform

supervised exercise training sessions/week [216].

Telecoaching: A Digital Approach to Migraine Management

Considering the spread and convenience of telemedicine, the new technological solutions
in managing migraine [217], along with the need for structural changes in healthcare [82],

TC could represent a valuable approach for this population. By providing personalised
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guidance and remote support, TC aligns with modern healthcare trends and has the
potential to enhance adherence to physical activity programs. This approach could be
particularly beneficial for migraine patients, offering accessible and flexible training
options that remove common barriers to exercise. However, it is important to acknowledge
the psychological variables and the strong association between anxiety, mood disorders,
depression, and migraine [218]. Participants’ attitudes toward TC may have played a
crucial role in their performance in the included studies [219]. Positive attitudes toward
this training modality can improve participant engagement, adherence, and overall
satisfaction, while negative perceptions may reduce participation and limit the
effectiveness of the intervention. This highlights the need to design user-friendly tools and
methods that support acceptance of the condition and provide adaptive content and
functionality [219]. However, attitudes toward telemedicine and eHealth are rarely
reported or analysed as factors influencing participant performance in existing studies
[220]. Future research should address this gap by incorporating these attitudes as a variable
of interest, both in study design and analysis. To reduce stress, a major trigger of migraine
attacks, Varkey and colleagues proposed the implementation of home training programs
[221], incorporating TC training modality to enhance physical activity levels. Consistent
with Varkey’s study [221], the articles included in this review have shown several benefits.
Indeed, in every study included in this review, the dropout rate in the TC group did not
exceed 30%, with one study that showed a 0% dropout rate for the TC training program
[197]. This demonstrates how TC is a sustainable and accepted training methodology in
this population. This finding is significant for patients who intend to perform a training
protocol and for physicians who intend to advise active participation in a physical activity
program for migraine patients. The sustainability of TC and the relative benefits (i.e.,
training in the preferred place, during the leisure time, breaking down barriers such as costs
and structures [39]) make TC one of the main solutions for physical activity intervention.
The sustainability of TC in migraine is in line with the scientific literature for other
neurological diseases. Burns and colleagues evaluated the effectiveness of a TC resistance
training program for the weakness of the dorsiflexion of the foot in children with Charcot—
Marie—Tooth polyneuropathy. The intervention program attenuated the progression of
weakness in dorsiflexion without side effects and with a low abandonment rate (8%) [72].
Van der Kolk and colleagues evaluated the efficacy of aerobic exercise performed in TC to
relieve motor symptoms in patients with mild-severity PD. The reduction in motor
symptoms demonstrated in the intervention group showed how TC can be a useful

additional tool to manage this disease. Ninety-four percent of the participants completed
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the study, demonstrating high tolerance to the TC training modality. In agreement with
Varkey and colleagues, our study suggests the possible implementation of TC in patients
with migraine; although, the few included studies reported in this scoping review do not
allow us to evaluate in detail the relationship between TC and migraine in detail. Future
studies should analyse and evaluate the efficacy of a fully executed TC training program,
using uniform outcome measures for migraine as recommended by the International
Headache Society [222], with a randomised controlled trial design based on the guidelines
of the American College of Sports Medicine (3—5 days per week, 20—60 min, with an

intensity equal to 55/65-90% of maximum heart rate).

Strength and Limitations

The following limitations were identified in this study: firstly, the few studies included and
the heterogeneity of the physical activity programs used could alter the generalisation of
results, not allowing the correct relationship between migraine and TC to be assessed.
Secondly, the quality of the studies was not excellent, a condition that could depend on the
researchers’ lack of double-blinding (a condition that is difficult to apply with an exercise
program to be performed). Additionally, the lack of homogeneity in the evaluation
methods did not allow us to conduct a meta-analysis. Finally, the absence of a direct
comparison between groups treated with and without TC represents a significant limitation
of this review, as it does not allow us to assess in detail the true effects of TC. Thus, the
observed benefits may not be exclusively attributed to TC. Future studies should aim to
design randomised controlled trials to clarify these effects and to evaluate the participant’s
attitudes towards the TC, especially considering the absence of psychological component
evaluations in the included studies. Despite these limitations, this review has several
strengths. It highlights that TC is potentially safe, effective, and risk-free for migraine
patients. An additional strength is the dropout rate: no included study showed a dropout
exceeding 30% and one study noted a 0% dropout rate. Finally, to our knowledge, this is
the first review in the literature to examine the application of TC in migraine patients, as
well as the first attempt to evaluate novel treatments for the management of this disease

and the exacerbation of symptoms observed during the COVID-19 pandemic.

CONCLUSIONS

The results of this review, based on GRADE guidelines, show low evidence that exercise

performed in TC is beneficial in patients with migraine. Further studies are needed to show
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the efficacy, benefits, and safety of this training modality, as well as to establish guidelines
for administering a TC training program in this population. Future research should focus
on high-quality randomised controlled trials to clarify and isolate the effects of TC on
migraine outcomes. These studies should aim to standardise physical activity programs and
standardised outcome measures to enable more comparisons. Additionally, it is essential to
assess participants’ attitudes toward TC in future studies, as this factor could significantly
influence their performance and engagement. Addressing these gaps will help to clarify the
role of TC as a treatment modality for migraine and establish evidence-based guidelines

for its use.

2.4 Telecoaching in Elderly Populations: Promoting Functional Independence

List of publications/projects discussed within Chapter I1:

Leale, L., Figlioli, F., Giustino, V., Brusa, J., Barcellona, M., Nocera, V., Canzone, A., Patti, A.,
Messina, G., Barbagallo, M., Palma, A., Dominguez, L. J., & Battaglia, G. (2024). Telecoaching
as a new training method for elderly people: a systematic review. Aging clinical and experimental
research, 36(1), 18. https://doi.org/10.1007/s40520-023-02648-9

INTRODUCTION

The world aging process is indisputable, 125 million people are 80 years of age or older,
altering the social, economic, and health systems of most countries. Population aging is a
problem for the present and especially for the future, and the United Nations estimates that
the elderly population will reach 2 billion by 2050. This aging process results from the
increase in life expectancy, the decrease in birth rates, and the advances in medical care
and technology. The European Commission has recently expressed the need to increase
scientific research to ensure healthy aging. Indeed, after the age of 40, it is possible to
detect a first involution of the physiological systems, involution that develop at a peak near
65 years of age [223,224]. Aging is a process associated with structural and functional
changes in both the physical and mental domains. The mental component is altered due to
neurological mechanisms related to aging [225], such as vestibulocochlear degeneration
[226], the reduction of cognitive functions [227], and the development of dementia and
depression [227], while the physical component is associated with a decreased muscle
strength, muscle flexibility, and body balance [226,228]. All these impairments, associated
with a sedentary lifestyle, accelerate the decline of bodily functions [229] and increase the

risk of falls [230,231]. Consequently, to ensure a healthy aging, it is important to develop
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appropriate health habits such as sleep management, stress management, balanced
nutrition, and physical activity (PA) practice [14]. PA has been shown to be effective in
encouraging a healthy aging [232]. For example, a regular outdoor walk seems to generate
benefits on body balance ability in elderly people and consequently prevent the risk of falls
[233]. The benefits of PA in elderly have also been demonstrated in sarcopenia [230] and
osteoporosis diseases [234], as well as to improve physical performance such as the range
of motion (ROM) of joints. For example, a flexibility training program has been shown to
improve spinal ROM in a population of older women [235]. In consideration of the recent
COVID-19 pandemic and the relative restrictive measures, it would be useful to increase
the duration of the weekly time of PA practice in elderly people [236,237]. Indeed, the
recent COVID-19 pandemic, due to the numerous restrictive measures implemented, has
reduced the levels of PA practiced by this population [238,239]. As a consequence,
different strategies have been developed and, among these, TC seems to result as an
effective training setting for maintaining the recommended levels of PA [153,240]. TC
provides the use of information technologies and digital communications, such as
computers and mobile devices, to access training services remotely [241]. It is a useful
training method for all patients with travel difficulties, who live in different cities, or who
prefer to train in a familiar environment such as their own home [39]. Therefore, this
systematic review aimed to analyse the application, efficacy, and safety of TC training

programs in elderly people.

METHODS

Search strategy

For conducting this systematic review, the PRISMA guidelines were adopted [242]. The
studies were searched in electronic databases such as PubMed, Scopus, and Web of
Science. To find studies, the following keywords were used in different combinations:
telecoaching, exercise, elderly, training protocol, and training program. All the articles
found were transferred into Endnote software (vers. X9 for Windows 11, © Thomson

Reuters).

Eligibility Criteria
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All studies that have the following criteria were included in this systematic review: (1)
studies with TC as training program for elderly people; (2) original research with full text
written in English language; (3) studies published in the last decade; (4) study designs
other than reviews, meta-analysis, letter to editors, and theses. No gender differences

between males and females were considered for this study.

Study selection

The search of the studies was performed by one author of the research group (L.L.). After
removing duplicates, two authors (F.F. and V.G.) independently analysed the titles and
abstracts of all studies. Other two authors (J.B. and M.B.) later analysed the full text for
study inclusion according to the inclusion and exclusion criteria. In case of disagreement of
the latter two authors, a negotiation process was carried out and, if necessary, a third author
(V.N.) was consulted. A Microsoft Excel spreadsheet (Microsoft Corp, Redmond,
Washington) was used to record the following information related to the included studies:

year of publication, sample age, gender, aim of the study, and TC program.

RESULTS

Study Identification

From the search conducted on these databases, a total of 113 studies analysing the use of
TC in elderly were found. 77 were doubled and 33 were eliminated because they did not
include elderly subjects, or they analysed a different topic. Only 3 articles were finally
included. In detail, 2 studies aimed to evaluate the effects of TC in elderly suffering from
respiratory diseases, while 1 study aimed to evaluate the effects of TC in elderly suffering
from metabolic disease. The PRISMA flowchart shows the entire selection process (Fig.

2).
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Figure 3. Flow Diagram representing the entire selection process

A total of 194 elderly participants were included and the sample size varied from 12 to 117

while the TC training program lasted from 8 to 12 weeks. Detailed information is provided

in Table 8.
Table 8. Characteristics of the studies included
1%t author, Participants Age
year [f] [m] (SD) Weeks Aim Tele-coaching
Evaluate the Tele-coaching supported
Cameron- 65 68 8 effectiveness of participants’ home-based
Tucker, [36][29] (8.6) tele-coaching in walking through
2016 patients with pedometers and two calls
COPD. weekly.
Evaluate the Tele-coaching supported
Hume, 12 57 12 effectiveness of a  physical activity programs
2022 [4] 8] (9.0) tele-coaching through a smartphone app,
program on LTx pedometers, and calls
patients. weekly.
Evaluate the effects  Tele-coaching supported a
Storch, 117 59 12 of tele-coaching in lifestyle intervention
2019 [23][94] (6.3) patients with T2DM through an individual

coaching approach.

Table 9 shows details of the training program and the results found in the articles included.
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Table 9. Description of intervention, training program, and results of the studies included

1% .
Author, Intervention Training program Results
Years
Patients were asked to walk at a
Cameron-  Tele-coaching (35)  moderate intensity (i.e., to breathe more There were no significant
Tucker, vs. usual care (30) heavily but not to “huff and puft”) to changes between time points
2016 + physical activity ~ accumulate 30 minutes daily, preferably or between groups.
all days of the week.
Patients were asked to wear the
Hume, Tele-coaching (7) pedometer during waking hours and Tele-coaching seems to be a
2022 vs. usual care (5) interact with the smartphone application feasible, safe, and well-
every day by reviewing and completing  accepted intervention in LTx.
the automated application tasks (free
walking + home exercise).
Storch, Tele-coaching (60)  Patients were asked to wear a pedometer Patients with TD2M can
2019 vs. usual care (55) and walk. Periodically through a benefit from this new type of

telephone meeting, the coach and
participant have decided the goals.

intervention. Tele-coaching
has proven useful in disease
management.

Respiratory diseases

The first study included in this review was conducted by Cameron-Tucker and colleagues
[84] who applied the TC method to patients with COPD which is a chronic inflammatory
disease with non-reversible obstruction of airways. The researchers investigated telephone
health mentoring aimed at home-based free walking (TC or experimental group) compared
to the usual waiting time (usual care or control group) followed by a training program for
each group. Participants were randomized between the two groups (i.e., TC and usual
care). TC provided by trained nurse healthcare supported participants’ home-based free
walking for 8 weeks, to accumulate 30 min of training per day, preferably every day of the
week. Data collection was performed at the baseline (T1), after the TC program (T2), and
at the end of the training program of both groups (T3). The primary outcome was a change
in physical capacity measured by a 6-min walk test, resulting in highly indicative disease
status in patients suffering from respiratory diseases [243]. The results demonstrated no
significant changes between time points in the TC group. It follows that in patients with
COPD, telephone mentoring for home-based walking has not demonstrated any benefit on
exercise capacity. The second study included in this review was conducted by Hume and

colleagues [83]. The researchers evaluated the feasibility and acceptability of a TC training
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program for lung transplant recipients (LTx). The program included 12 weeks of TC
training program. In detail, patients were recruited and randomized into two groups (i.e.,
TC and usual care). TC involved the use of a pedometer and a smartphone app, with the
latter the researchers established periodic PA goals, monitored the activity performed by
patients, and dialogued with them if necessary. 86% of participants rated the TC training
program positively. The pedometer was used excellently, being used by the patients for
90% of the study period without any negative events. After 12 weeks, only the TC group
showed significant improvements in daily steps and movement intensity, while both groups
showed significant changes in quality of life (SF-36). In conclusion, TC in patients with

LTx appears to be safe, feasible, and well-accepted.

Metabolic diseases

The third study included in this review was the only one that applied TC in elderly patients
suffering from metabolic diseases. In detail, Storch and colleagues [244] applied TC in
patients with type 2 diabetes mellitus (T2DM). Participants were recruited and randomized
into two groups (i.e., the intervention group with the TC training program and the control
group with usual care). The TC training program lasted 12 weeks and, through a tablet, a
glucometer, and a pedometer, different measures relating to diet, PA, and stress
management were recorded. In each phone-based meeting, the participant and the coach
individually decided on the patient’s periodic goals to manage the disease. The number of
daily steps was monitored continuously through the pedometer and automatically reported
each day through Bluetooth. The results showed a greater reduction in glycated
hemoglobin (HbA) values in the experimental group compared to the control group. In
addition, the analysis conducted on PA demonstrated, although not significant, an increase
in terms of average daily steps for the intervention group compared to the control group.
However, this increase allowed a significant improvement in the management of the body
mass index. It follows that a TC training program could be a new approach to manage

disease progression in patients with T2DM.

DISCUSSION

This systematic review aimed to analyse the use of TC training programs in elderly people.
Indeed, the average age of the world population is constantly growing and epidemiological
studies showed that the number of people aged 60 or more exceeds 11% and is expected to

increase reaching 22% in 2050. This aging process causes an increase in the development
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of age-related diseases and respiratory and metabolic diseases. One of the major
respiratory diseases is COPD. This disease is characterized by bronchial obstruction with a
progressive increase in dyspnea generating large physical limitations. For this reason, one
of the main objectives to contrast this disease is to limit the sedentary lifestyle. This is
demonstrated by the fact that physically active people with COPD have a lower risk of
hospitalization and death than sedentary ones. Despite the demonstrated benefits of PA,
these patients are still largely sedentary [245]. It follows that exercise professionals should
counter the misconceptions related to the practice of PA or exercise in order to motivate
individuals to train [246]. In this way, Cameron-Tucker and colleagues applied TC to these
patients. Although their results demonstrate that the use of a diary with weekly walking
plans and 1 h of weekly exercise does not induce benefits, TC can still be considered a
useful method to increase daily PA time. The non-significant results found could depend
on the reduced duration of the program, the small sample size, and the small number of
tests carried out to evaluate physical efficiency. The 8 weeks of duration with 7 calls for
single individual does not seem to be sufficient. Indeed, a systematic review of elderly
patients with various chronic diseases demonstrated that 12 or more calls in 6—12 months
are effective in increasing PA and improving eating behaviour [247]. Moreover, this study
agrees with the scientific literature that 1 h of supervised exercise is insufficient to generate
improvements in exercise capacity, supporting that at least two weekly sessions are
necessary to improve exercise capacity in these patients [248]. A further disease analysed
in this review refers to elderly with LTx, i.e., patients with end-stage lung disease who
require surgery. In recent years, the disease survival rate has improved significantly and
the International Society for Heart and Lung Transplantation Registry reports a 5-year
survival rate of 59% [249]. It follows that one of the main objectives is to improve physical
functions and the related quality of life in this population [250]. The study by Hume and
colleagues demonstrated the effectiveness of TC in these patients. In detail, 86% of the
participants evaluated this intervention positively stating that this allowed them to increase
PA time. On the contrary one study in COPD patients, with the same intervention program,
had a 59% satisfaction level [251]. 47.8% of participants with COPD rated goal
progression as “high” or “much too high” compared to only 14% of participants with LTx.
These results seem to suggest a greater ambition in choosing physical goals in LTx patients
than in COPD patients. This condition could be due to a greater consideration of the role of
PA and the clear progress that the practice of PA generates in the symptoms of these
patients [252]. The effectiveness of TC in elderly patients was also analyzed in subjects

with T2DM. Diabetes is a metabolic disease characterized by chronic hyperglycemia with
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impairment of carbohydrate metabolism caused by partial or non-secretion of insulin.
T2DM is the most common form of diabetes mellitus reaching 90/95% of all patients with
diabetes. It is also predicted that patients with this disease could become 439 million by
2030 [253]. The main objective for these patients is to prevent the onset of complications
to maintain a high quality of life index [254]. In order to reach this goal, blood sugar levels
need to be checked periodically and the American Diabetes Association (ADA)
recommends HbA values < 7% [254]. TC program applied by Storch and colleagues
allowed a reduction in HbA values from 7% to 6.6%, demonstrating the success of this
training method in these patients. In detail, TC intervention has made it possible to increase
daily activity with a consequent reduction in a sedentary lifestyle. A further benefit is the
prevention of cardiovascular disease and all other complications that lead to death,
especially in males with T2DM. It should be noted that high levels of physical fitness are
associated with greater insulin sensitivity favouring better management and control of
diabetes [255,256]. Although 30% of elderly people suffer at least one fall per year [257],
no literature supporting the application of TC as primary method for preventing falls in the
elderly was identified. As reported by Lord and colleagues, one-third of older people
experience at least one episode of falling each year [258]. The prevention of falls, due to
the constant aging of the world population, is one of the main public health problems.
Falls, after road accidents, are the main cause of death related to injuries among elderly
subjects in the world [259], resulting in one of the main causes of death for people over 65
years of age [260]. In detail, high levels of PA reduce mortality and fall risk in the range of
30-50% [261-263].

