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Preface

Sports participation offers numerous health benefits, including improved cardiovascular health,

enhanced musculoskeletal strength, and weight management. Physical and sports activity positively

impacts adults’ mental and physical health and behaviours, the physical fitness of children and

adults with behavioural problems, the cognitive and social-emotional domains, and adolescents’

body image. Engageing in sports contributes to healthy ageing by preserving cognitive function,

mobility, and independence for older adults. Additionally, sports participation among children and

adolescents promotes healthy growth and development, instills lifelong habits of physical activity,

and reduces the risk of obesity and related health issues.

The articles in this reprint contribute to expanding our knowledge in this field with new scientific

evidence to meet the needs of people of all ages who practice physical activity and sports.

Gianpiero Greco

Editor
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This Special Issue, “Health and Performance through Sports at All Ages 2.0”, aimed to
investigate the impact of physical activity and sport on health and human performance
across all age groups. Previous research has shown that engaging in sports activities offers
numerous health benefits, including improved cardiovascular health, enhanced muscu-
loskeletal strength, and weight management [1]. Physical and sports activity positively
impacts the mental and physical health and behaviors of adults [2], the physical fitness of
children [3] and adults with behavioral problems [4], the cognitive and social–emotional
domains [4,5], and the body image of adolescents [5]. For older adults, engaging in sports
activities contributes to healthy aging by preserving cognitive function, mobility, and inde-
pendence [6]. Additionally, sports participation among children and adolescents promotes
healthy growth and development, instils lifelong habits of physical activity, and reduces
the risk of obesity and related health issues [7].

During childhood and adolescence, physical activity is crucial for healthy growth and
development. Regular exercise helps children build strong muscles and bones, maintain a
healthy weight, and develop essential motor skills and coordination [8]. Moreover, partici-
pation in sports and physical activities fosters social skills, such as teamwork, leadership,
and communication, which are essential for overall development [9].

Physical activity remains essential in adulthood for maintaining health and optimizing
performance. Regular exercise reduces the risk of chronic diseases, such as heart disease,
diabetes, and certain cancers [1]. It also helps manage weight, improve cardiovascular
health, and enhance muscular strength and endurance [10]. Additionally, staying active
promotes mental well-being, reduces stress, and improves sleep quality, leading to a better
overall quality of life [11].

As individuals age, physical activity becomes even more critical for maintaining health
and independence. Regular exercise helps older adults preserve muscle mass and bone
density, reduce the risk of falls and fractures, and manage chronic conditions, such as
arthritis and osteoporosis [12]. Moreover, staying physically active in old age promotes
cognitive function, reduces the risk of dementia, and enhances overall mobility and quality
of life [13].

In addition to its impact on health, physical activity plays a vital role in optimizing
performance across all age groups. Participation in sports and physical activities enhances
athletic performance, improves motor skills and coordination, and fosters a competitive
spirit [7]. Moreover, regular exercise helps individuals set and achieve goals, build re-
silience, and overcome challenges, both on and off the field [14].

Despite the benefits of physical activity, several barriers and challenges can hinder
participation at all ages. These may include lack of time, access to facilities, motivation,
and physical limitations [15]. Moreover, societal factors such as socioeconomic status,
cultural norms, and environmental factors can also influence levels of physical activity
across different age groups [16,17].
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The articles included in this Special Issue have contributed to expanding our knowl-
edge in this field with new scientific evidence to satisfy the needs of the population of all
ages practicing physical activity and sports.

Nineteen manuscripts were submitted for consideration to this Special Issue, and all
of them were subjected to the rigorous JFMK review process. In total, ten papers were
finally accepted for publication and inclusion in this Special Issue (nine articles and one
systematic review). The contributions are listed below:

1. Grigoletto, A.; Mauro, M.; Toselli, S. Evaluation of the Effectiveness of a Nordic
Walking and a Resistance Indoor Training Program: Anthropometric, Body Composi-
tion, and Functional Parameters in the Middle-Aged Population. J. Funct. Morphol.
Kinesiol. 2023, 8, 79. https://doi.org/10.3390/jfmk8020079;

2. Bongiovanni, T.; Rossi, A.; Genovesi, F.; Martera, G.; Puleo, G.; Orlandi, C.; Spedicato,
M.; Iaia, F.M.; Del Vescovo, R.; Gallo, S.; et al. How Do Football Playing Positions Differ
in Body Composition? A First Insight into White Italian Serie A and Serie B Players. J.
Funct. Morphol. Kinesiol. 2023, 8, 80. https://doi.org/10.3390/jfmk8020080;

3. Karatrantou, K.; Papavasiliou, T.; Batatolis, C.; Vasilopoulou, T.; Ioakimidis, P.; Gerodi-
mos, V. A Chair-Based Music–Kinetic Combined Exercise Program as an Alternative
Approach for Increasing Health, Functional Capacity, and Physical Fitness Indices
in Middle-Aged Pre-Menopausal Women. J. Funct. Morphol. Kinesiol. 2023, 8, 81.
https://doi.org/10.3390/jfmk8020081;

4. Jagomast, T.; Mohr, T.; Axt, P.N.; Mortensen, K.; Brinkmann, F.; Weckmann, M.; Ring,
G.; Reppel, M.; Drömann, D.; Franzen, K.F. Effects of Physical Activity in the High
School Curriculum on Cardiovascular Health, Cognitive and Physical Performance. J.
Funct. Morphol. Kinesiol. 2023, 8, 101. https://doi.org/10.3390/jfmk8030101;

5. Tsartsapakis, I.; Gerou, M.; Zafeiroudi, A.; Kellis, E. Transversus Abdominis Ultrasound
Thickness during Popular Trunk–Pilates Exercises in Young and Middle-Aged Women. J.
Funct. Morphol. Kinesiol. 2023, 8, 110. https://doi.org/10.3390/jfmk8030110;

6. Crawford, D.A.; Heinrich, K.M.; Haddock, C.K.; Poston, W.S.C.; Day, R.S.; Kaipust,
C.; Skola, B.; Wakeman, A.J.; Kunkel, E.; Bell, A.; et al. A Single, Multimodal Exercise
Tolerance Test Can Assess Combat Readiness in Army-ROTC Cadets: A Brief Report.
J. Funct. Morphol. Kinesiol. 2023, 8, 152. https://doi.org/10.3390/jfmk8040152;

7. Grigoletto, A.; Mauro, M.; Toselli, S. Differences in Body Composition and Maturity
Status in Young Male Volleyball Players of Different Levels. J. Funct. Morphol.
Kinesiol. 2023, 8, 162. https://doi.org/10.3390/jfmk8040162;

8. Rodrigues, F.; Jacinto, M.; Antunes, R.; Monteiro, D.; Mendes, D.; Matos, R.; Amaro,
N. Comparing the Effects of Multicomponent and Concurrent Exercise Protocols
on Muscle Strength in Older Adults. J. Funct. Morphol. Kinesiol. 2024, 9, 3.
https://doi.org/10.3390/jfmk9010003;

9. Greco, G.; Centrone, C.; Poli, L.; Silva, A.F.; Russo, L.; Cataldi, S.; Giustino, V.; Fischetti,
F. Impact of Coastal Walking Outdoors and Virtual Reality Indoor Walking on Heart
Rate, Enjoyment Levels and Mindfulness Experiences in Healthy Adults. J. Funct.
Morphol. Kinesiol. 2024, 9, 11. https://doi.org/10.3390/jfmk9010011;

10. Olasagasti-Ibargoien, J.; Castañeda-Babarro, A.; León-Guereño, P.; Uria-Olaizola, N.
Barriers to Physical Activity for Women with Physical Disabilities: A Systematic Review.
J. Funct. Morphol. Kinesiol. 2023, 8, 82. https://doi.org/10.3390/jfmk8020082.

In Contribution 1, the authors wanted to investigate new strategies to combat seden-
tary behavior in the middle-aged population by making use of green spaces. They compared
the effectiveness of a period of outdoor training (Nordic walking) with indoor resistance
training in a non-clinical middle-aged population based on anthropometric characteristics,
body composition, and functional parameters. The Nordic walking group showed a higher
elevation in muscle mass and a higher decrease in fat parameters than the indoor resistance
training group. However, these two types of training could represent a good strategy to
remain active and prevent sedentary behaviors.
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The authors of Contribution 2 investigated how playing positions differ in specific
body composition variables in professional soccer players concerning specific field zones
and tactical lines. These authors analyzed the following positions: goalkeepers (GKs),
central backs (CBs), fullbacks (FBs), central midfielders (MIDs), wide midfielders (WMs),
attacking midfielders (AMs), second strikers (SSs), external strikers (ESs), and central
forwards (CFs), as well as their field zones (central and external) and tactical lines (defensive,
middle, and offensive). The GKs and CFs were the tallest and heaviest players, with
no differences from each other. Likewise, the GKs and CFs, along with the CBs, were
apparently more muscular (for both the upper and lower limbs) and fatter at the same time
compared with the other roles. Overall, players of the defensive line (e.g., the CBs and FBs),
along with those playing in central field zones (e.g., the CBs, MIDs, AMs, SSs, and CFs),
were significantly superior in almost all anthropometric and body composition variables to
those of middle and offensive line and external zones, respectively.

In Contribution 3, the authors considered the chairs that have been widely used as
cheap, easily accessible, safe, and effective training means in different settings (e.g., in gyms,
houses, workplaces, and in rehabilitation). These authors investigated the effectiveness of
a 10-week chair-based music–kinetic-integrated combined exercise program (aerobic dance,
flexibility, coordination, and strength exercises with body weight or auxiliary means) on the
health, functional capacity, and physical fitness indicators of middle-aged pre-menopausal
women. The exercise group showed significantly reductions in body fat, blood pressure,
the time during the timed up-and-go test, heart rate, and the rate of perceived exertion,
while increasing respiratory function, flexibility, balance, maximal handgrip strength, and
endurance. These authors concluded that the chair-based combined music–kinetic exercise
program was effective and could be safely used in different settings to improve health,
functional capacity, and physical fitness in middle-aged women.

Although it is well-known that cardiovascular health at a young age has implications
for preventing cardiovascular disease and is associated with improved physical and cog-
nitive performance during the aging process [1], the authors of Contribution 4 wanted to
address the problem of physical activity interventions at school that are overlooked. They
compared groups of high school students, stratified by the level of physical activity in
their high school curriculum and downtime. Regarding cognitive skills, extracurricular
physical activity improved the number of connection tests in male participants. For physical
performance, female students with a sports-focused curriculum were faster in the 3 km run.
Concerning arterial stiffness, the measurements yielded a lower mean arterial pressure
and aortic pulse wave velocity in male students with a sports-focused curriculum. These
authors suggested that extracurricular physical activity and enrolment in a sports-focused
curriculum may be associated with lower cardiovascular risk due to lower levels of arterial
stiffness and better physical and cognitive abilities.

It Is also known that the transversus abdominis is a core muscle that contributes to
functional mobility and lumbar stability. In Contribution 5, the authors aimed to compare
the changes in transversus abdominis thickness during different Pilates exercises (basic
position, hundred, hip roll, side plank, and dead bug) and identify the exercise that elicited
the greatest transversus abdominis activation. Their findings suggested that the dead bug
exercise is the most effective for enhancing transversus abdominis activation among the
Pilates exercises that were tested. The basic position and the hundred exercises can be used
as warm-up exercises before performing more challenging exercises, such as the hip roll,
the side plank, and the dead bug. The sequence of exercises can be similar for both young
and middle-aged women.

In Contribution 6, the authors, through their research on tactical populations, sought
to design and evaluate a single, multimodal exercise tolerance test capable of serving as a
time-efficient proxy measure of combat readiness. It is well known that the Army Combat
Fitness Test is a multi-event assessment battery designed to determine the combat readiness
of U.S. Army personnel. Unfortunately, for Reserve Officers’ Training Corps programs, the
logistical demands of collegiate life make repeated administration of the Army Combat
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Fitness Test challenging. The findings suggested that the multimodal exercise tolerance test
has the potential to provide a means to monitor progress, identify areas for improvement,
and guide informed decision making regarding the individualization of cadet combat
training plans.

Another interesting piece of research in this Special Issue was carried out on one
of the most played sports, namely volleyball, which is an intermittent team sport that
requires specific anthropometrical and physical characteristics for winning performance.
The authors of Contribution 7 evaluated the maturity status of the young male players
of eight volleyball teams and observed differences in anthropometric characteristics and
body composition. Their findings showed that young volleyball players classified as
“early” seemed to show anthropometric characteristics linked to better performance at the
tournament (higher height, upper arm and calf muscle area, fat mass percentage, and total
fat-free mass). The authors suggested that the results of the study could have practical
implications for talent selection, but further studies are needed to better evaluate the effect
of maturity status on the characteristics of volleyball players.

A study on the elderly was carried out by the authors of Contribution 8, which
compared the effects of a multicomponent exercise program and a concurrent exercise
program on muscle strength in community-dwelling elderly subjects. These authors found
that while both the multicomponent and concurrent exercise programs were effective in
improving muscle strength in community-dwelling older adults, the multicomponent
exercise group exhibited superior outcomes compared to the concurrent exercise group
across the physical fitness measures. These findings suggest that a multicomponent exercise
program may be more beneficial for enhancing muscle strength in this population.

As has been shown by Contribution 1, outdoor exercise in a green space is beneficial
for peoples’ well-being. However, limited studies have compared outdoor and virtual
reality indoor physical activities, especially in coastal settings. Therefore, the authors of
Contribution 9 assessed the impact of outdoor coastal walking and indoor walking in a
virtual reality simulation with a similar environment on physiological and psychological
variables in healthy adults. Their findings suggested that physical activity in immersive
technology may lead to physiological loads comparable to those in the outdoor environ-
ment. Outdoor walking is more enjoyable than indoor walking and virtual reality indoor
walking, but it exhibits a mindfulness response comparable to virtual reality indoor walk-
ing. Therefore, virtual reality indoor walking could be an alternative to outdoor walking
for those who cannot engage in outdoor activities for various reasons.

Finally, the systematic review of Contribution 10 aimed to identify the barriers faced by
women with physical disabilities in practicing sports. The barriers to physical activity for
women with physical disabilities are multiple and complex, and span multiple dimensions.
This review identified different barriers, including (i) personal barriers such as age, fatigue,
loneliness, lifestyle, or simply being a woman may limit participation in any physical
activity; (ii) motivation and other psychological factors such as fear, the perception of not
being able to engage in physical activity, or a negative self-perception; (iii) any management
barriers, such as poor accessibility or lack of adaptations to sports centers, lack of transport
to sports facilities, lack of communication between professionals, and poor organizational
management; (iv) very often, training staff are not adequately trained to adapt physical
activity or programs to users’ needs; (v) the financial costs of sporting activities as this
barrier can have a crucial impact on participation in sport; (vi) men received more support
from family and friends than women; and (vii) social attitudes towards people with
disabilities: people with disabilities who perceive stereotyping to a high degree also
perceive a lower quality of life. Disabled people’s participation in physical activity is
directly related to some specific barriers that seem to differ according to their gender.
Therefore, the success of participation in physical activities depends not only on the user’s
concern but also on an inclusive social environment.

In conclusion, sports participation provides numerous health benefits and contributes
to improved performance throughout the lifespan [18–20]. Incorporating regular physical
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activity through sports engagement is essential for promoting overall health, optimizing
performance, and addressing age-related challenges. Future research should continue to
explore the specific mechanisms underlying the relationship between sports participation
and health outcomes, with a focus on developing tailored and adapted interventions to
encourage lifelong physical activity engagement.

Given the great success of the second edition of this Special Issue, we have launched a
third edition, for which we hope to receive contributions focusing on the effects of sports
and physical activity on health and human performance across all age groups.

Conflicts of Interest: The authors declare no conflicts of interest.
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Abstract: Outdoor exercise is beneficial for psychophysical well-being. Limited studies have com-
pared outdoor and virtual reality (VR) indoor physical activities, especially in coastal settings.
Therefore, this study aimed to assess the impact of outdoor coastal walking and indoor walking in a
VR simulation with a similar environment on physiological and psychological variables in healthy
adults. A total of 26 subjects (14 M and 12 F, age 25.2 ± 2.5 years) voluntarily participated in this
crossover randomized controlled and counterbalanced study and were allocated under three con-
ditions: VR indoor walking (INVR), outdoor walking (OUT) and standard indoor walking (IN). IN
and INVR conditions were performed on a treadmill (speed 4.5 km/h) and the OUT was performed
on a seaside pedestrian road. The same outdoor environment was displayed in the visor during the
INVR. Heart rate (HRmean/max), physical activity enjoyment (PACES-It) and state of mindfulness for
physical activity (SMS-PA) were assessed at the end of each condition. The OUT condition showed
significantly greater PACES-It scores and HRmean than IN and INVR (p < 0.001) and greater SMS-PA
scores and HRmax than IN (p < 0.01 and p < 0.05, respectively). No significant differences were found
between OUT and INVR regarding HRmax and SMS-PA scores (p > 0.05). Findings suggest that
physical activity in an immersive technology may lead to physiological loads comparable to the
outdoor environment. OUT is more enjoyable than IN and INVR but exhibits a mindfulness response
comparable to INVR. Therefore, INVR could be an alternative to OUT for those who cannot engage
in outdoor activities for various reasons.

Keywords: VR; technology; physical activity; physical fitness; exercise adherence

1. Introduction

In the aftermath of the COVID-19 pandemic, the global workforce witnessed a substan-
tial transition towards remote and digital work models. However, this shift has inadver-
tently given rise to a concerning surge in sedentary behaviors, posing a significant threat to
individual well-being [1]. As the boundaries between personal and professional spaces blur,
people increasingly find themselves immersed in prolonged periods of screen time, often
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seated for extended hours. This sedentary lifestyle has been associated with various health
issues, including musculoskeletal problems, obesity, and cardiovascular concerns [1]. A
sedentary lifestyle, characterized by prolonged periods of sitting and a decline in physical
activity (PA) levels, is intricately linked to psychological and social well-being. Scientific
evidence indicates that sedentary behavior is associated with an increased risk of mental
health issues, including heightened stress, anxiety, and depression [2]. Furthermore, the
social ramifications of a sedentary lifestyle are notable. Reduced physical activity can
contribute to social isolation [3] and a diminished quality of life, affecting interpersonal
relationships and overall social engagement. Consequently, addressing this emergent
challenge requires a comprehensive approach that not only acknowledges the convenience
of remote work but also actively promotes PA and ergonomic practices to safeguard the
health and well-being of the workforce in this evolving professional landscape.

The surrounding environment, particularly the natural outdoors, has proven to play
a vital role in improving relaxation levels and enhancing the overall enjoyment of PA [4].
Connecting with nature and engaging in outdoor exercises not only helps individuals
break away from the monotony of indoor settings but also provides a refreshing and
invigorating experience that positively impacts their mental state [5]. Researchers have
found that being in nature can significantly reduce stress levels, improve mood, and boost
cognitive function [6]. PA, therefore, becomes a crucial factor in making the most of the
outdoor natural environment’s benefits [7]. Engaging in various outdoor activities, be they
hiking, cycling, running, or simply taking a walk in the park, brings numerous advantages
across different aspects of an individual’s life. A previous study has shown that outdoor
activities have a positive impact on the social, psychological, and physiological well-being
of individuals [7]. Not only do these activities promote physical health, but they also
contribute to a sense of community and connectedness as people often engage in outdoor
exercises with friends, family, or in group settings [8]. Moreover, outdoor activities have
demonstrated preventive effects in both young and elderly populations, helping to reduce
the risk of various health conditions [7].

An aspect insufficiently explored within expectancy-value theories linked to PA is
enjoyment, synonymous with intrinsic motivation [9]. Enjoyment represents a positive
emotional state encompassing sensations like pleasure, liking, and fun [10]. Previous
studies, both correlational and descriptive, have suggested a potential association between
enjoyment and youth engagement in PA [9,11]. It is known that social interactions, either
directly or indirectly, enhance enjoyment, especially in entertainment services like online
games [12]. As the game and entertainment industries dominate virtual reality (VR),
increased social interactions among VR users are anticipated to boost enjoyment and usage
intentions [13].

Mindfulness is an important factor for enhancing PA as well: in fact, there is a positive
relationship between dispositional mindfulness and PA, particularly with psychological fac-
tors related to PA [14]. Mindfulness-based interventions demonstrated a greater probability
of effectiveness when specifically customized for PA, targeting psychological aspects linked
to engaging in physical exercises [14]. Elevated levels of mindfulness during PA could aid
individuals in addressing challenges related to self-control, self-regulation, and body image
concerns. This, in turn, may amplify internal motivation, contributing to sustained PA and
heightened trait mindfulness. Consequently, it is crucial to assess mindfulness during PA
and utilize dependable and valid measurement instruments for this purpose [15].

As technology continues to advance, innovative solutions have emerged to tackle
sedentary behavior and motivate people to lead active lifestyles. Exergames, a combination
of exercise and gaming, have gained popularity due to their effectiveness in increasing
motivation and changing sedentary habits [16–18]. These interactive games often require
physical movements, making exercise more engaging and enjoyable for individuals [17].
Furthermore, the integration of augmented reality (AR) and VR in physical exercise has
shown promising results in terms of enhancing the overall exercise experience [19]. AR
and VR technologies offer immersive and interactive workout environments that capture
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users’ attention and provide novel ways to engage in PA [17]. AR and VR represent distinct
immersive technologies. While VR creates entirely artificial environments, isolating users
from the real world, AR overlays digital information onto the real world, enhancing the
user’s perception. VR often involves dedicated headsets, offering deep immersion, whereas
AR can be experienced through various devices, blending digital content with the real
environment [20].

A previous study has shown that exercising with AR and VR has positive effects on
both PA levels and psychological well-being [19]. The virtual settings can make workouts
more interesting and challenging, encouraging individuals to participate more frequently
and maintain their exercise routines [19]. In particular, virtual reality has shown significant
potential to improve exercise outcomes due to an increase in training session frequency
and has been found to enhance muscular strength [19]. Moreover, the use of VR has
demonstrated promising results in reducing chronic pain for certain individuals, making it
a valuable tool in rehabilitation and pain management [21].

As of today, only a few studies have examined the difference between outdoor activities
and indoor activities that incorporate AR and VR technologies [22,23], and none of them
have specifically explored the coastal environment. Therefore, this study aimed to assess the
impact of outdoor coastal walking (OUT) and indoor walking in a VR simulation (INVR)
with a similar environment on some physiological (i.e., heart rate) and psychological
(i.e., enjoyment levels and mindfulness experiences) measures in healthy adults. We
hypothesized that all measured variables of the INVR condition would have values similar
to the OUT condition.

2. Materials and Methods
2.1. Participants

A total of 26 healthy adults (age, 25.2 ± 2.5 years; body mass, 67.7 ± 8.6 kg; body
height, 171.0 ± 10.0 cm; BMI, 23.1 ± 2.4 kg/m2; gender, 12 females and 14 males) voluntarily
participated in the study carried out in June 2023. Participants were recruited from the
University of Bari (Italy) and included students in the bachelor’s degree and master’s
degree courses in Sports Science aged between 19 and 30 years. The exclusion criteria were
as follows: (i) refusal to participate in the study, (ii) symptoms or signs of musculoskeletal
disorders or other severe lower extremity injuries, (iii) presence of acute or chronic disease,
and (iv) failure to attend the study protocol.

To establish the sample size needed for the study, an a priori power analysis [24] with
an assumed type I error of 0.05 and a type II error rate of 0.20 (80% statistical power) was
calculated and revealed that 13 participants in total would be sufficient to observe medium
effect sizes “within-subjects”.

Before the study, the participants signed the informed consent document, which
provided detailed explanations of the activities and tests that would be administered
during the study and the possibility of retiring at any time. This study was conducted in
accordance with the Declaration of Helsinki and approved by the Ethics Committee of Bari
University (protocol code 0015637|16 February 2023).

2.2. Study Design

A randomized controlled crossover study was used (within-subjects repeated-measures
design). This study design was employed to assess the acute effects of each walking condi-
tion on participants’ physiological and psychological variables. Each subject underwent
each condition in a random and counterbalanced order.

Participants were randomly assigned to three walking conditions: (1) indoor walking
with virtual reality (INVR) in the coastal environment, (2) outdoor coastal walking (OUT), or
(3) standard indoor walking (IN). The randomization was performed by Research Random-
izer, a program published on a publicly accessible official website (www.randomizer.org,
accessed on 1 June 2023). The three conditions and all assessments were conducted at
the same time of the day to minimize possible circadian-related effects—between 9 a.m.
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and 12 a.m. with a 2-day washout period between trials. This timeframe was chosen to
minimize the impact of external temperatures during the OUT session. Moreover, the
subjects were asked to avoid strenuous PA and caffeine intake in the 24 h preceding each
condition and during the data collection.

Participant characteristics and all outcome measures obtained after each walking
condition were assessed by Researcher 1, who was blinded to treatment allocations. The
interventions and assessments were performed in the same coastal environment and indoor
gym at the University Sports Center in Bari (Italy). Researcher 2 conducted the interventions
and was not involved in the subject assessment. Both researchers were instructed not to
communicate with subjects about study goals or treatments.

Figure 1 shows a flow chart of the randomized allocation of participants to the
three conditions.
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2.3. Intervention Protocol

Before the experiment, participants were asked not to engage in any strenuous activity
for at least 30 min. During this time, participants filled out the informed consent form.
Subsequently, each participant performed their assigned walking condition according to
randomization, wearing an HR monitoring wearable device.
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To create the INVR condition, the same walking path as the OUT condition (Figure 2)
was recorded using the Samsung New Gear 360 to produce a 360-degree video. During the
INVR sessions, participants wore VR headsets and headphones, with a Samsung Galaxy
S20 FE phone placed inside the headsets, providing them with an immersive virtual reality
experience of the recorded outdoor walking path. The 360-degree video was recorded at
the same speed of 4.5 km/h used for indoor sessions. This speed was chosen based on
previous studies that used a similar setting [23].
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Figure 2. Coastal pathway used for the outdoor coastal walking (OUT) and indoor walking with
virtual reality (INVR) sessions.

The OUT condition was performed by walking outside on a coastal-view pathway
(Figure 2). Each participant walked for 6 min at a predetermined speed of 4.5 km/h.

The IN condition was performed on a treadmill at 4.5 km/h speed. No headphones or
other equipment were worn during this session, except for the HR monitor.

Immediately after the end of each walking condition, which lasted 6 min each, partici-
pants were measured for HR (average and maximum) and subjective ratings of enjoyment
and mindfulness by answering the Physical Activity Enjoyment Scale (PACES-it) [25] and
State of Mindfulness Scale for Physical Activity (SMS-PA) [26] questionnaires, respectively.

2.4. Measures
2.4.1. Heart Rate

During the walking sessions, the participants’ heart rate was continuously monitored
using a wearable device (Polar® Ignite 2; Polar Electro Oy: Kempele, Finland), worn on
the left wrist. After each test, the average HR (HRmean) and maximum HR (HRmax) were
recorded. Previous studies [27,28] have demonstrated the validity of this type of tracker for
accurately assessing heart rate in adults.

2.4.2. Physical Activity of Enjoyment Scale—Italian Version (PACES-it)

The Physical Activity Enjoyment Scale (PACES) is a questionnaire that measures an
individual’s subjective enjoyment of PA [25,29]. It consists of 16 items with scores given
on a 5-point Likert scale, from 1 (completely disagree) to 5 (completely agree): 9 items
are positive (for example: “it energizes me”) and 7 items are negative (for example “It’s
boring”) (Cronbach alpha 0.78 to 0.89) [30]. The PACES assesses various dimensions of
enjoyment, including positive affect, psychological engagement and satisfaction with the
activity [31,32]. It is a widely used tool in research and helps researchers understand
individuals’ perceptions and attitudes toward PA, providing insights into the motivational
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factors that influence exercise behavior. PACES-It was administrated to the participants at
the end of each session.

2.4.3. State of Mindfulness Scale for Physical Activity (SMS-PA)

The State Mindfulness Scale for Physical Activity (SMS-PA) is an adapted version
of the State Mindfulness Scale, focusing specifically on mindfulness during PA [33]. It
was developed to capture the breadth of physical experiences during PA that were not
adequately captured by the original scale. The SMS-PA measures the extent to which
individuals attend to their physical exertion, muscular engagement, and bodily movements
during PA. This scale consists of 12 items, with 6 items assessing mindfulness of the mind
(thoughts and emotions) and 6 items assessing mindfulness of the body (movement, body
sensations, muscle engagement). After each condition, the participants rate their agreement
with each item on a 5-point scale ranging from 0 to 4, indicating the level of mindfulness
experienced.