CONCLUSION

This systematic review highlighted that few studies have been conducted for evaluating the
efficacy of TC training programs in elderly people. Despite this, the few studies included
in this systematic review demonstrated that this training method seems to be safe,
effective, and injury-free. In detail, the findings suggest that TC can be effective in
subjects with metabolic diseases while partial results have been recorded in subjects with
respiratory diseases. Considering these results, further studies are needed to analyse the
effectiveness of this intervention program. Moreover, future studies should investigate the
efficacy of this training method also on different physical performance such as balance

ability to evaluate its effects on falls prevention because TC program could increase
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adherence to the training, thanks to the possibility of overcoming barriers such as costs,

time, travel, and facilities.

List of publications/projects discussed within Chapter II:
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Combining Supervised Outdoor Exercise with Telecoaching on Physical Performance in Elderly
People. Sustainability, 16(8), 3254. https://doi.org/10.3390/su16083254

INTRODUCTION

The aging process is expanding, and, in fact, 125 million people worldwide are 80 years
old or older. In this regard, the WHO predicts an increase in the elderly population which
will reach 426 million in 2050. This process is mainly due to social and economic
development, which has caused a reduction in births and an increase in life expectancy
[264]. For this reason, the WHO and the European Commission have expressed the need to
intervene to improve quality of life and ensure the adequate aging of the elderly population
[265]. It is well known that aging is a natural and progressive process which is associated
with a decline in both the mental and physical spheres [258]. As a matter of fact, decreased
cognitive functions, impaired sensory function, and a reduction in strength, body balance,
and flexibility can occur at this stage of life [228,266-268]. And it is known that, in this
population, a minimal decrease in functional abilities can negatively influence quality of
life and autonomy [269]. Although healthy aging is a multifactorial phenomenon, regular
physical activity and exercise can contribute to preserve the physical and mental
components, consequently improving quality of life [270]. The literature suggests that it is
necessary to identify effective methods to increase engagement and maintain high training
adherence in this population [271,272]. Several studies have demonstrated the fundamental
role played by physical activity and exercise in combating heart disease, diabetes,
osteoporosis, the risk of falls, and other common deficits that affect the elderly population
[273,274]. Battaglia et al. (2020) showed that regular walking in an outdoor environment
leads to beneficial effects on body balance capacity in the elderly and this can,
consequently, prevent the risk of falls [233]. Similarly, it has been shown that a flexibility
training program leads to an improved spinal RoM in a population of elderly women [235].
The effectiveness of training programs on specific abilities and quality of life has been

widely demonstrated not only on the healthy elderly population but also on those suffering
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from pathologies or musculoskeletal alterations [275,276]. A recent study detected
improvements in pain and quality of life and significant functional improvement in Timed
Up and Go (TUG) performance after a 7-week program in women with multiple vertebral
fragility fractures [277]. Hennig et al. (2015) investigated the effects of home-based hand
exercises in women with hand osteoarthritis and found positive clinical difference on
activity performance measured through the Patient-Specific Functional Scale (PSFS) and
significant difference in physical performance such as grip strength [278]. In a study by
Martinez-Velilla et al. (2019) a sample of elderly patients was randomly divided into an
exercise group (resistance, balance, and walking exercises) and a control group (usual-care
hospital care). Among the findings, the exercise group showed significant benefits over the
control group, with an increase of 2.2 points detected on the SPPB [279]. This evidence
emphasizes the crucial role played by physical exercise regardless of the type. Among the
latter, also due to the COVID-19 pandemic, outdoor exercise and TC are settings that have
been widely used [280,281]. In detail, outdoor exercise (also named green exercise)
concerns the practice of physical activity or exercise in natural environments; it is
characterized by easy accessibility and mainly uses walking as a type of exercise [233].
The benefits of nature exposure on psychophysiological health are documented in the
literature, and this exercise setting can also counteract conditions caused by urban living
such as air pollution, urban noise, and crowding [282,283]. For example, a recent
systematic review has shown that Nordic Walking can represent a safe and accessible
outdoor exercise for the elderly population, improving cardiovascular function, balance
ability, and quality of life. In detail, this walking program showed benefits on dynamic
balance, functional balance, upper and lower limb strength, aerobic capacity, and lipid
profile [284]. TC represents a solution for those individuals who are unable to practice
physical exercise in sports centres, and, thanks to the remote presence of a sports and
exercise science professional and the use of wearable devices, it can be individualized
[285]. In fact, TC involves the use of information technology and digital tools such as
computers and mobile devices to access training services remotely [39]. However, as
demonstrated by our previous systematic review, few studies have used TC, as a training
method, in the elderly population and no studies have used a combined training approach
(TC and supervised exercise) [81]. In detail, Hume et al. (2022) applied this physical
exercise method to elderly patients with lung transplantation and, after 12 weeks, the TC
group showed statistically significant improvements in daily steps, movement intensity,
and quality of life [83]. Von Storch et al. (2019) used TC in elderly patients with type 2

diabetes, showing, after 12 weeks, a reduction in glycated hemoglobin values, an increase
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in the number of daily steps, and an improvement in the management of body mass index
[244]. Based on this knowledge, the aim of this study was to investigate the effectiveness
of a sustainable training program combining supervised outdoor exercise with TC on
physical performance in elderly people. This study is part of the project “Walking
Leaders”, a supervised green exercise program that also includes TC exercises for elderly
people. It was developed based on our previous outdoor walking plan in natural

environments, named “Passiata Day” model [233].

MATERIAL AND METHODS

Study Design

This study is part of the project “Walking Leaders”. This is a project developed for elderly
people in which a training program combining supervised outdoor exercise with TC is
carried out by sports and exercise science professionals. The project was developed based
on our previous project, named “Passiata Day” model [233]. The project “Walking
Leaders”, currently ongoing and lasting a total of 2 years, involves the recruitment of
approximately 150 elderly people from the metropolitan city of Palermo (Italy). Over the
two years, participants will be recruited in groups of approximately 30 each for a total of 5
groups. Participants recruited in the study were divided into 2 groups: a trained group
(TG), who performed the training program, and an untrained group (UG), who did not
complete the established minimum period of the training program (i.e., 75%). As in this
study, we did not randomly assign participants to the TG or UG, the present is a quasi-
experimental design. The training program was an 8-week sustainable training program
combining supervised outdoor exercise with TC. The training program was preceded by a
theoretical phase of 6 meetings, lasting 3 h each, in which the topics of physical activity,
balanced diet, adequate rest, and stress management were addressed by medical doctors
and professionals of these sectors. For this first study, we considered participants from the
first 2 groups recruited. The measurements were carried out before (T0, baseline) and at
the end of the training program (T1, after 8 weeks) by sports and exercise science
professionals of the Sport and Exercise Sciences Research Unit of the Department of
Psychology, Educational Science and Human Movement of the University of Palermo
(Italy), and took place at the Functional Evaluation Laboratory and the Posturology and

Biomechanics Laboratory of the same institution.
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Participants

A total of 62 participants were enrolled in this study using the following inclusion criteria:
(1) >60 years of chronological age; (2) ability to provide informed consent for study
participation; (3) medical certificate attesting cognitive and physical suitability for the
practice of physical activity; and (4) a declared ability of self-care. The exclusion criteria
included the following: (1) inability or high difficulty in walking, as established by a score
<18 on the Tinetti scale [286]; (2) participating in less than 75% of the training program.
Of these, 2 participants dropped out of the study. Of the 60 participants (32 f, 28 m; age:
71.20 + 6.01 years; height: 1.60 £ 0.09 m; weight: 70.24 + 16.29 kg; BMI: 27.31 + 5.48),
11 did not complete the established minimum period of the training program (i.e., 75%).
For this reason, the 60 participants were divided into 2 groups: a trained group (TG)
composed of 49 participants and an untrained group (UG) composed of 11 participants, as

shown in Figure 4. The characteristics of the two groups’ participants are reported in Table
10.

Assessed for eligibility
n=:60

Inclusion Criteria:
to complete 75% of the
training period
Trained group (TG) Untrained group (UG)
N=49 N=I11

Figure 4. Division of participants into the two groups.

Table 10. Characteristics of the participants.

Total sample TG (n=49) UG (n=11)
(mean=SD) (mean=SD) (mean=SD)
Male/Female 28/32 23/26 5/6
Age (years) 71.20+6.01 71.32+5.98 70.64+6.38
BMI 27.3145.48 27.2245.70 27.70+4.61
Weight (kg) 70.24+16.29 71.01+£14.41 72.38+14.23
Height (m) 1.60+0.09 1.60+0.09 1.61+0.08
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All participants provided informed consent for participation in the study, and they could
withdraw at any stage of the study. The study was approved by the Ethics Committee
Palermo 1 of the University Hospital “Policlinico di Palermo” (n. 06/2022) and complies

with the criteria defined in the Declaration of Helsinki.

Measurements

All the measurements were carried out in random order for all participants. Each

measurement is detailed below.

Anthropometric measurements

Anthropometric measurements were performed as follows. Body weight was measured
using a Seca electronic scale (maximum weight recordable: 300 kg; resolution: 100 g;
Seca, Hamburg, Germany), with the participants standing upright and barefoot, in light
clothing, and with arms along the trunk. Body height was measured through a stadiometer
(maximum height recordable: 220 cm; resolution: 1 mm), with the participants standing

upright and barefoot. BMI was calculated as weight divided by height squared (kg/m2).

Handgrip test

The handgrip test allows to measure the grip capacity, that is, the maximum isometric
strength developed by the muscles of the hand and forearm. Each participant performed the
test as recommended by the American Society of Hand Therapists [287], that is, with the
back leaning against the back of the chair and the elbow joint positioned at 90°. At the
signal, each participant performed the test by squeezing the handle of a mechanical
dynamometer (Kern Map model 80K 1-Kern®, Kern & Sohn GmbH, Balingen, Germany)
with maximum isometric grip strength. Each participant performed 3 trials with both the
right and left hand, with 1 min of rest between trials. For the statistical analysis, the best

results of the 3 trials for each hand were considered.

Timed Up and Go (TUG) test

The TUG is a test used to measure balance capacity, the level of functional mobility, and
the associated risk of falls. The test measures the time it takes to get up from a chair
without using the hands, walk 3 m, turn around, return, and sit back down on the chair.

During the test, the participant can use walking aids. A score of 10 s or less indicates
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normal mobility; times between 11 and 20 s represent the normal range for elderly
individuals with frailty or disabilities; times over 20 s indicate that the individual requires

assistance; values above 30 s indicate a high risk of falls [288].

Short physical performance battery (SPPB)

The SPPB is a test developed to measure functional status and physical performance [289].
This battery contains 3 components with the aim of analyzing balance capacity, gait speed,
and lower limb function. In detail, for the balance capacity, the following 3 balance tests
are included: (1) the “side-by-side stand”, in which each participant was asked to stand
with feet together, side-by-side, for 10 s; (2) the “semi-tandem stand”, in which each
participant was asked to stand with the side of the heel of one foot placed by the big toe of
the other foot for 10 s; and (3) the “full-tandem stand”, in which each participant was
asked to stand with the heel of one foot placed in front of the toes of the other foot for 10 s.
As for gait speed, each participant was asked to walk 4 m at a normal pace. The starting
time was recorded when one foot began to move beyond the starting line and stopped when
one foot completely passed the finishing line. Regarding lower limb function, to execute
the chair stand test, each participant was asked to sit on a chair with both feet flat on the
floor, and then, with arms folded across the chest, to stand up and sit down as quickly as
possible 5 times without stopping. The execution time was recorded. The test was
considered valid if the participant performed the full movement (knees extended) and was
stopped if the participant became too tired, used the arms, or the execution exceeded 1 min.
For each component, the maximum total score is 4 and the final maximum score that can
be obtained by their sum is 12. A high score indicates a high level of functionality, while a
low score indicates a low level of functionality. Low scores on the SPPB have been shown
to predict increased fall risk [290], reduced personal autonomy [291], decreased mobility

[292], and worsened health [293].

Tinetti Scale

The Tinetti scale allows balance capacity and gait to be measured [294]. The items
concerning balance are the following: sitting balance, rising from a chair, attempts to stand,
standing balance, standing balance prolonged, Romberg, Romberg with nudge, turning
balance (360°), and sitting down. The following items focus on gait: initiation of gait, step
length and height, step symmetry, step continuity, path deviation, trunk stability, and

walking stance. The scores of all items are combined to develop three measures: an overall
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balance assessment score, an overall gait assessment score, and a total score. The
maximum score for the balance component is 16 points. The maximum score for the gait
component is 12 points. The maximum total score is 28 points. A total score of 24 or more
indicates a low risk of falling, a total score of 19 to 24 indicates a moderate risk of falling,

and a total score of 18 or less indicates a high risk of falling [286,295].

Training Program

The sustainable training program was a combined approach consisting of supervised
outdoor exercise and TC. The sustainable training program lasted 8 weeks and consisted of
5 sessions/week, of which 2 sessions/week involved supervised outdoor exercise (walking,
as in the study by Battaglia et al. (2020) [233], and balance circuit ~90 min, as in the
studies by Battaglia et al. (2010) and Bellafiore et al. (2011) [261,262]) and 3
sessions/week involved TC [2 sessions/week of resistance training (~40 min) and 1
session/week of free-walking (~40 min)]. In accordance with the WHO recommendations
for physical activity practice in elderly people (i.e., from 150 to 300 min of moderate
physical activity), participants performed a weekly volume of 300 min of physical activity.

More details on the weekly distribution of physical activity minutes are shown in Figure 5.
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Figure 5. Microcycle training program.

Supervised outdoor exercise
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Each session of the supervised outdoor exercise was composed of a warm-up phase (~15
min), a central phase (~60 min), and a cool-down phase (~15 min). In the warm-up phase,
from standing posture, participants executed a standard sequence of exercises, including
circling movements of the shoulders, pelvis, feet, and trunk rotations. In the central phase
of each session, participants were randomly divided into two subgroups, and one subgroup
started with the execution of a walking path and subsequently carried out a balance circuit
while the other subgroup performed the exercises in reverse order. The supervised walking,
carried out in groups, involved the following setting: (1) 1st and 2nd week: slow walk
(1.5-3.0 km/h; <3 MET); (2) 3rd week: moderate walk (4.5-6.0 km/h 3—6 MET); (3) 4th
and 5th week: slow walk (1.5-3.0 km/h) with axial loading (2% of body weight); (4) 6th
and 7th week: moderate walk (4.5—6.0 km/h) with axial loading (2% of body weight); (5)
8th week: moderate walk (4.5-6.0 km/h 3—6 MET). The walking speed was controlled by a
sports and exercise science professional (J.B.) who was the leader of the group and by
another researcher at the end of the group (I.L.) who wore a smartwatch, as well as by at
least 3 other sports and exercise science professionals who were in the group. A

representation of the supervised walking is shown in Figure 6.
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Figure 6. Supervised outdoor walking program. X: axial loading.

The supervised balance circuit was managed by a sports and exercise science professional
(M.B.) and predicted a ratio of 3:8 (3 coaches and 8 subjects) in the initial phase of the
program, which evolved with a ratio of 2:8 in the final four weeks. The balance circuit

involved the following setting: (1) from 1st to 4th week = 2 circuits training/session; (2)
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from 5th to 8th week = 3 circuits training/session. For the balance circuit the axial loading
adopted from week 4 to week 7 was used. The cool-down phase included free body

movements, deep breaths, and isometric contractions of both arms in different positions.

Telecoaching

The TC training, carried out using demonstration videos, consisted of resistance training
and free walking. The resistance training (2 sessions/week of about 40 min) consisted of a
warm-up phase, a central phase, and a cool-down phase. The warm-up phase included
dynamic movements of the neck, shoulders, trunk, and legs (3 series x 8 repetitions). The
central phase included 8 exercises (3 series x 8 repetitions): (a) lateral raises with elastic
bands; (b) biceps curl with elastic bands; (c) handgrip exercise; (d) front raises with elastic
bands; (e) box squat; and (f) calf exercise. The cool-down phase included free body
movement, deep breaths, and isometric contractions (2 series of 30 s). The free-walking (1
session/week of about 40 min) was self-managed based on the indications previously

received in TC.
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Figure 7. (A). TC: resistance training exercises with series and repetitions. (B). TC: free walking.

The TC training was monitored via weekly calls and through an exercise diary filled out
weekly by each participant. Moreover, in order to guarantee the correct execution of the
training program, a training manual was created. In addition, sports and exercise science
professionals were always available to resolve any doubts regarding the execution of the
exercises. The presence of psychologists was useful in maintaining high motivation and

adherence to the TC training.
Statistical Analysis

Data are presented as mean + standard deviation. The data distributions were tested

through the Shapiro—Wilk test. Any difference between TO and T1 within groups was
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analyzed. Student’s T-test or Wilcoxon T-test was used in relation to the results of data
distributions of the Shapiro—Wilk test. All analyses were performed using Jamovi software
(The Jamovi project (2021). Jamovi (Version 1.8.0.1) [Computer Software]). The
significance for all analyses was set at p < 0.05. Graphs were created using GraphPad

Prism 7 (GraphPad Software Inc., San Diego, CA, USA).