The SMS-PA is applicable for use with youth aged ten and older, and adaptations in
Italian have also been developed (Cronbach alpha 0.85 to 0.90) [26]. It is intended to be
completed immediately following participation in PA, providing insights into individuals’
mindfulness experiences during that specific activity.

2.5. Statistical Analysis

Statistical analyses were conducted using the JASP software v. 0.17.2.1 (JASP Team,
2023; jasp-stats.org). Data were presented as mean (M) values and standard deviations
(SD) and were checked for assumptions of sphericity via Mauchly’s test. If the sphericity
assumption was violated, the Greenhouse–Geisser correction was used.

The Shapiro–Wilk test was used to test the normality of all variables. One-way ANOVA
with repeated measures was applied to detect any differences between the three conditions.
If there was a significant difference between the conditions, then a post hoc test with
Bonferroni’s correction was conducted to identify the significant comparison.

Eta squared (η2) was used to estimate the magnitude of the difference within groups
and defined as follows: small: η2 < 0.06, moderate: 0.06 ≤ η2 < 0.14, and large: η2 ≥ 0.14 ef-
fect size (ES). Cohen’s d ES was calculated for the post hoc tests. The criteria to interpret the
magnitude of Cohen’s d were as follows: small: 0.20 ≤ d < 0.50, moderate: 0.50 ≤ d < 0.79,
and large: d ≥ 0.80 ES [34]. The statistical significance level was set a priori at p ≤ 0.05.

3. Results

All twenty-six participants who took part in the study were subjected to all three walk-
ing conditions and none of them reported injuries throughout the duration of the research.
Table 1 shows all the changes experienced by participants between the three walking
conditions.

Table 1. Changes found among the three walking conditions.

Variables INVR OUT IN

HR mean (bpm) 99.8 ± 12.4 a*** 108.6 ± 7.7 a***,b*** 99.9 ± 8.8 b***
HR max (bpm) 112.7 ± 17.4 118.1 ± 8.5 b* 110.0 ± 9.0 b*
PACES-It (scores) 51.7 ± 17.2 a*** 69.6 ± 7.8 a***,b*** 53.3 ± 12.3 b***
SMS-PA (scores) 33.0 ± 9.1 36.4 ± 7.8 b** 31.9 ± 6.1 b**

Data are reported as mean ± SD. Abbreviations: INVR, Indoor Walking with Virtual Reality; OUT, Outdoor
Walking; IN, Indoor Walking; HR, Heart Rate; PACES, Physical ACtivity Enjoyment Scale; SMS-PA, State of
Mindfulness Scale for Physical Activity. a Significant difference between INVR and OUT; b significant difference
between OUT and IN. * p < 0.05; ** p < 0.01; *** p < 0.001.

One-way ANOVA with repeated measures found significant “within-subjects effects”
for all the outcomes measures: HRmean (F = 10.456, p < 0.001, η2 = 0.295, large ES), HRmax
(F = 4.048, p = 0.035, η2 = 0.139, moderate ES), PACES-It (F = 21.861, p < 0.001, η2 = 0.467,
large ES), SMS-PA (F = 5.345, p = 0.008, η2 = 0.176, large ES). Mauchly’s test of sphericity
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for HRmean and HRmax indicated that the assumption of sphericity was violated (p < 0.05),
and thus Greenhouse–Geisser correction was used.

Bonferroni’s post hoc test showed that HRmean was significantly higher during the
OUT compared to IN (t = −3.934, p < 0.001, d = 0.881, large ES) and INVR (t = −3.986,
p < 0.001, d = 0.893, large ES) sessions (Figure 3).
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Greater HRmax was found in the OUT than IN (t = −2.791, p = 0.022, d = 0.654,
moderate ES) sessions. HRmax was not significantly different in OUT compared to the
INVR (p > 0.05) session (Figure 4).
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The level of enjoyment measured by PACES-It was also significantly higher in the
OUT session compared to the others (OUT vs. IN: t = −5.452, p < 0.001, d = 1.251, large ES;
OUT vs. INVR: t = −5.966, p < 0.001, d = 1.369, large ES) (Figure 5).

Greater SMS-PA scores were found in the OUT than IN sessions (t = −3.143, p = 0.008,
d = 0.589, moderate ES). SMS-PA score was not significantly different in OUT compared to
the INVR (p > 0.05) session (Figure 6).
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4. Discussion

The study embarked on a meticulous exploration, probing the intricate impacts of
three distinct walking conditions—namely INVR (indoor walking with virtual reality), OUT
(outdoor coastal walking) and IN (indoor walking)—on psychological and physiological
measures within a cohort of healthy adults. This endeavor aimed to unravel nuanced
differences in heart rate (HR), enjoyment levels, and mindfulness experiences engendered
by these diverse walking scenarios. The primary hypothesis postulated that the INVR
condition would manifest values akin to the OUT condition across all variables under
scrutiny. This hypothesis was substantiated, albeit selectively, finding confirmation in the
case of HRmax and SMS measures. Intriguingly, no statistically significant differences were
unearthed between the INVR and OUT conditions in these particular facets, signifying a
degree of physiological equivalence.

Conversely, when we delve into HRmean and PACES measures, a different narrative
emerges. These metrics exhibited lower values in both the IN and INVR conditions in
comparison to the OUT condition. This highlights a palpable distinction in cardiovascular
and experiential dimensions when engaging in indoor as opposed to outdoor walking.
Participants showcased markedly higher HRmean values during OUT, lending credence
to the notion that the natural outdoor environment poses distinctive physical demands,
culminating in heightened cardiovascular exertion during outdoor ambulation. This is
an observation that echoes extant research [35–37], reiterating the unique physiological
implications of traversing natural terrains.
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However, the absence of significant differences in HRmax between INVR and OUT
introduces a compelling dimension to the discourse. It implies that the immersive virtual
reality experience, an emblem of cutting-edge technology, can, to some extent, emulate the
physiological responses induced by outdoor walking. While this substantiates the idea
that technology-mediated indoor activities can approximate the physiological benefits of
outdoor endeavors, distinctions were indeed detected between OUT and IN. The greater
cardiovascular exertion associated with outdoor environments [35] became manifest in the
higher value of OUT, reinforcing the irreplaceable facets of natural settings in PA.

Transitioning from the physiological to the experiential, enjoyment levels emerged as
a pivotal parameter. IN and INVR were consistently reported as less enjoyable compared
to OUT. This underscores a crucial psychological facet; participants derived heightened
pleasure and satisfaction from the natural outdoor setting of OUT, indicating a potential
intrinsic motivation embedded in outdoor activities. The immersive virtual reality expe-
rience during INVR, and the standard indoor environment of IN, were perceived as less
enjoyable, potentially influencing motivation and adherence to PA. This aligns seamlessly
with the findings of a parallel study [23], which reported significantly higher enjoyment
during outdoor walking compared to indoor walking sessions with VR. Consequently, our
study reinforces the intrinsic allure of the natural outdoor setting of OUT, postulating it as
more enjoyable and, by extension, more conducive to sustaining PA over time.

Acknowledging the documented mindfulness benefits of self-paced outdoor walk-
ing [38–40] and the profound impact of VR-based exercise on mindfulness [41,42], our
study aligns with these precepts. Mindfulness experiences showed no significant differ-
ences between OUT and INVR, suggesting that both environments facilitated a comparable
state of mindfulness. This implies that the immersive virtual reality experience of INVR
effectively engendered mindfulness, mirroring the serene and natural ambiance of coastal
walking outdoors.

This study represents a noteworthy stride in unraveling the multifaceted dynamics of
different walking conditions on both physiological and psychological facets. The confir-
mation of certain hypotheses, such as the physiological equivalence between INVR and
OUT in specific parameters, is intriguing and opens avenues for further exploration. The
consistent theme of outdoor walking being more enjoyable aligns with broader trends in
PA research, emphasizing the pivotal role of natural environments in promoting sustained
engagement. While the study, like any scientific endeavor, is not without limitations, it
provides a robust foundation for future research endeavors that can build upon these
insights, refining our understanding of how the choice of walking environment intertwines
with the intricate tapestry of human health and well-being.

Expanding on the broader implications of this research, the study fundamentally
underscores the need for a nuanced understanding of the interplay between technology-
mediated indoor PA and the irreplaceable allure of outdoor environments. In an era
dominated by virtual experiences and technology-driven leisure, the study offers a critical
lens for the potential of immersive virtual reality in approximating the physiological
responses and mindfulness benefits associated with outdoor walking. The findings suggest
that, while technology can emulate certain aspects of the outdoor experience, the intrinsic
joy and satisfaction derived from natural settings remain unparalleled.

The implications of these findings extend beyond the realms of academic inquiry into
the practical domains of public health and well-being. Understanding the psychological
and physiological nuances of different walking conditions can inform the design and imple-
mentation of interventions aimed at promoting PA. For instance, individuals constrained
by factors such as inclement weather, lack of access, or time limitations may find a viable
alternative in immersive virtual reality experiences. However, the study also cautions
against a one-size-fits-all approach, highlighting the superior enjoyment associated with
outdoor walking [23]. Thus, urban planning, workplace wellness programs, and health
policies should consider the role of outdoor spaces in fostering PA and mental well-being.
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Moreover, the study sheds light on the importance of mindfulness in the context of
PA. The comparable mindfulness experiences between outdoor walking and virtual reality-
based indoor walking suggest that technology, when designed with a mindful intent, can
contribute to mental well-being. This insight is particularly relevant in a society grappling
with sedentary lifestyles and stress-related health issues. Integrating mindfulness practices
into technology-mediated PA could present a holistic approach to health promotion [22,26].

The longitudinal implications of different walking conditions constitute another area
ripe for exploration. While the study provides a snapshot of acute effects, understanding the
sustained impact of outdoor walking, indoor walking, and virtual reality-based activities
can inform more robust recommendations for individuals and communities. Longitudinal
studies tracking participants over extended periods could elucidate the enduring benefits
and potential habituation to different walking modalities.

Finally, this study navigates the intersection of technology, PA, and well-being, unrav-
eling layers of complexity in how different walking conditions shape our physiological
responses, enjoyment levels, and mindfulness experiences. As society grapples with evolv-
ing patterns of PA and increasing reliance on technology, these insights become pivotal
signposts. They guide us in harnessing the potential of immersive virtual reality for
health promotion while underscoring the timeless allure and benefits of natural outdoor
environments. The study, therefore, beckons further exploration, inviting researchers,
policymakers, and practitioners to embark on a journey of deeper understanding and
innovative interventions at the nexus of human movement and well-being.

Strengths and Limitations

The study’s reliance on a relatively small sample size, drawn exclusively from univer-
sity sports science students, introduces a potential source of bias, limiting the generalizabil-
ity of the results to a broader population. The predominantly homogeneous participant
cohort may not fully represent diverse demographic groups, affecting the external validity
of the findings. While the cross-over design is pragmatic for short-term analyses, it com-
plicates the observation of long-term effects, making it challenging to draw conclusions
about sustained impacts over time. The novelty associated with participants’ first-time use
of the visor may have induced emotional arousal, potentially influencing physiological
parameters. The study recognizes this as a potential confounding factor. Due to the specific
conditions of the study and the unique sample, caution is warranted in generalizing the
findings to broader populations or different settings. The study, by incorporating virtual
reality technology, might introduce a bias toward technology-mediated activities, and the
findings may not fully capture the preferences and responses of individuals less accustomed
to such technology. The study, while providing valuable insights, may lack a real-world
context. Participants’ experiences in a controlled study environment might differ from their
experiences in their daily lives. The study primarily focuses on acute effects, and while
this provides a snapshot, it may not fully capture the sustained impact and habituation
to different walking modalities over an extended period. The study acknowledges the
potential for participant bias due to the small and specific sample, emphasizing the need
for future research with broader participant diversity. The caution against a one-size-fits-
all approach, while valid, adds complexity to the applicability of the study’s findings to
diverse populations and contexts.

On the other hand, during in this study a meticulous exploration of three distinct
walking conditions was conducted, providing a detailed analysis of their impacts on psy-
chological and physiological measures. The research question addressed a pertinent issue,
examining the effects of different walking conditions on both physiological (heart rate)
and psychological (enjoyment, mindfulness) aspects, crucial for overall well-being. The
inclusion of virtual reality (INVR) as one of the walking conditions adds innovation to the
study, reflecting contemporary trends in technology and its potential impact on PA and
well-being. The study confirmed certain hypotheses, such as the physiological equivalence
between INVR and OUT in specific parameters, contributing valuable insights to the un-
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derstanding of how technology-mediated indoor activities compare to outdoor experiences.
It contributes substantially to the existing body of knowledge on the interplay between
walking conditions and human well-being, emphasizing the importance of natural environ-
ments in promoting sustained engagement. The study not only focused on physiological
measures but also delved into psychological factors such as enjoyment and mindfulness,
providing a holistic view of the impact of different walking conditions. The cross-over
design offered insight into the short-term effects of different walking conditions. With this
study design, the influence of confounding variables was reduced because each subject
acted as his or her own control; moreover, it produced rapid responses to the research
question because counterbalanced randomization could show cause and effect [43]. Thus,
our study sought to bring novelty to the field of research.

Physical activity with virtual reality (VR) can serve as a compelling alternative to
outdoor physical activity, especially in circumstances where outdoor engagement is chal-
lenging or limited. VR offers an immersive and interactive experience that simulates
outdoor environments, providing users with a dynamic and engaging workout. This alter-
native is particularly beneficial in adverse weather conditions, urban settings with limited
green spaces, or situations where individuals face time constraints. Moreover, VR can
cater to diverse preferences by offering various virtual landscapes and activities, making
it adaptable to different fitness levels and interests. Incorporating gamification elements
further enhances motivation, making VR-based physical activity an appealing substitute
for outdoor exercises. However, it is essential to balance this with the understanding that
the intrinsic benefits of natural settings cannot be entirely replaced. Therefore, the use of VR
should be strategic, considering individual preferences, accessibility, and the overarching
goal of promoting sustained physical activity and well-being.

Finally, while the study makes significant strides in unraveling the dynamics of
different walking conditions, it is crucial to interpret its findings within the context of these
strengths and limitations. Future research should aim to address these limitations for a
more comprehensive understanding of the interplay between technology-mediated indoor
activities and the allure of outdoor environments on human well-being.

5. Conclusions

To the best of our knowledge, this is the first study that provides new insights into the
physiological and psychological effects of different walking conditions, including those
in coastal environments. OUT has greater HRmean values with respect to INVR and IN,
but HRmax did not differ significantly between OUT and INVR. This suggests that PA in
an immersive environment may lead to physiological loads comparable to the outdoor
setting. OUT emerges as an enjoyable and engaging alternative to IN and INVR. Also, the
immersive virtual reality experience of INVR presents a comparable mindfulness response
to the OUT, supporting its potential use in PA interventions. Thus, both OUT and INVR
offer similar levels of mindfulness experiences, highlighting the benefits of incorporating
outdoor coastal walking and virtual reality-enhanced indoor walking in PA interventions.
These findings imply the need to provide diverse and stimulating environments to enhance
enjoyment and motivation for PA and improve individual well-being and health.
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Abstract: Volleyball is an intermittent team sport that requires specific anthropometrical and physical
characteristics for winning performance. The present study aimed to evaluate the maturity status
of the young male players of eight volleyball teams, and to observe differences in anthropometric
characteristics and body composition. Ninety-four male adolescent volleyball players were recruited
during a national tournament carried out in Treviso (Italy). Anthropometric characteristics such as
weight, stature, skinfold thicknesses, circumferences and diameters, and bioelectrical impedance
were measured. The biological maturation was estimated for all players. Each team was classified as a
higher or lower lever according to its tournament ranking. A two-way ANOVA compared team levels
and players’ maturity status. Considering the maturity offset, 62 boys were classified as “on time”,
20 as “late”, and 12 as “early”. Three clubs presented many boys with “early” as the maturity offset,
and two of these finished the tournament in the first position. Young volleyball players classified as
“early” seemed to show anthropometric characteristics linked to better performance at the tournament
(higher height, upper arm and calf muscle area, fat mass percentage, and total fat-free mass). The
results of the present study could have practical implications for talent selection, but further studies
are needed to better evaluate the effect of maturity status on the characteristics of volleyball players.

Keywords: sports; anthropometric characteristics; body composition; maturity status; young volleyball
players

1. Introduction

Volleyball is an intermittent sport that requires high-intensity performance of an in-
termittent nature, i.e., frequent short bouts of high-intensity exercise followed by periods
of low-intensity activity and brief rest periods [1–3]. Suitable anthropometric and body
composition characteristics and high technical and tactical skills are needed to succeed in
this sport [4,5]. The frequent jumps that are usually performed during a volleyball match
require specific characteristics, such as thinness and explosive muscle power. Among an-
thropometric variables, leg length, arm span, and height differ between high-level players,
along with physical skill, such as coordination in agility tests and vertical jumps [6,7].
Height, arm span, and upper and lower body power have been identified as key factors for
performance in both male and female adolescent volleyball players [8,9]. However, few
studies have discussed volleyball players’ physical and functional characteristics, particu-
larly during adolescence. In addition, the available literature principally focuses on female
volleyball players [10,11], but there are far fewer studies on males.

Regarding adolescence, the influence of maturity status on physical and physiological
characteristics has attracted increased scientific interest, considering its relevance for sports
performance. Biological maturation can be defined as the timing and tempo of progress
to achieving a mature state [12]. The physical development of young players is strongly
influenced by maturity status, especially as regards their body composition and physical
capacities [13–15].
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Understanding the role of maturity in physical characteristics and performance in
youth athletes during adolescence is essential, since this period coincides with the selec-
tion of players. Sport is selective, chiefly during adolescence, and often occurs along a
maturity-related gradient. Many studies have analyzed the influence of maturity status on
physical, physiological, and performance characteristics in soccer, basketball, or handball
players [13,14,16–19], but less information exists on male volleyballers. Albaladejo-Saura
and colleagues reported that volleyball players with a more advanced state of maturation
exhibited higher values of height, arm span, sitting height, bone diameters, muscle perime-
ters and fat, muscle and bone masses, and better performance achieved in medicine ball
throwing and in countermovement jump (CMJ) than their chronological age peers [20].
Since variables such as height, sitting height, leg length, and muscle circumference have
a high correlation with performance in physical fitness tests related to volleyball require-
ments, the best values obtained by volleyball players with an advanced maturity status
testify how this state represents a competitive advantage in the sport performance of
volleyball during adolescence.

To our knowledge, no previous studies were carried out about bioelectrical impedance
vectorial analysis (BIVA) and young volleyball players. Therefore, the present study
aims to (a) compare the prevalence of maturity status among volleyball players of the
teams that have reached different positions in the ranking of a national tournament, and
(b) investigate the relationship between maturity status and anthropometric, performance,
and body composition parameters and BIVA. These two aspects are strongly connected
with talent selection.

It was hypothesized that players who reached a higher position in the ranking would
exhibit differences in maturity status and their anthropometric and body composition
profile. In particular, people with an early maturation could have better results in the final
racking, and they could show higher values for some anthropometric characteristics, such
as stature, circumferences, and lower value of fat mass in comparison with boys classified
as on time or with a late maturation.

2. Materials and Methods
2.1. Participants and Study Design

This is an observational study assessed between the 17th and 18th of June 2022, during
the National Tournament “0.13 Torneo Città di Treviso”, organized in Treviso (Italy) from
the volleyball society Volley Treviso. Eight teams of 22 were randomly selected to be
measured during the study: Volley Treviso, La Piave Volley, Kosmos Volley, Pallavolo
Sestese, Cisanonembro’thers, Gas Sales Bluenergy Piacenza, Virtus Fano, and VT Personal
Time. A total of 94 young male volleyball players were evaluated (Volley Treviso: 11, La
Piave Volley: 12, Kosmos Volley: 11, Pallavolo Sestese: 12, Cisanonembro’thers: 9, Gas
Sales Bluenergy Piacenza: 12, Virtus Fano: 13, VT Personal Time: 14). Figure 1 shows the
study design. All the evaluations were assessed within a Treviso sports center where a
private room was set up for specific environmental features such as a temperature between
22 ◦C and 24 ◦C and air humidity between 50 and 60%.

The volume of the weekly workouts of each team was collected from all coaches, and
each player trained for about 6 h per week (four workouts of 90 min each). In each training
unit, 45 min was spent on strength and conditioning and coordinative capabilities, whereas
45 min was spent on technical–tactical skills. No diet information was collected.

Participants were informed and volunteered to decide to participate in the study. Their
parents were informed and provided written consent. This study was in accordance with
the Declaration of Helsinki and approved by the Bioethics Committee of the University of
Bologna (N. prot. 25027).
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2.2. Anthropometry

A trained operator collected all the anthropometric measurements, such as weight,
height, circumferences, and skinfold thickness, according to standardized procedures [21].
The mean value of three measurements was gathered. Weight was measured to the nearest
0.1 kg using a calibrated analogue scale. Height and sitting height were collected at the
nearest 0.1 cm using a stadiometer (GPM, Zurich, Switzerland). The body mass index
(BMI) was calculated as the ratio between weight (kg) and squared stature converted in
meters (m).

Circumferences (relaxed and contracted upper arm, waist, hip, calf) were measured to
the nearest 0.1 cm with a non-stretchable tape. The upper arm circumference was taken
on the subject in a standing position, at the mid-point between the shoulder acromion
and the olecranon process point, with the participant’s elbow relaxed along the body side
(stretched evaluation) or to be flexed 90◦ with palm facing upward (contracted evaluation);
the waist circumference was taken on the subject in a standing position with close feet and
arm along the trunk, at the minimum abdominal circumference line, between the inferior
margin of the last rib and the iliac crest. The hip circumference was taken on the subject in
a standing position with close feet and arms along the trunk, at the highest point of the
glutes; the calf circumference was taken at the bulkiest calf point, with the participant in a
standing position (calf muscles stretched).

Diameters (humerus and femur) were taken to the nearest 0.1 cm with a sliding caliper,
both on the left side of the body. The humerus and femoral widths were taken, respectively,
between the own lateral and medial epicondyles, with the participant’s elbow and knee
flexed 90◦.

Skinfold thicknesses (biceps, triceps, subscapular, supraspinal, suprailiac, thigh, me-
dial, and lateral calf) were measured to the nearest 1 mm using a Lange skinfold caliper
on the left side of the body (Beta Technology Inc., Houston, TX, USA) at the following
sites: triceps and biceps, vertically at the midpoint between the acromion process and the
olecranon process, respectively, at the posterior and anterior upper arm face; subscapular,
at an angle of 45′′ to the lateral side of the body, about 20 mm below the tip of the scapula;
suprailiac, about 20 mm above the iliac crest (in the axillary line); supraspinal, about 20 mm
above the iliac spine; calf, vertically at the bulkiest calf point both medially and laterally.

Then, body composition parameters such as fat-free mass (FFM), fat mass (FM),
and percentage of fat mass (%F) were estimated according to the equation developed by
Slaughter et al. [22]. According to Frisancho’s equations, many body areas were estimated,
such as the total area of the upper arm (TUA) and of the lower limb (TCA), muscle area
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of the upper arm (UMA) and lower limb (CMA), and fat area of the arm (UFA) and lower
limb (CFA) [23]. In addition, calf and arm fat indexes (FCI and UFI) were derived.

2.3. Maturity Status

Mirwald and colleagues developed a specific equation for boys to estimate the years
from the peak height velocity (PHV), which is an important index of adolescent growth [24].
Maturity offset represents the time before or after the PHV; by subtracting the age at PHV
from chronological age, it is possible to estimate the year from PHV.

MO = −9.236 + 0.0002708(leg length ∗ sitting height)− 0.001663(age ∗ leg l007216
(age ∗ sitting height) + 0.02292(weight/height).

Children who are not yet in their adolescent growth spurt often have a lower approx-
imation of the age at PHV (APHV) and those who have already passed their adolescent
growth spurt are often higher [12]. For this reason, age-specific Z-score was used to clas-
sify the young athletes. Based on the age-specific standardized Z-score of the predicted
APHV, boys were classified as later (Z > 1), on time (−1.0 ≤ Z ≤ 1.0), and earlier Z < 1.0
maturing [25].

2.4. Bioelectric Impedance Vector Analysis (BIVA)

Bioelectric impedance analysis (BIA) was used to measure impedance. An electric
current was used with a frequency of 50 kHz (BIA 101 BIVA® PRO, Akern, Florence, Italy).
The participants were in the supine position, with four electrical conductors; two electrodes
were placed on the right hand and two on the right foot after cleaning the skin with
alcohol [26,27]. Subjects were asked to put their lower limbs at an angle of 45◦ compared to
the median line of the body and to put their upper limbs at an angle of 30◦ from the trunk.
Athletes received the instruction to abstain from foods and liquids for ≥4 h before the test.
BIVA was carried out using the classic methods, e.g., normalizing R (Ω) and Xc (Ω) for
height in meters [28]. Both the elite male volleyball players’ and the general adolescent
male population’s bioelectrical-specific ellipses were used as a reference to build the 50%,
75%, and 95% tolerance ellipses on the R/H–Xc/H graph. BIVA plots the parameters
recorded in BIA (R, Xc, PhA) as a vector within a specific tolerance ellipse (specific profile
for each sport and competitive level), and it allows the evaluation of soft tissues through
patterns based on percentiles of their electrical characteristics. A BIVA vector that falls
out of the 75% tolerance ellipses exhibits a different tissue impedance compared to the
selected reference population, while vectors that fall in the 50% ellipse represent common
impedance characteristics.

2.5. Statistical Analysis

The eight teams were divided into two groups (higher level, HL; lower level, LL)
according to their final ranking at the tournament (teams that reached at least quarterfi-
nals = HL, teams that lost before quarterfinals = LL). The mean and standard deviation (SD)
of the two groups were calculated for each variable and the frequency of appearance (per-
centage) was determined for the maturity status. The distribution of the variables’ residuals
was verified with the Shapiro–Wilk test. When a variable presented a right-skewed curve,
the logarithm transformation was applied to meet the normality distribution assumption.
The two-tailed one-way analysis of variance (ANOVA) was performed to evaluate the
differences between the two groups and among maturity statuses. When a variable’s
distribution could not meet the normality assumption, a non-parametric statistic test was
performed (Mann–Whitney rank-sum and Kruskal–Wallis’s rank tests). The probability
of the type-I error was settled at <0.05. Finally, a post hoc Tukey evaluation was used
to evaluate the difference between the final position at the tournament and between the
maturity status when the Snedecor–Fisher statistical test probability value (F) was observed
as significant.
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3. Results

Table 1 shows the maturity status prevalence according to the tournament’s final
ranking. Three teams were classified as higher-level due to the results of the tournament,
and five teams were classified as lower level. Teams with a worse ranking presented a
higher number of boys with later maturity status, whereas the ratio of players who matured
on time was similar (HL = 69.44%, LL = 63.79%).

Table 1. Prevalence of maturity status among teams classified as better and worse.

MS (Z ± 1)
Ranking Frequency ∆ Ranks

HL LL Z or χ2 p RR

E 7 5 1.529 0.126 2.256
OT 25 37 0.562 0.574 1.089
L 4 16 −1.901 0.05 * 0.403

Total 36 58 4.98 0.083

Note. MS = maturity status, E = early, OT = on time, L = late, Z = the test of proportion Z, χ2 = Pearson chi-squared
test; p = p-value; RR = risk ratio; *, statistically significant; ∆ difference.

Tables 2–4 show the mean and standard deviation of each variable for both the ranking
group and the maturity status, and it reports the statistical comparisons between them and
their interaction.

Table 2. General variable statistics according to MS ± 1 year and the final ranking of the tournament.

HL LL

E (n = 7) OT
(n = 25) L (n = 4) E (n = 5) OT

(n = 37)
L

(n = 16) Ranking MS Ranking * MS

Variable Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F (1, 88) P F (2, 88) P F (2, 88) P

Age (year) # 12.49
(0.81)

12.01
(0.37)

12.75
(0.51)

11.68
(1.82)

13.04
(0.26)

12.40
(0.85) 0.354 0.552 2.865 0.239 3.680 <0.001 *

Weight (Kg) 64.07
(7.97)

52.32
(9.29)

38.00
(4.00)

59.40
(13.99)

45.78
(7.99)

49.88
(9.19) 0.010 0.931 14.540 <0.001 * 1.910 0.154

Stature (cm) 175.89
(7.29)

161.79
(5.30)

148.98
(3.48)

162.36
(16.84)

155.83
(6.71)

159.91
(8.83) 1.580 0.212 13.330 <0.001 * 4.970 0.001 *

Trunk height (cm) 86.81
(3.21)

79.24
(2.65)

70.80
(1.60)

85.68
(8.30)

74.15
(1.46)

80.35
(4.24) 1.130 0.291 43.020 <0.001 * 1.130 0.327

Leg length (cm) 89.07
(5.30)

82.55
(3.74

78.18
(2.32))

76.68
(8.95)

81.68
(6.83)

79.56
(6.39) 5.720 0.019 * 0.800 0.454 5.710 0.005 *

BMI (kg/m2) 20.64
(1.43)

19.99
(3.49)

17.13
(1.74)

22.24
(1.69)

19.18
(3.26)

19.37
(2.42) 1.730 0.192 4.860 0.010 * 1.560 0.216

Note: E = early, OT = on time, L = late, MS = maturity status, SD = standard deviation, F = Snedecor–Fischer
statistic test, BMI = body mass index, %F = fat percentage, FM = fat mass, FFM = fat-free mass, R = resistance,
Xc = reactance, PA = phase angle, * = statistical significant, # = Mann–Whitney rank-sum test and Kruskal–Wallis
rank test.

Table 3. Anthropometric statistics according to MS ± 1 year and the final ranking of the tournament.

HL LL

E (n = 7) OT
(n = 25) L (n = 4) E (n = 5) OT

(n = 37)
L

(n = 16) Ranking MS Ranking * MS

Variable Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F (1, 88) P F (2, 88) P F (2, 88) P

str. Arm circ. (cm) 24.97
(2.68)

20.98
(2.12)

22.48
(2.18)

26.90
(2.72)

22.93
(2.96)

23.60
(2.54) 5.420 0.022 * 8.460 <0.001 * 0.230 0.796

con. Arm circ.
(cm)

26.66
(2.34)

22.00
(1.92)

23.85
(2.34)

27.76
(2.40)

23.71
(3.01)

24.61
(2.68) 2.610 0.110 9.230 <0.001 * 0.180 0.832

Calf circ. (cm) 35.69
(1.99)

29.88
(0.38)

32.61
(2.44)

35.06
(3.77)

31.33
(3.65)

32.32
(2.40) 0.060 0.813 9.890 <0.001 * 0.630 0.533

Waist circ. (cm) 70.24
(6.69)

60.55
(1.97)

65.90
(5.87)

73.82
(5.82)

64.74
(6.42)

66.19
(5.22) 2.800 0.098 8.740 <0.001 * 0.860 0.428

Hip circ. (cm) 89.89
(6.60)

71.95
(7.48)

82.62
(6.51)

91.16
(8.20)

80.32
(7.21)

82.72
(6.27) 2.950 0.089 14.240 <0.001 * 2.030 0.137

Humeral diamet.
(mm) #

6.79
(0.59)

6.15
(0.44)

6.34
(0.38)

6.50
(0.44)

6.62
(1.47)

6.43
(0.39) 0.001 0.991 6.015 0.050 * 0.740 0.595
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Table 3. Cont.

HL LL

E (n = 7) OT
(n = 25) L (n = 4) E (n = 5) OT

(n = 37)
L

(n = 16) Ranking MS Ranking * MS

Variable Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F (1, 88) P F (2, 88) P F (2, 88) P

Femoral diamet.
(mm) #

9.50
(0.58)

8.10
(0.48)

9.40
(1.28)

8.56
(0.85)

8.35
(0.60)

8.59
(0.55) 17.366 <0.001

* 12.647 0.001 * 5.610 <0.001 *

Triceps SK (mm) 10.14
(3.53)

9.25
(2.06)

12.44
(4.3)

16.40
(1.52)

12.31
(4.88)

11.68
(4.12) 5.680 0.019 * 1.160 0.318 3.950 0.023 *

Subscapular SK
(mm)

9.29
(2.69)

6.00
(2.16)

10.40
(4.61)

11.20
(1.79)

9.94
(3.02)

8.82
(2.89) 4.400 0.039 * 2.870 0.062 5.600 0.005 *

Supraspinal SK
(mm)

11.71
(5.68)

6.50
(2.65)

12.80
(7.05)

15.00
(3.32)

11.06
(4.37)

10.22
(5.10) 2.850 0.095 3.010 0.054 3.970 0.022 *

Suprailiac SK
(mm)

13.00
(6.32)

9.25
(3.69)

14.40
(6.84)

16.60
(2.30)

14.31
(5.87)

11.95
(5.34) 2.510 0.117 1.150 0.320 3.350 0.039 *

Medial calf SK
(mm)

10.86
(4.02)

11.25
(1.71)

12.68
(4.43)

15.60
(1.52)

13.44
(3.61)

12.65
(3.81) 4.440 0.038 * 0.170 0.846 2.060 0.133

Lateral calf SK
(mm)

10.57
(2.15)

12.25
(1.26)

12.80
(3.54)

15.60
(1.34)

12.88
(3.40)

12.97
(2.87) 5.100 0.026 * 0.100 0.909 3.140 0.048 *

TUA (cm2) 50.11
(10.41)

35.28
(7.22)

40.56
(7.90)

58.05
(11.83)

42.50
(10.82)

44.81
(9.81) 5.680 0.019 * 8.790 <0.001 * 0.260 0.768

UMA (cm2) 38.11
(7.77)

26.13
(4.67)

27.66
(5.07)

38.11
(9.56)

29.25
(6.34)

31.88
(6.06) 1.950 0.166 9.140 <0.001 * 0.680 0.508

UFA (cm2) 12.00
(4.77)

9.15
(2.78)

12.91
(5.02)

19.94
(2.90)

13.25
(6.26)

12.93
(5.58) 6.450 0.013 * 2.710 0.072 2.810 0.066

UFI (%) 23.59
(6.36)

25.59
(3.49)

31.20
(8.32)

34.82
(4.14)

30.10
(8.55)

28.15
(7.12) 3.980 0.049 * 0.320 0.729 5.100 <0.001 *

TCA (cm2) 101.61
(11.08)

71.03
(1.80)

85.09
(12.66)

98.72
(20.35)

79.11
(17.11)

83.58
(12.16) 0.100 0.749 10.940 <0.001 * 0.730 0.483

CMA (cm2) 67.23
(12.97)

40.31
(3.46)

48.74
(10.7)

51.62
(14.34)

43.09
(10.46)

47.33
(9.14) 2.670 0.106 9.480 <0.001 * 2.880 0.061

CFA (cm2) 34.37
(8.26)

30.72
(1.80)

36.34
(10.83)

47.10
(7.34)

36.02
(10.22)

36.25
(8.98) 4.340 0.040 * 1.700 0.189 1.910 0.155

CFI (%) 34.06
(8.24)

43.31
(3.46)

42.57
(9.88)

48.32
(4.88)

45.64
(7.99)

43.27
(7.93) 5.980 0.016 * 0.470 0.624 3.240 0.044 *

Note: E = early, OT = on time, L = late, MS = maturity status, SD = standard deviation, F = Snedecor–Fischer
statistic test, BMI = body mass index, circ = circumferences, str= stretched, con = contracted, SK = skinfold
thickness, TUA = total upper area, UMA = upper muscle area, UFA = upper fat area, UFI = upper fat index,
TCA = total calf area, CMA = calf mass area; CFA = calf fat area, CFI = calf fat index, * = statistical significant,
# = Mann–Whitney rank-sum test and Kruskal–Wallis rank test

Table 4. Body composition statistics according to MS± 1 year and the final ranking of the tournament.

HL LL

E (n = 7) OT
(n = 25) L (n = 4) E (n = 5) OT

(n = 37)
L

(n = 16) Ranking MS Ranking * MS

Variable Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD)

Mean
(±SD) F (1, 88) P F (2, 88) P F (2, 88) P

%F 18.54
(5.21)

14.79
(3.88)

21.23
(6.65)

25.56
(1.95)

20.87
(5.97)

19.40
(5.35) 6.510 0.012 * 2.160 0.121 4.900 0.010 *

FM (kg) 11.94
(3.79)

5.71
(2.05)

11.54
(5.49)

15.29
(4.09)

9.85
(4.06)

9.90
(3.99) 3.350 0.071 6.980 0.001 * 3.780 0.027 *

FFM (kg) 52.13
(6.88)

32.29
(2.32)

40.78
(5.13)

44.11
(10.05)

35.93
(5.05)

39.98
(6.70) 0.690 0.410 14.450 <0.001 * 2.590 0.081

R (Ω) 458.14
(50.11)

578.60
(74.45)

505.38
(54.37)

526.92
(43.87)

520.34
(71.54)

529.48
(63.68) 0.440 0.510 2.670 0.075 3.520 0.034 *

Xc (Ω) 61.66
(12.79)

68.63
(18.91)

61.72
(7.59)

59.70
(5.15)

61.21
(8.97)

63.21
(9.55) 0.570 0.453 0.460 0.631 0.840 0.437

PA # 7.73
(1.93)

6.50
(0.97)

6.74
(0.83)

6.48
(0.39)

6.61
(0.85)

6.78
(0.70) 0.318 0.572 3.022 0.221 1.880 0.106

R/H (Ω/cm) 260.88
(30.86)

388.98
(55.30)

428.79
(582.32)

329.06
(57.49)

335.26
(53.83)

333.65
(55.06) 0.100 0.758 0.390 0.681 0.350 0.708

Xc/H (Ω/cm) 34.89
(5.83)

46.03
(12.45)

38.18
(4.77)

37.20
(6.07)

39.45
(6.77)

39.74
(6.90) 0.240 0.627 3.270 0.043 * 2.180 0.119

Note: E = early, OT = on time, L = late, MS = maturity status, SD = standard deviation, F = Snedecor–Fischer
statistic test, %F = fat percentage, FM = fat mass, FFM = fat free mass, R = resistance, Xc = reactance, PA = phase
angle, * = statistical significant, # = Mann–Whitney rank-sum test and Kruskal–Wallis rank test.

Regarding the differences linked to the ranking position, better teams exhibited sig-
nificantly higher values in leg length and femoral diameter and lower amounts of fat on
the most informative skinfolds and fat percentage. On the contrary, boys who stopped
before the quarterfinals showed significantly higher values in arm circumference, arm and
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calf skinfold thicknesses, and fat area or percentage on their lower and upper limbs (TUA,
UFA, UFI, CFA, and CFI). Also, players clustered in the HL group showed a wider skeletal
robustness in their lower limbs (femoral diameter).

Several statistically significant anthropometric differences were relative to maturity
status. Boys classified as early showed better values in many important anthropometric
characteristics such as height, weight, all the circumferences, and calf muscle area, and body
composition parameters such as fat mass and fat-free mass than on-time and later youths.

Finally, regarding the interaction effect between ranking and maturity status, the
earlier young players classified as higher-level showed significantly wider values in height,
leg length, and femoral diameter than the earlier young players classified as lower level.
In addition, the earlier boys ranked between the lower level presented higher values in
parameters related to the local (triceps, subscapular, supraspinal, suprailiac, and lateral calf
skinfolds, UFI, CFI) and total body fat mass (%F, FM) than earlier players classified in the
first positions. Finally, although players who matured on time showed better characteristics
in HL than LL teams in body composition (%F, FM), the LL players were taller and exhibited
longer low limbs.

Bioimpedance Vector Analysis (BIVA)

Figures 2 and 3 show BIVA results regarding both the final ranking of the tournament
(on the left) and the maturity status (on the right).

Figure 2 shows significant differences in BIVA vector distance according to the final
ranking (Figure 2A) and between the boys classified as early and late (Figure 2B).
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Figure 3 shows different vector placements in the ellipses in accordance with the
reference population. Compared to the general adolescent reference population (Figure 3A),
only the boys who matured in an average manner were included in the 50% tolerance, while
the early-matured boys exhibited a lower level of biological electric resistance. The early
boys belonging to winning teams showed a wider displacement compared to leaner cell
mass (left size vector position). In addition, they had a body composition more akin to the
elite population of male adult volleyball players (Figure 3B). Differently, players of the HL
teams who matured in an average manner or later exhibited the greatest BIVA differences
compared to elite volleyball players (Figure 3B, blue triangle and diamond), especially
in hydration and lean mass. As regards LL teams, all the maturity categories showed
wide displacement against both the general adolescent population and the elite volleyball
reference group. However, they were closer to the adolescent reference population than the
adult elite volleyball players.

4. Discussion

The present study had two aims: (a) to compare the prevalence of maturity status
among volleyball players of the teams that reached different positions in the ranking of a
national tournament and (b) to investigate the relationship between maturity status and
anthropometric and body composition parameters and BIVA. Our beginning hypotheses
speculate that players who reached a higher position in the final ranking would exhibit
differences in maturity status and their anthropometric profiles. Also, we believe that
players who mature earlier show better body composition.

Many studies have been performed regarding the influence of maturity status on the
body, physical performance, and physiological characteristics on the growing and scouting
of adolescent soccer, basketball, or handball players, while less information exists on male
volleyballers. The elite players have rapidly increased their physical demands in recent
years, and, for this reason, recruiters and coaches put greater emphasis on physical fitness,
and talent selection, from an early age [16,26]. In fact, in recent years, the identification
of adolescent talent has gained increased interest from both the scientific community
and sports managers [29]. The implementation of early talent identification programs
could bring advantages to the teams that carry them out, both in economic and sporting
terms [30].

Regarding the prevalence of maturity status, in the present study, significant differ-
ences were observed in the boys classified as late-maturing in comparison with those
who were early or on time. In the teams that achieved higher ranking positions, only
four boys were classified as late, while in the teams ranked between the lower levels, there
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were sixteen of them. This is in accordance with previous studies that demonstrated that
maturity status has an important role in performance in adolescent males [21,31–34]. In
fact, Romeo-Garcia and colleagues found that young male handball athletes who presented
an early biological maturation achieved higher values in anthropometric characteristics
and in physical tests [18]. They observed significant differences in basic measurements,
such as weight, height, fat-free mass, BMI, and Cormic Index, and in some physical tests,
such as medicine ball throw and squat jump, with the group of early maturers, who had
the highest values. On the contrary, Toselli and colleagues did not find any differences in
maturation category prevalences between elite and non-elite adolescent soccer teams from
11 to 14 years old [16]. However, having boys classified as late in the team reduces the
possibility of winning and of demonstrating good performance in a short time. Despite
this, the immediate advantage of premature maturation may not be associated with great
future performance and talent expression. The role of coaches and trainers is fundamental
for enhancing and scouting hidden talents.

According to the above-mentioned results, we found that teams that did not reach the
quarterfinals showed higher values in several parameters linked to body fat and worse
body composition. In fact, they exhibited higher values in several skinfold thicknesses, in
body fat percentage, and in the fat area of the limbs. These results are in accordance with
a previous study that investigated the effect of team level, maturation, and interaction in
adolescent soccer players [16]. Many fat-related parameters differed between elite and non-
elite players such as triceps, biceps, subscapular, suprailiac, and thigh skinfold thicknesses,
and arm, thigh, and calf fat indexes. However, both young and adult volleyball players
must make explosive movements and they may be powerful, agile, and rapid; for this
reason, low body fat is required, particularly for young volleyball players [35]. Teams
classified between the higher levels showed significantly higher values in leg length and
femoral diameter, which are two important characteristics in volleyball. Height and leg
length are fundamental in volleyball due to the height of the net (2.43 m for elite volleyball
players, 2.15 m in U-13 competitions) [36].

Regarding differences due to maturity status, the present results are in line with a
study conducted by Albaladejo-Saura et al. [20]. The authors found higher values in several
anthropometric characteristics (such as height, diameters, trunk height, etc.), in volleyball
players with a more advanced state of maturation, akin to what emerged in the present
study. Among the anthropometric characteristics, the greatest differences between the two
groups were found for skinfolds. This is in line with previous studies regarding soccer,
which showed the importance of monitoring body fat, since appropriate levels of fat permit
the players to move more effectively during training and games [37,38].

Regarding the results of the BIVA graphs, it is interesting to notice that early boys
classified in the first positions had a body composition like the elite population of volleyball
players, showing a lower level of resistance and leaner body. In addition, their vector
characteristics differed against the general adolescent reference population. The premature
growth of the muscle cells and the reduction of the inactive mass (fat mass) are relevant
parameters in fast and power sports such as volleyball [2,28]. This could explain the better
performance of these teams and could also be an important factor to consider and monitor
the BIVA parameter changes over time for talent selection. At the same time, it is interesting
to note that the boys in teams classified at lower levels had a similar position in both the
BIA vector graphs, independent of maturity status. The boys classified on time and in
the first position were plotted out from the tolerance ellipse of the elite volleyball players’
population. This could be justified by the maturity status because they are near the PHV,
which is a moment of big changes for the body. Also, this information could confirm
that maturation in adolescence could widely affect changes in anthropometry and body
composition, impacting physical performance and team scouting. Although only seven
players out of thirty-six were classified as early-maturing in high-level teams, volleyball
involves six players on the court for any action and two boys having improved body and
physical characteristics could lead to winning.
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Previous studies reported that the chance of selection for relatively younger soccer
players was widely affected by maturation status, physical performance, and anthropomet-
ric characteristics, whereas relatively older athletes had a selection advantage independent
of their maturity status [39,40]. It is difficult to provide an exhaustive comparison, but it
seems that the influence of this aspect is the same in this sport.

The present study has several limitations. The study design included only one period
of evaluation and longitudinal research with several follow-ups could enrich the specific
literature. The teams were randomized and selected to be measured during the tournament,
and it was not possible to evaluate all the teams involved. It could have been interesting
to measure all the teams participating in the tournament to have a wider sample size and
to collect more data for maturation state comparison. Also, the participants were only
thirteen-year-old males; many investigations considering both sexes and different ages are
suggested. In addition, it was not possible to collect information about the diet habits of
the young male volleyball players. No data were given about the years of experience of
the players, which could influence the final ranking, or about the time on the court of each
player. Finally, physical tests (for example, jumping test or speed test) were not performed
and no data related to match results and skills were collected. Future investigations could
draw more complete study designs in order to evaluate the correlations between physical
performance, match analysis, anthropometry and body composition, match level, and
biological maturation.

5. Conclusions

In conclusion, in the present study, young male volleyball players classified as early
had higher values of the anthropometric characteristics linked to better performance (rep-
resented by the final ranking of the tournament). In fact, among the eight teams, two of
them that presented the most early maturing boys were ranked in the top places of the
tournament (1st–8th place). Anthropometric characteristics, maturity status, and body
composition variables significantly influenced the final ranking of the tournament. Further
studies are needed to better evaluate this relationship in volleyball.
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Abstract: The present study aimed to investigate how playing positions differ in specific body
composition variables in professional soccer players with respect to specific field zones and tactical
lines. Five hundred and six Serie A and B professional soccer players were included in the study and
analyzed according to their playing positions: goalkeepers (GKs), central backs (CBs), fullbacks (FBs),
central midfielders (MIDs), wide midfielders (WMs), attacking midfielders (AMs), second strikers
(SSs), external strikers (ESs), and central forwards (CFs), as well as their field zones (central and
external) and tactical lines (defensive, middle, and offensive). Anthropometrics (stature and body
mass) of each player were recorded. Then, body composition was obtained by means of bioelectric
impedance analysis (BIA). GKs and CFs were the tallest and heaviest players, with no differences
from each other. Likewise, GKs and CFs, along with CBs, were apparently more muscular (for both
upper and lower limbs) and fatter at the same time compared with the other roles. Overall, players of
the defensive line (CBs and FBs), along with those playing in central field zones (CBs, MIDs, AMs, SSs,
and CFs), were significantly (p < 0.05) superior in almost all anthropometric and body composition
variables than those of middle and offensive line and external zones, respectively.

Keywords: anthropometry; soccer; morphology; bioelectrical impedance analysis
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1. Introduction

Soccer is an intermittent team sport requiring players with well-developed physical,
psychological, tactical and technical skills [1]. From a physiological perspective, soccer’s
demands are complex and vary depending on different factors such as players’ performance
level for both teammates and opponents, the style of play adopted by the two contending
teams, and positional roles that imply specific demands [2–4]. For example, the goalkeepers
(GKs) cover approximately 50% less total distance and <10% of the distance at high-
intensity speed (>19.8 km/h) than outfield players [5,6], also including very brief explosive
movements [7] in their locomotive match demands. Central midfielders (MIDs) cover more
total and high-intensity running distances than center backs (CBs), while wide midfielders
(WMs) sprint over greater distances than defensive linemen [8]. Further, both full backs
(FBs) and MIDs exhibit a higher number of ball possessions compared to other positions [9]
that would further differentiate their physical and technical performance on the pitch.
Research demonstrates that MIDs and FBs display the highest VO2 max and show the
greatest physical capacities by means of exhaustive intermittent running tests [10].

Based on the aforementioned match activity profiles, it stands to reason that play-
ers’ anthropometry and body composition profiles may be differently characterized as
a function of their playing position [4]. A previous study showed that GKs and central
forwards (CFs) were taller, heavier, and fatter with respect to MIDs [4]. Similarly, Anderson
et al. (2019) [7] underreported higher skinfold thicknesses, as a proxy marker of body fat,
in GKs compared with outfield players. However, Mala et al. (2017) [11] did not find any
differences among playing positions in body fat. However, they observed a significantly
higher lean body mass in GKs compared to defensive (FBs, CBs), middle (WMs and MIDs),
and offensive (CFs) linemen. Other authors found that professional GKs were leaner than
FBs and MIDs [12]. The fact that GKs are leaner than some outfield players might be the
result of regularly engaging in additional resistance training to cope with the increasing
demands of modern soccer [7]. Indeed, modern soccer requires GKs to execute fast and
explosive actions such as changing directions, jumping, and diving [7], while continuously
shifting their center of gravity within a larger operating area that is closer to outfield
players [11].

Thus, retrieving specific data on the estimated body composition becomes relevant in a
real-world setting, as this could provide practitioners with a deep insight into their athletes’
potential while tracking training-related effects. However, limited data are available to
describe physical differences linked to playing position. Moreover, scant evidence also
exists on how players belonging to different tactical lines (defensive, middle, and offensive)
and field zones (central and external) differ in body composition.

Therefore, the aim of this study was to investigate how playing positions differ in
specific body composition variables at an individual level. Secondly, this study aimed to
evaluate potential differences in the same selected body composition variables by field
lines and zones.

2. Materials and Methods
2.1. Subject

A total of 506 elite white soccer players (age = 25.72± 4.02 years, height = 183.72 ± 5.86 cm,
body mass = 79.91 ± 6.31 kg) competing in professional Italian soccer teams (Serie A and Se-
rie B) voluntarily took part in this study. Players were separated into nine playing positions
according to the role typically attributed by their coaching staff (n = 57 goalkeepers—GK,
n = 82 central backs—CB, n = 73 fullbacks—FB, n = 43 central midfielders—MID, n = 66
wide midfielders—WM, n = 42 attacking midfielders—AM, n = 37 s strikers—SS, n = 52
external strikers—ES, and n = 54 central forwards—CF) in accordance with the zone of the
pitch they used to play. All the participants signed their informed consent before taking
part in the experiment (Ethics committee, University of Milan, approval code: 32/16 of
16 November 2016), which complies with the principles of the Declaration of Helsinki.
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2.2. Data Acquisition
2.2.1. Procedure

This quantitative study involved the participation of 12 elite soccer clubs, and the
assessment was made for each team during the in-season period (in October). Players’ body
compositions were recorded in the morning (from 8.30 a.m. to 9.30 a.m.) following a 12 h
food and fluid fast. All participants were also asked to abstain from drinking caffeinated
and alcoholic beverages within 24 h before testing. Likewise, the participants were asked
to avoid vigorous exercise within 24 h before assessing, as in previous studies [13].

2.2.2. Body Composition

Body mass and height (or stature) were measured to the nearest 0.1 kg and 0.1 cm,
respectively, via a portable stadiometer (Seca 213, Hamburg, Germany) and a flat scale
(Seca 877, Hamburg, Germany) while barefoot and wearing a bathing suit.

Bioelectrical impedance analysis (BIA) was performed using a phase-sensitive bioelec-
trical analyzer (BIA 101 BIVA PRO, Akern, Florence, Italy). The device emits an alternating
sinusoidal electric current of 250 µA at an operating monofrequency of 50 kHz (±0.1%).
The device was calibrated using the standard control circuit supplied by the manufacturer
that has a known impedance. Participants were positioned supine with a leg opening of 45◦

with respect to the midline of the body, and with the upper limbs positioned 30◦ away from
the trunk. After cleaning the skin with alcohol pads, four adhesive electrodes (Biatrodes
Akern Srl, Florence, Italy) were placed on the backs of the hands and another four electrodes
on the ankles of the corresponding feet, keeping 5 cm between each electrode [14]. The
proximal hand electrode was positioned between the radial and ulnar styloid processes,
directly superficial to the distal radioulnar joint. The distal hand electrode was positioned
in the center of the third, proximal phalanx. The proximal foot electrode was placed directly
between the medial and lateral malleoli at the ankle. The distal foot electrode was placed
immediately proximal to the second and third metatarsophalangeal joints [15]. Resistance
(Rz), reactance (Xc), and phase angle (PhA) raw data were obtained. R is the opposition
to the flow of an injected alternating current, at any current frequency, through intra and
extracellular ionic solutions, while Xc represents the dielectric or capacitive component
of cell membranes, organelles, and tissue interfaces [16]. From the raw BIA variables,
estimates of appendicular arm lean soft tissue (ALST) and leg lean soft tissue (LLST) were
obtained as previously [15]. Fat-free mass (FFM) was estimated using the athlete-specific
equation of Matias et al. [17] and, consequently, fat mass (FM) was derived by subtracting
the body mass minus the fat-free mass in kilograms.

As regards PhA, it has been suggested as a biomarker of cellular health and cell
membrane integrity and descriptive of the intracellular (ICW)–extracellular (ECW) water
ratio [15].

In addition, estimates of total body water (TBW) and ECW were obtained using
equations (Equations (1) and (2)) specific for athletes by Matias et al. [17], where sex is a
binary value where 0 and 1 refer to female and male, respectively.

TBW (L) = 0.286 + 0.195 × stature2/Rz + 0.385 × body mass + 5.086 × sex (1)

ECW (L): 1.579 + 0.055 × stature2/Rz + 0.127 × body mass + 0.006 +
stature2/Xc + 0.932 × sex

(2)

ICW was then calculated by subtracting ECW from TBW.

2.3. Statistical Analysis

One-way analysis of variance (ANOVA) was performed in order to detect statistical
differences among playing positions, field lines (defensive, middle, and offensive), and
zones (central or external position) for each selected variable. The normality of data
distribution assumption was assessed by Shapiro–Wilks’ normality test. Additionally,
Tukey’ post hoc pairwise comparison analysis was performed when ANOVA showed
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statistical significance. All the analyses were performed in the Python 3.8 programming
language. The statistical significance was set at 0.05 (5%).

3. Results

Table 1 shows the descriptive statistics of all the playing positions. Several statistically
significant differences among playing positions were detected. From a descriptive point
of view, GKs were the tallest and heaviest players, also exhibiting the highest values
in TBW, ECW, ICW, FFM, FM, ALST, and LLST. GKs also presented the lowest PhA
values along with AMs, while MIDs had the highest. ESs were the lightest players, also
exhibiting the lowest values in TBW, ECW, ICW, FFM, ALST, and LLST. FBs were the leanest
players (Figure 1a). The post hoc outputs linked to statistical significance are included
in the Supplementary Materials for height (Table S1), weight (Table S2), PhA (Table S3),
TBW (Table S4), ECW (Table S5), ICW (Table S6), FFM (Table S7), FM (Table S8), ALST
(Table S9), and LLST (Table S10). Specifically, the post hoc analyses revealed that GKs were
significantly different (p < 0.01) in stature from CBs, MIDs, WMs, AMs, SSs, and ESs. CBs
were also significantly different (p < 0.01) in stature from FBs, MIDs, AMs, SSs, and ESs. FBs
were also significantly different (p < 0.01) from CFs. MIDs were also significantly different
(p < 0.01) in stature from WMs and ESs, and CFs. WMs were also significantly different
(p < 0.01) in stature from SSs, ESs, and CFs. AMs were also significantly different (p < 0.01)
in stature from SSs and CFs. Moreover, ESs were also significantly different (p < 0.01) in
stature from CFs.