RESULTS

Of the total of 60 participants, 49 performed 75% of the training protocol, resulting in the
TG (26 1, 23 m). More information about the TG and UG can be found in Table 1. The
results of the Shapiro—Wilk test of each measurement, means and standard deviations, and

levels of significance of the comparison between T0O and T1 are reported in Table 8.

Shapiro-Wilk

TO T1 alue
w p-value (mean*SD) (mean*SD) pv
right handgrip® 0.94 0.015 27.47+11.58 28.82+11.06 <0.001***
left handgripx 0.967 0.176 25.11+10.80 26.39+10.30 <0.001***
TUG® 0.918 0.002 7.19+1.37 6.56+1.36 <0.001***
SPPB° 0.759  <0.001 11.22+0.98 11.5+0.82 0.012*
Gait Speed® 0.838  <0.001 4.90+1.66 4.67+1.43 0.194
Sit To Stand® 0.946 0.025 9.98+2.07 8.05+2.02 <0.001***
Tinetti Scale® 0.871 <0.001 24.92+2.74 26.20+1.38 0.002**
Balance® 0.741 <0.001 15.78+1.53 16.76+0.48 <0.001***
Gait® 0.948 0.03 9.14+1.63 9.45+1.26 0.359

Table 11. Performances at TO and T1 of the TG.
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Figure 8. Results of the comparisons between TO and T1: (A) kg expressed by the right hand in the
handgrip test; (B) kg expressed by the left hand in the handgrip test; (C) time to perform the TUG
test; (D) seconds for the execution of the Sit To Stand of the SPPB; and (E) score of the balance of

the Tinetti scale. ***, p <0.001.

In the TG, we found significant improvements in the following tests: right handgrip (p <
0.001); left handgrip (p < 0.001); TUG (p < 0.001); SPPB (p = 0.012); and the Tinetti scale
(p =0.002). A detailed analysis showed the lack of significant changes in gait speed (p >
0.05) and gait (p > 0.05) for the SPPB and the Tinetti scale, respectively. No statistically
significant changes were shown in the UG (p > 0.05).

DISCUSSION

Few studied have evaluated the effectiveness of TC in elderly people [81], and no study
has evaluated the effectiveness of a sustainable training program combining supervised
outdoor exercise with TC on physical performance in elderly people. The effectiveness of
physical activity and exercise in the elderly population has been demonstrated in numerous
studies [296-298]. In fact, beneficial effects have been found on the capacity to balance
[261,299] and on the subsequent risk of falls [300], as well as on the contrast of
pathologies such as osteoporosis [301] and sarcopenia [302,303]. However, as reported by
Furtado et al. (2023), it is necessary to implement new methodologies and intervention
strategies to increase the involvement of the elderly population and increase adherence to
physical activity, minimizing barriers to participation [271]. Indeed, different types of

exercise settings exist and among these, also due to the COVID-19 pandemic, outdoor
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exercise and TC are increasingly implemented. Our previous study showed that a no-
structured outdoor walking plan carried out in natural environments for six-month once a
week improved balance capacity in elderly people [233]. These preliminary findings from
the “Passiata Day” model led us to develop a further walking program associated with TC
named “Walking Leaders”. The results of the present study showed that an 8-week
sustainable training program consisting of a supervised outdoor exercise and TC led to
significant positive effects on all the outcomes considered. In fact, the TG significantly
improved the performances of handgrip, TUG, SPPB, and the Tinetti scale, while no
differences were detected in the UG. However, a more detailed analysis highlighted the
lack of improvement in walking ability. Indeed, no significant change was found in the
component of gait speed and the field gait of the Tinetti scale. This result could depend on
the initial choice to exclude individuals with high walking difficulty, which means that, a
priori, a sample with a good walking level was recruited. This choice was made because
the protocol included the walking exercise. This improvement, as already highlighted in
our preliminary study [233], could be induced by carrying out the walking program
outdoors, i.e., on non-uniform ground which stimulates proprioception to a greater extent
than walking on a regular surface, increasing, therefore, the balance capacity. A
fundamental aspect of the walking plan of the present study was the variability of walking
speed and axial loading during the program. Indeed, walking speed in elderly people is a
topic of interest for researchers, and our results are in line with the existing literature [304].
In this way, in a recent systematic review by Bai et al. (2022), the effect of brisk walking
on various outcomes has been studied [305]. The authors demonstrated that brisk walking
improves cardiorespiratory fitness, muscular strength, and body composition. Research by
Fan et al. (2016) investigated the influence of gait speed (slow, normal, and fast speed of
walking) on walking stability in the elderly, showing that stride length and cadence
increased at fast speed [306]. Interesting research by Chatutain et al. (2019) emphasizes the
importance of walking among elderly [306]. The authors highlight the practice of walking
meditation as a mindfulness practice of walking, that is, focusing on the movements of the
legs while walking slowly [307]. In line with our results, a recent pilot study involving
people with multiple sclerosis demonstrated that axial loading during walking can
influence stride length, cadence, and gait speed [308]. Our results are consistent with these
studies for supporting the effectiveness of axial loading during walking plan. It should be
noted that the scientific literature shows conflicting results regarding the benefits and risks
of walking [309,310]. Indeed, Okubo et al. (2016) showed that, in the elderly without risk

of falling, walking improves balance and is therefore a useful strategy for preventing falls
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[311]. In contrast, Gillespie et al. (2003) found that walking should not be recommended to
the elderly population with great difficulties in walking and therefore at high risk of falling
[312]. Based on this previous research, walking may have negative effects on populations
at risk of falling. In accordance with these studies, we checked this aspect by recruiting
older adults who had no history of falls and who were not at risk of falling. Another
important result of our study is related to the resistance training carried out in TC. Many
studies have shown the effectiveness of resistance training in terms of strength
improvement and to counteract some pathologies in this population [313,314]. In a recent
study, Otsuka et al. (2022) reported that a resistance training program of 24 weeks
improved muscle quantity and quality in older people [315]. Similar results were found by
the study of Seo et al. (2021), in which after 16 weeks of resistance training, older adult
women with sarcopenia improved functional fitness, grip strength, gait speed, and
isometric muscle strength [316]. Among the findings by Hennig et al. (2015) on the effects
of home-based hand exercises in women with hand osteoarthritis, there was a significant
difference in grip strength [278], in line with our results. The evidence for the effectiveness
of TC training is growing. For example, in a sample of breast cancer survivors, TC
improved adherence and retention among participants [317]. A study by Demeyer et al.
(2017) showed that a 12-week semiautomated TC program, including a step counter and a
smartphone app, increased the amount and the intensity of physical activity in patients with
COPD [285]. In our study, the improvements in the handgrip test and the absence of
adverse events highlight the effectiveness and the safety and feasibility of a resistance
training program carried out in TC. Thus, considering that TC is a safe and accessible
training modality used in other populations [85,128,129,318], this can represent an
innovative setting that can also be administered to the elderly in order to achieve the WHO

recommendations on physical activity practice for this population.

Strengths and Limitations

The main strength of our study is the adherence to the project. In fact, 81.66% of the
participants completed the training program. Other strengths are represented by the fact
that this exercise setting is easily accessible, economical, and free of adverse events. In
fact, no accidents occurred during the entire training program. Among the strengths, it
should be noted that the training program was developed and supervised by sports and
sports science professionals, with the collaboration of geriatric doctors and psychologists.

Indeed, as demonstrated by Furtado and colleagues, a comprehensive and targeted
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approach is needed to promote overall well-being in older individuals [319]. One of the
main limitations is related to the small sample size of this study. However, this is a first
study of the “Walking Leaders” project which, as described above, is ongoing and has a
duration of 2 years, and intends to recruit a total sample of approximately 150 elderly
people from the metropolitan city of Palermo (Italy). Among the limitations of the study,
we should note the failure to include, by choice, individuals with a high risk of falls, which
does not allow for the generalization of the results. Another limitation is represented by the
absence of a follow-up that aims to highlight any change in the practice of physical activity
and exercise of the elderly who participated in the project. The absence of a random
assignment of participants to the two groups, a process that makes our study quasi-

experimental, may represent a further limitation of the study.

Practical Implications

This study could have a broad practical application for the elderly population who wants to
practice physical activity and exercise, given the easy accessibility to outdoor physical
exercise, even in urban areas, and its economic convenience. Likewise, the convenience of
practicing exercise from one’s own home, such as using TC, could help to achieve the
physical activity levels recommended by the WHO. These physical exercise settings could
also have an interesting implication for sports and exercise science professionals. In fact,
by using both green exercise and TC, they could more easily reach the elderly population
who wants to practice physical exercise. Moreover, these exercise settings allow greater
flexibility, and do not imply the use of a sports building or specific tools, emphasizing their
cost-effectiveness. Furthermore, as regards the outdoor exercise, the possibility of
grouping elderly people with similar characteristics (after measuring their physical and
functional abilities) would Favor adherence to the training program and the possibility of

creating new social relationships for those who participate.

CONCLUSIONS

In conclusion, based on our results, we suggest that a sustainable training program
combining supervised outdoor exercise and TC could be effective in the elderly population
for improving balance capacity and strength. In addition, this combined method could be

an effective intervention strategy to increase the levels of physical activity in the elderly
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population, maintaining high adherence to training and being safe, effective, and risk-free.
Further studies should also evaluate the effectiveness of this type of training on body
composition, body posture, and psychological components. Furthermore, we recommend
that walking programs are carried out by a sports and exercise science professional and in
groups, since physical activity carried out in groups has been shown to be associated with

high levels of enjoyment, improving adherence to the training program [320].

2.5 Challenges and Future Directions in Telecoaching

Despite growing evidence supporting the efficacy of TC interventions, several critical
challenges remain that may hinder their large-scale adoption, clinical effectiveness, and
long-term public health impact. One of the most significant barriers is technological
limitations, including unequal access to high-speed internet, limited digital literacy, and the
lack of appropriate devices. These issues are particularly pronounced among rural
populations, older adults, and individuals from socioeconomically disadvantaged
backgrounds, exacerbating existing health disparities and limiting the equitable
dissemination of digital health solutions. Another critical challenge involves user
engagement and adherence. Compared to traditional face-to-face coaching, TC
interventions are often associated with higher dropout rates and lower participation. The
absence of in-person accountability, along with increased opportunities for distraction in
virtual environments, can compromise the development of a strong coach—athlete or
coach—client alliance, an essential component of effective and lasting behavioural change.
Future research should focus on the implementation of adaptive intervention models and
the integration of artificial intelligence (Al)-driven personalization strategies to enhance
user motivation, adherence, and long-term engagement.

Data privacy and ethical considerations also represent key concerns in the development of
TC interventions. These platforms frequently collect and process sensitive personal data,
including biometric markers, lifestyle behaviours, and mental health information. Ensuring
robust data protection protocols, a secure storage system, and strict compliance with
relevant regulatory frameworks, such as the General Data Protection Regulation (GDPR)
and the Health Insurance Portability and Accountability Act (HIPAA), is essential to
uphold user confidentiality. In parallel, the increasing reliance on automated decision-
making tools and Al-driven coaching systems calls for updated ethical guidelines. These
technologies may introduce algorithmic bias, reduce transparency, and reduce human

oversight, raising important issues related to autonomy, accountability, and informed
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consent. From a professional perspective, there is a clear need to standardize training
pathways and certification frameworks for tele-coaches. Historically, the coaching
profession has lacked uniform regulation; the transition to digital platforms further
increases the risk of inconsistent service quality and the involvement of unqualified
practitioners. The development of internationally recognized guidelines and competency
standards, ideally endorsed by professional coaching associations, would improve the
credibility, consistency, and reliability of TC practices, supporting its integration into
broader healthcare and wellness systems. Looking forward, interdisciplinary collaborations
offer a direction for the advancement of TC. Collaborations with behavioural science,
digital health, Al, and human—computer interaction could foster the creation of more
sophisticated, adaptive, and effective coaching models. Additionally, hybrid approaches
that combine digital platforms with periodic in-person interactions may provide an optimal
balance between scalability, personalization, and the relational depth required for sustained
behaviour change. In conclusion, TC represents a promising modality for promoting
personal development, health, and performance across a range of populations. However,
realizing its full potential will require coordinated efforts among researchers, practitioners,
technologists, and policymakers to overcome current limitations. Future developments
should emphasize inclusivity, scientific rigor, and ethical integrity to ensure that TC
delivers meaningful, equitable, and sustainable outcomes within an increasingly digital and

dynamic health ecosystem

2.6 Telecoaching: Guidelines and Practical Applications
List of publications/projects discussed within Chapter 1I:

Leale Ignazio; Giustino Valerio; Alesi Marianna; Gomez-Lopez Manuel; Battaglia Giuseppe.
Enhancing Physical Activity in Health-Impaired Individuals Through Telecoaching: A Systematic
Review of Evidence and Practical Applications. American Journal of Physical Medicine &
Rehabilitation ():10.1097/PHM.0000000000002850, August 28, 2025. | DOI:
10.1097/PHM.0000000000002850

Although the requirement for basic technological skills, internet access, and digital devices
may limit the applicability of TC, particularly among individuals from lower
socioeconomic backgrounds, its flexibility and adaptability make it a valuable tool for
sports and exercise science professionals. Importantly, TC does not require specialized

facilities or equipment, offering a versatile and easily implementable approach.

Research Skills
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When implementing TC programs, researchers should provide clear, simple, and accessible
instructions. Video tutorials and written manuals are recommended to help participants
correctly perform and manage the training program, as well as to review exercises
independently. During the initial phase, a familiarization session can enhance participants’
understanding and adherence. Furthermore, informing patients about the expected benefits
of TC may increase motivation, while setting predefined objectives can improve program

effectiveness.

Technological Skills

Prior to initiating the program, researchers should determine the digital tools and features
required for TC delivery. This includes selecting between synchronous TC (real-time
interaction) and asynchronous TC (flexible, time-independent interaction). Web platforms
and mobile applications represent accessible solutions to deliver content, share
information, and monitor adherence. Additional motivational strategies—such as regular
contact via e-mail, phone calls, or online communities—can support participant

engagement and provide timely assistance.

Communication Skills

Effective communication is a critical determinant of patient experience and should remain
professional, timely, and concise. Instructional materials (e.g., videos, technique tutorials,
and manuals) should be designed to minimize cognitive overload and avoid vague or
unnecessary content. Weekly calls and text reminders can reinforce adherence and
motivation. The use of exercise diaries allows participants to track progress and adverse
events, facilitating feedback between patients and telecoaches. While TC reduces barriers
related to cost, geography, and access, it may also decrease direct interpersonal contact and
increase the risk of dropout. To mitigate this, programs should integrate: (a) an initial
supervised session; (b) accessible online platforms with multimedia resources; (¢) written
guidelines on exercise technique; (d) self-maintained training diaries; (e) weekly
motivational calls; (f) reminder messages; (g) clear communication channels; and (h)

flexible, responsive telecoaches.

CONCLUSION

Considering these factors, TC emerges as an effective intervention to maintain physical

activity and improve quality of life, particularly by enhancing exercise capacity and
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tolerance in health-impaired individuals. Future research should investigate the key
variables influencing the success of digital training in primary prevention, as well as
determine the optimal duration, frequency, and intensity of TC programs. Furthermore,
direct comparisons between synchronous and asynchronous TC modalities are needed to

clarify their differential impact across diverse populations.
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Chapter II1 — Wearable Devices for Monitoring and Support
3.0 Chapter III Overview

In recent years, wearable technology has had a significant impact on sports and athletic
performance [321]. These devices are changing the way athletes train, compete, and recover
by providing real-time data and insights that were not previously available. Wearable tools
can monitor vital signs, track movement patterns, and support the evaluation of training
loads. For these reasons, wearable technology is now considered an important instrument
for optimizing sports training and improving individual performance. The primary
contribution of wearable technology in sports lies in its ability to improve performance
through real-time data collection and analysis [321]. These devices provide detailed
information that allows coaches and athletes to make evidence-based decisions aimed at
optimizing training programs, enhancing performance efficiency, and reducing the risk of
injury. As a result, wearable technology is becoming increasingly indispensable for those
seeking to gain a competitive advantage in modern sport. The term wearable technology in
sports refers to electronic devices designed to be worn by athletes with the purpose of
collecting data related to different aspects of performance and physical condition. Common
examples include GPS trackers, heart rate monitors, and motion sensors. The primary
objective of these technologies is to provide accurate and timely information that can
support both the improvement of individual performance and the development of more
effective and safer training methodologies [322-324]. In football, wearable devices are
commonly used to monitor player movements, heart rate, and overall workload during both
training sessions and competitive matches [325]. GPS trackers and heart rate monitors allow
for the collection of data on speed, distance covered, and exercise intensity, enabling
coaches to tailor training programs and manage muscle fatigue more effectively. The use of
wearable technology is also becoming increasingly common in basketball [326]. These
devices monitor jumps, movements, and exertion levels, providing essential information

for assessing both individual and team workloads. Such data is critical for designing
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personalized training programs and targeted recovery strategies, with the goal of
optimizing overall team performance. The range of wearable devices used in sports is

broad and continuously evolving. Among the most common are [327,328]:

e GPS trackers: These devices monitor athletes’ movements during training and
competition, providing data on speed, distance covered, and positioning. Such
information is useful for performance analysis, fatigue management, and tactical
planning.

e Heart rate monitors: These devices measure heart rate in real time, allowing
assessment of exercise intensity, cardiovascular load, and recovery.

e Accelerometers: Sensors that detect changes in movement speed, enabling analysis
of acceleration and deceleration patterns.

e Smartwatches and fitness bands: Multifunctional devices that track heart rate,
physical activity, energy expenditure, and sleep quality. These tools are useful for

both professional and recreational athletes.

These wearable technologies offer objective data that support personalized training,
optimize performance, and reduce the risk of injury, making them increasingly important in
modern sports practice. In summary, wearable technology is transforming training and
sports performance management by providing objective data that can improve efficiency,
safety, and athlete outcomes. These tools allow for personalized training, optimized
recovery, and informed decision-making, making them increasingly essential in modern

sports.