Table 1. Descriptive statistics expressed as mean (± standard deviation) and statistical analysis.
ANOVA statistical significance between playing position: * p-value < 0.001.

Features GK CB FB MID WM AM SS ES CF ALL

Height
(cm) *

189.15
(3.50)

187.96
(3.51)

181.61
(4.03)

179.87
(4.81)

183.49
(4.58)

181.80
(4.78)

177.49
(5.08)

179.34
(5.42)

187.74
(4.73)

183.72
(5.86)

Body mass
(kg) *

85.89
(4.66)

84.04
(4.11)

77.48
(4.31)

76.96
(5.03)

78.54
(5.58)

77.98
(5.32)

75.92
(4.40)

73.83
(5.07)

84.73
(5.54)

79.91
(6.31)

PhA
(◦) *

7.83
(0.60)

7.96
(0.65)

8.18
(0.58)

8.30
(0.78)

8.00
(0.55)

7.83
(0.61)

8.25
(0.72)

8.20
(0.37)

8.07
(0.64)

8.06
(0.63)

TBW
(L) *

53.85
(2.73)

52.88
(2.41)

49.42
(2.56)

48.93
(2.83)

49.79
(3.27)

49.38
(2.67)

48.15
(2.22)

46.88
(3.08)

53.24
(3.03)

50.54
(3.59)

ECW
(L) *

21.23
(1.13)

20.81
(0.97)

19.44
(1.03)

19.18
(1.17)

19.62
(1.31)

19.52
(1.06)

18.87
(0.77)

18.38
(1.22)

20.89
(1.10)

19.87
(1.43)

ICW
(L) *

32.62
(1.66)

32.07
(1.51)

29.99
(1.56)

29.75
(1.73)

30.17
(1.99)

29.87
(1.66)

29.28
(1.49)

28.50
(1.88)

32.35
(1.96)

30.66
(2.20)

FFM
(kg) *

74.14
(4.06)

72.73
(3.63)

67.73
(3.82)

66.96
(4.22)

68.22
(4.83)

67.60
(3.86)

65.78
(3.22)

63.90
(4.61)

73.25
(4.47)

69.3
(5.29)

FM
(kg) *

11.74
(2.08)

11.31
(2.28)

9.75
(1.80)

9.99
(2.51)

10.32
(1.62)

10.38
(2.00)

10.13
(1.76)

9.92
(2.24)

11.48
(2.52)

10.60
(2.21)

FM
(%)

13.65
(2.18)

13.42
(2.51)

12.57
(2.05)

12.93
(2.83)

13.12
(1.71)

13.23
(1.92)

13.29
(1.79)

13.41
(2.75)

13.49
(2.55)

13.22
(2.29)

ALST
(kg) *

7.51
(0.58)

7.35
(0.57)

6.72
(0.55)

6.61
(0.60)

6.75
(0.64)

6.61
(0.48)

6.39
(0.49)

6.21
(0.66)

7.43
(0.67)

6.90
(0.73)

LLST
(kg) *

22.12
(1.37)

21.66
(1.24)

20.05
(1.29)

19.78
(1.43)

20.19
(1.61)

19.97
(1.25)

19.37
(1.05)

18.74
(1.57)

21.83
(1.49)

20.54
(1.76)

Note: PhA = phase angle, TBW = total body water, ECW = extracellular water, ICW = intracellular water,
FFM = fat-free mass, FM = fat mass, ALST = arm lean soft tissue, LLST = leg lean soft tissue, GK = goalkeeper,
CB = central back, FB = fullback, MID = central midfielder, WM = wide midfielder, AM = attacking midfielder,
SS = second striker, ES = external strikers, CF = central forward.

As regards body mass, GKs was significantly different (p < 0.01) in body mass from
MIDs, WMs, AMs, SSs, and ESs. CBs were significantly different (p < 0.01) in body
mass from FBs, MIDs, WMs, AMs, SSs, and ESs. FBs, MIDs, WMs, and AMs were also
significantly different (p < 0.01) in body mass from ESs and CFs. ESs were also significantly
different (p < 0.01) in body mass from CFs.

For a better visual inspection of each field position, the post hoc analyses of the selected
variables (PhA, ECW, ICW, FFM, FM, ALST, and LLST) are represented in Figure 2 by
pitches in the form of tactical systems.
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 Figure 1. Radar chart with the normalized variables per playing position. (a) refers to playing
position, (b) shows the playing lines, and (c) is linked to the pitch zone. Note: PhA = phase angle,
TBW = total body water, ECW = extracellular water, ICW = intracellular water, FFM = fat-free mass,
FM = fat mass, ALST = arm lean soft tissue, LLST = leg lean soft tissue, GK = goalkeeper, CB = central
back, FB = fullback, MID = central midfielder, WM = wide midfielder, AM = attacking midfielder,
SS = second striker, ES = external striker, CF = central forward. The features were normalized by
min-max standard scaler on the entire dataset. The maximum value refers to 1, while the minimal
one to 0.
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 Figure 2. Differences between players’ playing positions for PhA (phase angle), ECW (extracellular
water), ICW (intracellular water), FFM (fat-free mass), FM (fat mass), ALST (arm lean soft tissue),
LLST (leg lean soft tissue). Values increase with darker colors. GK = goalkeeper, CB = central
back, FB = fullback, MID = central midfielder, WM = wide midfielder, AM = attacking midfielder,
SS = second striker, ES = external strikers, CF = central forward. The darker the color of the dots is,
the higher the values of the specific playing position is.
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Tables 2 and 3 report the descriptive statistics of the players belonging to specific field
lines (defensive, middle, and offensive) and zones (central and external). Except for PhA
and fat mass (FM), players of the defensive line were significantly (p < 0.05) superior in all
variables compared with middle and offensive linemen. Likewise, players of the central
zone of the pitch (CBs, MIDs, SSs, and CFs) were superior (p < 0.05) in all variables than
external players except for PhA.

Table 2. Descriptive statistics expressed as mean (standard deviation) and statistical analysis regard-
ing the tactical lines. Statistical (p < 0.05) difference: a and b difference from middle and offensive.

Features Defensive Middle Offensive

Height
(cm) a,b

184.97
(4.92)

181.99
(4.91)

182.03
(6.77)

Body mass
(kg) a,b

80.95
(5.33)

77.93
(5.36)

78.49
(7.08)

PhA
(◦)

8.06
(0.63)

8.04
(0.66)

8.16
(0.59)

TBW
(L) a,b

51.25
(3.02)

49.43
(2.99)

49.61
(4.05)

ECW
(L) a,b

20.16
(1.21)

19.47
(1.21)

19.45
(1.56)

ICW
(L) a,b

31.09
(1.85)

29.97
(1.83)

30.16
(2.51)

FFM
(Kg) a,b

70.38
(4.47)

67.69
(4.41)

67.92
(5.97)

FM
(kg)

10.57
(2.20)

10.24
(2.00)

10.57
(2.34)

ALST
(Kg) a,b

7.05
(0.64)

6.67
(0.59)

6.72
(0.83)

LLST
(Kg) a,b

20.9
(1.50)

20.01
(1.46)

20.07
(1.99)

Note: PhA = phase angle, TBW = total body water, ECW = extracellular water, ICW = intracellular water, FFM =
fat-free mass, FM = fat mass, ALST = arm lean soft tissue, LLST = leg lean soft tissue.

Table 3. Descriptive statistics expressed as mean (standard deviation) and statistical analysis regard-
ing field zones.

Features Central External

Height
(cm) *

185.16
(5.55)

180.97
(5.14)

Body mass
(kg) *

81.68
(5.92)

76.70
(5.18)

PhA
(◦)

8.03
(0.68)

8.14
(0.56)

TBW
(L) *

51.54
(3.29)

48.74
(3.06)

ECW
(L) *

20.27
(1.28)

19.16
(1.23)

ICW
(L) *

31.27
(2.05)

29.59
(1.87)

FFM
(Kg) *

70.76
(4.85)

66.68
(4.54)

FM
(kg) *

10.92
(2.40)

10.02
(1.86)

ALST
(Kg) *

7.08
(0.69)

6.56
(0.63)

LLST
(Kg) *

21.02
(1.62)

19.68
(1.53)

* Statistical (p < 0.05) difference. Note: PhA = phase angle, TBW = total body water, ECW = extracellular water,
ICW = intracellular water, FFM = fat-free mass, FM = fat mass, ALST = arm lean soft tissue, LLST = leg lean soft
tissue.
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4. Discussion

The main findings of this study revealed that, along with anthropometry, different
body composition profiles are identified by playing position in professional soccer players.
From the current analysis, it emerged that GKs and CFs were the tallest and heaviest
players, with no differences from each other. Specifically, GKs possess their own distinctive
anthropometric and body composition characteristics in terms of ECW, ICW, FFM, FM,
ALST, and LLST, especially compared to FB, MID, AM, WM, SS and ES. These characteristics
are also largely shared by CFs.

GKs and CFs exhibited the highest values in both ALST and LLST along with FFM,
while SS and ES presented the lowest. ALST and LLST are derived measures of skeletal
muscle, identifying the largest non-adipose tissue component of an individual’s body
composition (Quinterio et al., 2009) [18]. Compared with outfield players, GKs regularly
engage in additional resistance training for maintenance and growth of muscle mass [7],
which would justify the higher ALST and LLST values. In turn, aside from performing the
most high to very high intensity activity, CFs undergo the most contact situations, imposing
pushing and pulling activities for both the upper and lower body [19]. It is likely that
their specific need to be physically prepared would lead them to emphasize additional
strength-related training compared with other field-based positions. This result supports
the consistent link between the appendicular lean soft tissue of both the upper and lower
body [20] in obtaining informative data on regional muscular mass.

If, on the one hand, GKs seem to exhibit much greater muscle mass in both upper
and lower limbs, on the other hand, they are fatter [21,22] than other outfield players
(e.g., FB, MID, ES) along with CBs and CFs. To the best extent of the authors’ knowledge,
this represents a novelty within the literature that should be investigated in depth. Similarly,
Mala et al. (2017) [11] reported the highest values for FFM and FM in under-19 elite GKs,
even though significant differences were observed only for FFM. Routinely, the weekly
training loads accumulated by the outfield players are greater than GKs to influence their
energy expenditure [7], and consequently, their percentage of fat. Separate discussion
for CBs and CFs, whose FM levels might depend on other factors (e.g., specific duties on
the pitch). For instance, extra mass, albeit inactive as fat tissue, may be an advantage in
hand-to-hand actions commonly experienced by both CFs and CBs. Indeed, CFs often have
to hold the ball and shield it while dueling with defensive linemen (e.g., CB) that seek
to win the ball. Conversely, FBs were the leanest players, supporting their dynamically
demanding role on the pitch.

ECW and ICW data represent additional sources of information to control for potential
body composition changes closely linked to players’ playing position and their on-field
performance [23]. Enhanced cellular hydration (i.e., ICW increases) may be indicative of
increased glycogen synthesis (because of the highly osmotic features of glycogen) that
would promote anabolism via cellular swelling [24,25]. At this point, players might benefit
from this condition from a muscular function point of view. In fact, ICW was previously
observed as one of the best predictors for jumping height performance in male professional
soccer players [23]. According to the present findings, between-role differences of both
ECW and ICW collectively matched those of FFM, especially for GKs, CBs, and CFs, who
reported the highest values. This result seems to reflect the anabolic adjustment via cellular
swelling capable of stimulating pathways that could increase protein synthesis. As a
consequence, muscular players would also exhibit high ICW and ECW, which is grounded
in earlier associations of body water with upper-body strength levels in individual [26,27]
and team sport athletes [28].

PhA was highest for MIDs compared with AMs and GKs, who had the lowest values.
An athlete with a higher PhA value has a greater muscle mass and a higher cellular in-
tegrity [29], putting him/her at a greater advantage during explosive action [20]. However,
results of ALST and LLST by GKs appear not supporting this. Of note, it is worth noting
that PhA is also considered a prognostic marker of cell health due to its positive effect on
physical activity [30]. The process through which physical activity acts on PhA appears to
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entail a variety of mechanisms, which manifest in a better integrity and functionality of the
cell membrane, changes in intracellular composition, and enhanced tissue capacity [31].
If transferred into the real-world setting, it might be assumed that PhA can discriminate
between players’ physical activity profiles. In keeping, a moderate association between PhA
and short-term maximal intensity efforts in soccer players [32] was found. For instance, this
would reflect the match demand activities of MIDs versus GKs. Unfortunately, at present,
this remains speculative due to the lack of evidence. Further research will have to establish
whether the role of match-based physical activities linked to specific playing position is
explained by PhA outcomes. This information would be relevant for the coaching staff
when arranging ad hoc monitoring processes over the season.

An interesting side finding of this study was that players of middle and offensive lines
presented different body composition profiles from defensive linemen, who were higher in
stature, body mass, and indirect measures of muscle mass (e.g., ALST, LLST, FFM, ECW,
ICW). It should be noted that the defensive line consists of FBs and CBs, who presented
anthropometric profiles at odds. Although FBs were the leanest, the anthropometric and
body composition characteristics of CBs made a substantial upward contribution in the
differentiation against middle (e.g., MID) and offensive linemen (e.g., CF). Yet, although
CFs present similar characteristics, ESs’ data made a substantial downward contribution
that provided outcomes for offensive linemen comparable with middle linemen. Moreover,
outfield players competing within the central zones (e.g., CB, MID, AM, and CF) were taller,
heavier, fatter, and more muscled than those of the external zones (i.e., FB, WM, ES, and SS).
A likely explanation may be attributed to the fact that players in the central zones (in and
outside the box or along the midfield) of the pitch perform within a crowded area in which
collision, hand-to-hand duels, and tackles are on the agenda during a match. Altogether,
these actions require specific anthropometric and body composition profiles that can be
easily identifiable by the current results.

This study is not devoid of limitations. Potential factors that could influence body
composition profiles, such as dietary habits, individual training regimens, or injury history,
were not controlled. Future research should account for these additional factors to provide
a more comprehensive understanding of the current findings. Furthermore, BIA equations
are typically developed and validated on specific populations, often with limited diversity
in terms of age, sex, ethnicity, and body composition characteristics. Thus, our results are
exclusive to white players. This would introduce a potential ethnic bias and restricts the
generalizability of our findings to individuals from other ethnic backgrounds.

5. Conclusions

This study disclosed different anthropometric and body composition profiles among
playing positions in professional soccer players. In particular, the present findings showed
that GKs and CFs were the tallest and heaviest players, with no differences from each other.
Additionally, GKs and CFs, along with CBs, showed greater body muscularity and fatness
at the same time, as opposed to the other roles. Of note, playing in the central zone of the
pitch makes ball possession difficult due to the high density of players and the numerous
hand-to-hand contacts. This supports the current side findings, in which players competing
in the central zones (CB, MID, AM, SS, and CF) of the pitch and in the defensive line (CB
and FB) presented the highest stature and body mass as well as the highest measures of
muscle mass (e.g., ALST and LLST) and body fat (FM), increasing their efficacy during
duels. Taken together, these findings may be of relevance for designing position-specific
training programs that would help, for example, GKs and CFs to exploit their high level of
muscle mass by focusing on additional strength- and power-based stimuli.
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Abstract: Sedentary behaviors are increasing in the population, so strategies for the increment
of physical activity levels are needed. The use of green space seems to be a valid support to be
more active. The present study aimed to compare the effectiveness of a period of outdoor training
(Nordic walking (NW)) with indoor resistance training (GYM) in a nonclinical population based
on anthropometric characteristics, body composition, and functional parameters. This study was
conducted on 102 participants (77 middle-aged people performed NW and 25 performed indoor
training). Participants were measured twice: at baseline and after three months. Anthropometric
measurements (weight, BMI, skinfolds, perimeters), body composition, bioelectrical impedance,
vectorial analysis (BIA and BIVA), and physical tests were carried out. A two-way repeated measures
analysis of variance (ANOVA) was performed to evaluate the effect of the treatments, groups,
and sexes. There were several intervention effects linked to a decrease in fat parameters (such as
skinfolds, fat mass, and percentage of fat mass). Considering the type of intervention, NW showed
a higher increase in muscle mass and a higher decrease in fat parameters than the GYM group.
In conclusion, the two types of training could represent a good way to remain active and prevent
sedentary behaviors.

Keywords: anthropometric characteristics; body composition; indoor training; Nordic walking;
outdoor training; physical activity; physical test

1. Introduction

Physical inactivity is one of the most relevant sedentary behaviors, which causes
massive effects on the public health global economy [1–3]. Participation in regular physical
activity (PA) can significantly reduce the risk of developing cardiovascular disease, stroke,
sarcopenic obesity, cancers, and diabetes, and improve mental health outcomes, such as
depression and anxiety [4,5]. In addition, participation in PA is useful for maintaining and
slowing physiological age predicated on the decline of the musculoskeletal system [6,7].
While the importance of PA is well-established, a significant proportion of the adult popu-
lation remains inactive [8]. In Italy, despite the evidence, only 31% of adults declared to
have a physically active job [9]. Di Bonaventura et al. (2018) reported that 12.89% of Italian
people were obese (9.49% were obese class I, 2.28% were obese class II, and 1.12% were
obese class III) [10]. Several factors influence participation in PA, and greater attention has
recently focused on the role of the environment in promoting PA [11,12]. Green space seems
to be an optimal environment for exercise, due to the safety, accessibility, and attractiveness
of these places [13]. Several observational studies have searched to establish whether a
relationship between green space and PA exists [11]. However, studies in this area are still
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lacking and are far from conclusive [14]. A systematic review demonstrated the paucity of
high-quality evidence in the studies carried out so far and the necessity for further research
in this area [12]. Thus, presently, it is not possible to establish if PA carried out in green
spaces is more effective than indoor PA in producing physical, physiological, and motor
changes in participants.

To achieve this purpose, the analysis of body composition can provide useful informa-
tion since it is an indicator of health, nutritional status, and functional capacity [15]. In the
last years, the analysis of body composition by bioelectrical impedance analysis (BIA) has
become one of the most used methods, due to its easy use, precision, and accuracy [16–18].
By employing the bioimpedance-based predictive equation, it is possible to estimate body
composition parameters, such as fat mass, muscle mass, and body water, and monitor their
change [19]. By the qualitative approach, it is also possible to estimate body composition
through the raw bioimpedance parameters (resistance (R) and reactance (Xc)) as a point on
the R–Xc graph, in which length and slope are considered. The vector slope indicates the
extracellular/intracellular (ECW/ICW) ratio and the integrity of the cell membrane [19,20].
In addition, some studies have shown how the phase angle (PhA), which is an indicator of
health status, can be influenced and modulated by exercise [21–23]. An inverse relationship
between PhA and inflammatory biomarkers [21] and a positive association with cellular
health has been reported [22,23].

Body composition improvements are important aspects to take into account when
we try to identify what could be the best type of activity for the middle-aged population.
Performing PA in green urban spaces has several important benefits, but usually, it is
performed with lower intensity than indoor PA. For this reason, we decided to compare
indoor and outdoor PA performed with the same intensity to better understand if one
could have a greater impact on anthropometric and body composition characteristics.

To our knowledge, no studies compare the effectiveness of indoor and outdoor PA
on body composition and physical parameters in Italy. Nordic walking (NW) is an easy
type of PA that is usually proposed for the clinical population and the elderly, but that
also shows several potential benefits for nonclinical populations [24]. Resistance training is
a kind of PA that can maintain good health conditions and reverse the adverse effects of
ageing on cellular integrity and function. Both these kinds of PA are usually suggested for
the middle-aged population to remain active. For this reason, the present study aimed to
evaluate the efficacy of a period of three months of training outdoors (in particular, NW)
and in GYM (resistance training) environments on a healthy middle-aged population.

2. Materials and Methods
2.1. Study Design and Participants

This is an intervention study design that comprehended 3 months of PA (NW as
outdoor PA and resistance training as indoor PA) and two measurements (at baseline and
after the training program). Recruitment occurred thanks to two sports society: “Nordic
Walking Italy”, specifically their headquarters in Venice, and “Arca”, based in Mirano
(VE). The two sports societies made announcements to recruit people to participate in their
normal activities, and they also explained the possibility of participating in the present
study. To increase participation and adherence in the study, each adult could select the
NW or GYM activity. Nordic Walking Italy conducts activities throughout the province of
Venice, in city parks, along the banks, and always in the open air. They manage different
walking groups in Mestre, Marghera, Spinea, and Martellago. Conversely, Arca is based in
Mirano (VE) and conducts activities in the school gym of the municipality. The exclusion
criteria were (a) have a chronic disabling disease, being bedridden, institutionalized, or
hospitalized, (b) not being independently mobile, i.e., not requiring human assistance or
the aid of devices such as crutches, walkers, etc., and (c) having amputations, pacemakers,
or the presence of a chronic metabolic disease.

Before starting the participants’ enrollment, the sample size estimation for the repeated
measures ANOVA F test for between–within groups with a Greenhouse–Geisser correction
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was assessed. The study parameters included were as follows: α = 0.05, 1 − β = 0.80,
number of groups = 2, number of repeated measures = 2, between–within variance
explained = 0.05, correlation = 0.25, and error variance = 2; the estimated sample size
was 120. After a preliminary explanation of the study protocol, a total of 135 participants
were enrolled in the study. Fifteen participants did not meet the inclusion criteria and were
excluded before the protocol began (Figure 1). Three adults who chose NW and fifteen
people who preferred GYM activities did not complete the period of training, so they were
excluded from the study. Therefore, the sample was finally composed of 102 participants
who performed both the measurements (before and after the training period). NW par-
ticipants numbered 77, and the GYM group was composed of 25 people. All participants
signed an informed consent to participate in the study. The study was approved by the
Bioethics Committee of the University of Bologna (prot. N. 022254).
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Figure 1. Participant flowchart.

2.2. Intervention Training Programs

Participants were engaged in two training sessions of about 60 min each, two times
a week. Every training session was composed of 10 min of warm-up, 45 min of the main
part, and 5 min of stretching exercise. For the NW training, three instructors followed the
groups in different parks, proposing the same kind of training to the different groups, with
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the same kind of intensity. For the GYM training, the same instructors followed the group
and proposed several resistance exercises. For both the NW and GYM groups, instructors
proposed 15 min of upper limb exercises and 10 min of core and stability exercises. In
the NW training, both upper limb and core exercises were performed with body weight
resistance, during walking (upper limb) or in a lying position (core). The upper limb
exercises were side and front risers, rows, intra and extra rotations for the shoulders, and
military presses. The core exercises included different versions of planks, crunches, and
sit ups. Each exercise was repeated for 45 s, with a 15-s rest, two times. For the remaining
20 min of the main part, the NW group performed walking exercises at various speeds
and inclinations, while the GYM group performed lower-limb resistance exercises, such as
squats, glute bridges, rear and side lunges, and deadlifts with one or two legs. Each exercise
was repeated for 45 s, with a 15-s rest, two times. All the resistance exercises were executed
with elastic bands of different resistances represented by colors (red, yellow, green, blue,
and black).

To control the training intensity, instructors taught the participants to use the rating
of perceived exertion scale (RPE, CR-10). Instructors collected participants’ RPE before,
during, and at the end of the training. The intensity level was set from 5 to up to 8 on
the RPE scale. RPE before exercises was detected to ensure that each participant was able
to perform the training with no risk. During exercise, RPE was used to induce desired
stimuli; when a participant perceived an exertion lower than 5, instructors encouraged
them to increase the exercise intensity (speed, inclination, or band), whereas if it was
higher than 8, the participant was directed to slow down. Thirty minutes after the end of a
training session, RPE was recorded to calculate the training load (TL = RPE × minutes of
training) [25].

2.3. Anthropometric Characteristics

Participants’ anthropometric measures were recorded twice: at the baseline and after
the three months of training. Height was recorded with a standing stadiometer (GPM,
Steckborn, Switzerland), while a calibrated electronic scale (Seca, Basel, Switzerland) was
used to measure the body mass. Body mass index (BMI) was calculated as the ratio of body
weight to height squared (kg/m2), and the WHO cutoff was used to estimate the weight
status of the subjects: a BMI value less than 18.5 was classified as underweight, from 18.5
to 24.9 was considered normal weight, from 25 to 29.9 was overweight, and more than 30
was classified as obese [26]. In addition, circumference (relaxed and contracted arm, waist,
hip, and calf) and skinfold (biceps, triceps, subscapular, suprailiac, supraspinale, lateral,
and medial calf) measurements were carried out. Circumferences were taken using a
nonstretchable tape measure (GPM, Steckborn Switzerland), and skinfolds were measured
with a skinfold caliper (Lange, Beta Technology, Cambridge, MD, USA). The total upper
arm and calf area, upper arm and calf muscle area, and upper arm and calf area were
calculated [27]. Body density was calculated using the Durnin et al. equations, and then
body composition parameters were estimated using Siri’s converting equation [24,28].
All the anthropometric measurements were carried out by the same operator, specifically
trained according to a standardized protocol [29–31].

2.4. Body Composition

The impedance measurements were performed with a bioimpedance analyzer (BIA
101 Anniversary, Akern, Florence, Italy) at a frequency of 50 kHz. The accuracy of the
BIA instrument was validated before each test session, following the manufacturer’s
instructions. The participants were assessed in the supine position with legs abducted 45◦

compared to the median line of the body and arms abducted 30◦ from the trunk. After
cleansing the skin with alcohol, two electrodes were placed five centimeters apart from
each other on the right hand and two on the right foot. Participants were instructed to
abstain from food and liquids for at least four hours before the test, to urinate about 30 min
before the measures, to not consume alcoholic beverages for at least 48 h, and to avoid the
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use of diuretics at least seven days before each assessment. Vector length was calculated
as (adjusted R2 + adjusted Xc2) 0.5 and PhA as the arctangent of (Xc/R) × (180◦/π).
Bioimpedance vector analysis was carried out using the BIVA method, normalizing the
R and Xc parameters for height (h) in meters. Bioelectrical-specific values for women
were used as a reference to build the tolerance ellipses on the R–Xc graph [32]. R, Xc,
and PhA were plotted in the BIVA as a vector within a specific tolerance ellipse (specific
profile for sex and age); this allowed the evaluation of soft tissue through patterns based
on percentiles of their electrical characteristics [33]. A BIVA vector that falls in the 50%
tolerance ellipse represents a normal tissue impedance, while a vector in the 75% tolerance
ellipse displays an abnormal tissue impedance. BIVA outcomes could be analyzed through
the vector direction to the y and x-axis. Horizontal displacement means changes in soft
tissue mass (less soft tissue to the right pole and more soft tissue to the left pole); vertical
displacements show changes in the hydration of the tissue (hyperhydration in the short
vectors and dehydration in the long vectors) [33].

2.5. Physical Test

Three physical tests were performed by all participants. To avoid any confounding
effect of time of day [34], all test sessions were performed in the morning, both at the
baseline and after three months.

To evaluate the strength of the hands, a dynamometer (Takei Scientific Instrument Co.,
Niigata City, Japan) was used both for the right and left handgrip. Participants were in
a sitting position at a 90-degree flexion of their elbow and performed three trials with a
1 min rest period between each test. The highest value of all three measurements was used
for analysis.

A chair-stand test (squat test) was executed to assess the strength and endurance of
the lower limbs. Every test was preceded by an explanation and demonstration of the test.
People were allowed one practice trial before the actual measurements. The same standard
chair without armrests was used for all the participants. Participants were instructed to
sit in the middle of the chair, back straight, feet approximately shoulder-width apart, and
placed on the floor at an angle slightly back from the knees, with one foot slightly in front
of the other to help maintain balance when standing. The instructions to participants
were to stand up and sit down again as many times as possible for 30 s. Participants were
encouraged to continue to sit and stand throughout the test. The number of repetitions was
recorded, and it represented the unit for this measure [35].

The 6-Minute Walking Test is a simple test to measure exercise capacity [36]. It was
explained that the participants should have to walk for six minutes, and they were in-
structed to follow their gait and to slow down or stop if they became fatigued, but to
resume once able. Each time the subject passed the starting position a lap was recorded.
Using an even-toned encouraging phrase, the time remaining in the test was reported to
the participants at one-minute intervals. The timer was not stopped if the participants
needed to rest. Once the six minutes concluded, the participants were instructed to stop
and remain stationary while the endpoint was marked. Once marked, the total distance
walked was calculated in meters [37].

2.6. Statistical Analysis

The analysis was performed with Stata software for Windows 10, version 17 (publisher:
StataCorp, 2021. Stata Statistical Software: Release 17. College Station, TX, USA, StataCorp
LP). Descriptive analyses were performed, and each result was reported as the variable
mean ± standard deviation (SD) at two different times (baseline and after three months of
PA). To check the normal distribution of the variables, a Shapiro–Wilk test was carried out.
A transformation function (natural logarithm) was applied to reduce curve skewness if
variable data did not distribute as a Gaussian curve. A two-way repeated measures analysis
of variance (ANOVA) was computed to compare groups, considering treatment, time, and
sex effects. To meet the GLM sphericity assumption, a Greenhouse–Geisser correction
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was then applied. A Hotelling’s test was performed to observe eventual differences in the
BIVA representation.

Statistical significance was set at p < 0.05.
Finally, the statistical power achieved was calculated with the sample size = 102,

number of groups = 2, number of repeated measures = 2, between–within variance
explained = 0.05, error variance = 1.5, and correlation = 0.2: 1 − β = 0.823.

3. Results
3.1. Training Load of the Participants

Table 1 reports the TL of the participants in the two different training programs.

Table 1. TL of the participants in the two different training programs.

Week Day NW (Mean ± SD) GYM (Mean ± SD) F p

Week 1
Day 1 395.36 ± 58.09 402.50 ± 57.28 0.02 0.052
Day 2 387.86 ± 51.12 397.50 ± 55.42 0.25 0.085

Week 2
Day 1 390.00 ± 67.69 382.50 ± 55.42 0.56 0.753
Day 2 371.79 ± 56.54 397.50 ± 58.18 1.46 0.652

Week 3
Day 1 381.43 ± 50.43 367.40 ± 36.74 4.46 0.123
Day 2 397.50 ± 63.25 405.00 ± 56.65 0.05 0.257

Week 4
Day 1 395.36 ± 63.47 395.00 ± 63.59 1.26 0.951
Day 2 394.29 ± 64.58 397.50 ± 60.81 1.36 0.746

Week 5
Day 1 401.79 ± 57.12 382.30 ± 55.42 2.65 0.563
Day 2 397.50 ± 56.70 397.20 ± 57.36 0.08 0.452

Week 6
Day 1 380.36 ± 51.52 397.80 ± 60.81 3.20 0.874
Day 2 401.79 ± 57.12 405.00 ± 55.66 0.07 0.658

Week 7
Day 1 394.29 ± 64.58 395.00 ± 65.39 5.20 0.887
Day 2 397.50 ± 65.70 395.30 ± 68.10 3.21 0.632

Week 8
Day 1 380.86 ± 52.51 372.50 ± 43.26 2.03 0.358
Day 2 409.71 ± 57.12 406.00 ± 56.65 1.02 0.742

Week 9
Day 1 380.36 ± 25.16 382.50 ± 55.42 4.25 0.896
Day 2 407.91 ± 67.50 390.00 ± 30.65 0.02 0.554

Week 10
Day 1 397.50 ± 66.50 405.50 ± 56.58 0.04 0.665
Day 2 394.27 ± 64.58 397.56 ± 55.42 0.10 0.578

Week 11
Day 1 380.36 ± 51.52 382.50 ± 55.58 3.89 0.832
Day 2 397.00 ± 57.60 395.63 ± 63.59 4.02 0.752

Week 12
Day 1 401.79 ± 57.12 395.00 ± 59.63 0.66 0.348
Day 2 394.29 ± 64.58 397.50 ± 60.81 0.59 0.658

There were no significant differences between the TL of the two training programs.

3.2. Baseline Characteristics of the Participants

The largest sample was comprised of females (70, 69.3%) with a mean age of 56.96 ±
6.64 years. Men who participated in the study (31, 36.7%) were older than women (61.30 ±
8.37 years).

Table 2 reports the characteristics of the sample divided by the kind of training
performed (NW or GYM activity).
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3.3. Effects of Three Months of Training

Table 2 shows several significant differences induced by the intervention, by the two
types of training, and by sex.

Regarding the effects of the interventions, the biceps, subscapular, and suprailiac
skinfolds showed a significant decrease. At the same time, waist circumference, %F, FM,
and CFA presented a significant decrease. Conversely, arm-relaxed circumference, phase
angle, number of squats, TUA, and UMA showed a significant increase after the period
of training.

Considering the comparison of the two intervention groups, people who practiced
NW had a greater decrease in weight, triceps and lateral calf skinfolds, hip circumference,
UFA, and CFA. On the contrary, the value of the arm-relaxed circumference showed a
significant increase in the NW group in comparison with the GYM group.

The calf circumference, number of squats, and TCA presented a reverse trend. People
in the GYM group showed a significant increase in these variables.

Considering the differences linked to sex, men had significantly higher value for the
phase angles and a significantly lower value for reactance than women.

3.4. Effects of NW and GYM Training on BIVA

Figure 2 shows the BIVA ellipses of the NW and GYM groups at baseline and follow-
up: no significant changes appeared between the two groups (p = 1.1 in the pre-analysis
and p = 0.6 in the post-analysis).
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Figure 2. R/H-Xc/H and paired graphs for the multivariate changes in classic resistance and
reactance in the GYM and NW groups. Mean vector displacements with 95%, confidence ellipses,
and results of the Hotelling’s T2 test are shown. Note: triangles represent NW mean points and dots
represent GYM mean points.
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Figure 3 shows a significant difference in the impedance value in the GYM group. In
particular, the reactance had a significant decrease. The reactance is a measure of cellularity
integrity, and the decrease could be a symptom of inflammation. The NW group shows a
reduction of resistance and an increase in reactance, but these results are not significant.
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4. Discussion

The present study aimed to evaluate the effectiveness of a period of three months
of outdoor (NW) and GYM (resistance) training in healthy middle-aged people. To our
knowledge, there are no studies that consider the comparison between the two types of
training (NW and GYM) on body composition and physical motor characteristics. NW has
gained popularity worldwide as a health-promoting activity [38]. NW could be considered
a total-body version of walking, with greater body muscle activity due to the use of
poles and potentially enhanced physical fitness benefits [39,40]. NW has several important
benefits for the population, such as resting blood pressure and heart rate, increasing exercise
capacity, quality of life, and maximal oxygen consumption [41]. Resistance training is one
of the most used types of PA, and in addition, it has the potential to help people maintain a
good health condition and reverse the adverse effects of ageing on cellular integrity and
function [42]. In fact, authors reported improvements in physical performance, movement
control, walking speed, and functional independence, which may assist the prevention and
management of several chronic diseases [43]. In addition, resistance training improved
cardiovascular health and increases bone mineral density [44]. Although the two types
of PA could potentially have positive effects after a period of training, further research is
needed to reveal the optimal dose–response relationship [45].

In the present study, considering the whole sample, the three months of NW and GYM
training showed positive effects: in both activities, a significant decrease in FM and %F
and a significant increase in the squat test were observed. This represents a positive aspect,
which could be linked to an increase in the strength of the lower body and to an increase
in the capacity of resistance. This is partially in contrast with a previous study about NW
which assumed that the use of poles, used as a support, reduced the training effect on lower
extremities [46]. Having more strength and resistance could drive people to continue PA for
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a longer period and thus be more active [31]. The previous study also showed a significant
increase in handgrip strength, in contrast with the results of the present study [46,47].
Maybe the period of three months was too short to observe a significant change in upper-
body muscle strength. Both the intervention groups showed an increase in PhA. The
increase in this parameter is generally associated with an increase in strength (in this case,
of the lower body) and an alteration in cellular membrane integrity or body fluid, or a
combination of both [48]. This aspect is important because muscle strength is recognized as
a good predictor of adverse health outcomes [49]. This result indicates the promotion of
additional positive effects on cellularity cell size and integrity in the cell membrane. The
PhA changes highlighted are in line with the results of previous studies [50]. Several studies
have considered PhA and its relationship with health status, and it is an important factor
to prevent the ageing process [48]. The BIVA changes may be due to changes in nutritional
habits during the intervention period, an aspect that has not been monitored and could
have caused disparity changes in R and Xc, as reported in previous studies [49]. The present
results partially contrast with a previous study, which found significant improvement in
BIVA and fat parameters after a resistance training period [50]. This could also be linked to
the period of training; Fukuda et al. (2016) found a significant increase in BIVA parameters
after a period of six months of resistance training [50]. So, probably, three months of
training is too short to observe significant changes in BIVA parameters.

In addition, the whole sample of NW showed a significant decrease in other parame-
ters, such as hip circumference. Regarding the comparison between the two groups, the
NW group seemed to have more positive effects. NW had a greater decrease in several
parameters connected to body fat (triceps skinfold, UFA, and CFA).

A previous study compared the effects of conventional walking, NW, and resistance
training in older adults [51]. The results showed that walking improves cardiorespiratory
fitness, resistance exercise improves muscle strength, and NW is a combination of the two
types of activities and provides improvement to both components [51]. Performing NW
takes less time than performing the same amount of walking with additional resistance
training sessions. Experimental research suggested that performing the activity in nature
has additional benefits in comparison to performing it in an indoor environment [51], and in
addition, exposure to nature could provide restoration from stress and mental fatigue [52].
A greater long-term adherence to exercise participation was shown in outdoor PA by some
studies than in GYM exercise interventions [49–52]. The present study has some limitations
that should be addressed. The period of training of three months could be considered
relatively short. It could be interesting to extend the period of training to six months,
or a year, to determine if the results could be different. In addition, the sample size was
limited; it could be interesting for future research to include more participants. Furthermore,
participants were not asked for information about diet and alimentary behavior. So, for
future research, it will be an important aspect to consider.

5. Conclusions

The present study aimed to evaluate the benefits of a period of NW and indoor
resistance training in the general middle-aged population to understand the effectiveness of
the two types of PA. Both NW and indoor training have positive effects on the participants.
NW is usually proposed for specific kinds of populations or the rehabilitation of chronic
disease, although it seems to have several potential benefits also for the general population.
However, the popularity of this sport is increasing, and it would be important to encourage
its practice in the population to promote a decrease in sedentary behavior.
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Abstract: This study aimed to compare the effects of a multicomponent exercise program and a
concurrent exercise program on muscle strength in community-dwelling elderly subjects. Participants
(n = 35; male = 17; female = 18; Mage = 69.17, SD = 5.01 years) were screened and included in the study.
Among them, 19 individuals were assigned to the multicomponent group, while 16 were assigned to
the concurrent group. The results of the repeated-measures ANOVA revealed significant main effects
for the group factor (F(1,15) = 66.59, p < 0.001, η2 = 0.81) and the group*time factor (F(1,15) = 16.95,
p < 0.001, η2 = 0.53) for the 30-second chair test. Furthermore, significant main effects were observed
only for the group factor (F(1,15) = 19.28, p < 0.001, η2 = 0.56) for the 30-second arm curl. Regarding
the Timed Up and Go test, significant main effects were found for the group factor (F(1,15) = 35.56,
p < 0.001, η2 = 0.70) and the group*time factor (F(1,15) = 11.68, p < 0.001, η2 = 0.43). Lastly, significant
main effects were observed for the group*time factor (F(1,15) = 5.19, p = 0.038, η2 = 0.25) for handgrip
strength. The multicomponent exercise group displayed a greater mean increase compared to the
concurrent exercise group. While both the multicomponent and the concurrent exercise programs
were effective in improving muscle strength in community-dwelling older adults, the multicomponent
exercise group exhibited superior outcomes compared to the concurrent exercise group across the
physical fitness measures. These findings suggest that a multicomponent exercise program may be
more beneficial for enhancing muscle strength in this population.

Keywords: healthy aging; fall risk; sarcopenia; exercise program

1. Introduction

The aging population and the promotion of healthy aging have become significant
concerns in modern society. With an increasing number of older adults living independently
in community settings, it is crucial to identify effective strategies to maintain their physical
function and overall wellbeing. Exercise interventions have shown great potential for
improving various aspects of health in older adults, particularly muscle strength, which
plays a critical role in maintaining independence and quality of life [1]. Implementing
targeted exercise programs for this population can lead to substantial benefits in terms of
maintaining physical function and preventing age-related decline [2,3].

Community exercise programs play a crucial role in promoting physical activity among
community-dwelling older adults. Community exercise programs offer numerous benefits
for older adults. First, they provide access to structured physical activity opportunities
that are tailored to the needs and abilities of older adults [3,4]. Secondly, these programs
typically offer a variety of exercise modalities, allowing participants to choose activities
that suit their preferences and interests. Furthermore, community exercise programs
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foster a sense of belonging and social interaction among older adults [5]. Community
exercise programs also offer a level of supervision and guidance from trained professionals,
ensuring safe and effective exercise practices [4]. This is particularly important for older
adults who may have specific health considerations or limitations. By promoting physical
activity among older adults, these programs help reduce the burden of chronic diseases,
enhance functional capacity, and potentially decrease healthcare costs [6]. Two prominent
approaches in exercise programming for the elderly are multicomponent exercise programs
and concurrent exercise programs.

In the realm of exercise programming for the elderly, two prominent paradigms
emerge: multicomponent and concurrent exercise programs. The former artfully integrate
a variety of exercises—from resistance training to aerobic activities, balance exercises, and
flexibility training—aiming to holistically enhance overall health and functional ability [4,7].
In juxtaposition, concurrent exercise programs seamlessly merge aerobic and resistance
training within a singular session, with a pronounced focus on amplifying cardiovascular
fitness and muscle strength. The significance of muscle strength in the elderly is unde-
niable, governing their capacity to perform daily tasks, maintain balance, and prevent
debilitating falls. Age-associated declines in this strength not only impede routine ac-
tivities but also escalate the likelihood of falls and the onset of frailty [8]. Nevertheless,
when fortified through resistance training, especially when combined with other forms of
exercise, these declines can be effectively counteracted, revitalizing debilitated muscles.
Both approaches have demonstrated their efficacy in augmenting muscle strength among
the elderly; however, their distinct methodologies yield varied results. Multicomponent
programs, rich in exercise diversity, promise potentially comprehensive enhancements in
overall physical fitness [4,9], whereas concurrent programs, harmonizing cardiovascular
and strength training, might edge towards pronounced gains in cardiovascular health
and muscle strength [10,11]. The choice between these programs should consider the
individual’s specific needs to maximize benefits and support the preservation of muscle
strength and overall physical health in the elderly.

While ample evidence underscores the positive impact of exercise on muscle strength
in the elderly, a gap exists in comparative studies between multicomponent and concurrent
exercise interventions. While previous research has delved into the benefits of one type
vis-à-vis a control group, direct comparisons between these two predominant exercise
modalities remain sparse. Furthermore, many of the existing exercise protocols emerge
from laboratory settings, potentially limiting their applicability to the more dynamic
and variable community context. Understanding the relative efficacy of multicomponent
versus concurrent exercise programs in the real-world community setting is paramount
for sculpting evidence-based exercise guidelines for the elderly [9,12]. Considering this,
our study endeavors to juxtapose the effects of multicomponent and concurrent exercise
programs on muscle strength among community-dwelling elderly subjects.

We aim to investigate the impact of two exercise programs on muscle strength, and to
compare their respective outcomes in the elderly. We hypothesize that both multicomponent
and concurrent exercise programs will exert a positive influence on enhancing muscle
mass. Furthermore, we postulate that the concurrent exercise program will induce a more
substantial increase compared to the multicomponent exercise program, given its inclusion
of a more extensive strength training component in the exercise protocol.

2. Materials and Methods
2.1. Participants

The following eligibility criteria were established for this study based on the objectives
and safety considerations: Participants had to be at least 60 years old, capable of standing
and walking with or without assistance, not involved in any exercise program, and living
in the community. Individuals with a history of chronic neuromuscular, cardiovascular, or
metabolic issues that could pose a risk during classes or evaluations were excluded from
participation for safety reasons. Moreover, participants were required to be available for
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all three sessions per week of the physical exercise program and the evaluation periods.
Exclusion criteria included participating in less than 75% of the sessions or being absent for
more than 5 consecutive sessions. Throughout the study, the participants were advised to
maintain their regular physical activity routines, such as engaging in gardening or house-
hold activities. The intervention lasted for 20 weeks, with an additional 2 weeks—1 for
the pre-intervention assessment and 1 for the post-intervention assessment. The pre- and
post-intervention evaluations were conducted by two experienced exercise physiologists,
under the supervision of a senior researcher. All of the participants underwent a familiariza-
tion session during the pre-intervention assessments. The exercise physiologists provided
detailed explanations of all of the tests, and the participants had the opportunity to prac-
tice each test without being evaluated for the study. To ensure reliability, intra-observer
consistency was examined using the intraclass correlation. The coefficient of 0.88 was
derived from the overall mean across all tests for both the multicomponent and concurrent
groups. This underscores the reliability of our measurements and provides confidence in
the robustness of the data. Any existing health groups or issues related to the interven-
tion were managed in accordance with standard medical practices and documented as
adverse events.

In determining the appropriate sample size for our study, an a priori power analysis
was conducted using G*Power 3.2. Given the parameters of F tests with repeated-measures
ANOVA, and factoring in a within–between interaction, we set an effect size f of 0.25, an
alpha error probability of 0.05, and sought a power of 0.95. Additionally, the study design
accounted for two groups and two measurements, with a correlation among repeated
measures set at 0.8 and a non-sphericity correction epsilon of 1. This analysis recommended
a minimum sample size of 24 participants. To account for potential attrition or unforeseen
challenges during the study, an additional 10% was factored into our recruitment target,
bringing the total to 27 participants.

2.2. Procedures

Participants were recruited from the pre-existing community program known as the
“60+ Program”, an established educational program for the elderly that incorporates regular
physical exercise sessions. Individuals who voluntarily signed up for the 60+ Program
expressed their interest in participating in various activities, including research studies.
This ensured that the present research was conducted within the framework of the existing
educational program tailored for the elderly population. Our recruitment strategies encom-
passed a variety of channels, including social media platforms, internet advertisements,
and the official webpage of the 60+ Program. Detailed information regarding the study,
its objectives, and the specific eligibility criteria was disseminated through these avenues.
Following an expression of interest, potential participants underwent a screening process
to assess their eligibility based on specific criteria, such as being aged 60 years or above
and active participation in the 60+ Program. Eligible individuals were provided with
comprehensive information about the study procedures, potential risks and benefits, and
their rights as research participants. Written informed consent was obtained from all of
the participants before their inclusion in the study. To ensure a balanced distribution of
participants across the study groups, the allocation of individuals was performed a priori
based on their preferences regarding training hour sessions. The participants were not
aware in advance of the specific type of training that they would undergo, i.e., multicompo-
nent or concurrent. While gender and age might have naturally varied within these groups
due to training hour preferences, our primary objective was to maintain consistency in the
allocation process and uphold the blinding to the training type.

The research procedures adhered to the ethical guidelines and principles outlined in
the Declaration of Helsinki [13]. The study protocol received approval from the Life Quality
Research Center (EA06.2022.CIEQV), guaranteeing the protection of the participants’ rights,
privacy, and confidentiality throughout the study. The participants were assured of the
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voluntary nature of their participation and were given the freedom to withdraw from the
study at any time without facing any negative consequences.

2.3. Intervention

The exercise interventions in this study adhered to the principles of FITT-VP [14],
which encompass frequency, intensity, time, type, volume, and progression. The inter-
vention comprised three weekly morning sessions designed in accordance with the FITT
principles and overseen by a highly experienced exercise physiologist specialized in adult
and senior exercise prescription. The exercise physiologist provided personalized adapta-
tions, encouragement, and closely monitored exercise intensity using validated measures
like the talk test and the Borg scale. Furthermore, after each component, and at the conclu-
sion of each training session, the exercise physiologist distributed these measurement tools
to all of the participants. The participants were encouraged to exert themselves according
to their individual capabilities. Throughout the intervention period, close monitoring was
in place for adherence to the exercise program, progression, and the identification of any
adverse events, including incidents such as falls. Exercise sessions were scheduled on
weekday mornings, following a one-day-on, one-day-off pattern. The participants took part
in three exercise sessions each week, with each session lasting 45−60 min. The intensity of
these exercise sessions varied, spanning from low to high levels, and was tailored to each
individual’s fitness level. One group followed a multicomponent exercise program, incor-
porating resistance training, aerobic activities, balance exercises, and flexibility training [4].
The other group participated in a concurrent training program, combining aerobic exercise
with resistance training during the same session [11].

The multicomponent program encompassed resistance, cardiorespiratory, balance,
agility, and flexibility training. The variety was ensured through three distinct sessions.
The exercise sessions began with warm-ups lasting between 5 and 10 min, which included
slow walking, dynamic stretching exercises, and dual-task activities. Activities to im-
prove cardiorespiratory fitness, lasting 10−15 min each, were established. These activities
encompassed walking, jogging, aerodance, and dance exercises as means to promote
cardiorespiratory function. As the name implies, walking entailed moving forward by
taking steps on the tips of one’s toes, on heels, and incorporating a knee-raising stride
around a predefined path. Jogging, similarly, took place on a predetermined route, with
the participants instructed to enhance their hip and knee flexion as they increased their
pace. The aerodance routines involved rhythmic exercises synchronized to the music’s
beat. Likewise, dance exercises were performed in pairs in accordance with the tempo of
the music. A pair of workouts, each spanning a minimum of 10 min, was selected for this
purpose. The cardiorespiratory training sessions initially fell within the range of 6 to 7 on
the perceived exertion scale, signifying a moderate level of intensity. Subsequently, over the
course of 16 weeks, they advanced to achieve a moderate-to-vigorous intensity, as indicated
by scores of 7 and 8 on the Borg scale and/or moderate-to-vigorous intensity on the talk
test (i.e., heavy breathing, difficulty talking). The resistance training component lasted
between 10 and 15 min. Resistance exercises were conducted utilizing various equipment,
including bodyweight, ankle weights, rubber bands, and dumbbells. During the circuit,
the participants engaged in a range of one to three sets of these resistance exercises. The
inter-set rest periods within the circuit varied from 40 to 60 seconds. The chosen exercises
specifically targeted essential muscle groups, including those responsible for knee flex-
ion/extension, shoulder abduction/adduction, elbow flexion/extension, pectoral muscles,
and back muscles. Each session consisted of four distinct exercises, each aimed at engaging
different key muscle groups. In each session, the participants completed chair squats,
seated arm abduction and adduction, arm curls, and shoulder shrugs using dumbbells.
In another session, the exercises included seated single-leg extension and flexion with
ankle weights, arm flexion and extension with dumbbells, and peck deck exercises with
rubber bands. During the third session, the participants engaged in standing calf raises,
arm curls with a shoulder press, and seated rows using dumbbells. The training intensity
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transitioned from a light-to-moderate level (4−5 points on the Borg Scale) to a moderate
intensity (5−7 points on the Borg Scale) after eight weeks from the commencement of the ex-
ercise program, and then to moderate-to-vigorous intensity (7−8 points on the Borg Scale).
This adjustment aimed to optimize adaptation and the effectiveness of the workout. The
participants initially started with a single set of 8 repetitions and progressively increased
to two sets, with each set consisting of 12−15 repetitions. It is worth noting that all of the
participants were capable of counting, and if a participant could complete 12 repetitions
with minimal effort, the exercise physiologist would encourage an additional 3 repetitions.
Balance training, involving static and dynamic elements, was conducted for a duration of
5−10 min, employing wooden sticks, softballs, and balloons. This training encompassed
activities such as throwing and/or catching softballs, as well as engaging in single-leg
static and dynamic exercises with bats and balloons to enhance balance and agility. To
ensure safety during these exercises, the exercise physiologists maintained a safe distance
of 2 meters between the participants. Intensity advancement occurred by motivating the
participants to either perform exercises at a swifter pace or sustain static movements for
extended durations. Consequently, the intensity transitioned from being categorized as
light-to-moderate initially (3−5 points on the Borg Scale) to reaching a moderate level
(5−7 points on the Borg Scale). It was regulated so as to not exceed moderate intensity,
given that the participants had already been involved in moderate-to-vigorous activities
during the cardiorespiratory and resistance training segments. Concluding each session,
the participants engaged in stretching and flexibility exercises. Every session wrapped up
with a 5-min cooldown period focusing on stretching, with an emphasis on maintaining a
1:1 ratio between active and passive stretching. In other words, each stretch was held for
10 seconds, followed by a 10-second pause before moving on to the next exercise or limb.
The flexibility routines were customized to address the specific muscles used in the exer-
cises. For example, when the participants performed chair squats, their stretching exercises
were focused on the glutes, hamstrings, and quadriceps.

The concurrent program combined elements of both aerobic and resistance training.
The exercise sessions commenced with warm-up routines that extended for 5 to 10 min.
These warm-ups encompassed activities such as leisurely walking, dynamic stretching
exercises, and exercises involving multitasking. Afterwards, for the cardiorespiratory
component, much like the multicomponent exercise program, the participants performed
activities such as walking, jogging, and aerobic dance exercises. Notably, the cardiorespira-
tory aspect of this program extended for about 20 min, which was longer in comparison
to the multicomponent exercise program. Initially, the cardiorespiratory training sessions
were rated at a perceived exertion scale level of 6 to 7, reflecting a moderate level of intensity.
However, over the course of 16 weeks, these sessions progressed to attain a moderate-to-
vigorous level of intensity, as evidenced by scores of 7 and 8 on the Borg scale and/or
the experience of a moderate-to-vigorous level of intensity according to the talk test (i.e.,
characterized by heavy breathing and difficulty talking). The resistance training sessions,
spanning 15−20 min in duration, incorporated identical exercises to those in the multi-
component program. The participants in the concurrent training intervention executed the
very same exercises as their counterparts in the multicomponent intervention. However,
the distinguishing factor was that in the concurrent training intervention, the participants
began with a single set of 8 repetitions and subsequently advanced to three sets, which was
one set more than the multicomponent intervention participants. With the inclusion of this
additional set for each exercise, the training volume exceeded that of the multicomponent
intervention. The training intensity shifted from an initial light-to-moderate level (as indi-
cated by 4−5 points on the Borg Scale) to a moderate intensity (ranging from 5−7 points
on the Borg Scale) after eight weeks from the start of the exercise program. Subsequently, it
progressed to a moderate-to-vigorous intensity (7−8 points on the Borg Scale). At the end
of each session, the participants participated in stretching and flexibility exercises. A 5-min
cooldown phase concluded every session, with a strong focus on stretching and a particular
emphasis on sustaining a 1:1 balance between active and passive stretching. To clarify,
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this entailed holding each stretch for 10 seconds, followed by a 10-second pause before
proceeding to the next exercise or limb. Flexibility exercises were tailored to the muscles
that were engaged in the activities. For instance, if the participants carried out chair squats,
they incorporated stretching exercises targeting the glutes, hamstrings, and quadriceps.