3.1 GPS Technology: Applications in Sport and Functional Monitoring

The GPS is a satellite-based navigation technology initially developed by the United States
Department of Defense for military applications and later made available for civilian use.
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The system comprises a constellation of 27 satellites equipped with atomic clocks, which
orbit the Earth and continuously transmit signals to GPS receivers. By processing these
signals, the receivers calculate their distance from each satellite [329]. Determining the
distance from at least four satellites enables the computation of the receiver’s precise
geographic coordinates, latitude, longitude, and altitude, with high accuracy [329]. In the
sports context, a GPS tracker is a wearable device designed to capture real-time data on an
athlete’s movement patterns and performance metrics, including speed, distance covered,
acceleration, and intensity of effort. Typically worn in a compact vest or integrated into
sports equipment, these devices are widely employed across various sports disciplines to
monitor training loads, optimize performance, and reduce the risk of injury through
informed workload management. GPS-based athlete monitoring was first introduced in
1997 and has since seen widespread adoption, particularly in team sports such as rugby
league, rugby union, soccer, field hockey, and Australian football [330]. From a
performance management perspective, it is essential for strength and conditioning coaches
and sports scientists to understand the relationship between an athlete’s external and
internal training loads, as this interaction provides valuable insight for monitoring fatigue,
managing recovery, and optimizing performance [331]. GPS technology has been
extensively employed by coaches in team sports to assess external load, enabling time—
motion analysis of on-field performance during both technical—tactical drills and official
matches [332-334]. Through this approach, GPS systems capture key components of
athletes” movement profiles, including derived metrics such as speed, distance covered,
acceleration, and estimates of metabolic power [330,335]. Compared to other athlete-
tracking methods, GPS technology offers time efficiency and the capacity for real-time
feedback, which is particularly advantageous in team sports. While video-based motion
analysis can only track the movements of a single athlete at a time, GPS systems enable the

simultaneous monitoring of multiple athletes [336]. The use of GPS facilitates several
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performance and management benefits, including: a) reducing injury risk through
continuous workload monitoring; b) enhancing tactical decision-making via precise
positional data; maintaining optimal performance throughout the season; ¢) providing
objective feedback on player output; d) establishing benchmarks for performance
development and progress tracking and e) supporting athlete recruitment by generating
quantifiable performance data. Despite its advantages, GPS technology presents both
technological and practical limitations. Satellite signals may be disrupted by atmospheric
conditions and local environmental obstructions, such as stadium structures or tall
buildings, resulting in measurement errors [331]. The number of satellites communicating
with the GPS receiver is also a key determinant of positional accuracy [337]. Although four
satellites represent the theoretical minimum required to triangulate a receiver’s position,
evidence suggests a moderate negative correlation between total distance error, defined as
the difference between the recorded and actual distance, and the number of satellites
transmitting signals to the receiver [332]. Similarly, velocity measurements are also
susceptible to increased error when the number of satellites interacting with the receiver
decreases [338]. In addition, the spatial configuration of the satellites relative to the
receiver, commonly referred to as satellite geometry, is a critical factor influencing the

accuracy of the measurements obtained [338].

3.2 Wearable Inertial Sensor: Applications in Sport and Functional Monitoring
List of publications/projects discussed within Chapter I11:

Pillitteri, G., Giustino, V., Petrucci, M., Rossi, A., Leale, 1., Bellafiore, M., Thomas, E., Iovane,
A., Palma, A., & Battaglia, G. (2023). Match Load Physical Demands in U-19 Professional
Soccer Players Assessed by a Wearable Inertial Sensor. Journal of functional morphology and
kinesiology, 8(1), 22. https://doi.org/10.3390/jfmk8010022
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INTRODUCTION

Soccer is a situational team sport in which players are interconnected in a complex system
characterized by technical—tactical components that are supported by physical and
physiological factors [339]. In soccer, the physical performance consists of intermittent
cyclic and acyclic activities characterized by aerobic and anaerobic demands [336,340]. The
need to know the physical demands required during a soccer match is of fundamental
importance for coaches and athletic trainers in order to properly plan the training program
with the aim of increasing the training effect and reducing the risk of injury [341-344]. High-
speed running, acceleration, and deceleration characteristics are considered determinant
factors for physical performance and should be taken into consideration when designing
the training program [345]. As a matter of fact, players usually perform 150-250 different
actions and 1100 changes of direction during a match [346]. Moreover, players’ physical
activity characteristics change every 4—6 s based on the different player’s positions on the
pitch [346,347], resulting in a high rate of change in speed (i.e., acceleration). Studies have
shown that professional players travel a total distance of between 10 and 13 km during a
match [348]. Most of the total distance is covered at low intensities, whereas 22-24% is
spent at intensities above 15 km/h, 8-9% above 20 km/h, and 2—3% above 25 km/h.
Additionally, it has been found that players can perform between 600 and 650
accelerations during a match. To improve performance while reducing the risk of injury,
practitioners should assess match loads in relation to playing positions on the pitch to
optimize training planning [349,350]. Specifically, the external load (EL) is usually
described by the total distance, range of speed covered, accelerations, metabolic power
[335], and other derived measures. Global position systems (GPS) technology has been
largely used by practitioners to assess EL allowing for time-motion analysis in technical—
tactical tasks [334,343,351,352]. However, in the last few years, several
microelectromechanical systems (MEMS) have been developed and are available and these
include triaxial accelerometers, triaxial gyroscopes, magnetometers, and pressure sensors.
These devices, defined as inertial sensors devices (ISDs) or inertial measurement units
(IMUs), can measure acceleration and angular velocity, among other parameters. ISD
technology was developed specifically for the assessment in indoor sports where GPS
devices cannot be used [353]. The literature suggests that this technology has not yet been
fully used in professional soccer for EL monitoring. It should be mentioned that physical
demand is highly related to playing positions on the pitch due to the fact that roles have

specific technical—tactical requests strictly related to different physical, physiological,
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energetic, and biomechanical components [336,350,354,355]. For example, the literature has
reported that the total high-intensity distance is covered by central midfielders, wide
defenders, and wide midfielders, whereas strikers and central defenders travel lower
distances [356]. Moreover, wide defenders and wide midfielders perform the highest
sprinting distance, whereas central midfielders and central backs cover the lowest in elite
soccer players [356-360]. Moreover, significant differences were found between the various
playing positions for all measures of EL in amateur soccer players [361]. Authors reported
that central midfielders covered the longest distance during a match, which is in line with
recent literature followed by the forwards, the full-backs, and the wide midfielders. As in
adult professional soccer players, physical performance is affected by playing position also
in youth elite players. In young male elite players (8—18 years), center backs covered the
shortest high-intensity running and sprinting distances and wide midfielders the longest
[362]. Additionally, in young soccer players (mean age 16.0 years), center defenders
covered the shortest very high-speed (>19.8 km-h—1) and sprint (>25.2 km-h—1) distances,
whereas wide players and center forwards covered the longest distances in these speed
zones [363], which is in line with other studies [364]. It is worth noting that the GPS may
have some signal issues due to adverse weather conditions or being used indoors compared
to ISD. In fact, being that this technology is based on (inertial) movement, it allows for
evaluating the EL considering the same parameters relating to distance, speed, and
metabolic power with greater precision than GPS at 10 Hz [365]. Indeed, the better
applicability of ISD technology is due to its small size, lower cost, and the possibility of
using the device indoors, avoiding possible connection problems between GPS and satellite
[365]. To the best of our knowledge, there are no studies that have investigated, through
ISD technology, differences in EL indicators in young professional soccer players during
official matches (OMs) considering the different playing positions on the pitch. We
hypothesized that there may be differences in EL indicators in young professional soccer
players during OMs depending on playing position. Hence, the aim of this study was to
investigate any differences in EL indicators, specifically cinematic, mechanical, and
metabolic indicators, measured through a wearable inertial sensor during the first half time
of four OMs, considering the different playing positions in young professional soccer

players (U19).
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MATERIALS AND METHODS
Study Design

In this cross-sectional study, young players from a professional Italian soccer club were
monitored using a wearable inertial sensor during the first half time of four OMs during the
season 2021-2022. Soccer players were categorized into five groups according to their
playing position on the pitch as follows: central back (CB), external striker (ES), fullback
(FB), midfielder (MD), and wide midfielder (WM).

Participants

Thirteen young professional soccer players (age: 18.5 + 0.4 years; height: 177 = 6 cm;
weight: 67 + 4.8 kg) competing in the Italian U19 Championship were included.
Participants’ playing positions were the following: CB (n = 2), ES (n =3), FB (n =5), MD
(n=1), and WM (n = 2). The following inclusion criteria were considered: (1) professional
male soccer players belonging to the Under-19; (2) no injury in the previous six months.
Based on the exclusion criteria, only goalkeepers were not eligible for the study. All
participants signed an informed consent form before taking part in the study. The study,
which complies with the principles of the Declaration of Helsinki, was approved by the

Bioethics Committee of the University of Palermo (n. 68/2021).
Procedures

Participants were monitored during four OMs in a regular pitch with a theoretical match
density (m2/player) referred to ~320 m2 according to Riboli et al. [366,367]. OMs were
played on a third-generation artificial pitch or natural grass. All participants performed a
typical 25-min pre-match warm-up before each OM. The ISD was started 5 min prior to
the assessment. Data were collected through a wearable inertial sensor (TalentPlayers
TPDeyv, firmware version 1.3) [365]. To avoid interunit errors, each participant was assigned
the same ISD for each OM. Among the available devices, TalentPlayers was chosen as it
provides very similar data compared to traditional GPS systems (i.e., instantaneous speed
and distance, change of directions, and metabolic data) and it is already used by various
Italian soccer teams (https://talentplayers.com (accessed on 16 December 2016)). This ISD
is a small wearable device integrating a six degrees of freedom MEMS inertial sensor,
capable of providing real-time acceleration and rotation data along three orthogonal axes at

a frequency of 100 Hz per channel. It is designed to be worn on the lower leg using an
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elastic band. The validity and reliability of the ISD have been previously reported [365]. All

data were acquired by the TalentPlayer mobile app (software version 1.0.7) and uploaded

to the TalentPlayers cloud. EL indicators considered for this study were classified as

cinematic, mechanical, and metabolic. All indicators assess the volume of OMs (except the

metabolic power indicator) although some parameters represent intensity performance

indicators. These are detailed in Table 12.

Table 12. Descriptions of the external load indicators.

Indicators Type Description (Unit of Measure)
D Cinematic/volume Total distance covered (m)
MS* Cinematic/intensity Maximum speed reached (even for <1 s)
NYINTACC * Mechanical / volume Number of intense accelerations >2 m/’sz
N°INTDEC * Mechanical /volume Number of intense decelerations >2 m/s?
TDA Mechanical /volume Distance traveled with positive acceleration (i.e., with speed increase) (m)
TDD Mechanical /volume Distance traveled with negative acceleration (i.e., with speed decrease) (m)
N°HSR * Cinematic/volume Number of high-intensity running at >20 km/h
WT Cinematic/volume Time spent in the various speed zones (<6 km/h) (s)
THSR * Cinematic/volume Time spent in the various speed zones (>20 km/h) (s)
WD Cinematic/volume Distance traveled in the various speed zones (<6 km/h) (m)
. DHSR * ('mem.\&i?/\'nlumv Distance traveled in the various speed zones (>20 km/h) (m)
Metabolic Power (w-kg~!) was calculated by multiplying EC (in J-kg~'-m~1)
by running speed (v; in m-s~!) at any given moment (i.e., every 0.2 s):
MP * Metabolic/intensity P met 7 EC-v.In m'do.r to assess mul..\bo]ic power, consiu.icrin).‘, the energy
: expenditure and derived, the equation developed by di Prampero et al. [33]
established on previously studies by Minetti et al. [34] and Osgnach et al. [14]
was adopted. (Watt = w)
TLMP Metabolic/volume Time spent in various metabolic power zones (<10 w) (s)
THMP * Metabolic/volume Time spent in various metabolic power zones (20-35 w) (s)
TEMP * Metabolic/volume Time spent in various metabolic power zones (35-55 w) (s)
TMMP * Metabolic/volume Time spent in various metabolic power zones (>55 w) (s)
DLMP Metabolic/volume Distance traveled in the various metabolic power zones (<10 w) (m)
DHMP * Metabolic/volume Distance traveled in the various metabolic power zones (20-35 w) (m)
DEMP * Metabolic/volume Distance traveled in the various metabolic power zones (35-55 w) (m)
DMMP * Metabolic/volume Distance traveled in the various metabolic power zones (>55 w) (m)
N°CoDR * Mechanical /volume Number of direction changes to the right >30° and with speed >2m/s
N°CoDL * Mechanical/volume Number of direction changes to the left >30° and with speed >2 m/s

Legend: TD, Total Distance; MS, Maximal Speed; N INTACC, Number of Accelerations; N_INTDEC, Number

of Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance deceleration; N_HSR, Number of

High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR,
Distance High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High
Metabolic Power; TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance

Low Metabolic Power; DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power;

DMMP, Distance Max Metabolic Power; N_CoDR, Number of Direction Changes to the Right; N CoDL, Number

of Direction Changes to the Left; * Intensity indicator.

Statistical Analysis

Normality distribution was calculated through the Shapiro—Wilk test. Means and standard

deviations of all the EL indicators for OMs and for each playing position (CB, ES, FB,
MD, WM) were provided. A one-way analysis of variance (ANOVA) test on one factor
(OM) was performed to detect differences for each EL indicator. The Tukey post hoc test
was used for pairwise comparisons for each EL indicator between playing positions.

Statistical significance was set at p < 0.05. The Statistical Package jamovi (The jamovi

project—jamovi Version 1.8.0.1) was used to perform data analysis. Graphs were created

through Graph Pad Prism 8 (Version 8.0.2).
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RESULTS

Descriptive statistics of EL indicators (i.e., TD, MS, N INTACC, N INTDEC, TDA, TDD,
N°HSR, WT, THSR, WD, DHSR, MP, TLMP, THMP, TEMP, TMMP, DLMP, DHMP,
DEMP, DMMP, N°CoDR, N°CoDL) for each playing position (i.e., CB, ES, FB, MD,
WM) are reported in Table 13, Table 13, Table 15 and Table 16.

Table 13. Descriptive statistics of the external load indicators

Cinematic
TD MS N°HSR WT THSR WD DHSR
(m) (km/h) (Total) (s) (s) (m) (m)
MEAN 5620 26.5 294 1451 54.7 1226 335
sD 537 2.58 10.3 179 24.5 155 152
MIN 4714 20.6 10 1106 13 987 76.5
MAX 6557 30.8 58 1780 143 1539 880
Mechanical
N°INTACC N°INTDEC TDA DD N°CoDR N°CoDL
(total) (total) (m) (m) (total) (total)
MEAN 25.5 24.9 3018 2582 143 139
SD 6.35 7.09 309 239 159 31.6
MIN 16 9 2466 2161 105 76
MAX 37 38 3569 3071 173 220
Metabolic
MP TLMP THMP TEMP TMMP DLMP DHMP DEMP DMMP
(w) (s) (s) (s) (s) (m) (m) (m) (m)
MEAN 10.7 1739 250 80.3 30.8 1883 998 399 179
sD 1.12 139 46.3 21.5 10.6 120 207 119 67.5
MIN 87 1502 172 33 14 1668 628 136 77 .4
MAX 13 2004 337 133 56 2197 1398 711 329

Legend: TD, Total Distance; MS, Maximal Speed; N INTACC, Number of Intense Accelerations;
N°INTDEC, Number of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance deceleration;
N ° HSR, Number of High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking
Distance; DHSR, Distance High-Speed Running; MP, Metabolic Power, TLMP, Time Low Metabolic Power;
THMP, Time High Metabolic Power; TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic
Power; DLMP, Distance Low Metabolic Power; DHMP, Distance High Metabolic Power; DEMP, Distance Elevated
Metabolic Power; DMMP, Distance Max Metabolic Power; N°CoDR, Number of Change of Direction

Right; N°CoDL, Number of Change of Direction Left; SD, standard deviation.

Table 14. Descriptive statistics of the external load indicators for each official match.

Cinematic
™ MS N°HSR  WT THSR WD  DHSR
MATCH (m) (km/h)  (Total) (s) s) (m) (m)
1 5708 268 29.8 1428 53.7 1248 328
2 5673 257 316 1330 603 1151 369
MEAN 3 5456 2638 2.6 1505 196 1325 303
4 5625 26.8 293 1469 548 1187 335
1 594 277 121 164 234 124 146
- 2 625 1.97 124 163 35.0 100 216
. 3 515 2,68 7.69 192 187 195 117
4 444 314 8.86 96.8 193 153 119
1 4714 219 10 177 13 1119 76.5
2 4728 24 14 1106 20 987 120
MIN 3 4936 233 14 1267 by 1079 131
4 4740 206 11 1318 13 1026 77.4
1 6557 291 18 1705 81 1444 504
2 6544 284 58 1575 143 1343 880
MaX 3 6338 30.8 38 1780 82 1539 505
4 6162 302 M 1571 78 1409 477
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Mechanical

varcy NINTACC NINTDEC — TDA TDD  NCoDR N CoDL
(total) (total) (m) (m) (total) (total)
1 26.3 276 3097 2592 148 139
2 248 23.1 3038 2616 138 146
MEAN 3 24.4 229 2903 2532 134 125
4 26.4 259 3023 2581 150 145
1 574 7.11 345 265 12,5 309
2 6.89 794 356 275 18.3 333
SD 3 5.60 497 305 215 15.8 39.2
4 793 797 229 228 12.8 218
1 18 18 2485 2206 124 101
2 16 13 2466 2248 105 117
MIN 3 19 15 2581 2280 108 76
4 16 9 2557 2161 137 117
1 35 36 3569 2970 164 198
2 35 38 3476 3071 162 220
MAX 3 35 28 3476 2845 153 184
4 37 35 3357 2904 173 188
Metabolic
MATCH MP TLMP THMP TEMP  TMMP DLMP DHMP DEMP DMME
W) ) © © © m m @ (m)
1 10.9 1711 257 85.6 31.0 1896 1028 423 181
MEAN “ 11.1 1646 252 80.9 32.0 1867 1009 408 183
3 10.1 1850 236 719 289 1907 938 356 168
4 10.6 1766 254 82.0 311 1862 1012 406 182
1 1.22 137 50.1 19.8 11.6 114 223 111 77.1
sD “ 126 122 46.6 20.1 109 152 219 163 69.0
3 0.964 138 526 111 118 116 219 598 76.4
4 0.884 80.7 411 23.0 9.46 106 190 126 573
1 888 1511 181 56 15 1738 690 254 795
MIN “ 9.15 1502 172 48 21 1668 628 213 106
3 9.05 1659 178 50 15 1743 688 242 818
4 870 1641 187 33 14 1763 685 136 77.4
1 12.6 1958 321 107 48 2060 1319 559 289
MAX = 13.0 1857 337 133 56 2197 1398 711 329
3 118 2004 327 87 52 2068 1324 450 312
4 11.6 1864 327 101 44 2069 1330 511 261

Legend: TD, Total Distance; MS, Maximal Speed; Ne INTACC, Number of Intense Accelerations; NeINTDEC, Number
of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance Deceleration; Ne HSR, Number of
High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR, Distance
High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High Metabolic Power;
TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance Low Metabolic Power;
DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic
Power; NeCoDR, Number of Change of Direction Right; NeCoDL, Number of Change of Direction Left; SD, standard
deviation.

Table 15. External load indicator differences among playing positions (central back, external striker, full back,
midfielder, wide midfielder).

Midfielder Central Back External Striker Full Back Wide Midfielder
(M % SD) (M % SD) (M % SD) (M £ SD) (M % SD)
Cinematic
TD (m) 5963 + 74 5240 + 340 15 5723 + 438 4 5087 + 344 15 6161 % 316
MS (km/h) 25.7 £ 1.88 243 £ 26635 284 +134% 25+261° 282 £ 131
N°HSR 298 + 3.5 18.7 £7.893° 388 +8.88* 229 +£6.53° 344 +7.03
WT (s) 1303 % 785 1490 + 60.5 1476 % 205 1578 + 187 5 1345 + 151
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THSR (s) 56 %+ 5.72 29.7 £ 15635 80.4 + 26.3 4 399 + 124 62.1 +13.5

WD (m) 1071 + 539 1191 + 161 1260 * 137 1308 + 186 1214 + 129
DHSR (m) 342 + 363 179 £ 95235 494 + 163 4 242 £773 381 + 846

Mechanical
N°INTACC (total) 21.8 + 4353 225+ 5213 323 £3.99°5 254 £ 655 229 +53
N’INTDEC (total) 225 + 6.86 21.7 £821 299 £ 391 219 %5 265 £ 8.64
TDA (m) 3136 £ 59.1 3 2818 £ 1975 3067 251 % 2732 £ 2345 3348 £ 202
TDD (m) 2810 + 64.4 >* 2404 + 159 3° 2639 * 206 * 2336 £ 117 ° 2789 + 125
N°CoDR (total) 139 + 5.74 143 + 899 146 + 189 131+£19.1°5 153 +£ 992
N°CoDL (total) 165 + 6.08 152 + 251 122 251 149 + 444 123 + 154
Metabolic

MP (w) 11.1 +£0.233 99 +0.792 % 111+ 1074 968+ 0.771° 11.7 £ 0812
TLMP (s) 1625 + 87.6 % 1793 * 54 1754 % 135 1856 + 128 5 1626 % 103
THMP (s) 286 + 9.54 24 221+3275 245 + 3235 209 +23.7° 301 + 366
TEMP (s) 765 £ 17.7 67.2 £ 2223 974 +166* 66 £ 15.6 89.1 £192
TMMP (s) 253+ 4723 218 £ 72535 4249874 25+ 798 349 + 567
DLMP (m) 1790 + 90.8 1888 + 153 1894 + 148 1934 + 983 1863 % 86,5
DHMP (m) 1139 + 468 %4 860 £ 1515 999 + 150 5 811 £ 1105 1281 * 164
DEMP (m) 382 £ 92 316 + 1113 502 £ 943 % 316 £ 829 450 £ 982
DMMP (m) 144 £ 3143 120 + 42,135 247 £ 5954 140 + 484 212 £ 439

Legend: TD, Total Distance; MS, Maximal Speed; NeINTACC, Number of Intense Accelerations; NJINTDEC, Number
of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance Deceleration; NeHSR, Number of
High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR, Distance
High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High Metabolic Power;
TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance Low Metabolic Power;
DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic
Power; NeCoDR, Number of Change of Direction Right; NeCoDL, Number of Change of Direction Left. p < 0.05 for
differences between playing positions (1 difference with midfielder; 2 difference with central back; 3 difference with
external striker; 4 difference with full back; 5 difference with wide midfielder); M, mean; SD, standard deviation.

Table 16. Highest and lowest external load indicator differences among playing positions (central back,
external striker, full back, midfielder, wide midfielder).

Cinematic
D MS N"HSR WT THSR WD DHSR
(m) (km/h) (Total) s) (s) (m) (m)
ES ES FB ES FB ES
Highest WM (61&]1)&: 316) (284 £ 1.34) (388 +£888) (1578 £ 187) (80.4 £ 26.3) (1308 = 186) (494 % 163)
(M = SD) 5963 & 74 WM WM CB WM ES WM
( ) (28.2 £1.31) (34.4 = 7.03) (1490 £ 60.5) (62.1 £135) (1260 £ 137) (381 % 84.6)
FB CB CB MD CB MD CB
Lowest (5087 =+ 344) (24.3 = 2.66) (18.7 £7.89) (1303 £78.5) (29.7 £ 15.6) (1071 = 53.9) (179 £95.2)
(M £ SD) CB FB FB WM B CB FB
(5240 = 340) (25 £ 261) (229 £ 6.53) (1345 £ 151) (399 +124) (1191 £ 161) (242 £77.3)
Mechanical
N"INTACC N"INTDEC TDA TDD N°CoDR N°CoDL.
(total) (total) (m) (m) (total) (total)
ES ES WM MD WM MD
Highest (323 £ 399) (29.9 = 391) (3348 % 202) (2810 = 64.4) (153 £ 9.92) (165 % 6.08)
(M £ SD) FB WM WM ES CB
(254 = 6.55) (26.5 = 8.64) (3136 £59.1) (2789 £ 125) (146 = 18.9) (152 £ 25.1)
MD CB FB FB FB ES
Lowest (21.8 = 4.35) (217 =821) (2732 & 234) (2336 £ 117) (131 £19.1) (122 £25.1)
(M £ SD) CB FB CB CB MD WM
(225 £521) (219 £5) (2818 £ 197) (2404 £ 159) (139 £5.74) (123 £ 154)
Metabolic
MP TLMP THMP TEMP TMMP DLMP
w) © ©) © © ) DHMP (m) DEMP (m) DMMP (m)
FB WM ES S FB WM ES ES
Highest (1.7 £0812) (1856 + 128) (301 £ 36.6)  (97.4 £ 16.6) (42 +9.87) (1934 £983) (1281 £ 164) (502 £ 943) (247 £ 59.5)
(M £ SD) CB MD WM WM ES MD WM WM
(11.1+0233) (1793 £ 54) (286 £ 954)  (891%192)  (349+567) (1894 % 148) (1139 £468) (450 £ 982) (212 % 439)
FB MD FB FB CB MD FB FB CB
Lowest 968+ 0.771) (1625 £ 87.6) (209 % 23.7) (66  15.6) (218 + 7.25%) (1790 £ 90.8) (811 % 110) (316 £ 829) (120 % 42.1)
(M % SD) CB WM CB CB FB WM CB CB FB
(9.9+0.792) (1626 +103) (221 +£327)  (67.2%222) (25 £ 798) (1863 £ 865) (860 + 151) (316 111) (140 * 484)

Legend: TD, Total Distance; MS, Maximal Speed; N° INTACC, Number of Intense Accelerations; N°INTDEC, Number
of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance Deceleration; N°HSR, Number of
High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR, Distance
High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High Metabolic Power;
TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance Low Metabolic Power;
DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic
Power; N°CoDR, Number of Change of Direction Right; N°CoDL, Number of Change of Direction Left; M, mean; SD,
standard deviation.

As reported in Table 17, results from the one-way ANOVA tests showed significant
differences in all the EL indicators between playing positions (TD: F(4,13,9) = 16.59, p <
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0.001; MS: F(4,11,8) = 5.54, p = 0.009; N°INTACC: F(4,12,5) = 6.22, p = 0.005;
N°INTDEC: F(4,11,7) = 3.43, p = 0.045; TDA: F(4,14,2) = 9.99, p < 0.001; TDD:
F(4,13,7) = 23.29, p < 0.001; N°HSR: F(4,13,7) = 6.94, p = 0.003; WT: F(4,13,1) = 5.21, p
=0.01; THSR: F(4,14) = 7.82, p = 0.002; WD: F(4,14) = 4.76, p = 0.012; DHSR: F(4,14) =
7.89, p=0.002; MP: F(4,14,2) = 8.83, p < 0.001; TLMP: F(4,12,6) = 6.22, p = 0.005;
THMP: F(4,14,1) = 18.75, p < 0.001; TEMP: F(4,12,2) = 4.1, p = 0.025; TMMP: F(4,13,1)
=7.04, p=0.003; DHMP: F(4,14,1) = 15.51, p < 0.001; DEMP: F(4,12,3) = 5.00, p =
0.013; DMMP: F(4,13,2) = 7.6, p = 0.002; N°CoDL: F(4,14) = 13.03, p < 0.001) except for
DLMP: F(4,12,4) = 1.43, p = 0.28 and N°CoDR: F(4,13,9) = 2.93, p = 0.06.

Table 17. One-way ANOVA test results.

Indicators F dfl df2 )4
TD 16.59 4 13.9 <0.001
MS 5.54 4 11.8 0.009

N INTACC 6.22 4 12.5 0.005

N INTDEC 3.43 4 11.7 0.045

TDA 9.99 4 142 <0.001
TDD 23.29 4 13.7 <0.001
N"HSR 6.94 4 13.7 0.003
WT 5.21 4 13.1 0.01
THSR 7.82 4 14 0.002
WD 4.76 4 14 0.012
DHSR 7.89 4 14 0.002
MP 8.83 4 142 <0.001
TLMP 6.22 4 12.6 0.005
THMP 18.75 4 14.1 <0.001
TEMP 4.1 4 12.2 0.025
TMMP 7.04 4 13.1 0.003
DLMP 143 4 12.4 0.28
DHMP 15.51 4 14.1 <0.001
DEMP 5 4 12.3 0.013
DMMP 7.6 4 132 0.002
N°CoDR 293 4 13.9 0.06
N°CoDL 13.03 4 14 <0.001

Legend: TD, Total Distance; MS, Maximal Speed; N.INTACC, Number of Intense Accelerations; NeINTDEC, Number
of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance deceleration; NeHSR, Number of
High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR, Distance
High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High Metabolic Power;
TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance Low Metabolic Power;
DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic
Power; NeCoDR, Number of Change of Direction Right; NeCoDL, Number of Change of Direction Left. p < 0.05 for
differences between playing positions.

Details of the Tukey post hoc analysis reporting the pairwise comparisons between playing
positions are provided in Table 17 and Table 18. The data show that all the EL indicators
differ for each playing position except for N°INTDEC, WD, DLMP, and N°CoDL.

94



Table 18. Multiple comparison test results.

Cinematic Indicators

* significant difference between MD and CB (p < 0.05), between CM and FB (p < 0.01), between CB and WM

D (p <0.001), and between FB and WM (p < 0.001).
MS * significant difference between CB and ES (p < 0.01), between CB and WM (p < 0.01), between ES and FB
(p < 0.05), and between FB and WM (p < 0.05).
N°HSR * significant difference between CB and ES (p < 0.001), between CB and WM (p < 0.01), between ES and FB
(p <0.01), and between FB and WM (p < 0.05).
WT * significant difference between FB and WM (p < 0.05).
* significant between CB and ES (p < 0.001), between CB and WM (p < 0.05), and between ES and FB
THSR
(p <0.001).
WD no significant difference between playing positions.
* significant between CB and ES (p < 0.001), between CB and WM (p < 0.05), and between ES and FB
DHSR
(p <0.001).
Mechanical Indicators
. * significant difference between MD and ES (p < 0.05), between CB and ES (p < 0.05), and between ES and
NINTACC
WM (p < 0.05).
N’INTDEC no significant difference between playing positions.
TDA * significant difference between FB and MD (p < 0.05), between CB and MD (p < 0.001), between FB and ES
(p <0.05), and between WM and FB (p < 0.001)
* significant difference between MD and CB (p < 0.01), between MD and FB (p < 0.001), between CB and ES
TDD (p < 0.05), between CB and WM (p < 0.001), between ES and FB (p < 0.01), and between FB and WM
(p<0.001).
N°CoDR * significant difference between FB and WM (p < 0.05).
N°CoDL no significant difference between playing positions.
Metabolic Indicators
MP * significant difference between CB and WM (p < 0.01), between ES and FB (p < 0.05), and between FB and
WM (p <0.001).
TLMP * significant difference between MD and FB (p < 0.05), and between FB and WM (p < 0.001).
THMP * significant difference between MD and CB (p < 0.05), between MD and FB (p < 0.01), between CB and
WM (p < 0.001), between ES and WM (p < 0.01), and between FB and WM (p < 0.001).
TEMP * significant difference between CB and ES (p < 0.05), and between ES and FB (p < 0.05).
TMMP * significant difference between ES and MD (p < 0.01), between ES and CB (p < 0.001), between CB and WM
(p < 0.05), and between ES and FB (p < 0.001).
DLMP no significant difference between playing positions.
DHMP * significant difference between MD and CB (p < 0.05), between MD and FB (p < 0.01), between CB and
WM (p < 0.001), between ES and WM (p < 0.05), and between FB and WM (p < 0.001).
DEMP * significant difference between CB and ES (p < 0.01), and between ES and FB (p < 0.001).
DMMP * significant difference between MD and ES (p < 0.05), between CB and ES (p < 0.001), between CB and WM

(p <0.05), between ES and FB (p < 0.001), and between FB and WM (p < 0.05).

Legend: TD, Total Distance; MS, Maximal Speed; NeINTACC, Number of Intense Accelerations; NeINTDEC, Number
of Intense Decelerations; TDA, Total Distance Acceleration; TDD, Total Distance deceleration; NeHSR, Number of
High-Speed Running; WT, Walking Time; THSR, Time High-Speed Running; WD, Walking Distance; DHSR, Distance
High-Speed Running; MP, Metabolic Power; TLMP, Time Low Metabolic Power; THMP, Time High Metabolic Power;
TEMP, Time Elevated Metabolic Power; TMMP, Time Max Metabolic Power; DLMP, Distance Low Metabolic Power;
DHMP, Distance High Metabolic Power; DEMP, Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic
Power; NeCoDR, Number of Change of Direction Right; NeCoDL, Number of Change of Direction Left. * p < 0.05 for
differences between playing positions.

Figure 9, Figure 10 and Figure 11 show cinematic, mechanical, and metabolic indicators

performed during OMs, respectively.
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Figure 9. Playing position’s cinematic indicators (TD, DHSR, WD) during the first half of official matches.
Legend: TD, Total Distance; MS, WD, Walking Distance; DHSR, Distance High-Speed Running; MD, midfielder;
CB, central back, ES, external striker, FB, fullback, WM, wide midfielder; p < 0.05 for differences between playing
positions (1 difference with midfielder; 3 difference with external striker; 4 difference with full back; 5 difference
with wide midfielder).
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Figure 10. Playing position’s mechanics indicators (N'INTACC, N'INTDEC) during the first half of official

matches. Legend: N'INTACC, Number of Intense Accelerations; N'INTDEC, Number of Intense Decelerations; p <
0.05 for differences between playing positions (3 difference with external striker; 5 difference with wide midfielder).
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Figure 11. Playing position’s metabolic indicators (DLMP, DHMP, DEMP, DMMP) during the first half of official
matches. Legend: DLMP, Distance Low Metabolic Power; DHMP, Distance High Metabolic Power; DEMP,
Distance Elevated Metabolic Power; DMMP, Distance Max Metabolic Power; p < 0.05 for differences between
playing positions (2 difference with central back; 3 difference with external striker; 4 difference with full back; 5
difference with wide midfielder).
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DISCUSSION

The aim of this study was to investigate any differences in EL indicators during the first
half time of four OMs between young professional soccer players based on their playing
position. The EL indicators were assessed using a wearable inertial sensor device. This
technology allows us to assess EL considering several indicators similar to GPS avoiding
signal issues and connection problems. Moreover, Coutts et al. [368] have demonstrated
that GPS devices are reliable in assessing total distance and peak speed during high-
intensity intermittent exercise but are less reliable for high-intensity activities such as
accelerations. In contrast, the ISD device tracks activity information using inertial
technology that captures acceleration and rotation data in real time at a rate of 100 Hz per
channel, resulting in more accuracy for detecting acceleration and high-intensity effort than
GPS. As we hypothesized, the main findings of our study showed significant differences in
EL indicators between playing positions during OMs. The scientific literature shows that
physical demand in soccer players has been largely studied using GPS technology
[334,369,370]. The main studies that assessed external load performance during matches
found that physical performance is highly specific according to the role of the players.
These results are in line with our findings, although we measured the EL indicators through
an ISD. Indeed, considering cinematic, mechanical, and metabolic external load indicators,
the ES, WM, and MD performed the highest level of physical performance during the first
half of the matches, whereas the CB and FB had the lowest level.