2.4. Outcomes

The following outcome measures were assessed in all subjects: the 30-second chair
stand test, the 30-second arm curl test, the Timed Up and Go (TUG) test, and the handgrip
strength test. These measures were selected to evaluate various aspects of physical function
and muscle strength in community-dwelling older adults. The 30-second chair stand test
assesses lower body strength and functional mobility. The participants were instructed
to stand up from a seated position and sit back down as many times as possible within
30 seconds. This test is widely used in assessing lower extremity muscle strength and
has demonstrated good validity and reliability in older adults [15]. The 30-second arm
curl test evaluates upper body strength and endurance. In this test, the participants were
instructed to complete as many bicep curls as they could within a 30-second timeframe
using a designated weight (female = 2.5 kg; male = 3.5 kg). The participants used their
dominant arm and maintained proper form throughout the test to ensure accurate results.
This assessment provides insight into the muscle strength of the upper extremities and has
been validated as both a reliable and accurate measure for older adults [15]. The TUG test
assesses the time taken by a participant to stand up from a chair, walk 8 feet (2.44 m), turn
around, return, and sit back down. The TUG test is widely used as a functional assessment
tool in older adults and has demonstrated good reliability [15,16]. Handgrip strength is a
widely used measure of overall muscle strength and a predictor of functional performance
in older adults. The CAMRY EH101 Electronic Hand Dynamometer (Zhongshan Camry
Electronic Co. Ltd., Zhongshan, China) was employed to measure handgrip strength. The
participants were instructed to exert maximum effort while seated on a chair with back
support and fixed armrests, ensuring that their feet were flat on the floor and their forearms
rested on the chair’s arms. The investigator applied a motivational stimulus to encourage
the participant to exert their maximum grip effort. Two values were taken in the dominant
hand, and the highest value was used for analysis. This test involved the participants
squeezing a dynamometer with maximum force using their dominant hand. Handgrip
strength has shown strong associations with various health outcomes and is considered to
be a valid and reliable measure of muscle strength [17].

2.5. Statistical Analyses

Descriptive statistics, including means and standard deviations, were calculated
for all variables under investigation. The normality of the data was assessed using the
Shapiro–Wilk test for sample sizes less than 50, while homoscedasticity was examined
using Levene’s test. To explore differences between dependent variables, a within–between–
within ANOVA 2 × 2 design (2 groups × 2 time points) was performed using SPSS version
27. The significance level for rejecting the null hypothesis was set at 5% for all statistical
tests. Sphericity assumptions were evaluated using Mauchly’s test, and in cases where this
assumption was violated, the Greenhouse–Geisser adjusted values and degrees of freedom
were reported, which are indicated by the presence of decimal degrees of freedom. Post
hoc tests with Bonferroni adjustments were conducted following the repeated-measures
analyses to examine pairwise comparisons. The effect size, ηp

2, was calculated, and
the reference values for interpretation were as follows: “small” effect = 0.01, “medium”
effect = 0.06, and “large” effect = 0.14. All statistical analyses were performed using IBM
SPSS Statistics version 27.

Attendance was evaluated in every session by the exercise physiologist before com-
mencing the exercise session. Data from participants were included in the analyses if the
participant attended 75% or more of the sessions.
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3. Results

A flowchart illustrating the allocation of participants in this study is presented in
Figure 1. Initially, all potential participants (n = 35; male = 17; female = 18; Mage = 69.17,
SD = 5.01 years) underwent screening and were subsequently included in the study. Among
them, 19 individuals (male = 9; female = 10; Mage = 70.05, SD = 4.88 years) were assigned
to the multicomponent group, while 16 individuals (male = 8; female = 8; Mage = 68.13,
SD = 5.12 years) were assigned to the concurrent group. Two participants from the mul-
ticomponent group withdrew from the program due to personal reasons, resulting in a
final count of n = 17 for the multicomponent group. In contrast, all 16 participants in the
concurrent group successfully completed the program. However, two participants from
the concurrent group did not participate in the post-protocol measurements, leading to a
final count of n = 14 for the concurrent group. To address missing data, the expectation-
maximization method was employed for imputation, enabling the estimation of missing
values based on available data for a more comprehensive analysis. Comparative analysis
between the raw data and imputed data revealed no significant differences (p < 0.05). Thus,
the reported results are related to the raw data for transparency.
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Handgrip strength Kilograms 30.95 9.39 32.80 10.35 31.12 6.84 30.91 6.88 
Notes: M = mean; SD = standard deviation; T0 = pre-intervention; T1 = post-intervention. 
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30 s chair stand        
Time 2.503 0.170 1 15 0.686 0.011 ns 

Group 81.732 66.596 1 15 ≤0.001 0.816 1 ≠ 2 
Time*group 77.931 16.953 1 15 ≤0.001 0.531 1 ≠ 2 
30 s arm curl        

Time 51.01 1.31 1 15 0.269 0.081 ns 
Group 435.11 19.28 1 15 ≤0.001 0.562 1 ≠ 2 

Time*group 10.84 0.181 1 15 0.677 0.012 ns 

Figure 1. Flowchart of the participants.

Table 1 displays the means and standard deviations for the pre (T0) and post (T1)
measurements of the outcome variables: 30-second chair stand, 30-second arm curl, Timed
Up and Go, and handgrip strength. For the 30-second chair stand, the repeated-measures
ANOVA revealed significant main effects for the group factor (Table 2). The multicom-
ponent group exhibited an increase of 21.75%, increasing from an average of 14.15 to
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17.22 repetitions, while the concurrent group showed an increase of 7.37%, rising from
15.58 to 16.73 repetitions from pre- to post-intervention. In the case of the 30-second arm
curl, significant main effects were observed solely for the group factor. The multicomponent
group demonstrated a significant increase of 23.54%, progressing from an average of 19.84
to 24.53 repetitions, whereas the concurrent group experienced an increase of 4.07%, going
from 22.37 to 23.28 repetitions between T0 and T1. Regarding the Timed Up and Go test,
the repeated-measures ANOVA results unveiled significant main effects for both the group
factor and the group*time factor. The multicomponent group displayed a decrease in time
of 2.04%, reducing from 4.89 seconds to 4.79 seconds. Conversely, the concurrent group
exhibited an improvement of 9.45%, decreasing from 5.08 seconds to 4.60 seconds from
pre- to post-measurement. Lastly, for handgrip strength, significant main effects were
observed for the group*time factor. The multicomponent group demonstrated a modest
rise of 5.98% in strength, increasing from 30.95 kg to 32.80 kg. In contrast, the concurrent
group experienced a minor decline of 0.67%, decreasing from 31.12 kg to 30.91 kg between
the two timepoints.

Table 1. Descriptive statistics.

Variables Units
Multicomponent Group Concurrent Group

MT0 SDT0 MT1 SDT1 MT0 SDT0 MT1 SDT1

30 s chair stand Repetitions 14.15 5.03 17.22 5.37 15.58 4.52 16.73 4.66
30 s arm curl Repetitions 19.84 6.39 24.53 5.73 22.37 2.63 23.28 7.33

Timed Up and Go test Seconds 4.89 0.64 4.79 0.89 5.08 0.46 4.60 0.46
Handgrip strength Kilograms 30.95 9.39 32.80 10.35 31.12 6.84 30.91 6.88

Notes: M = mean; SD = standard deviation; T0 = pre-intervention; T1 = post-intervention.

Table 2. Repeated measurements comparison.

Variables Mean Square F df1 df2 p η2
p

Pairwise
Comparisons

30 s chair stand
Time 2.503 0.170 1 15 0.686 0.011 ns

Group 81.732 66.596 1 15 ≤0.001 0.816 1 6= 2
Time*group 77.931 16.953 1 15 ≤0.001 0.531 1 6= 2
30 s arm curl

Time 51.01 1.31 1 15 0.269 0.081 ns
Group 435.11 19.28 1 15 ≤0.001 0.562 1 6= 2

Time*group 10.84 0.181 1 15 0.677 0.012 ns
Timed Up and Go test

Time 0.209 0.593 1 15 0.453 0.038 ns
Group 1.45 35.561 1 15 ≤0.001 0.703 1 6= 2

Time*group 2.14 11.687 1 15 0.004 0.438 1 6= 2
Handgrip strength

Time 1.683 0.027 1 15 0.871 0.002 ns
Group 17.621 2.62 1 15 0.126 0.149 ns

Time*group 101.635 5.19 1 15 0.038 0.257 1 6= 2

Notes: F = F test; df1 and df2 = degrees of freedom; p = significance level; η2
p = partial eta squared;

ns = not significant.

An attendance rate of 87% was observed for participants in the multicomponent
exercise group, while the concurrent exercise group reported an 84% attendance rate.
Regarding falls and fall-related injuries, the exercise physiologists observed two falls during
the intervention period, neither resulting in injuries that hindered continued participation.
The participants reported no falls outside of the structured fitness program. Notably, no
emergencies or hospitalizations were recorded throughout the study period.
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4. Discussion

The primary objective of our study was to contrast the effects of a multicomponent
exercise regimen against those of a concurrent exercise program on muscle strength in
community-dwelling older adults. Our results, underpinned by the repeated-measures
ANOVA, unveiled significant main effects for both the group and the group*time factors,
particularly evident in the 30-second chair test and the Timed Up and Go test. For the
30-second arm curl, the group difference stood out as the sole significant main effect,
whereas, for handgrip strength, the interaction of group and time was the distinguishing
factor. Worthy of mention is the distinct variance in the exercise stimuli between the two
groups, a foundational tenet of our study design. This variance was not an oversight
but a deliberate intention, designed to tease apart the nuanced impacts and benefits of
a multifaceted training strategy versus a combined one. Such intentional differences in
training protocols are akin to contrasting an experimental group with a control group,
emphasizing the distinctive nature of the training methodologies that we examined.

Our findings highlight that the multicomponent group consistently demonstrated
a more pronounced mean improvement across the physical fitness metrics in compari-
son to the concurrent exercise group. This is consistent with prior research conducted
among both physically inactive older women [16] and their active counterparts aged
50–75 years [9,17]. These studies echo our observation of the superior advantages offered
by multicomponent exercise programs. Theoretical constructs advocate that integrating
diverse exercise modalities, each targeting unique facets of fitness, fosters amplified gains
in muscle strength [9]. This is attributed to the collective benefits derived from melding
resistance training with balance exercises and aerobic activities. The foundation of this
method is rooted in the perception that varied exercise modalities stimulate an array of
muscle groups and physiological systems, leading to holistic enhancements in both strength
and functional capacity [1]. The predominant main effects detected for the multicomponent
group in our research reaffirm the positive influence of this approach on muscle strength
across diverse metrics.

Diving deeper into the muscular dynamics, the mechanisms underpinning muscle
resistance and strength offer valuable insights into the differential outcomes observed
between the two exercise regimes. The multicomponent program, with its blend of re-
sistance, aerobic, and balance exercises, arguably imposes a heightened challenge on the
musculature. This demand potentially triggers adaptive responses that bolster the muscle’s
force-generation capacity [4]. In juxtaposition, concurrent training, although beneficial for
cardiovascular health, might encounter obstacles in fully realizing muscle resistance and
strength gains. The merged demands of resistance and aerobic exercises in a single ses-
sion can, at times, create antagonistic muscular adaptations [10,11]. Such interference can
potentially curtail muscle hypertrophy and strength development relative to a dedicated
resistance training regimen.

Our study was deliberately designed with a pronounced emphasis on strength mea-
sures, as evident from the similar duration dedicated to strength training across both the
multicomponent and concurrent exercise interventions. This emphasis was underpinned
by the understanding that strength outcomes, particularly in the context of our targeted
demographic, have considerable implications for overall physical performance, injury pre-
vention, and functional capacity [2,3,18,19]. However, a discerning examination of the two
interventions reveals notable differences in the cardiorespiratory components. While both
interventions involved walking, jogging, and aerobic dance exercises, the multicomponent
exercise intervention allocated 10 to 15 min to these activities, in contrast to the 20 min
dedicated to them in the concurrent exercise program. This heightened aerobic exposure in
the concurrent program could potentially introduce confounding factors when analyzing
strength outcomes, given the known interference effects of concurrent training on strength
adaptations. Moreover, the multicomponent intervention introduced unique components
of agility and balance, lasting 5 to 10 min. Agility and balance exercises, although often
underestimated, play a pivotal role in neuromuscular performance and strength outcomes.
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They challenge the musculature in dynamic and often unpredictable patterns, necessitating
rapid force production and intricate neuromuscular coordination. Such activities engage a
broad spectrum of muscle groups, from core stabilizers to peripheral muscles, potentially
augmenting strength adaptations [18,20]. Moreover, the balance component, leveraging
props like wooden sticks, softballs, and balloons, further emphasized proprioceptive acuity
and muscle activation in stabilizing movements. In contrast, the concurrent program, by its
inherent design, sought to amalgamate aerobic and strength training more integrally. While
this approach has its merits, particularly for enhancing overall physical fitness, it might
induce an interference effect where the pronounced aerobic component could attenuate
maximal strength gains [1–3].

Both interventions, although distinct in their aerobic and agility/balance elements,
consistently upheld fundamental principles such as progressive overload, session diversi-
fication for ongoing engagement, and dedicated warm-up and cooldown phases. These
shared tenets highlight the significance of these principles in exercise programming, regard-
less of the specific objectives. While the multicomponent exercise program demonstrated
superior outcomes, the substantial enhancements in muscle strength observed from the
pre- to post-intervention in the concurrent training group should not be overlooked. As
documented in previous studies, the concurrent exercise program, blending resistance and
aerobic training, has evidenced favorable impacts on muscle strength [11]. The notable
gains seen in the concurrent group resonate with this existing literature [11,20,21]. Even
though the improvement of effect sizes were comparatively subdued in the concurrent
group versus the multicomponent group, it is crucial to acknowledge that concurrent
training also holds the potential for bolstering muscle strength in older adults living in the
community. When tailoring exercise regimens for this demographic, individual inclinations
and practicality must be weighed [22,23]. Some may perceive the concurrent program as
more pleasurable or more manageable, factors that can foster greater long-term commit-
ment and participation. Hence, while the outcomes might render the multicomponent
program more effective, the concurrent training remains a commendable alternative for
enhancing muscle strength among older adults.

Upon closer analysis of the handgrip strength results, we observed a nuanced in-
teraction between time and group, with a statistically significant time*group interaction
effect. This interaction suggests that the two groups had divergent trajectories in handgrip
strength across the duration of the study. The absence of significant main effects for time
and group on handgrip strength, combined with the notable interaction, suggests that
the two exercise protocols had different impacts on handgrip strength over time. One
could infer that the multicomponent group’s intervention was more effective in improving
handgrip strength compared to the concurrent group, which slightly regressed. However,
it is essential to consider the potential implications of our chosen dynamometer system on
these outcomes [24]. The instrument’s design and its demand on the participants, especially
older adults, could have influenced their genuine capacity or willingness to exert maximum
force. As such, the observed non-significant change in the concurrent group may not wholly
reflect the actual potential changes in handgrip strength due to the exercise intervention.
We recommend that future research endeavors consider employing more user-friendly and
intuitive dynamometers, especially when working with older adult populations, to better
capture true grip strength without confounding influences [20]. While our study did not
explicitly gauge the comfort levels or solicit feedback from the older adults regarding the
user-friendliness of the dynamometer, it is pertinent to acknowledge the broader body of
evidence highlighting the importance of instrument comfort in accurate measurements.
Various studies and expert feedback have intimated that the design and ergonomics of
certain dynamometers might not be ideal for older populations, potentially influencing
their ability or willingness to exert maximum force [25,26]. This is especially salient when
considering the hand anatomy, potential arthritic conditions, and muscle strength in elderly
participants. Discomfort or perceived difficulty in using the tool might inadvertently result
in lower grip strength measurements. Therefore, in line with these considerations and our
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observed results, we advocate for future studies to prioritize the use of more ergonomic
and comfortable dynamometers, ensuring that the data acquired genuinely represent the
strength capacities of older adults without the interference of external factors [19,25,26].

Limitations and Agenda for Future Research

Our study primarily emphasized strength measures and, as such, did not include
comprehensive assessments of aerobic fitness, potentially overlooking the intertwined
effects of strength and aerobic training on overall physical performance. Future studies
should consider incorporating both strength and aerobic fitness evaluations to provide a
more holistic understanding of training effects, especially when examining protocols that
blend different exercise modalities. Our study is subject to several limitations that should
be acknowledged. Firstly, the a priori allocation of participants to the multicomponent and
concurrent exercise groups may have introduced selection bias and potential confounding
factors. A randomized allocation would have enhanced the internal validity of the study
by minimizing such biases. Secondly, the small sample size in our study restricts the
generalizability of the findings. With a limited number of participants, the statistical
power to detect smaller effects is diminished, and the precision of our estimates may
be compromised. A larger sample size would have provided more robust results and
improved the external validity of the study. Another limitation is the absence of follow-up
measures. Without long-term assessments, we are unable to ascertain the durability or
sustainability of the observed improvements in muscle strength. Conducting follow-up
measurements would have allowed us to evaluate the persistence of the intervention effects
and provide insights into the long-term benefits of the exercise programs. The study did not
include a control group, which might have provided a clearer benchmark for interpreting
the observed differences between the two intervention groups. This omission limits the
direct attribution of improvements solely to the interventions. Furthermore, our study
focused solely on community-dwelling older adults, which may restrict the generalizability
of the findings to other populations, such as institutionalized older adults or those with
specific health conditions. Future research should aim to include a more diverse sample to
enhance the applicability of the results. Lastly, it is important to acknowledge that our study
primarily assessed muscle strength as the outcome measure, while other aspects of physical
fitness or functional outcomes were not evaluated. A more comprehensive assessment
of various fitness parameters would have provided a more holistic understanding of the
effects of the exercise programs.

The practical implications of this study are noteworthy, particularly in the context of
community programs for older adults. Implementing multicomponent exercise programs
in community settings can offer significant advantages in enhancing muscle strength and
promoting overall physical fitness in this population. These programs can be designed to in-
corporate low-cost materials, making them accessible and affordable for community-based
initiatives. By utilizing readily available resources, such as resistance bands or bodyweight
exercises, the financial burden associated with implementing exercise programs can be
minimized, allowing for broader participation and long-term sustainability. Moreover,
community exercise programs provide an excellent platform for social engagement among
older adults. By participating in group activities and exercises, older adults can foster social
connections, enhance their sense of belonging, and combat social isolation. These social
interactions can contribute to overall wellbeing and can have positive effects on mental
health, creating a supportive and inclusive environment for the elderly population.

5. Conclusions

The findings from our study suggest that both multicomponent and concurrent ex-
ercise programs have merits in terms of muscle strength improvements in older adults.
Specifically, the multicomponent exercise program exhibited greater outcomes in some
measures of muscle strength compared to the concurrent exercise program. Notably, while
we observed enhancements in certain aspects of muscle strength, handgrip strength did
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not exhibit significant between-group differences, emphasizing the need for a nuanced
interpretation of the results. The benefits of regular exercise for older adults are vast.
Engagement in structured exercise routines has been consistently linked to a multitude of
health benefits, including, but not limited to, enhanced muscle strength, improved balance,
increased mobility, and augmented overall functional capacity. By integrating regular
exercise into their daily routine, older adults can not only fortify their physical health but
also foster a sense of community and social interaction—elements that are critical to their
holistic wellbeing.

Community-based multicomponent exercise programs, especially those that utilize
accessible and low-cost materials, present a feasible approach to bolstering muscle strength
and overall physical fitness in community-dwelling older adults. Beyond the evident
physical advantages, these programs serve as catalysts for social interaction, underlining
their importance for the broader wellbeing of the elderly. Given these insights, there is an
evident need to further promote, support, and refine community exercise initiatives tailored
for the older population. Such endeavors will not only directly benefit their physical health
but will also positively impact their overall quality of life.
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Abstract: The Army Combat Fitness Test (ACFT) is a multi-event assessment battery designed to
determine the combat readiness of U.S. Army personnel. However, for Reserve Officers’ Training
Corps (ROTC) programs the logistical demands of collegiate life make repeated administration of the
ACFT challenging. The present study sought to design and evaluate a single, multimodal exercise
tolerance test (METT) capable of serving as a time-efficient proxy measure of combat readiness.
Methods: Using a formal instrument design process, we constructed the METT to mimic the demands
of the ACFT and assessed its reliability, validity, and responsiveness. Results: The METT demonstrates
minimal measurement error (i.e., a 2% coefficient of variation), concurrent validity with the ACFT
(R2 = 0.327, F = 10.67, p < 0.001), the ability to classify cadets who may be at-risk for failing the ACFT
(X2 = 8.16, p = 0.017, sensitivity = 0.878, specificity = 0.667), and appropriate change following a
training intervention (5.69 ± 8.9%). Conclusions: The METT has the potential to provide a means to
monitor progress, identify areas for improvement, and guide informed decision-making regarding
individualization of cadet combat training plans.

Keywords: military; performance; testing

1. Introduction

The U.S. Army Reserve Officers’ Training Corps (ROTC) is the primary preparatory
program for college students who wish to pursue a career in the Army [1]. Throughout
the program, students are expected to meet specific body composition recommendations
and physical fitness standards [1]. With respect to physical fitness, cadets complete the
Army Combat Fitness Test (ACFT) as the assessment of record used to determine their
combat readiness [2]. The ACFT is composed of six individual physical tests (i.e., a
3-repetition maximum deadlift, a sprint-drag-carry task, hand release push-ups, a plank
task, a standing medicine ball throw, and a 2-mile run time to completion) [2]. The ACFT
individual component tasks are performed within the same session, with adequate rest in
between, resulting in a test battery lasting approximately 70 to 120 min in duration [2]. This
time demand, coupled with large cadres (e.g., 100+ cadets) with often differing schedule
demands and equipment constraints, presents a logistical challenge when administering
the ACFT in collegiate settings.

Fortunately, Army Command only requires the administration of the ACFT once per
academic year for ROTC programs. However, while this alleviates logistical challenges,
cadets are ultimately judged and potentially assigned supplemental physical training based
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on their performance during the ACFT. With limited availability to test and re-test cadets
using the ACFT, there is a need for a simpler assessment method that may provide more
flexibility to those designing and implementing ROTC physical training programs. A time-
efficient, comprehensive assessment of cadets’ progress during training would allow for
more nuanced decisions on exercise programming variables to improve combat readiness
and whether additional training is necessary.

Recently, physical work capacity is posited as a unique metric of human fitness that is
distinct from traditional measures such as VO2MAX, muscular strength, etc. [3]. Assessment
of work capacity necessitates temporally combing multimodal (e.g., many different bio-
motor abilities) physical tasks and completing them at a relatively high intensity (i.e., as
fast as possible) [4]. Additionally, work capacity assessments can be designed in a way as
to be “task-specific”, in that, the elements included within the assessment and the time
domain assessed determine the utility for predicting performance outcomes of interest.
For example, in an athlete population, a work capacity assessment attempting to predict
on-field performance would need to include elements and be of a duration that simulate
technical skill and bioenergetic demands. With the bio-motor abilities associated with
combat readiness already defined (i.e., the ACFT component tasks), it should be feasible to
develop a work capacity assessment to predict combat readiness.

Thus, the purpose of the present study was to develop and preliminarily evaluate
a multimodal exercise tolerance test (METT) of physical work capacity as it relates to
predicting combat readiness using the ACFT as a criterion measure. Such a test would
provide ROTC leadership with the ability to effectively monitor cadet progress more
efficiently during an academic year. This may potentially result in lower recidivism rates
and higher rates of advancement to active service among cadets via better designed and/or
tailored physical training programs. We expect to develop a METT capable of predicting,
and discriminating, ACFT performance.

2. Materials and Methods
2.1. Participants

Table 1 provides the sex-specific biometric data of the 47 cadets (28% female) who
agreed to participate in this study. Participants were required to be an active member of the
University’s Army ROTC program for at least one semester prior to study commencement.
All participants reported no significant disease or health conditions (e.g., diabetes) that
may have contraindicated participation in vigorous exercise testing and/or programs.
Written informed consent was obtained prior to study participation and all procedures
were approved by the University Institutional Review Board for Protection of Human
Research Subjects.

Table 1. Sex-specific biometric data.

Female Male

n 13 34
Age 20.6 ± 1.0 21.2 ± 2.1

Height (cm) 164.0 ± 6.8 179.0 ± 6.4
Weight (kg) 63.3 ± 9.2 82.8 ± 12.2

FFM (kg) 41.8 ± 4.5 59.1 ± 12.8
BF% 30.5 ± 4.9 23.1 ± 5.2

BMD (g/cm2) 1.23 ± 0.1 1.35 ± 0.1
Years in ROTC 2.46 ± 0.8 2.62 ± 1.2

2.2. Development of the Multimodal Exercise Tolerance Test (METT)

Over the course of two academic semesters, the authors employed the Instrument
Development Process to conceptualize, design, and beta-test a METT to assess work
capacity related to combat readiness [5]. This process consisted of (1) concept identification,
(2) test construction, (3) reliability, and (4) validity testing. Within the fall academic semester,
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the author group focused on concept identification (i.e., identifying physical capacities of
combat readiness that need to be challenged and underlying bioenergetic demands) and test
construction (i.e., exercise/movement task selection, intensity/volume, and duration needs)
phases. Using the ACFT components as a framework, the following physical capacities
were identified as contributing to combat readiness: lower and upper extremity strength/power,
total body stability/coordination, lower and upper extremity muscular endurance, maximal running
speed, change of direction ability, and cardiovascular endurance. Figure 1 outlines the final
construction of the METT for assessing combat readiness.
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Figure 1. Outline of Components within the METT for ROTC Cadets. For the spring/agility circuit,
cadets sprint forward for 94 feet, right shuffle 15 feet, backpedal 15 feet, left shuffle 15 feet, then
reverse the path returning to the start position. For the deadlift task, both sexes use 75% of body mass
loaded on a trap bar. This same load is used during the farmer’s carry task in which cadets carried the
load 94 feet down and 94 feet back to the starting position. For the shoulder-to-overhead task, loads
are 50% and 40% of body mass for males and females, respectively, loaded on a standard barbell. For
the step-up task, implement heights are 16 and 20 inches for females and males, respectively.

Once the test was constructed, an iterative stimulus (i.e., exercise loads and volume)
and design (e.g., logistical constraints of test administration) optimization phase took place.
Within this phase, loading intensities for all externally loaded exercises were optimized
for maximizing the amount of work (in ft-lbs measured using an optical linear trans-
ducer; EliteForm Integrated, EliteForm, Lincoln, NE, USA) that a college-aged individual
could complete in the anticipated time domain of the task. For example, for the targeted
repetitions for the deadlift task (i.e., 9) were able to be complete in an average of 15 s.
Loads (as a percentage of body mass) were systematically increased until work performed
in 15 s peaked.

Figure 2 illustrates the recommended setup for administration of the METT. To maxi-
mize the ecological validity of the assessment, the distance constraints for the sprint/agility
circuit and farmer’s carry tasks were set as to allow for two testing “lanes” to fit within a
standard size basketball court. This allowed for ROTC administrators to logistically assess
multiple cadets at a time within their regular training sessions and facilities.
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Figure 2. Suggested layout for the METT for ROTC cadets. Orange triangles represent cones,
hexagon image represents the trap bar, tan box represents the step-up instrument, dashed lines are to
only suggest space allocation(s) for the deadlift, push-up, shoulder-to-overhead, and step-up tasks.
Dimensions are reported in feet.

2.3. Physical Testing Procedures
2.3.1. Body Measurements

During a laboratory visit, height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer, weight was measured to the nearest 0.1 kg using a medical-grade
scale (PS-7700, Befour, Inc., Saukville, WI, USA), and body composition was measured
by dual X-ray absorptiometry (DXA; Prodigy iDXA, General Electric, Boston, MA, USA).
Cadets were instructed to refrain from exercise and alcohol consumption for a 12-h period
immediately preceding their body composition assessment.

2.3.2. Combat Readiness

All participants completed the ACFT in accordance with the procedures outlined in
the Army fitness manual [2]. Consisting of the six events noted in the introduction (e.g.,
hand release pushups, medicine ball throw, etc.), each event is associated with a 100-point
score with a maximum of 600 points possible. The event scores were standardized into
z-scores and a total score of performance (ACFTTSP) was created by calculating the mean
of each cadet’s z-scores to represent a single measure of combat readiness relative to the
cadre. In addition to this continuous variable, a dichotomous variable was created to
identify those cadets who either “passed” or who “failed”/were “at-risk” of failing the
ACFT following the criteria of scoring below 60 points in any one event or in the 60 s across
more than two events, respectively.

2.3.3. METT Procedures

Cadets complete the METT as part of a regularly scheduled training session during the
2nd and 15th week of the academic semester. During the assessment, cadets were observed
by a peer who used a stopwatch to record their time to completion for each individual task
to the nearest 0.1 s. All task times were added together to reflect total test time. Cadets
were provided demonstration of movement standards and allowed to practice movements
prior to testing. Cadets completed the METT as fast as possible. Data collection sheets were
returned to research staff who checked data accuracy and entered them into a spreadsheet
for later analyses.