Cinematic External Load Indicators

In our study, significant differences in cinematic EL indicators between playing positions
during the first half time of an OM were detected. Several previous studies have found
differences in EL as distance, speed, and accelerations [371-373] between playing positions
during both training and competition including both elite and amateur soccer players [361].
Moreover, considering physiological characteristics (i.e., HR and derived indices) [374,375]
similar results have been found. The literature reports that the longest distance covered at
high intensity has been achieved by the WM and FB [373-376]. In our study, we found that
the WM and MD covered the highest TD during the first half time of an OM (6161 + 316
and 5963 + 74 m, respectively), whereas the CB (5240 + 340 m) and FB (5087 + 344 m)
the lowest. Our results are in agreement with Ingebrigtsen et al., (2014) in which authors
reported that, during the first half time of the match, WM traveled the highest TD and CB
the lowest [377]. Concerning intensity indicators (i.e., N°HSR, THSR, and DHSR), ES and

WM showed the highest results, whereas CB and FB showed the lowest. In line with these
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results, we found that FB and CB showed the highest amount of WT whereas MD and WM
the lowest. However, there was no significant difference between the roles for the WD
even though the FB and ES showed highest and the MD and CB the lowest values. Studies
reported that CB showed the longest recoveries between consecutive high-intensity efforts
[378] and spent the most time in low intensity efforts [372], in line with our results.
Moreover, the MD spent less time in very low activity [379] and stand for much less time
than other playing positions [380]. Indeed, MDs perform low to moderate-intensity activity
more frequently showing shorter recovery bouts between high intensity efforts [379,380]. It
is worth noting that when speed intensity increases, the MD exhibits low results. In fact,
MDs play in very dense central spaces that limit the performance of intense actions such as
high-speed running. However, when expressed as metabolic power, the central MD showed
higher volume of high-intensity activity compared to attackers due to the accelerations
[381]. The literature reports that FB perform more high intensity running than other playing
positions. Specifically, Bangsbo et al., reported that MDs, FBs, and attackers covered a
greater distance in high intensity running than the defenders [380-382]. Our results indicated
that FB performed less intensity activity than other playing positions, showing similar
performance to CB. Probably, in our sample, FB were required to have more defensive
tactical function (i.e., 4:3:3 system) than offensive ones that requires a more intense effort
during an OM. Indeed, some contextual factors such as tactics, game location, opponent
quality, congested period, or match status could influence physical performance [383,384]. A
study carried out by Altmann et al., (2021) [385] have demonstrated that FB (e.g., 4:4:2 or
4:2:3:1 system) displayed lower total and high-intensity distances compared to FB (e.g.,
5:3:2 system), which is a new finding that emphasizes the need of differentiating between
these two positions based on tactical system used. Moreover, WM, FB (in 3:5:2), and FB
followed by forwards showed the greatest sprinting distance, whereas MD and CB showed
shorter distances while sprinting. These findings are generally supported by previous
literature [356,357,359,360]. Previous research indicates that FB, attackers, and MD players
(both central and wide) covered the highest amounts of HSR and sprinting distance
[360,386]. Dalen et al., (2016) reported that the FB and WM covered the highest whereas the
CB the lowest HSR distance in an OM [387]. Ingebrigtsen et al., (2014) showed a greater
HSR for the WM and FB and less for the CB in the first half of the match [377].
Additionally, authors reported the same results considering sprinting and distance [377]. In
the same way, Dalen et al., (2016) reported highest sprinting distance for the FB and WM
and less for the CB [387]. Moreover, Oliva Lozano et al., (2020) detected a sprinting

distance greater for the WM and lower for the MD during an OM [345]. A high requirement
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for such running patterns in attacking players (e.g., WM) it may be necessary to cope with
tactical demands related to overcoming defensive strategies to set up scoring situations.
The MD plays in dense zones of the pitch that limit sprinting (i.e., speed >25.2 km/h)
performance. We also found that the players who reached the highest speed peaks were the
ES and the WM, whereas CB and FB the lowest. These findings are in contrast with a
previous study carried out by Rampinini et al., (2007) that reported a peak speed
significantly higher for fullbacks than central backs during an OM [386]. Our results are in
line with Oliva Lozano et al., (2020) [345] that indicate the highest peak speed for the WM
and the lowest for the MD. The bigger space available for the WM compared to the CB

and MD can explain these results.
Mechanical External Load Indicators

A determining factor in soccer performance is the acceleration profile [377,388]. Given the
rate of change in speed performed by the players [389], the acceleration profile can be
considered as a group of acceleration-based variables that requires a high neuromuscular
physical demand [390]. Indeed, high-intensity accelerations and decelerations have a
considerable impact on soccer players’ mechanical load and can be counted as markers of
muscle damage post-match [391]. Specifically, accelerations have a high metabolic cost
[392], whereas decelerations increase the mechanical load [387]. Oliva Lozano et al., (2020)
[345] have considered high intensity (i.e., >3 m/s2) and low intensity (i.e., <3 m/s2)
accelerations. Authors reported that WM performed the highest and CB the lowest number
of intense accelerations during an OM. However, different results have been found with a
lower intensity threshold (i.e., low intensity accelerations). Indeed, the MD achieved the
highest and WM the lowest number of accelerations. This result may be explained by the
fact that density increases (reduced m2 per player) as the ball is closer to the central zones
of the pitch in match play resulting in a decrease in the intensity of play [367,393]. In our
study, ES and FB performed a greater number of intense accelerations than other playing
positions whereas the MD and CB are the lowest. The literature reported that in the first
half of an OM, the highest number of accelerations have been showed by WM whereas the
CB showed the lowest [387]. In this way, Ingebrigtsen et al., (2014) detected similar results.
Authors reported that the WM and FB demonstrated a higher amount than the MD and CB
[377]. Furthermore, our results confirm the findings of previous research which reported
that the WM performed a higher number of intense accelerations than the CB [345].
Although the ES and WM showed the highest number of decelerations, there is no

significant difference between the roles in our study. Our results are in line with previous
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research where was reported that the WM performed higher number of intense
decelerations than the CB [345]. Moreover, Oliva Lozano et al., (2020) found that the WM
performed the highest number of intense decelerations and the CB the lowest during an
OM, whereas the MD attained the highest and the WM the lowest number of low
decelerations [345]. Moreover, Dalen et al., (2016) reported that the FB and WM performed
a higher number of decelerations than the CB in the first half time of an OM [387]. We
found that the WM and ES covered the highest TDA and FB and CB the lowest. This
means that the FB performed shorter accelerations, similar to the CB, compared to the ES
and WM. In general, previous studies revealed that players in wide positions accelerated
significantly more than central players [371,387]. Indeed, Oliva-Lozano et al., (2020) found
that players covered longer acceleration distances in external positions (i.e., WM and FB)
than the central MD and CB [345]. It is worth noting that Dalen et al., (2016) reported that
the FB and WM covered the highest acceleration distance in the first half of the match
whereas the CB was the lowest [387]. In addition, Abbott et al., (2018) found the highest
intensity acceleration distances in wide positions (i.e., attackers and wide defenders)
producing the highest distances due to the frequent tactical requirement of wide positions
to reach high speeds [371]. In our study, whereas the MD and WM showed the highest
decelerations distance, the FB and CB recorded the lowest. This result is in contrast with
Dalen et al., (2016) in which a higher deceleration distance for CB and FB compared to
WM in the first half of an OM was found [387]. However, there is a difference between the
acceleration and deceleration thresholds used between the studies that do not allow us to
compare them. Additionally, Oliva Lozano et al., (2020) reported that WM and forward
covered the highest deceleration distance whereas the MD and CB were the lowest,
accordingly to our results (except for the MD) [345]. However, different methods, MEMS
technology, and thresholds used for classifying accelerations and decelerations make it
difficult to draw conclusions about this difference. In field-based intermittent sports such
as soccer, it is proposed that the ability to execute rapid changes in direction is a critical
factor in relation to match outcomes [394]. Therefore, the ability to make a quick change of
direction is related to the ability to produce a large amount of force in a short time .
Research has shown that soccer players undertake approximately 700 direction changes of
varying intensity during a match, and 600 of these changes in direction are 0—90° turns
[336]. Around 50 of the direction changes are performed at maximal intensity during a
match [336]. Approximately 700 direction changes per match were made by defenders, 500
by midfielders, and 600 by strikers. However, midfielders and strikers performed more

turns of 270° to 360°. This could be due to specific tactical requirements such as playing
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position in midfield. The amount of 90° to 180° turns is relatively uniformly distributed
with all positions performing roughly between 90 and 100 in official matches [336]. In our
study, we considered a change of direction >30° and performed at a speed >2 m/s,
classifying them in right and left changes of direction. Regarding N°CoDR, we found that
the difference appears to be significant only between the FB and WM. Specifically, the
WM and ES performed the highest amount of CoDR, whereas the FB and MD the lowest.
It is worth noting that, considering N°CoDL, there is no significant difference between the
roles, even if the MD and CB performed the highest number whereas ES and WM were the

lowest.
Metabolic External Load Indicators

Metabolic power, defined as the product of the energetic cost of acceleration running (EC,
J-kg—1-m—1) and speed (v, m-s—1), has been considered for EL monitoring as it considers
both speed and acceleration factors [335]. Studies that assessed the performance
considering only the speed category have underestimated the amount of high-intensity
activity performed by players. Indeed, when expressed as metabolic power, Gaudino et al.,
(2013) indicated that the MD showed a higher volume of high-intensity activity compared
to attackers [381]. Our study confirms previous findings showing that midfielders showed
higher metabolic power during an OM compared to other playing positions. Specifically,
our results show that the playing positions that recorded the highest MP average values
were the WM, followed by the MD and ES, whereas the FB and CB were the lowest. In
line with our results, Manzi et al., (2022) [395] reported that central backs covered less
high-metabolic power distance and performed lower power events than players in the other
playing positions, a finding likely related to the tactical role. Furthermore, midfielders
covered both a substantial distance at high metabolic power and the largest number of
power events compared to other playing positions. This result could be supported by the
fact that midfielders play in very dense central spaces of midfield that limit the
performance of intense actions such as high-speed running and possibly increase the
number of accelerations. It is worth noting that metabolic power increases because of
speed or accelerations [335], consequently, since the MDs do not reach high distances at
high intensity, their metabolic power increases more due to the numerous accelerations and
decelerations. Furthermore, these results are in line with the results of a previous study
showing that midfielders spend most of their time in medium and high-intensity activity
during a match [372]. We also found that the MD and WM performed the highest distance

per minute, whereas the CB and FB showed the lowest values. This result could be
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explained by the low recovery time and distance (i.e., TLMP and DLMP) among the
actions detected in midfielders. In addition, supporting our results, a study reported that
midfielders had greater power recovery than central backs and forwards and lower
recovery time after power events than central back, full back, and forward players [395].
Our study provided a detailed analysis of metabolic power as different metabolic intensity
thresholds were reported for each playing position. In line with previous findings, we
found that the CB showed the lowest high, elevated, and maximum MP (expressed as both
time and distance), whereas the MD and WM showed the highest THMP. However,
considering the “intense” power thresholds (i.e., TEMP, TMMP, DEMP, and DMMP), the
highest results were found in the ES and WM. In order to reach elevated and maximal
metabolic power, players have to reach high speeds. This is possible by having space
available as in the case of wide players such as the ES and WM. Indeed, Di Pampero et al.,
(2005) showed that the peak power output, of about 100 W/kg, is attained after about 0.5 s
and that the average power over the first 4 s is on the order of 65 W/kg during 30 m
running [396]. This means that players have to do a large number of intense long straight

intense runs to achieve high and maximum metabolic power.
Strengths and Limitations of the Study

In this study, we considered cinematic, mechanical, and metabolic EL indicators that
provide a complete overview of match performance and permit the evaluation of
differences between playing positions. Furthermore, it is worth mentioning that a different
tactical requirement, the score of the match, the quality of the opponent, and the fact that
the present study is based on only four official matches considering only thirteen

participants represent the limitations of this study.
Practical Implications

In this study, we used a wearable inertial sensor (ISD technology) that provides several EL
indicators useful to assess training and match performance in soccer. Compared to GPS,
ISD can also be used for indoor sports without the need of coupling with external signals.
Moreover, data sampling takes place differently. ISD measures movement in real time
through limb swing, whereas GPS uses the Doppler effect of satellite signals which could
increase the distortion of related signals. In summary, these devices can be useful for
practitioners in assessing soccer players’ EL during training or competitions in order to

prevent injuries and improve sports performance.
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CONCLUSION

The present study provides a useful and novel insight into sprint and acceleration profiles
of young Italian professional soccer players during OMs showing a difference in EL
indicators between playing positions. In particular, considering cinematic, mechanical, and
metabolic EL indicators, the ES, WM, and MD performed the highest level of physical
performance during a match, whereas the CB and FB performed the lowest. However,
there is high variability in physical performance during a match between players of the
same position [359] (e.g., FB) and a possible explanation for this observation could be that
the match performance depends not only on playing position but also to some extent on
individual players themselves [385]. This study reveals some new findings concerning the
physical demand for each playing position during OMs. To design role-specific soccer
training, coaches need a clear view of how different players and positions meet physical
requirements. The principle of specificity (SAID) suggests that the training process should
be designed to emphasize certain physical components to cope with match demands. Wide
players exhibit greater sprinting distances than central players. Finally, as with sprinting,

wide players seem to perform more accelerations than central players [349].

3.3 Smartwatch and Other Wearables: Health and Activity Tracking in Re-Education and
Daily Life

List of publications/projects discussed within Chapter III:

Giustino V, Leale I, Cicero L, Petrigna L, Nigro ML, Fontana V, Mignosi E, Cataldo P,
Macaluso A, Gomez-Lopez M, Cassata G, Battaglia G. Acute effects of a dog sport on fitness

parameters in young adults: a randomised controlled crossover study. Hum Mov. 2024;25(4):138-
146; doi: https://doi.org/10.5114/hm/196835.

INTRODUCTION

The scientific literature has amply demonstrated the beneficial effects of physical activity
(PA) on health-related physical fitness parameters in all ages [397-399]. In this line, to
increase participation in PA for psychophysical well-being, the prevention of pathologies,
and the reduction of sedentary behaviours, it has been suggested that governments adopt
various strategies and also promote alternative and feasible programs [400]. these include
green exercise and the use of technological and digital tools [81,88]. Among the types of
PA, walking is the most common and easiest form, accessible to the general population,
and does not require equipment, economic investments, and pre-existing sports skills

[401,402]. From this perspective, several research groups have long investigated the
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effectiveness of walking on physical health [42,403,404]. Although walking can differ widely
in terms of frequency, intensity, and volume, evidence suggests that even recreational
walking can induce health benefits on cardiovascular function, body mass index, and body
balance [233,405-407]. In turn, considering the large number of families who own a dog,
encouraging walks with the dog (i.e., dog walking) could be an effective strategy for
increasing the level of PA in the general population [408]. As a matter of fact, there is a
growing body of evidence suggesting that dog walking is a practice that induces dog
owners to have higher levels of PA and lower measures of sedentary behaviour than non-
dog owners [409-411]. In a seminal work on this topic, Coleman et al. [412] reported that dog
walking is associated with a higher level of moderate to vigorous PA (MVPA) compared to
both dog owners who do not walk their dogs and non-dog owners. this can be attributed, in
part, to the fact that owning a dog provides the motivation to walk with them [413,414].
Moreover, participating in PA with the dog seems to positively affect many psychophysical
and social domains as body weight, cardiovascular function, social interactions, and
emotional health [408,413]. Although previous studies have shown that owning a dog, as
well as walking a dog, increases the level of PA and improves health-related physical
fitness compared to non-dog owners [415-417] . Very few studies have investigated the
impact of dog sports on people [418]. Dog sports have increasingly been practised in the
world over the years and include all those disciplines that dog owners (specifically referred
to as dog handlers) practice with their dogs. Among these, dog agility is a sport that
consists of an obstacle course that includes jumps and tunnels that the dog, guided by the
handler, must perform in a specific order, in the shortest possible time, and with the least
number of penalties. Although studies have investigated the effects of dog walking on
humans, as far as we are aware, few research groups have studied the aspects of dog
handlers who practice dog agility [418,419], and no studies have investigated the impact of
dog agility on a dog handler’s fitness parameters. Hence, this pilot study aimed to (a)
evaluate the acute effects of a dog agility course on fitness parameters (such as number of
steps, walking time, distance covered, average pace, energy expenditure, average and
maximum heart rate (HR), and perceived exertion level) in physically active young adults
and (b) determine any acute differences in these fitness parameters after the execution of
the dog agility course with and without the dog. We hypothesise that a dog agility course

can increase all of the aforementioned parameters in dog handlers except for walking time.
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MATERIALS AND METHODS
Study design

This study used a randomised controlled crossover design. All participants performed a
dog agility course in two different conditions (i.e., with and without the dog), with a

washout period of one week between the two conditions [420].
Participants

Participants were recruited from a dog sports club in Palermo, Italy. the research was
presented to the staff of the dog sports club and the invitation to participate was spread
among the members of the dog sports club. the participation was on a voluntary basis by
providing written informed consent. To participate, the inclusion criteria were (1) age
between 18 and 35 years, (2) normal weight, (3) level of PA sufficiently active, and (4) one
year of dog agility background. Although thirteen participants were recruited, two of them
were not eligible for inclusion (> 35 years), and one participant dropped out of the study.
thus, 10 young female participants (age: 24.3 &+ 3.66 years; height: 1.63 + 0.07 m; weight:
55.6 £ 7.05 kg; BMI: 20.93 + 1.34 kg/m?2), who had been practising dog agility for at least

one year, were enrolled for the study.
Eligibility assessment
Age classification

Considering the 5 following age categories: young ( 25 years), young adults (25 < years
35), adults (35 < years 55), senior adults (55 < years 65), and elderly (> 65 years) [421-423];

we included only young (excluding minors) and young adults in the study.
Anthropometric measures

An electronic scale (maximum recordable weight: 300 kg; resolution: 100 g; Seca;
Hamburg, Germany) was used to measure body weight, and a standard stadiometer
(maximum recordable height: 220 cm; resolution: 1 mm) to determine height. Body mass
index (BMI) was computed as body weight divided by height squared (kg/m2). Based on
the following standard BMI categories: underweight (BMI < 18.5), normal weight (18.5
BMI < 25), overweight (25 BMI < 30), and obesity (BMI 30) [424]; we only considered

people with normal weight.

Physical activity level assessment
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The International Physical Activity Questionnaire — Short Form (IPAQ-SF), an instrument
to detect the level of PA during the last 7 days or a usual week, was administered to all
participants [425]. through the frequency (days) and the duration (minutes) spent for each
PA intensity (i.e., vigorous activities, moderate activities, walking, and sitting), we
calculated the total weekly PA as reported in the “Guidelines for Data Processing and
Analysis of the International Physical Activity Questionnaire (IPAQ) — Short and Long
Forms” (http://www.ipaq.ki.se). In detail, we used the corresponding metabolic equivalent
task (MEt) assigned to each type of PA (i.e., 3.3 for walking, 4.0 for moderate-intensity
physical activities, and 8.0 for vigorous-intensity physical activities) [426]. Hence, to
calculate the total weekly energy expenditure, we multiplied the MEt of each type of PA
for the minutes of practice over the last seven days and then we summed the results (i.e.,
for walking, moderate-intensity physical activities, and vigorous-intensity physical
activities). According to the abovementioned IPAQ scoring protocol, participants were
classified into the 3 following categories of PA: low active, moderate active, and high

active. For the study, we only considered moderately active people.
Procedure

Participants were randomised in a crossover design between two conditions for performing
the dog agility course: with and without the dog. Five participants performed the dog
agility course first with the dog and then, after a washout period of one week, without the
dog; the other five participants performed the same dog agility course in reverse order.

Figure 12 shows the flow diagram of the study.
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Figure 12. Flow diagram
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The dog agility course was 56.87 m long and consisted of 12 obstacles: 10 jumps and 2
tunnels. the course was designed with a minimum and maximum distance between
obstacles of 5 and 8 m, respectively (Figure 13). For the jumps, the bar was 50 cm high

and 120 cm wide; for the tunnels, the diameter was 60 cm and the length was 525 cm.

Figure 13. Dog agility course

Prior to the dog agility course, a 10-minute warm-up phase consisting of exercises aimed at
improving joint mobility and engaging the major muscle groups was conducted. Following
the dog agility course, a 10-minute cool-down phase, which included leisure exercises and
walking, was carried out. three time points of measurement were included: before the dog
agility course (t0), immediately after the dog agility course (t1), and 10 minutes after the
end of the cool-down phase (t2). At t0 and t2, the average HR (bpm) and the perceived
exertion level were measured; whereas at t1, the number of steps, walking time (s),
distance covered (km), average pace (min/km), energy expenditure (cal), average and
maximum HR (bpm), and perceived exertion were assessed. Parameters were recorded
using a fitness smartwatch (Fitbit Blaze, San Francisco, CA, USA) selected based on the
validity and reliability of the device [427,428]. Participants were asked to wear the
instrument on the non-dominant wrist at all three time points (i.e., t0, t1, and t2) for both
conditions (i.e., with and without the dog). the subjective level of perceived exertion
during exercise was assessed using the Borg category-ratio scale (Borg CR10) [429]. this
scale from 0 (no perceived exertion) to 10 (maximum perceived exertion) allows

individuals to report the internal intensity of the exercise [429].

107



Statistical analysis

Statistical analysis was conducted using R (R Core team; Vienna, Austria) with a
significance level set to < 0.05. Considering the small sample recruited, a non-parametric
analysis was performed. For ordinal data, a Wilcoxon matched-pairs signed ranks test was
used to compare medians between each set of matched pairs (i.e., with and without the
dog) for all the parameters (i.e., number of steps, walking time, distance covered, average
pace, energy expenditure, average and maximum HR, and perceived exertion). the
Friedman test for randomised complete block designs was adopted to detect any
differences between the variables considered (i.e., average HR and perceived exertion) in
the two conditions (i.e., with and without the dog) measured at the different time points (t0,

tl, 12).

RESULTS

The Wilcoxon matched-pairs signed ranks test revealed significant differences in the
number of steps (p = 0.011), walking time (p = 0.006), average HR (p = 0.004), maximum
HR (p =0.003), and perceived exertion (p = 0.007) between the two conditions
immediately after (t1) the dog agility course. In particular, for all these parameters, higher
values were found in the execution of the dog agility course with the dog. No significant
differences were found in distances covered (p = 0.104), average pace (p = 0.348), and

energy expenditure (p = 0.102), between the two conditions, as reported in table 19.
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Table 19. Statistical analysis of parameters considered using the Wilcoxon matched-pairs

signed ranks test.

Parameter Mean Standard deviation p-value (Wilcoxon)
Dog condition Dog condition
No-dog condition No-dog condition
62.8 27.93
Number of steps 0.011
41.5 10.27
Walking time 36.5 16.35
0.006
(s) 21.3 2.76
Distance covered 0.03 0.02
n.s
(km) 0.02 0.01
Average pace 15.61 4.15
n.s
(min/km) 14.33 5.25
Energy expenditure 3 3.07
n.s
(cal) 1.3 1.62
Average HR 99.7 10.31
0.004
(bpm) 79.8 10.18
Maximum HR 107.6 10.22
0.003
(bpm) 85.7 9.65
4.1 1.04
Perceived exertion 0.007
2.2 1.17

Furthermore, among the parameters considered, the comparison of both the average HR
and the perceived exertion (which were measured at t0, t1, and t2) showed significant
increases in all three measurement times (t0, t1, t2) in the condition with the dog compared
to without the dog. As reported in table 17, the Friedman test for randomised complete
block design analysis showed significant differences for the average HR and the perceived
exertion parameters for both conditions in the three time points (t0, t1, t2). In detail, the
values found for the average HR in the condition with (p = 0.0004) and without a dog (p =
0.0001) and for the perceived exertion in the condition with (p = 0.0003) and without a dog
(p=0.0001) at t0, t1, and t2 were not equivalent to each other.
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Table 20. Statistical analysis of parameters considered using the Friedman test.

Mean and
p-value
Parameter Condition Standard TO T1 T2
(Friedman)
Deviation
Average HR No-dog Mean 65.1 79.8 68.5
o —_— 0.0001
(bpm) condition SD 3.81 10.18 8.66
Average HR Mean 72.8 99.7 81.7
Dog condition — 0.0004
(bpm) SD 6.37 10.31 12.28
Average Mean 1 4.1 1.2
perceived  Dog condition 0.0003
) SD 1 1.04 0.75
exertion
Average Mean 0.6 2.2 0.7
) No-dog
perceived - 0.0001
) condition SD 1.02 1.17 0.78
exertion
DISCUSSION

The purpose of this study was to examine the acute effects on fitness parameters such as
number of steps, walking time, distance covered, average pace, energy expenditure,
average and maximum HR, and perceived exertion level in young adults who performed
the same dog agility course in two different conditions, i.e., with and without the dog. Our
hypothesis was to detect, after the execution of the course with a dog, an increase in the
number of steps, distance covered, average pace, energy expenditure, average and
maximum HR, and perceived exertion level, and a decrease in walking time. Our
hypothesis was based on the fact that the dog could have increased the intensity of the
physical exercise because (a) the participants were pushed to motivate the dogs to perform
the course in the shortest possible time; (b) the participants could have indicated the course
to the dogs and given indications on overcoming obstacles. Results showed a significant
increase in the number of steps (p = 0.011), walking time (p = 0.006), average HR (p =
0.004), maximum HR (p = 0.003), and perceived exertion (p = 0.007) during the execution
of the course with a dog. In contrast with our hypothesis, we found a significant increase in
walking time and no significant difference in distance covered, average pace, and energy
expenditure. Although a growing body of evidence suggests that dog walking has positive
effects on several physical characteristics in dog handlers [409,410], no studies have focused

on the benefits of dog sports on dog handlers. As for the increase in the number of steps we
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found, this could be partially explained because, to stay as close as possible to the dogs,
participants took shorter steps or even approached the obstacle to indicate it to the dogs.
this could also be related to the increase in walking time found. Powell et al. [430] showed
that dog ownership is associated with a higher daily number of steps and higher weekly
time spent walking, with results suggesting dog acquisition increases PA levels in a short
time. Here, we also found that these parameters can increase after a single session of a dog
sport performed with the dog than without. Although the number of steps increased, the
distance covered, and the average pace did not change significantly, and this outcome
could be related to the length of the course, which was the same in both conditions. A
recent study by Machova et al. [431] showed that dog owners spent more time in PA during
a week and reported higher energy expenditure levels compared with non-dog owners.
However, no previous studies have investigated the impact on energy expenditure in dog
handlers after a session of any dog sport. We found no difference in calories burned after a
dog agility course between the conditions with and without a dog. this could be explained
due to the type and intensity of the dog sport we examined. However, in contrast with our
findings, Engelberg et al. [409] detected that dog owners showed 4—5 more minutes/day of
MVPA than non-dog owners. Performing the course with the dog resulted in greater
perceived exertion than executing the course without a dog. this finding can be explained
by the increase in cardiovascular function (increase in average HR and maximum HR)
found. Indeed, it is known that the perceived exertion level measured by the Borg scale is
strongly correlated with the HR detected during exercise [432]. Although the
cardiovascular benefits of dog walking have been reported by many research groups, no
studies have so far examined the effects on the cardiovascular function of a dog sport
[408,413]. Based on our outcomes, increased HR responses to exercise seem to be
associated with the presence of the dog. Among other outcomes, Sirard et al. [433] found
that dog ownership increases the metabolic equivalent per minute/week, and calorie
expenditure. the greater perceived exertion could also be explained by the attention that
owners must pay to their dogs [434]. Indeed, the owner-dog relationship of gaze average
length and gaze frequency may have played a primary role as dog agility shifts the gaze to
the owners more frequently than assistance dogs or untrained dogs. Although no study has
investigated the effectiveness of dog sports, which are increasingly practised, on owners’
physical characteristics, previous studies have already reported that dog owners engage
more in the practice of walking and PA, and these findings align with our results. Indeed,
in recent years, the research has focused more on the beneficial effects of owning a dog on

the practice of PA. A recent scoping review aimed to investigate the association between
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PA in young people and the presence of a dog in the family demonstrated that walking and
playing with the dog increased the level of PA in dog owners [435]. the authors concluded
that suggesting and promoting awareness campaigns on the importance of owning dogs to
increase the practice of PA in young people, emphasising the importance of walking and
playing with them daily to achieve this goal [435]. Similarly, in the scoping review by
Chase et al. [436], the authors stated that walking and playing with a dog are favourable
strategies for increasing the level of PA in young people by detecting this positive
association in the majority of the articles included. A previous review summarized the
articles that compared the level of PA of dog owners and non-dog owners, showing that
dog owners reported higher walking and PA practice than non-dog owners, with effect
sizes from small to moderate [437]. the above-reported findings are in agreement with our
preliminary results suggesting that practising sports with the dog could be as effective as
other sports. However, due to the lack of studies, more research is needed on this topic to
confirm the contribution of any dog sport on fitness parameters in dog handlers. Of interest
is a study by Kreger et al. [438] in which authors explored the effectiveness of agility
activity with dogs to motivate less active children to participate in PA. this research
highlighted that dog agility appeared to motivate less active children to engage in
challenging PA [438]. the main limitation of the present pilot study is the lack of literature
on this topic. However, this could also be the major strength of the study which, in this
regard, intends to provide a fundamental contribution to this field of research. Moreover, a
limitation of the study is the small sample size which may not be representative of the
general population. Among the limitations of the study, it is necessary to mention the [IPAQ
as an eligibility instrument for the sample which, being self-reported, increases the risk of
self-reporting bias. Moreover, it should be mentioned that this study explored the acute
effects of the practice of a dog sport. thus, longitudinal studies could be useful to provide

stronger causal evidence on the relationship between PA and dog ownership.

CONCLUSIONS

Considering the already known effectiveness of all animal-assisted activities, dog sports
such as dog agility, could be useful also for populations with disorders/disabilities [439-441].
Having a dog could increase the physical level of people. Doing sports with the dog could
be an effective alternative strategy to increase the practice of PA and reduce sedentary
behaviours with consequent beneficial effects on psychophysical health. Furthermore,

since it is an outdoor exercise, it could also be recommended in particular socio-sanitary
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conditions, such as during the most recent pandemic [442]. As a matter of fact, in a study
that investigated dog walking before and during the COVID-19 pandemic lockdown, the
authors highlighted that this could be a public health strategy in cases of
lockdowns/disasters/emergencies that may occur in the future [443]. Moreover, dog sports
are accessible to the general population, and do not require equipment, economic

investments, and pre-existing sports skills.

3.4 Privacy and Ethical Considerations in Technology

Al and technology-based systems continuously collect and process large volumes of
sensitive data, including biometric markers, physiological parameters, and personal
information, raising significant concerns regarding data security, storage, and sharing [444].
Data ownership and accessibility are critical factors influencing the adoption of these
technologies in sports, as athletes’ confidential information may be vulnerable to
unauthorized access, potentially resulting in misuse or exploitation aimed at obtaining
unfair competitive advantages. To ensure responsible integration of technology, the
development and enforcement of specific legal and regulatory frameworks are essential to
guarantee data confidentiality and ethical use. Regulations such as the General Data
Protection Regulation (GDPR) in Europe, alongside other privacy laws, play a pivotal role
in protecting sensitive information and ensuring compliance within the sports domain [445].
Another challenge associated with technology integration is the risk of over-reliance,
which may diminish the role of human expertise, particularly among coaches and sports
analysts. While technology provides substantial benefits in data collection, analysis, and
decision-making, it is essential to maintain a balanced approach that preserves the critical
value of human judgment and contextual understanding. A relevant issue in this context
concerns the use of technology in officiating and dispute resolution. Technological and
artificial intelligence tools should function as aids to referees rather than replacements,

ensuring that ultimate decision-making authority remains with match officials. Preserving
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this balance is critical in sports, particularly given the dynamic and unpredictable nature of
team competitions. In this context, technologies such as the Video Assistant Referee (VAR)
system in football, Goal Line Technology, and the Challenge system in sports like tennis
and American football exemplify how technology can reduce officiating errors and
enhance decision accuracy [446]. For instance, Goal Line Technology provides precise
determination of whether the ball has fully crossed the goal line, thereby resolving
contentious goal situations. Similarly, VAR enables referees to review potentially
erroneous decisions through video replay, allowing intervention in cases of clear errors or
significant oversights [447]. In rugby, the Television Match Official (TMO) serves a
comparable function, supporting the on-field referee in the evaluation of complex game
situations, including tries and foul tackles. Additionally, the Challenge system enables
teams to request real-time video reviews, thereby enhancing the fairness and accuracy of
officiating decisions. However, despite these tools becoming integral to modern sport, it is
essential that their application remains subordinate to the human discretion of referees,
who must retain the ability to assess subjective elements such as intent and contextual
factors within the game. This approach ensures that technology serves as an effective aid

without compromising the fluidity and intrinsic spirit of the sport.
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Chapter IV — Personal Contributions and Research Experience
4.0 Research Activities and Skill Development

Within the local unit where the main activities of the doctoral program were conducted,
research projects constituted a fundamental component of the training experience and were
complemented by a wide range of practical activities. Multiple functional assessment
protocols were employed, including handgrip dynamometry for strength evaluation; push-
up and pull-up tests to exhaustion for muscular endurance; baropodometric footplate,
Tinetti Scale, Berg Balance Scale, and the Short Physical Performance Battery (SPPB) for
balance assessment. Jump performance was evaluated using both the standing long jump
and the Optojump system, while range of motion (ROM) was measured via a Gyko inertial
sensor. Body composition analysis was performed using bioelectrical impedance analysis
(BIA; AKERN 101, AKERN SRL, RJL Systems, Detroit, USA). Heart rate variability
(HRV) was assessed using a Polar H10 sensor, with data subsequently analyzed through
Kubios software. Additionally, validated questionnaires were administered, including the
SF-36 for health-related quality of life and the International Physical Activity
Questionnaire (IPAQ) for physical activity levels. All protocols were first studied and
practiced, then tested during a dedicated training phase, and only implemented in research
projects following an adequate period of familiarization to ensure measurement reliability.
I actively contributed to several studies, including the application of TC in diverse contexts
such as elderly populations, Charcot-Marie—Tooth disease (CMT), migraine, and epilepsy.
Moreover, I participated in the European AMIS project, which also provided the
opportunity to present as a speaker at a national congress. Throughout the three years of
the doctoral program, I contributed to the development of systematic reviews and scoping
reviews, activities requiring in-depth knowledge of research methodologies, review
protocols, and risk-of-bias assessment. These competencies were progressively refined as
part of my training, providing advanced methodological expertise to support the production

of high-quality research outputs. The research activities further encompassed statistical
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analysis and graphical data representation. To this end, I explored and applied various
software platforms, including JASP, Jamovi, GraphPad Prism, and R, with primary
analyses for submitted projects conducted using JASP and GraphPad Prism. Utilizing
multiple analytical tools allowed for the exploitation of each software’s specific strengths,
thereby enhancing accuracy and robustness of results. Additionally, I obtained two
certifications in statistical competence: “Formazione e certificazione in Statistica per le
Scienze Motorie e Sportive”, both awarded by the Italian Society of Sport and Exercise
Sciences (SISMES). Beyond research and technical expertise, I also served as co-
supervisor for several undergraduate and master’s theses. This role provided an opportunity
to expand my academic and scientific competencies, refine my mentoring skills, and
strengthen my ability to guide students through the various stages of research development,
from study design to data analysis and final presentation. In addition, I carried out teaching
support activities as a tutor for a total of four years. This experience significantly
contributed to my professional growth, enhancing my didactic abilities and consolidating
my subject-matter knowledge, while fostering effective communication and knowledge

transfer within academic settings.