2.4. Experimental Procedures

All baseline assessments and physical testing procedures were conducted during the
first 2 weeks of the Spring 2023 academic semester. Cadets then completed an 11-week
High Intensity Functional Training (HIFT) intervention designed to increase general work
capacity [6]. The general framework for the periodization and progression of the HIFT
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intervention were developed by the research team, but specific details regarding exercise
selection, scheduling, and delivery location were made by cadre training staff members.
Following the completion of an 11-week HIFT intervention, body measurements, the ACFT,
and METT tests were completed again over a 2-week period. Only baseline data were used
to assess the validity and reliability of the METT while baseline and post-intervention data
were used to determine the responsiveness of the test.

2.5. Data Analyses

Descriptive statistics were calculated for all variables across both the baseline and
post-intervention. Normality was assessed using the Shapiro–Wilks test. All analyses
were performed using the R statistical programming language (v. 4.1) within the Jamovi
graphical user interface (v. 2.3) [7,8]. A Pearson’s correlation coefficient matrix for all
variables was calculated to assess content validity of METT components. The GAMLj:
General analysis for linear models package was used to construct a model to assess the
concurrent validity of the METT for predicting combat readiness [9]. Discriminant va-
lidity was assessed using a logistic regression model and the associated cut-off scores
for passing or failing the ACFT were estimated using a Receiver Operator Characteristic
curve via the ROCR: Visualizing the performance of scoring classifiers package [10]. Change
scores (% change) for METT time to completion, and descriptive statistics, were calcu-
lated to evaluate the measure’s responsiveness. An alpha level of 0.05 was used for all
inferential analyses.

3. Results
3.1. METT Reliability

During the development process, beta testing procedures within the research team
provided estimates of the mean within-subjects (i.e., test-retest) and mean assessment (i.e.,
intra- and inter-rater) variation in time to completion (in seconds) for the METT. Using
these pilot data, within-subjects’ coefficient of variation (CV) was observed to be 1.3% of
the time to completion. The intra-rater CV was observed to be 0.02% and inter-rater CV
was observed to be 0.73% of the time to completion. The authors recommend measurement
error intervals for the METT be estimated as the sum of the potential within-subject (i.e.,
1.3%) and inter-rater (i.e., 0.73%) CV, equaling an estimated ± 2.03% measurement error.

3.2. METT Validity
3.2.1. Content Validity

Table 2 presents the correlation matrix between the individual components of the METT
(time to completion in seconds) and ACFT assessments (percentile rank). Each individual
component of the METT demonstrates a significant, negative correlation with at least one
component of the ACFT. Of note, some discrepancies exist between METT components and
their hypothesized ACFT counterparts. For example, METT Task 2 (i.e., deadlift repetitions)
does not correlate with the three-repetition maximum deadlift load within the ACFT
(p = 0.996) and METT Task 1 (i.e., sprint/agility drill) does not correlate with the sprint-
drag-carry task within the ACFT (p = 0.109) as was expected. However, other components
of the METT align with their targeted ACFT counterparts as intended. For example, total
time to completion and METT Task 4 (i.e., farmer’s carry) significantly correlated with the
2-mile run performance and the plank task within the ACFT, respectively. Interestingly,
the farmer’s carry (METT Task 4) best related to ACFT tasks, being significantly correlated
with five out of six components (with the three-repetition maximum deadlift as the outlier).
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Table 2. Correlation matrix for METT and ACFT individual components (n = 47).

M (SD) 3DL SPT HRP PLK SDC 2-MR

Sprint/Agility Time (s) 28.9 ± 5.2 −0.223 −0.087 −0.108 −0.478 * −0.237 −0.526 *
Deadlift Time (s) 14.5 ± 5.0 0.001 0.048 −0.318 * −0.401 * 0.029 −0.129

HRP Time (s) 27.3 ± 10.6 −0.288 * −0.18 −0.563 * −0.223 −0.286 −0.373 *
Farmer’s Carry Time (s) 34.6 ± 8.2 −0.242 −0.294 * −0.331 * −0.518 * −0.338 * −0.598 *
S-to-Overhead Time (s) 19.6 ± 11.3 −0.126 −0.075 −0.498 * −0.371 * −0.237 −0.284

Step Ups Time (s) 29.5 ± 10.5 −0.142 −0.049 −0.269 −0.164 −0.26 −0.338 *
Total Test Time (s) 447.9 ± 84.6 −0.253 −0.24 −0.545 * −0.473 * −0.331 * −0.481 *

* indicates p < 0.05, bold indicates p < 0.001; M = mean, SD = standard deviation, 3DL = three-repetition maximum
deadlift, SPT = standing power throw, HRP = hand release push-ups, PLK = plank, SDC = sprint-drag-carry,
2-MR = 2-mile run; S-to-Overhead = shoulder to overhead press.

3.2.2. Concurrent Validity

Table 3 provides the parameter estimates for a general linear model for predicting
combat readiness (i.e., the composite ACFTTSP variable) using the METT time to completion
(scaled to sample z-scores) at the baseline. As expected, there is a significant, negative
relationship wherein a 1-standard deviation decrease in the METT time to completion
results in a 0.460-standard deviation increase in the AFCT performance.

Table 3. General linear model output for predicting ACFTTSP (n = 47).

Overall Model Test R2 = 0.486 F(2,44) = 13.54 p < 0.001

Parameter Coefficient SE 95% CI p-value
Total Time (s) * −0.460 0.083 −0.63, −0.29 <0.001

Sex # 0.589 0.240 0.10, 1.07 0.018
Weight (lbs) 0.012 0.003 0.00, 0.01 <0.001

* Total time is scaled to sample z-scores, # sex is dummy coded using male = 1 and female = 0.

Figure 3 presents a scatterplot of the raw data split by sex. The trendlines for sex-specific
data are included. While the effect of sex within the general linear model presented in Table 3 is
not significant, there are large effects in the METT time to completion (difference = 32.2 ± 16.6 s,
t = 1.95, p = 0.054, Cohen’s d = 0.387) between males (mean = 430 ± 83.8 s) and females
(mean = 499 ± 64.7 s). Visually, between sexes, there also appears to be a potential difference
in the relationship between the baseline METT performance and combat readiness. For
these reasons, the authors determined that sex, as a control variable, would be carried
forward into the analyses evaluating the discriminant validity of the METT.
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3.2.3. Construct (Discriminant) Validity

Table 4 presents the parameter estimates for a logistic regression model for predicting
ACFT “At-risk/Fail” from the METT time to completion, controlling for sex. Within the
model, the METT time to completion significantly predicts the probability of being at-risk
or failing the ACFT, wherein there is a 1.6% increased risk of failure for every 1-s increase in
total test time above the cut-off score(s). Panel A in Figure 4 illustrates both the probability
distributions for sensitivity and specificity measures of potential cut-off values. Panel
B in Figure 4 illustrates the receiver operator characteristic (ROC) curve for the cut-off
probability of 0.95. Using the derived parameter estimates from Table 4, the calculated
thresholds for METT time to completion (accounting for measurement error) required to
“pass” the ACFT are less than 536 ± 11 s and 572 ± 12 s for males and females, respectively.
Additionally, the cutoff scores demonstrate a reasonable degree of diagnostic utility (e.g.,
sensitivity, specificity, etc.) as evidenced in Table 4.

Table 4. Logistic regression model output and sensitivity analyses for predicting At-risk/Fail on
ACFT (n = 47).

Overall Model Test R2
McF = −0.227 X2

(2,44) = 8.16 p = 0.017

Parameter Coefficient SE 95% CI p-value
Intercept 9.8515 3.560 2.881, 15.897 0.006

Total Time (s) −0.0166 0.007 −0.029, −0.003 0.021
Sex: Female-Male 0.6096 1.118 −1.581, 2.799 0.586

2 × 2 Classification Table Predictive Measures

Predicted Accuracy 0.553

Observed At-risk/Fail Pass % Correct Specificity 1.000

At-risk/Fail 6 0 1.00 Sensitivity 0.488
Pass 21 20 48.8 Area Under the Curve 0.817
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Figure 4. Sensitivity and Specificity Analyses Supporting Figures. Panel (A) illustrates the sensitivity
and specificity values across the cut-off probability distribution. The vertical line highlights the
cut-off value (0.95) which maximizes these metrics. Panel (B) is the associated ROC curve for
the 0.95 value.
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3.3. METT Responsiveness

Following the 11-week HIFT intervention (designed to improve the work capacity), the
mean change in the METT time to completion was −5.69 ± 8.9% (95%CI: −8.33, −3.05%).
Figure 5 displays the individual-level change in the METT time to completion across
the baseline time to completion z-score distribution. Across the study sample, 32 out
of 47 (65.3%) cadets improved their METT performance beyond the measurement error,
with a maximum improvement of approximately 27.5%. Conversely, 9 out of 47 (19.1%)
cadets regressed their METT performance beyond the measurement error, with a maximum
regression of approximately 25%. These proportions of individual response heterogeneity
align with published data from large-scale exercise interventions [11]. Additionally, there
is no significant relationship (F1,46 = 0.885, p = 0.352, R2 = 0.019) between change scores
and the baseline METT performance, indicating no bias in responsivity due to the baseline
METT performance status.
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4. Discussion

This study sought to develop and preliminarily evaluate a METT of physical work
capacity capable of predicting combat readiness in a collegiate Army ROTC cadet. By
employing the Instrument Development Process [5], we designed a time-efficient, single test
capable of delivering a valid, reliable, and responsive proxy measure of combat readiness.

At the time of writing, we are aware of only one other attempt to develop a single test
capable of serving as a proxy measure of combat readiness. Moore et al. (2022) designed
and assessed the reliability of a test named the Combat Readiness Assessment (CRA) [12].
The CRA consists of seven physical task “zones” spread across the field space within a
400-m track and field complex. These zones are made up, in order, of a 10-m sprint zone,
30-m loaded carry zone, 20-m weight drag zone, another 10-m sprint zone, a 15-m “agility
box” zone, and a final 60-m sprint zone. While the authors should be commended for their
efforts in conceptualizing the CRA, there are ultimately limitations in its construction and
assessment that restrict its utility for serving as a proxy measure of combat readiness.
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First, compared to the METT designed in the present study, the CRA does not appear
to assess the domains of lower and upper extremity strength/power or cardiovascular endurance.
While the CRA does include a loaded carry task, unfortunately the loading scheme is not
noted, making determination of its ability to challenge strength and/or power difficult.
The METT includes both lower (i.e., deadlift) and upper extremity (i.e., push press) exercise
tasks specifically optimized at loading schemes designed to maximize physical work.
With respect to cardiovascular endurance, the mean time to completion of the CRA was
208 ± 21 s. Conversely, the mean time to completion of the METT was 464 ± 73 s across
both sexes. While it takes approximately 3 min to achieve steady state oxygen consumption,
tests of cardiovascular endurance typically take much longer (i.e., 8–12 min) [13]. Maximal
tests like critical power typically last no longer than 3 min, yet these tests are designed to
capture an individual anerobic rather than aerobic capacity [14]. Thus, when a cadet is
instructed to give maximal effort from the onset of a test it can be reasonably assumed that
a longer duration effort will better represent cardiovascular endurance/capacity. Such is
the case comparing the CRA to the METT.

Second, in evaluating the CRA, the authors only choose to investigate the test’s
reliability. Conversely, herein we report the reliability, validity, and responsiveness of
the METT. To compound this limitation, Moore et al. (2022) also note that the findings
regarding the short-term reliability of the CRA are inconclusive given that the test time to
completion yielded relatively high coefficients of variation (i.e., 10%) across familiarization
sessions. In contrast, the coefficients of variation observed in beta testing of the METT were
much smaller for test-retest (i.e., 1.3%), intra-rater (i.e., 0.02%), and inter-rater (i.e., 0.73%)
reliability. One reason for this discrepancy in reliability may be found in the tests’ duration.
With the METT being nearly twice as long as the CRA, it may be that its time to completion
is less prone to acute changes in motivation, hydration, sleep, etc., leading up to the
testing session.

The results of this study have provided a valid, reliable, and ecologically sensitive test
that can serve as a proxy measure of combat readiness in lieu of having cadets complete
the lengthy ACFT. The METT demonstrates a reasonable degree of measurement error
(i.e., 2.03%) across multiple repeated assessments at the same relative timepoint (i.e., back-
to-back weeks) and between observers administering the test. Furthermore, the METT
exhibited good content validity as there were significant moderate correlations between the
individual components of the test and those of the ACFT. It also demonstrated concurrent
validity as baseline scores on the METT were able to significantly predict performance
on the ACFT at the baseline. As a diagnostic tool, the METT was able to discriminate
between cadets who were at-risk for, or failed, the ACFT from those who were not with a
high degree of sensitivity (100%). We also provide sex-specific cut-off scores for time to
completion (i.e., males = 536 ± 11 s, females = 572 ± 12 s) on the METT that, above which,
ROTC administrators can be confident that cadets would likely not pass the ACFT.

Practically, our recommendation is that this newly developed METT be used as a
monitoring tool within ROTC programs to make more informed decisions with respect to
cadets’ individual training plans. For example, due to the ease of implementation within
existing training schedules, the METT could be conducted monthly to determine overall
cadre progress toward a target training objective such as “x percent of cadets are predicted
to pass the ACFT”. Alternatively, these monthly assessments could also determine if
individual cadets need additional training beyond what is currently planned if they are
classified as at-risk of failing the ACFT. With some minor changes in the test administration
(i.e., recording of time to completion for each task), it would even be possible to use the
METT as a prescriptive tool by identifying relative deficiencies and highlighting them
within training programming. The time-efficient nature of the METT would indeed provide
a degree of flexibility when looking to adjust training programs at the individual level.

The present study has several key considerations. Chief among the relative strengths
is the comprehensive evaluation of METT reliability, validity, and responsiveness. Another
strength is that the practicality of our assessment of discriminant validity provides action-
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able insights on using the METT to classify cadets based on their predicted performance on
the ACFT. Two limitations of this study should be noted. First, the sex distribution in this
study is skewed in favor of male cadets. Therefore, there is limited ability to generalize
the findings of this study to females. However, even though we chose to carry forward
sex as a predictor variable in the logistic regression analyses of discriminant validity, it
should be noted that sex was a non-significant factor within the original general linear
model. Second, the reliability analyses conducted within the present study used pilot data
from the research team rather than from the cadet sample. It is plausible that measurement
error within this group is different from that observed in our research staff. Future research
should look to correct these limitations by repeating the present study using a larger, more
balanced cadre that includes more formalized reliability evaluation such as in the study
assessing the CRA. Such a study will have the potential to further refine the cut-off scores
presented in this study for determining predicted ACFT performance.

5. Conclusions

This study developed and evaluated the METT for predicting combat readiness within
a collegiate Army ROTC cadre. Using the Instrument Development Process, we constructed
a time-efficient, singular test that provides a valid, reliable, and responsive proxy measure
of ACFT performance. The METT has the potential to provide a means to monitor progress,
identify areas for improvement, and guide informed decision-making regarding individu-
alization of cadet training plans. While acknowledging the current study’s limitations in
sex distribution and reliability analyses, this preliminary evaluation of the METT can guide
further investigation and refinement of this tool.
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Abstract: The transversus abdominis (TrA) is a core muscle that contributes to functional mobility
and lumbar stability. This study aimed to compare the changes in TrA thickness during differ-
ent Pilates exercises, and to identify the exercise that elicited the greatest TrA activation. Forty-
four healthy women were divided into two groups: young (25–35 years old) and middle-aged
(36–55 years old). TrA thickness was assessed by ultrasound while the participants performed five
Pilates exercises: basic position, hundred, hip roll, side plank, and dead bug. A repeated measures
analysis of variance revealed that the dead bug exercise induced a significantly higher increase in
TrA thickness (relative to rest) than the other exercises (p < 0.05). The young group also showed
a significantly higher overall TrA thickness than the middle-aged group (p < 0.05). The findings
suggest that the dead bug exercise is the most effective for enhancing TrA activation among the Pilates
exercises tested. The basic position and the hundred exercises can be used as warm-up exercises
before performing more challenging exercises such as the hip roll, the side plank, and the dead bug.
The sequence of exercises can be similar for both young and middle-aged women.

Keywords: transversus abdominis; abdominal draw-in maneuver; ultrasound imaging; TrA
tthickness; kinetic and functional stabilization

1. Introduction

Core stability and trunk control are essential for maintaining postural alignment,
preventing injuries, and enhancing performance in various physical activities [1]. The
core musculature consists of the muscles of the pelvic floor, the abdominal and back
muscles, the diaphragm, and the transversus abdominis (TrA) [2]. The TrA is considered
to be the primary stabilizer of the lumbar spine and the pelvis, as it is activated prior
to any movement of the limbs [3]. The TrA also reduces the laxity of the sacroiliac joint
and contributes to flattening the abdomen [4]. However, the TrA is often underutilized or
dysfunctional in many individuals, especially those with low back pain or core instability [4].
Therefore, training the TrA and improving its activation during various movements is
important for enhancing core function and reducing pain [5].

One of the methods to assess the function of the TrA is ultrasound (US) imaging, which
can measure the thickness of the muscle during rest and contraction [6]. US imaging has
been shown to be a reliable and valid technique to evaluate TrA activation, as it reflects
the changes in muscle fiber length and pennation angle [7]. US imaging also has some
advantages over other methods of measuring TrA function, such as electromyography
(EMG) or pressure biofeedback, as it is non-invasive, easy to use, and provides real-time
feedback [8]. However, US imaging also has some limitations, such as being dependent on
operator skill, requiring standardized positioning and calibration, and being influenced by
factors such as hydration status and body fat [9].

Pilates is a popular exercise method developed by Joseph Pilates with its own phi-
losophy and basic principles. The roots of Pilates come from ancient Greek and Eastern
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philosophy about mind body and spirit connection [10,11]. Today Pilates is divided into
two types, the classic and the modern or contemporary, with many differences between
them [11]. Classical Pilates exercises focus on posterior pelvic tilt, and they are taught as
Joseph Pilates originally invented them without any modification and in the same order
every time [11]. In contrast, contemporary Pilates incorporated new exercises or modifica-
tions of the existing ones whilst they are performed with a neutral pelvis position. There
are suggestions that contemporary Pilates consider latest scientific developments to make
the method more appropriate, functional, and safer for the participants [11]. In fact, in
contemporary Pilates, any movement and exercise can be incorporated according to the
basic principles and philosophy of the method.

The Pilates method constitutes a fundamental component in the movement, health and
fitness, and rehabilitation industry. It focuses on training the core musculature, especially
the TrA [12]. Pilates exercises are based on six principles: centering, concentration, control,
precision, breath, and flow [13]. Exercises that are used in Pilates programs involve
performing movements with a neutral spine alignment and a co-contraction of the deep
abdominal and pelvic floor muscles [14]. Some examples of common exercises are the
supine hook lying abdominal drawing-in maneuver (ADIM) [15], the hundred A and B
exercises, which involve holding a static position with arm and leg movements while
breathing deeply [16], and the leg raise and roll up exercises, which challenge the trunk
stability and mobility while moving the legs or the upper body [17]. The ADIM is a
slow and gentle abdominal hollowing [18] maneuver where individuals gently pull the
umbilicus towards the spine, hold the contraction, and breathe normally [19–21] for up to
10 s. Originally, the ADIM is performed after the participants assume a supine position
with their hips at 40–60◦ and their knees are flexed between 90◦ and 100◦ and their arms
are placed along their torso [18]. Since then, the ADIM is performed simultaneously with
other exercises to increase TrA contraction [19–21].

Due to its deep anatomical location, non-invasive examination of TrA activation is
difficult. For this reason, ultrasound (US) thickness measurements have been used as
an indirect index of muscle size at rest as well as an index of muscle recruitment dur-
ing exercise [22,23]. Core stability exercises have been shown to increase TrA thickness
in healthy women and improve low back pain in women with chronic pain [24]. How-
ever, there is limited evidence on which Pilates exercises produce the greatest activation
of the TrA and whether this activation differs according to the age of the participants.
Previous studies have reported conflicting results on which exercises elicit higher TrA
recruitment, such as upper or lower limb lifts from the quadruped position [25], prone
plank [26], bridge exercises with abdominal bracing [27,28], or planks with opposite arm–
leg elevation [29]. Moreover, some studies have suggested that there may be age-related
differences in TrA activation [30,31]. A study by Kellis et al. [6] showed that young adults
had the greatest relative transversus abdominis thickness during contraction compared to
middle-aged adults, adolescents, and children. The aim of this study was to compare TrA
thickness during five common exercises (basic position, hundred, hip roll (or bridge), side
plank, and dead bug) that are used in Pilates programs and to examine whether there are
differences in TrA thickness between younger and middle-aged (but more experienced)
participants. It was hypothesized that (1) different Pilates exercises would result in different
levels of TrA activation and (2) young participants would have higher TrA activation than
middle-aged participants.

2. Materials and Methods
2.1. Participants

A total of 44 adult women mean age 33.2 ± 8.7 (25 to 55 years of age) participated
in this study. The participants were divided into two groups: the young group (N = 29,
27.7 ± 2.4 years) and the middle-aged group (N = 15, 44.0 ± 5.7 years). The participants
did not report any problems (pain or chronic low back pain) in the area of the core and the
trunk. They also had at least three years of experience with Pilates programs.
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The study was conducted in accordance with the ethical guidelines of Aristotle Univer-
sity of Thessaloniki, and all procedures followed the most recent version of the Declaration
of Helsinki. All participants were informed about the purpose of the research and provided
their written consent to participate.

2.2. Instrumentation

All TrA measurements were collected with an Aloka Prosound SSD-3500SV US system
(Aloka Inc, Tokyo, Japan). The transducer head had a length of 6 cm, and its frequency was
13 MHZ.

2.3. Exercise Protocol

The duration of the entire procedure was 50 min for each participant to avoid fatigue in
the trunk area. The participants first received relevant information on how to perform each
of the exercises and then performed several trials of each exercise to gain familiarization.
Following familiarization, the main measurements were collected.

First, the participants assumed the relaxed position (Figure 1A) by lying on the mat
with hands on their sides and their knees flexed 90◦. TrA muscle thickness was measured
at rest in this position. Then, a representative set of five classical Pilates mat exercises
were performed. The examiner first asked the participants to assume one of the five
exercise postures.
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Figure 1. Illustration of the examined exercises: (A) relax position, (B) basic position, (C) hundred,
(D) hip roll, (E) side plank, and (F) dead bug.

In particular, the following instructions were given to the participants:
(1) Relax and basic Pilates position (Figure 1A,B) “lie on your mat with your legs

bent, feet flat on the ground, chin in toward chest, pelvis in a neutral position. Feel the
spine on your mat keeping the natural curve of the lumbar spine. Shoulders are relaxed
away from the ears; arms are relaxed with the palms touching the ground”. In the basic
Pilates position, participants were asked to perform the ADIM for voluntary TrA activation
three times.

(2) Hundred (Figure 1C), “lie on your mat with your legs bent, feet flat on the ground
and lengthen your spine, pelvis in neutral position. Inhale activate your abs. Exhale lift
your head and shoulders off the mat with your eyes between your legs. Arms are off the
mat next to the sides of the body, palms facing down, fingers outstretched, and shoulders
fixed away from the ears. Arms pump vigorously, lifting up and down no higher than
the hips. While pumping arms, inhale and exhale 5 times to complete one repetition. The
exercise is performed 10 times with 5 inhales and 5 exhales equaling 100”.
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(3) Hip roll (Figure 1D), “lie on your back with your knees bent and your legs hip-
width apart. Knees are bent at about 90 degrees. Arms are straight and palms down on the
mat by your sides. Pelvis should be in a neutral position. This means that your pelvis and
bum is neither tucked under (so that your back is flat) nor is it duck-like and sticking out.
Take a deep, full inhale and create space in your spine by imagining it lengthening. Then
start to exhale slowly through an open mouth. Press into your feet and start to peel your
spine up into the bridge position starting from your tailbone. Only bridge up to the point
where your shoulder blades are resting on the mat. Pause at the top of your bridge and
take an inhale here. Exhale and slowly start to bridge back down. To initiate this part of
the movement, first allow your chest to soften. Then allow the rest of the spine to trickle
down segmentally to the mat vertebra by vertebra. Your bridge is complete when your
body is back resting on the mat with your pelvis in neutral position. Three repetitions will
be performed”.

(4) Side plank (Figure 1E), “lie on your left side with one leg straight and the other with
the knee on the mat. Place your left elbow on the mat. The elbow of your left arm is directly
under your shoulder. Spine is in neutral position. Ensure your head is directly in line with
your spine. Stretch the right arm toward the ceiling. Engage your abdominal muscles,
drawing your navel toward your spine. Your torso is straight in line with no sagging or
bending. Hold the position for 3 breaths. Repeat on the other side. Three repetitions will
be performed”.

(5) Dead bug (Figure 1F), “lie on the mat with your arms extended straight over your
chest so they form a perpendicular angle with your torso. Bend your hips and knees
90-degrees, lifting your feet from the ground. Your torso and thighs should form a right
angle, as should your thighs and shins (table top). Engage your core, maintaining contact
between your lower back and the mat. Your spine maintains in neutral position throughout
the exercise. Three repetitions will be performed”. All instructions were given by the same
instructor who is a certified Pilates teacher.

Except the resting position, every participant was asked to perform the ADIM while
they executed each exercise for a period of ten seconds.

2.4. Muscle Thickness Measurements

The US head was placed 2.5 cm above the iliac crest and along the axillary line [32].
The position of the head was standardized by placing the anterior origin of the fascia
2 cm to the left of the middle of the US image when relaxed [33]. US images were used
for analysis during the rest condition and while participants performed the ADIM dur-
ing each exercise. Using the manufacturer’s US device software (v2.0, Aloka Inc, Tokyo,
Japan), the US image was frozen approximately between 4 and 6 s of the 10 s rest condition
or ADIM contraction. TrA was measured on the US device screen as the distance from
the superior to inferior fascia of the muscle 2.5 cm from the anterior origin of the fascia
(Figure 2). Three repetitions were analyzed, and an average muscle thickness measure-
ment was calculated. In addition to absolute thickness (measured in mm), TrA relative
thickness ratio during each exercise was expressed as a percentage of resting thickness,
(TrA active − TrA rest)/TrA rest × 100, [34] for each exercise (Figure 3).
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Figure 3. Mean (±SE) TrA relative thickness in each exercise for both groups, expressed as a
percentage of the thickness at rest. * Young group had a significantly higher relative mean TrA
thickness in all exercises than the middle-aged group (p =< 0.001); ˆ each exercise differed compared
to other exercises, (p < 0.01).

In a previous study, the inter-examiner and intra-examiner reliability of TrA muscle
thickness at rest and contraction was examined, and the reliability was high with intraclass
correlation coefficients ranging from 0.86 to 0.97 at rest, from 0.89 to 0.97 during ADIM,
and from 0.77 to 0.98 for the relative thickness values [6].

2.5. Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics ver. 26.0 (IBM Co.,
Armonk, NY, USA). Normal distribution of the collected data was verified by using the
Kolmogorov–Smirnov test. An independent sample t-test was performed to evaluate
whether there was a statistically significant difference in anthropometric characteristics
and years of Pilates training between the two groups. A two-way repeated measures
ANOVA was applied to examine the effects of exercise (basic position, hundred, hip roll,
side plank, and dead bug) and group (young vs. middle-aged) on absolute and relative TrA
thickness. The Greenhouse–Geisser correction was used when the assumption of sphericity
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was violated. The degrees of freedom (df), mean square error (MSE), F or t values, and effect
sizes (η2 or Cohen’s d) were reported for each test. Post hoc comparisons were performed
using the Bonferroni correction. The level of significance was set at p < 0.05.

3. Results
3.1. Descriptives

The anthropometric characteristics and years of Pilates training of the entire sample
and each group are shown in Table 1. No significant differences were found in anthropo-
metric characteristics between the two groups (p > 0.05).

Table 1. Mean (±SD) anthropometric characteristics of each group (BMI = body mass index).