4.1 Collaborations with Clinical and Sport Institutions

During the three years of my doctoral program, I had the opportunity to establish and
consolidate collaborations with both clinical and sports institutions, which proved essential
for the development and implementation of several research projects. In the clinical setting,
I collaborated with the Policlinico Hospital of Palermo, specifically with the Geriatrics and
Neurology Departments, where multiple studies were conducted involving diverse patient

populations and research protocols. These collaborations provided valuable clinical
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expertise, facilitated access to specific participant groups, and enabled the integration of

research activities within a real-world healthcare context.

In the sports field, I had the privilege of working with Dr. Guglielmo Pillitteri, athletic
trainer of Palermo Football Club, contributing to the design and implementation of
physical assessment and training protocols within professional sports environments.
Additionally, my collaboration with CUS Palermo allowed me to extend research activities
into broader sporting contexts, supporting participant recruitment and the testing of
performance evaluation methodologies in both competitive and recreational athletes. These
experiences significantly enriched the scope of my doctoral research, fostering an
interdisciplinary approach that integrated clinical perspectives, sports science principles,

and applied performance analysis.

4.2 International Research Period

During my three-year PhD program in Health Promotion and Cognitive Sciences, I had the
opportunity to undertake a six-month research period abroad, from September 2024 to
March 2025, at the University of Murcia, Faculty of Sport Sciences. Within this research
environment, my primary focus was the application of technological tools in sport, with
particular emphasis on the utilization of artificial intelligence and mathematical algorithms
in the sporting context. Concurrently, I investigated additional relevant topics, including
the role of chronotype and its influence on individual lifestyle and quality of life.
Furthermore, 1 explored the application of specific field tests within the Paralympic
context, with particular attention to wheelchair tennis, an area I had previously studied, as
well as wheelchair fencing and sitting volleyball. Under the supervision of Professor
Manuel Goémez-Lopez, this research experience culminated in the completion of two
scientific manuscripts, with additional articles currently in preparation and under revision.
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The ongoing exchange of ideas within the research team, combined with the consistent
support from supervisors, fostered significant professional and personal development. I
greatly valued the expertise, accessibility, and humility demonstrated by the research
group, which facilitated the enhancement of my analytical and critical thinking skills. This
experience enabled me to undertake a complex and multidisciplinary project, further
strengthening my commitment to applied research within the fields of motor sciences and

sports technology.

4.3 Publications and Dissemination

During the three years of the PhD program, I actively contributed to the dissemination of
research findings through participation in national and international scientific events, oral
and poster presentations, academic publications, and the receipt of scientific awards. I
participated in two national congresses organized by the Societa Italiana di Scienze
Motorie e Sportive (SISMES), where I presented my doctoral research through both oral
communications and poster sessions. At the international level, I attended the European
Congress on Sports Science (ECSS), where I presented a poster on my research activities
related to Telecoaching interventions. I also served as a speaker at a national congress and
attended several additional scientific conferences, which provided valuable opportunities
for academic exchange, networking, and interdisciplinary collaboration. As part of the
dissemination strategy, I conducted a lunch seminar designed to present and promote my
research project to a broader scientific and professional audience. A significant
achievement was the receipt of the Premio Miglior Poster awarded by the Associazione
Italiana Sistema Nervoso Periferico, obtained together with my research group for the
work entitled “Tele-Coaching Physical Exercise for Patients with Charcot—-Marie—Tooth

Disease: An Italian Multicentric Study — EFTELCMT23”. In addition to conference
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participation, I contributed to the preparation of a scientific book, playing an active role in
both its conceptual framework and the drafting of specific chapters, thereby extending the

dissemination of research outputs beyond traditional peer-reviewed journal publications.

4.4 Other Articles Published

Some of the published papers that were not included or discussed in the previous chapters
are presented in the following section. These works, although not directly addressed
earlier, are relevant to the research activity carried out during the doctoral program and
contribute to providing a more complete overview of the scientific output achieved. They
include studies developed in parallel to the main projects described above, and their

inclusion here aims to ensure that the overall research contribution is fully represented.

Leale, L., Pillitteri, G., Giustino, V., Scarpa, O., Cataldo, P., Gomez-Lopez, M., & Battaglia, G.
(2025). Acute effects of overload strength training on vertical jump performance in young female
volleyball players. The Journal of sports medicine and physical fitness, 65(7), 891-899.
https://doi.org/10.23736/S0022-4707.25.16497-9

ABSTRACT

Background: The vertical jump performance is one of the most used parameters for the
evaluation of lower limb strength in volleyball. Indeed, vertical jumps are frequently
performed by volleyball players during the match both in defensive and offensive actions.
This study aimed to evaluate the acute effects of a 90-minute strength training session
(STS) with different overload intensities on vertical jump performance and on rating of

perceived exertion (RPE) in young female volleyball players.

Methods: Ten young female volleyball players (14.00+£1.01 years; 165+0.03 cm;
58.33+10.25 kg; 21.52+3.84 kg/m2) were included in this randomized crossover study. The
participants were subjected to the three following STS: STS-A without overload; STS-B
with 10% body weight (BW) overload; and STS-C with 20% BW overload. The RPE for
the three sessions was recorded using the modified 20-point Borg Scale. For the evaluation
of lower limb strength, the following tests were used: squat jump (SJ), countermovement
jump with hands on the hips (CMJ), and countermovement jump with arm swing (CMJ-
AS).
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Results: Although a significant interaction was detected after the STS, no significant
changes were observed among the three sessions (i.e., STS-A, STS-B, and STS-C). No

differences were detected in the Borg Scale across the three sessions.

Conclusions: This study showed that a STS administered without load or with an overload
of 10% or 20% of BW, does not lead to significant changes on vertical jump performance

in young volleyball players.

Leale, 1., Giustino, V., Trapani, P., Alonge, P., Rini, N., Cutro, L., Leone, O., Torrente,
A., Lupica, A., Palma, A., Roccella, M., Brighina, F., Di Stefano, V., & Battaglia, G. (2024).
Physical Activity in Patients with Neuromuscular Disease Three Years after COVID-19, a
Longitudinal Survey: The After-Effects of the Quarantine and the Benefits of a Return to a
Healthier Life-Style. Journal of clinical medicine, 13(1), 265. https://doi.org/10.3390/jcm13010265.

ABSTRACT

Background: Quarantine was one of the strategies adopted by governments against the
spread of COVID-19. This restriction has caused an increase in sedentary behaviors and a
decrease in the practice of physical activity (PA), with a consequent negative impact on
lifestyle both in healthy people and in those who need constant practice of PA to combat
diseases, such as patients suffering from neuromuscular diseases (NMDs). Hence, this
study aimed to compare PA levels among patients with NMD during and after quarantine.
Methods: An adapted version of the International Physical Activity Questionnaire Short-
Form and the Short-Form Health Survey were administered during COVID-19 quarantine
(TO) and after 3 years (T1) to 91 Italian patients with NMDs.

Results: We found a significant increase in the total PA level at T1, with no significant
changes in vigorous-intensity PA. Moreover, a significant decrease in the PA level was
found among the patients with different NMDs. No significant changes in physical
component scores and mental component scores were detected.

Conclusions: Our results suggest that it would be necessary to provide alternative indoor

exercise settings to prevent the adoption of sedentary behaviors.

Leale, L., Petrigna, L., Giustino, V., Pillitteri, G., Barbieri, R. A., Palma, A., Musumeci, G., &
Battaglia, G. (2023). 4 standard operating procedure for the physical performance analysis of
wheelchair fencer: a scoping review. The Journal of sports medicine and physical fitness, 63(11),
1175-1181. https://doi.org/10.23736/S0022-4707.23.14998-X

ABSTRACT
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Introduction: Wheelchair fencing (WF) is a very practiced sport within the Paralympic
world. A careful analysis of the characteristics and data of a WF athlete can be useful for
coaches and movement experts to better plan a training program. The objective of the study
was to evaluate physical fitness assessment methods adopted in WF and to propose a

standard operating procedures (SOP).

Evidence acquisition: Original articles written in English were included in this review,
and the population studied was composed of athletes who practiced WF. Studies were
searched from PubMed, Web of Science, and Scopus databases using keywords and

Boolean operators. Eight studies were included in this review.

Evidence synthesis: Most of the studies converge and agree on the physical,

physiological, and technical characteristics of a WF athlete.

Conclusions: The scientific literature referring to this sport is very scarce, hence the need

for new original studies to optimize the SOP proposed.

Inguglia, C., Ingoglia, S., Leale, 1., Iannello, N. M., Gennaro, A., Manzano-Sanchez, D.,
Gomez-Lopez, M., & Battaglia, G. (2023). Psychological Antecedents of Italian Sport Coaches’
Coaching Behaviors: The Role of Basic Psychological Needs, Motivation and Subjective Vitality.
Healthcare (Basel, Switzerland), 11(20), 2797. https://doi.org/10.3390/healthcare11202797

ABSTRACT

The extant literature has identified some variables that are associated with sport coaches'
coaching style, like their basic psychological need satisfaction, their motivation for
coaching, and their psychological well-being. Framed from a conceptual framework based
on Self-Determination Theory applied to sport coaches, the current study explored how
sport coaches' basic psychological needs are associated with their motivation (intrinsic vs.
external), subjective vitality, and coaching behaviors (autonomy-supporting vs. need-
thwarting). Participants were 184 Italian sport coaches (males = 65%, Mage = 40.22, SD =
11.55, age range 19-74 years) from the "Centro CONI" project. They were requested to fill
out online self-report questionnaires assessing the study variables. Structural equation
modeling analyses suggested that sport coaches' satisfaction of basic psychological needs
was associated with higher levels of intrinsic motivation to train as well as with higher
levels of vitality that, in turn, were associated with coaching behaviors supporting athletes'
autonomy. Moreover, sport coaches' frustration of basic psychological needs was

associated with higher levels of external motivation to train that, in turn, were associated
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with higher levels of a need-thwarting coaching style. Overall, the findings provided
additional support for understanding how sport coaches' basic psychological needs relate to

their coaching styles.

Pillitteri, G., Rossi, A., Simonelli, C., Leale, 1., Giustino, V., & Battaglia, G. (2023).
Association between internal load responses and recovery ability in U19 professional soccer

players: A machine learning approach. Heliyon, 9(4), e15454.
https://doi.org/10.1016/j.heliyon.2023.e15454

ABSTRACT

Background: The objective of soccer training load (TL) is enhancing players' performance
while minimizing the possible negative effects induced by fatigue. In this regard,
monitoring workloads and recovery is necessary to avoid overload and injuries. Given the
controversial results found in literature, this study aims to better understand the complex
relationship between internal training load (IL) by using rating of perceived exertion

(RPE), recovery, and availability (i.e., subjective players' readiness status).

Methods: In this cross-sectional study, twenty-two-professional soccer players (age: 18.5
+ 0.4 years, height: 177 £ 6 cm, weight: 67 = 6.7 kg) competing in the U19 Italian
Championship were monitored using RPE scale to assess IL, and TreS scale to detect
information about recovery and training/match availability during an entire season (2021-

2022).

Results: Autocorrelation analysis showed a repeated pattern with 7 days lag (weekly
microcycle pattern) for all the variables considered (i.e., TL, recovery, and availability).
For recovery (r = 0.64, p <0.001) and availability (r = 0.63, p < 0.001) the best lag for both
of them is 1 day. It indicates that recovery and availability are related to the past day value.
Moreover, TL was found to be negatively affected by recovery and availability of the
current day (lag = 0 day). Cross-correlation analysis indicates that TL is negatively
affected by recovery (r = 0.46, p <0.001) and availability (r = 0.42, p <0.001) of the
current day (lag = 0 day). In particular, lower recovery and availability will result in
following lower TL. Furthermore, we found that TL negatively affects recovery (r = 0.52,
p <0.001) and availability (r = 0.39, p < 0.01) of the next day (lag = 1 day). In fact, the
higher the TL in a current day is, the lower the recovery and availability in the next day

will be.
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Conclusion: In conclusion, this study highlights that there is a relationship between TL
and recovery and that these components influence each other both on the same day and on
the next one. The use of RPE and TreS scale to evaluate TL and recovery/availability of
players allows practitioners to better adjust and schedule training within the microcycle to

enhance performance while reducing injury risk.

Petrigna, L., Petta, A., Giustino, V., Leale, L., Pillitteri, G., Palma, A., Zangla, D., & Battaglia,
G. (2023). A scoping review on how physical fitness is evaluated in sitting volleyball players. The
Journal of sports medicine and physical fitness, 63(3), 430—435. https://doi.org/10.23736/S0022-
4707.22.13982-4

ABSTRACT

Introduction: Sitting volleyball is a widely practiced paralympic sport. A correct and
standardized physical evaluation helps coaches to plan and manage the training. It is also
important to evaluate physical fitness accurately and adopt standardized protocols to
compare and normalize the data. The aim of the study was to evaluate physical fitness
evaluation methods adopted in sitting volleyball and to eventually propose standard

operating procedures.

Evidence acquisition: English-written and peer-reviewed original articles were included
in this review. The population studied was composed only of athletes practicing sitting
volleyball. Articles were searched on the electronic databases PubMed, Web of Science,
and Scopus using keywords matched with Boolean operators. Two independent
investigators collected and screened the studies against the eligibility criteria. Data were

analyzed narratively.

Evidence synthesis: Only 7 studies were eligible and included in this review, but a wide
testing methodology exists. There are some tests commonly adopted in the studies included
and these are the handgrip test, the agility t-test, the speed, and endurance test. These tests
with the 2-site skinfold thickness evaluation, the modified push-ups, the shoulder-stretch
test, the chest throw test and the simple reaction time task were included in the standard

operating procedure.

Conclusions: The literature on the topic is poor and standardization of the testing

procedure to evaluate the physical fitness of people practicing SV has been provided.
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Di Stefano, V., Thomas, E., Alonge, P., Giustino, V., Pillitteri, G., Leale, 1., Torrente, A.,
Pignolo, A., Norata, D., Iacono, S., Lupica, A., Palma, A., Battaglia, G., & Brighina, F. (2022).
Patisiran Enhances Muscle Mass after Nine Months of Treatment in ATTRv Amyloidosis: A Study
with Bioelectrical Impedance Analysis and Handgrip Strength. Biomedicines, 11(1), 62.
https://doi.org/10.3390/biomedicines11010062

ABSTRACT

Background and aims: Hereditary transthyretin amyloidosis with polyneuropathy
(ATTRv) is caused by mutations in the TTR gene, leading to misfolded monomers that
aggregate generating amyloid fibrils. The clinical phenotype is heterogeneous,
characterized by a multisystemic disease affecting the sensorimotor, autonomic functions
along with other organs. Patisiran is a small interfering RNA acting as a TTR silencer
approved for the treatment of ATTRv. Punctual and detailed instrumental biomarkers are
on demand for ATTRv to measure the severity of the disease and monitor progression and

response to treatment.

Methods: Fifteen patients affected by ATTRv amyloidosis (66.4 + 7.8 years, six males)
were evaluated before the start of therapy with patisiran and after 9-months of follow-up.
The clinical and instrumental evaluation included body weight and height; Coutinho stage;
Neuropathy Impairment Score (NIS); Karnofsky performance status (KPS); Norfolk QOL
Questionnaire; Six-minute walking test (6 MWT); nerve conduction studies; handgrip

strength (HGS); and bioimpedance analysis (BIA).

Results: Body composition significantly changed following the 9-months pharmacological
treatment. In particular, the patients exhibited an increase in fat free mass, body cell mass,
and body weight with a decrease in fat mass. A significant increase after 9 months of
treatment was observed for the 6 MWT. Coutinho stage, KPS, NIS, NIS-W, nerve
conduction studies, Norfolk, COMPASS-31 scale, and HGS remained unchanged.

Conclusions: BIA might represent a useful tool to assess the effects of multiorgan damage
in ATTRv and to monitor disease progression and response to treatments. More evidence is
still needed for HGS. Patisiran stabilizes polyneuropathy and preserves motor strength by

increasing muscle mass after 9 months of treatment.

124



Chapter V — Conclusions

The use of technology represents a key and continuously evolving element in both re-
education and sports settings. Evidence shows that training with TC is an effective strategy
to maintain high levels of physical activity and improve quality of life. This approach can
enhance exercise capacity and tolerance in individuals with various health conditions, as
well as in vulnerable populations, such as older adults. At the same time, wearable devices
have proven to be effective tools for monitoring athletes, allowing the identification of
differences between players based on their specific roles and individual characteristics.
Such information is essential for optimizing training programs and designing personalized
performance strategies. The main strengths of these approaches lie in their innovation and
versatility. The ability to collect objective data in real time allows for the customization of
training programs, improved workload management, and support for secondary prevention,
thereby reducing the risk of complications associated with chronic diseases or a sedentary
lifestyle. However, despite these clear advantages, several limitations remain. The
effectiveness of such interventions largely depends on the correct use of devices and the
quality of the data collected; technical issues or measurement errors may affect the results.
Moreover, many studies have included small or highly specific samples, which may limit
the generalizability of the findings. The relatively short duration of most interventions also
prevents a full evaluation of their long-term effectiveness, and external factors such as
individual motivation, social support, and lifestyle may influence outcomes, yet are not
always adequately considered. Future research should focus on identifying the key
variables that determine the effectiveness of digital training interventions, expanding the
current evidence base and integrating insights from advancements in artificial intelligence.
This approach will enable the development of increasingly targeted, safe, and effective
strategies for both secondary and, potentially, primary prevention. Overall, the integration

of wearable technologies with digital training programs represents a promising avenue for
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health management, enhancement of athletic performance, and optimization of wellness in

the general population.

Glossary of Key Concepts

Telecoaching: A remote coaching approach that uses digital technologies to provide
guidance, feedback, and motivation to individuals engaged in physical activity or
rehabilitation programs. Telecoaching emphasizes personalized support, goal-setting, and

continuous monitoring of progress.

Telehealth: A broad term encompassing all health-related services delivered remotely via

digital technologies, including prevention, education, monitoring, and clinical care.

Telemedicine: A subset of telehealth focused specifically on the diagnosis, treatment, and

clinical management of medical conditions through remote communication tools
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