Total Sample Young Middle Age

N 44 29 15

Age (years) 33.2 ± 8.6 27.7 ± 2.4 44.0 ± 5.7
Height (cm) 166.1 ± 6.3 166.6 ± 7.0 165.1 ± 4.9
Mass (kg) 59.0 ± 5.6 58.3 ± 5.5 60.3 ± 5.7

BMI 214 ± 1.9 21.0 ± 1.7 22.1 ± 2.0

3.2. Absolute Thickness

The mean absolute thickness descriptive values for each exercise and group are pre-
sented in Table 2. A two-way repeated measures ANOVA revealed a significant main
effect of exercise on TrA muscle absolute thickness (F(4, 168) = 230.37, p < 0.001, ηp

2 = 0.84),
indicating that TrA thickness varied across different exercises. Post hoc Bonferroni analysis
indicated that the dead bug exercise had a significantly greater mean TrA absolute thickness
score than the side plank, hip roll, hundred, and the basic position exercises, respectively,
(p < 0.001). Also, the side plank exercise had a significantly greater mean TrA thickness
score than the hip roll, hundred, and the basic position exercises (p < 0.001). Likewise, the
hip roll exercise had a significantly greater mean TrA thickness score than hundred and the
basic position exercises (p < 0.001). Lastly, the hundred exercise had a significantly greater
mean TrA thickness score than the basic position exercise (p < 0.001).

Table 2. Mean (± SD) group absolute TrA thickness values for each exercise in the entire sample,
the young participants group (Young) and the middle-aged participants group (Middle-Aged).
N = number of participants.

Total Sample Young Middle-Aged

N 44 29 15

Basic position 6.68 ± 0.70 ˆ 6.92 ± 0.70 * 6.23 ± 0.47

Hundred 7.25 ± 0.73 ˆ 7.47 ± 0.72 * 6.83 ± 0.55

Hip roll 7.64 ± 0.68 ˆ 7.89 ± 0.64 * 7.17 ± 0.50

Side plank 8.07 ± 0.64 ˆ 8.29 ± 0.62 * 7.64 ± 0.46

Dead bug 8.41 ± 0.68 ˆ 8.70 ± 0.60 * 7.86 ± 0.48

All exercises TrA
thickness 7.61 ± 0.68 7.85 ± 0.70 * 7.15 ± 0.65

* Young group had a significantly higher absolute mean TrA thickness in all exercises than the middle-aged group
(p < 0.001), ˆ significantly different compared to other exercises, (p < 0.01).

A significant main effect of group on TrA muscle absolute thickness was also found
(F(1, 42) = 16.14, p < 0.001, ηp

2 = 0.27), with the young group had a significantly greater mean
TrA thickness score in all exercises than the middle-aged group (p < 0.001).
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No significant interaction effect between exercise and group on TrA muscle absolute
thickness was found (F(4, 168) = 0.75, p = 0.55), indicating that the effect of exercise on TrA
thickness was similar for both groups.

3.3. Relative Thickness

The mean relative thickness descriptive values for each exercise and group are pre-
sented in Figure 3. A two-way repeated measures ANOVA revealed a significant main
effect of exercise on TrA muscle relative thickness (F(4, 168) = 142.84, p < 0.001, ηp

2 = 0.87),
indicating that TrA relative thickness varied across different exercises. Post hoc Bonferroni
analysis indicated that the dead bug exercise had a significantly greater mean TrA relative
thickness score than the side plank, hip roll, hundred and the basic position exercises
(p < 0.001). Also, the side plank exercise had a significantly greater mean TrA relative
thickness score than the hip roll, hundred, and the basic position exercises (p < 0.001).
Likewise, the hip roll exercise had a significantly greater mean TrA relative thickness score
than hundred and the basic position exercises (p < 0.001). Lastly, the hundred exercise had
a significantly greater mean TrA relative thickness score than the basic position exercise
(p < 0.001).

A significant main effect of group on TrA muscle relative thickness was also found
(F(1, 42) = 7.01, p < 0.05, ηp

2 = 0.14), with the young group having a significantly greater
mean TrA thickness score in all exercises than the middle-aged group (p = 0.011).

No significant interaction effect between exercise and group on TrA muscle relative
thickness was found (F(4, 168) = 0.75, p = 0.55), indicating that the effect of exercise on TrA
relative thickness was similar for both groups.

4. Discussion

The purpose of the present study was to examine TrA thickness in a series of exercises
that are an integral part of the Pilates exercise programs. Further, it was examined whether
a difference in TrA thickness during each exercise exists between the younger and middle-
aged participants. The main findings of this study: (a) the dead bug exercise resulted in the
highest TrA activation, followed by the side plank, hip roll, hundred and basic position
exercises; and (b) the young group had higher TrA activation than the middle-aged group
in all exercises.

4.1. Differences between Exercises

Our results showed that there was a ranking of the exercises in terms of TrA activation,
which was the same for both groups. The dead bug exercise elicited the highest TrA
activation, followed by the side plank, hip roll, hundred, and basic position exercises. This
ranking suggests that exercises that require the co-activation of other muscle groups besides
the core (dead bug) or exercises that involve lifting the trunk off the ground (side plank
and hip roll) induce greater TrA activation than exercises that keep the trunk in contact
with the ground and do not require co-activation of large muscle groups (basic position
and hundred). This finding is consistent with previous studies that have reported higher
TrA activation during exercises that challenge the trunk stability and mobility, such as
planks [26], hip roll [27], or limb lifts [25], compared to exercises that involve less trunk
movement or load, such as curl-ups [26] or hook lying [27].

One possible explanation for this finding is that the TrA plays a key role in stabilizing
the lumbar spine and pelvis during movements or perturbations that impose high loads
or forces on these regions [35]. The TrA can stabilize the spine by increasing the intra-
abdominal pressure [36] or by resisting the rotational and translational forces during
trunk movements [37]. Therefore, exercises that involve lifting or moving the trunk or
limbs may require higher TrA activation to maintain spinal stability and alignment than
exercises that keep the trunk in a neutral position. Another possible explanation is that
Pilates exercises are based on six principles: centering, concentration, control, precision,
breath, and flow [11]. These principles emphasize performing movements with a neutral
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spine alignment and a co-contraction of the deep abdominal and pelvic floor muscles [14].
Therefore, Pilates exercises may facilitate higher TrA activation by enhancing the awareness
and coordination of these muscles during various movements.

Our results are partly in agreement with previous studies that have examined which
core stability exercises produce the greatest TrA activation [25–27,29]. However, some stud-
ies have reported different results, such as higher TrA activation during prone plank [26],
hip roll with abdominal bracing [27], or plank with opposite arm-leg elevation [29] than
during other exercises. These discrepancies may be due to several factors, such as the
use of different methods of measuring TrA activation (US vs. EMG), the use of different
populations (healthy vs. low back pain), or the use of different types of exercises (Pilates vs.
non-Pilates). Therefore, more studies are needed to compare TrA activation during various
Pilates and non-Pilates exercises using both US and EMG methods in different populations.

4.2. Differences between Groups

Our results showed that there was no difference in TrA thickness at rest between
the two groups. This finding is in line with two previous studies that have shown that
age-related atrophy is less pronounced in deep trunk muscles such as the transversus
abdominis and lumbar multifidus [38,39]. However, our results also show that young
adults had significantly greater relative average TrA thickness than the middle-aged group
in all exercises. This finding is consistent with previous research [6,30,31] as well as
with a systematic review that has shown that younger individuals can recruit TrA higher
than older individuals [40]. Our findings may be explained by several factors, such as
differences in neuromuscular control, muscle fiber type composition, or hormonal status
between younger and older individuals [40]. Also, it may be possible that other factors,
such as genetic predisposition, lifestyle habits, or injury history, may have influenced TrA
activation. Therefore, more studies are needed to examine the effects of Pilates experience
on TrA activation using larger samples and longitudinal designs.

4.3. Implications and Applications

The results of this study have some implications and applications for clinical prac-
tice and future research. First, our results suggest that exercises that are part of Pilates
programs are effective in activating the TrA during various movements. This is impor-
tant because previous studies have shown that such exercises can improve core stability
and function [12], reduce low back pain [41], and enhance quality of life [10] in different
populations. Therefore, Pilates programs including such exercises may be beneficial for
individuals who want to improve their core health and performance. Second, our results
suggest that different Pilates exercises result in different levels of TrA activation. This is
important because it can be used in the design and progression of Pilates programs for
different purposes and populations. For example, exercises that elicit lower TrA activation
(basic position and hundred) may be suitable for beginners or individuals with low back
pain who need to learn how to activate their core muscles properly. Exercises that elicit
higher TrA activation (dead bug, side plank, and hip roll) may be suitable for advanced
or healthy individuals who want to challenge their core stability and mobility. Third, our
results suggest that younger individuals can activate their core muscles higher than older
individuals regardless of their Pilates experience. This is important because it indicates that
age may be a more influential factor than experience on core muscle function. Therefore,
more attention should be paid to training older individuals who may have reduced core
muscle function due to aging.

4.4. Limitations

The present study has several limitations. First, the study was conducted with recre-
ationally active females with no musculoskeletal injuries. This limits the generalizability of
the results to other ages, genders, and populations who may have different levels of core
muscle function or pathology. Second, the study examined only one muscle (TrA) using one
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method (US). This limits the comprehensiveness of the assessment of core muscle function
as there are other muscles involved in core stability (such as internal oblique and multifidus)
and other methods to measure muscle activity (such as EMG). Third, the study examined
only static exercises performed on a stable surface. This limits the ecological validity of the
assessment of core muscle function as there are many dynamic movements performed on
unstable surfaces in daily life or sports activities. Further, US muscle thickness measure-
ments may be influenced by body fluid shifts [42]. In the present study, the participants
were instructed to maintain standard hydration whilst exercises were performed from a
supine position, which most likely involves minimal body fluid shifts [42], and, hence, it is
likely that the effect of body fluids on muscle thickness measurements was minimal.

5. Conclusions

We examined TrA thickness during five common exercises that are part of Pilates
programs performed by young and middle-aged women with Pilates experience. Of these
exercises, those that elicited higher TrA activation were dead bug exercise followed by
side plank exercise followed by hip roll exercise followed by hundred exercise followed
by basic position exercise. Younger women had higher TrA activation than middle-aged
women. These findings could be used to adjust exercise progression during a core stabi-
lization exercise program based on age and purpose. Future studies should examine more
core muscles using other methods during dynamic movements performed on stable and
unstable surfaces in different populations.

Author Contributions: Conceptualization, M.G., I.T. and E.K.; methodology, I.T. and E.K.; statisti-
cal analysis, I.T. and E.K.; investigation, M.G. and I.T.; data curation, I.T.; writing—original draft
preparation, I.T. and E.K.; writing—review and editing, I.T., E.K., M.G. and A.Z.; visualization, I.T.;
supervision, I.T., A.Z. and E.K.; project administration, I.T. and E.K.; All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Ethics Committee of the Aristotle University of
Thessaloniki (ERC06/2020 and 25 April 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are incredibly grateful to the Pilates participants for their time, effort, and
willingness to participate in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Smith, M.D.; Russell, A.; Hodges, P.W. Disorders of Breathing and Continence Have a Stronger Association with Back Pain than

Obesity and Physical Activity. Aust. J. Physiother. 2006, 52, 11–16. [CrossRef] [PubMed]
2. Hodges, P.W.; Richardson, C.A. Feedforward Contraction of Transversus Abdominis Is Not Influenced by the Direction of Arm

Movement. Exp. Brain Res. 1997, 114, 362–370. [CrossRef] [PubMed]
3. Ehsani, F.; Sahebi, N.; Shanbehzadeh, S.; Arab, A.M.; ShahAli, S. Stabilization Exercise Affects Function of Transverse Abdominis

and Pelvic Floor Muscles in Women with Postpartum Lumbo-Pelvic Pain: A Double-Blinded Randomized Clinical Trial Study.
Int. Urogynecol. J. 2020, 31, 197–204. [CrossRef]

4. Lynders, C. The Critical Role of Development of the Transversus Abdominis in the Prevention and Treatment of Low Back Pain.
HSS J. ® 2019, 15, 214–220. [CrossRef]

5. Lee, C.-W.W.; Hyun, J.; Kim, S.G. Influence of Pilates Mat and Apparatus Exercises on Pain and Balance of Businesswomen with
Chronic Low Back Pain. J. Phys. Ther. Sci. 2014, 26, 475–477. [CrossRef]

6. Kellis, E.; Ellinoudis, A.; Intziegianni, K.; Kofotolis, N. Muscle Thickness During Core Stability Exercises in Children and Adults.
J. Hum. Kinet. 2020, 71, 131–144. [CrossRef]

87



J. Funct. Morphol. Kinesiol. 2023, 8, 110

7. Johnson, A.W.; Adams, L.; Kho, J.B.; Green, D.M.; Pace, N.B.; Mitchell, U.H. Extended Field-of-View Ultrasound Imaging Is
Reliable for Measuring Transversus Abdominis Muscle Size at Rest and during Contraction. BMC Musculoskelet. Disord. 2021,
22, 282. [CrossRef] [PubMed]

8. Whittaker, J.L.; Warner, M.B.; Stokes, M. Comparison of the Sonographic Features of the Abdominal Wall Muscles and Connective
Tissues in Individuals With and Without Lumbopelvic Pain. J. Orthop. Sports Phys. Ther. 2013, 43, 11–19. [CrossRef] [PubMed]

9. Teyhen, D.S.; Gill, N.W.; Whittaker, J.L.; Henry, S.M.; Hides, J.A.; Hodges, P. Rehabilitative Ultrasound Imaging of the Abdominal
Muscles. J. Orthop. Sports Phys. Ther. 2007, 37, 450–466. [CrossRef]

10. Zafeiroudi, A.; Kouthouris, C. Somatic Education and Mind-Body Disciplines: Exploring the Effects of the Pilates Method on Life
Satisfaction, Mindfulness and Self-Compassion. J. Educ. Soc. Res. 2022, 12, 1. [CrossRef]

11. Shedden, M.; Kravitz, L. Pilates. ACSMs Health Fit. J. 2007, 11, 7–12. [CrossRef]
12. Kofotolis, N.; Kellis, E.; Vlachopoulos, S.P.; Gouitas, I.; Theodorakis, Y. Effects of Pilates and Trunk Strengthening Exercises on

Health-Related Quality of Life in Women with Chronic Low Back Pain. J. Back Musculoskelet. Rehabil. 2016, 29, 649–659. [CrossRef]
[PubMed]

13. Anderson, B.D.; Spector, A. Introduction to Pilates-Based Rehabilitation. Orthop. Phys. Ther. Clin. N. Am. 2000, 9, 395–410.
14. Wells, C.; Kolt, G.S.; Marshall, P.; Bialocerkowski, A. The Definition and Application of Pilates Exercise to Treat People With

Chronic Low Back Pain: A Delphi Survey of Australian Physical Therapists. Phys. Ther. 2014, 94, 792–805. [CrossRef]
15. Richardson, C.A.; Jull, G.A.; Hides, J.A. A New Clinical Model of the Muscle Dysfunction Linked to the Disturbance of Spinal Stability:

Implications for Treatment of Low Back Pain; Churchill Livingstone: London, UK, 2000.
16. Endleman, I.; Critchley, D.J. Transversus Abdominis and Obliquus Internus Activity During Pilates Exercises: Measurement With

Ultrasound Scanning. Arch. Phys. Med. Rehabil. 2008, 89, 2205–2212. [CrossRef] [PubMed]
17. Phrompaet, S.; Paungmali, A.; Pirunsan, U.; Sitilertpisan, P. Effects of Pilates Training on Lumbo-Pelvic Stability and Flexibility.

Asian J. Sports Med. 2011, 2, 16. [CrossRef]
18. Richardson, C.; Jull, G.; Hides, J.; Hodges, P. Therapeutic Exercise for Spinal Segmental Stabilization in Low Back Pain; Churchill

Livingstone: London, UK, 1999; ISBN 0443058024.
19. Kaping, K.; Äng, B.O.; Rasmussen-Barr, E. The Abdominal Drawing-in Manoeuvre for Detecting Activity in the Deep Abdominal

Muscles: Is This Clinical Tool Reliable and Valid? BMJ Open 2015, 5, e008711. [CrossRef]
20. McGalliard, M.K.; Dedrick, G.S.; Brismée, J.M.; Cook, C.E.; Apte, G.G.; Sizer, P.S., Jr. Changes in Transversus Abdominis Thickness

with Use of the Abdominal Drawing-in Maneuver during a Functional Task. PM&R 2010, 2, 187–194. [CrossRef]
21. Park, S.-D.; Yu, S.-H. The Effects of Abdominal Draw-in Maneuver and Core Exercise on Abdominal Muscle Thickness and

Oswestry Disability Index in Subjects with Chronic Low Back Pain. J. Exerc. Rehabil. 2013, 9, 286–291. [CrossRef]
22. Costa, L.O.P.; Maher, C.G.; Latimer, J.; Hodges, P.W.; Shirley, D. An Investigation of the Reproducibility of Ultrasound Measures of

Abdominal Muscle Activation in Patients with Chronic Non-Specific Low Back Pain. Eur. Spine J. 2009, 18, 1059–1065. [CrossRef]
23. Costa, L.O.P.; Maher, C.G.; Latimer, J.; Smeets, R.J.E.M. Reproducibility of Rehabilitative Ultrasound Imaging for the Measurement

of Abdominal Muscle Activity: A Systematic Review. Phys. Ther. 2009, 89, 756–769. [CrossRef] [PubMed]
24. Miyamoto, G.C.; Costa, L.O.P.; Galvanin, T.; Cabral, C.M.N. Efficacy of the Addition of Modified Pilates Exercises to a Minimal

Intervention in Patients With Chronic Low Back Pain: A Randomized Controlled Trial. Phys. Ther. 2013, 93, 310–320. [CrossRef]
[PubMed]

25. Emami, F.; Pirouzi, S.; Taghizadeh, S. Comparison of Abdominal and Lumbar Muscles Electromyography Activity During Two
Types of Stabilization Exercises. Zahedan J. Res. Med. Sci. 2015, 17, 1–7. [CrossRef]

26. Imai, A.; Kaneoka, K.; Okubo, Y.; Shiina, I.; Tatsumura, M.; Izumi, S.; Shiraki, H. Trunk Muscle Activity During Lumbar
Stabilization Exercises on Both a Stable and Unstable Surface. J. Orthop. Sports Phys. Ther. 2010, 40, 369–375. [CrossRef]

27. Moghadam, N.; Ghaffari, M.S.; Noormohammadpour, P.; Rostam, M.; Zarei, M.; Moosavi, M.; Kordi, R.; Rostami, M.; Zarei, M.;
Moosavi, M.; et al. Comparison of the Recruitment of Transverse Abdominis through Drawing-in and Bracing in Different Core
Stability Training Positions. J. Exerc. Rehabil. 2019, 15, 819–825. [CrossRef]

28. Moon, J.-H.; Hong, S.-M.; Kim, C.-W.; Shin, Y.-A. Comparison of Deep and Superficial Abdominal Muscle Activity between
Experienced Pilates and Resistance Exercise Instructors and Controls during Stabilization Exercise. J. Exerc. Rehabil. 2015, 11,
161–168. [CrossRef]

29. Okubo, Y.; Kaneoka, K.; Mai, A.; Shiina, I.; Tatsumura, M.; Izumi, S.; Miyakawa, S.; Imai, A.; Shiina, I.;
Tatsumura, M.; et al. Electromyographic Analysis of Transversus Abdominis and Lumbar Multifidus Using Wire Elec-
trodes during Lumbar Stabilization Exercises. J. Orthop. Sports Phys. Ther. 2010, 40, 743–750. [CrossRef]

30. Gaudreault, N.; Benoît-Piau, J.; van Wingerden, J.P.; Stecco, C.; Daigle, F.; Léonard, G. An Investigation of the Association between
Transversus Abdominis Myofascial Structure and Activation with Age in Healthy Adults Using Ultrasound Imaging. Int. J. Sports
Phys. Ther. 2021, 16, 1093–1103. [CrossRef]

31. Davies, P.; Grace, F.M.; Lewis, M.P.; Sculthorpe, N. Observation of Age-Related Decline in the Performance of the Transverse
Abdominis Muscle. PM&R 2016, 8, 45–50. [CrossRef]

32. Teyhen, D.S.; Miltenberger, C.E.; Deiters, H.M.; Del Toro, Y.M.; Pulliam, J.N.; Childs, J.D.; Boyles, R.E.; Flynn, T.W. The Use of
Ultrasound Imaging of the Abdominal Drawing-in Maneuver in Subjects with Low Back Pain. J. Orthop. Sports Phys. Ther. 2005,
35, 346–355. [CrossRef]

88



J. Funct. Morphol. Kinesiol. 2023, 8, 110

33. Ferreira, P.H.; Ferreira, M.L.; Hodges, P.W. Changes in Recruitment of the Abdominal Muscles in People with Low Back Pain:
Ultrasound Measurement of Muscle Activity. Spine 2004, 29, 2560–2566. [CrossRef]

34. Teyhen, D.S.; Bluemle, L.N.; Dolbeer, J.A.; Molloy, J.M.; Whittaker, J.; Childs, J.D. Changes in Lateral Abdominal Muscle Thickness
during the Abdominal Drawing-in Maneuver in Those with Lumbopelvic Pain. J. Orthop. Sports Phys. Ther. 2009, 39, 791–798.
[CrossRef] [PubMed]

35. Kibler, W.B.; Press, J.; Sciascia, A. The Role of Core Stability in Athletic Function. Sports Med. 2006, 36, 189–198. [CrossRef]
[PubMed]

36. Watanabe, M.; Kaneoka, K.; Okubo, Y.; Shiina, I.; Tatsumura, M.; Miyakawa, S. Trunk Muscle Activity While Lifting Objects of
Unexpected Weight. Physiotherapy 2013, 99, 78–83. [CrossRef]

37. Motomura, Y.; Tateuchi, H.; Komamura, T.; Yagi, Y.; Nakao, S.; Ichihashi, N. Effects of Trunk Lean and Foot Lift Exercises in
Sitting Position on Abdominal Muscle Activity and the Contribution Rate of Transversus Abdominis. Eur. J. Appl. Physiol. 2021,
121, 173–181. [CrossRef]

38. Ikezoe, T.; Mori, N.; Nakamura, M.; Ichihashi, N. Effects of Age and Inactivity Due to Prolonged Bed Rest on Atrophy of Trunk
Muscles. Eur. J. Appl. Physiol. 2012, 112, 43–48. [CrossRef] [PubMed]

39. Ota, M.; Ikezoe, T.; Kaneoka, K.; Ichihashi, N. Age-Related Changes in the Thickness of the Deep and Superficial Abdominal
Muscles in Women. Arch. Gerontol. Geriatr. 2012, 55, e26–e30. [CrossRef]

40. Cuellar, W.A.A.; Wilson, A.; Blizzard, C.L.L.; Otahal, P.; Callisaya, M.L.L.; Jones, G.; Hides, J.A.A.; Winzenberg, T.M.M. The
Assessment of Abdominal and Multifidus Muscles and Their Role in Physical Function in Older Adults: A Systematic Review.
Physiotherapy 2017, 103, 21–39. [CrossRef]

41. Goldberg, N.; Weisman, A.; Schuster, S.; Dar, G.; Masharawi, Y. Effect of a Full Pilates Group Exercise Program on Transversus
Abdominis Thickness, Daily Function and Pain in Women with Chronic Low Back Pain. Kinesiology 2021, 53, 318–325. [CrossRef]

42. Naruse, M.; Trappe, S.; Trappe, T.A. Human Skeletal Muscle Size with Ultrasound Imaging: A Comprehensive Review. J. Appl.
Physiol. 2022, 132, 1267–1279. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

89



Citation: Jagomast, T.; Mohr, T.; Axt,

P.N.; Mortensen, K.; Brinkmann, F.;

Weckmann, M.; Ring, G.; Reppel, M.;

Drömann, D.; Franzen, K.F. Effects of

Physical Activity in the High School

Curriculum on Cardiovascular

Health, Cognitive and Physical

Performance. J. Funct. Morphol.

Kinesiol. 2023, 8, 101. https://

doi.org/10.3390/jfmk8030101

Academic Editors: Cristina Cortis

and Gianpiero Greco

Received: 20 April 2023

Revised: 11 July 2023

Accepted: 18 July 2023

Published: 24 July 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Functional Morphology 
and Kinesiology

Article

Effects of Physical Activity in the High School Curriculum on
Cardiovascular Health, Cognitive and Physical Performance
Tobias Jagomast 1,2, Theresa Mohr 1,2, Paul Niklas Axt 1,2, Kai Mortensen 3,4 , Folke Brinkmann 2,5,
Markus Weckmann 2,5, Gordon Ring 6, Michael Reppel 4,7, Daniel Drömann 1,2 and Klaas F. Franzen 1,2,*

1 Medical Clinic III, University Clinic Schleswig-Holstein Campus Luebeck, Ratzeburger Alle 160,
23562 Luebeck, Germany; tobias.jagomast@uksh.de (T.J.); themohr@t-online.de (T.M.);
paul.axt@student.uni-luebeck.de (P.N.A.); daniel.dromann@uksh.de (D.D.)

2 Airway Research Center North (ARCN), German Center for Lung Research (DZL), 22927 Großhansdorf, Germany;
folke.brinkmann@uksh.de (F.B.); markus.weckmann@uni-luebeck.de (M.W.)

3 Cardiology Kiel, 24116 Kiel, Germany; kaimortensen@yahoo.de
4 Clinic for Rhythmology, Campus Lübeck, University Hospital Schleswig-Holstein, 23562 Lübeck, Germany;

reppel@kardiologie-landsberg.de
5 Section for Pulmonary Pediatrics, Campus Lübeck, University Hospital Schleswig-Holstein,

23562 Lübeck, Germany
6 DRK Krankenhaus Mölln-Ratzeburg, Anästhesie, Röpersberg 2, 23909 Ratzeburg, Germany;

g.ring@drk-krankenhaus.de
7 Cardiology Landsberg, 86899 Landsberg, Germany
* Correspondence: klaas.franzen@uni-luebeck.de

Abstract: Cardiovascular health at a young age has implications for preventing cardiovascular disease,
and it is associated with improved physical and cognitive performance during the aging process.
Sports are well known to prevent cardiovascular disease; however, school-based interventions
have mostly been neglected. This cross-sectional study aimed to compare groups of high school
students, stratified by the amount of physical activity in their high school curriculum and downtime.
Comparisons concerning physical and cognitive performance and arterial stiffness were made. A total
of 63 senior-year students were investigated. Arterial stiffness was assessed using the oscillometric
technique with ArteriographTM detection. Three-kilometer and pendulum runs were conducted as
typical training loads. Cognitive performance was evaluated via the visual and verbal memory and
number connection tests. Regarding cognitive skills, extracurricular physical activity improved the
number connection test in male participants (p = 0.004). For physical performance, female students
with a sports-focused curriculum were faster in the 3 km run (p < 0.001). Concerning arterial stiffness,
the measurements yielded a lower mean arterial pressure (p = 0.015) and aortic pulse wave velocity
(p = 0.04) in male students with a sports-focused curriculum. In summary, extracurricular physical
activity and enrollment in a sports-focused curriculum may be associated with lower cardiovascular
risk due to lower arterial stiffness and better physical and cognitive abilities.

Keywords: arterial stiffness; pupils; students; prevention; sports; cognitive performance

1. Introduction

In recent decades, the prevention, diagnosis, and treatment of cardiovascular diseases
(CVDs) have become increasingly meaningful in patient care. CVDs are the most common
chronic diseases of the 21st century, and their risk factors are highly prevalent in youths [1,2].
CVDs in adolescents have multidirectional implications.

First, CVDs and associated conditions still have high mortality [3,4]. Especially in
industrial countries, overweight and obesity tend to occur early in childhood [5,6]. Other
features of the CVD cluster are also widely prevalent in youths, such as pre-hypertension,
pre-diabetes, and early development of atherosclerosis [7–9]. These medical conditions are
assumed to be the first steps in the development of metabolic syndrome in adulthood [10].
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Second, CVDs are associated with cognitive performance. In older subjects, it has been
shown that even subclinical manifestations of CVDs are associated with impaired cognitive
performance [11,12]. In young people, cardiovascular health is related to improved cogni-
tive performance [13,14]. Looking into specific cognitive functions, a large study conducted
by Crichton et al. revealed an association between visual-spatial memory, working memory,
scanning and tracking, executive function, and cardiovascular health [15]. More generally
a study by King et al. found that there is an overproportioned decline in fluid relative to
crystallized intelligence in the presence of cardiovascular risk factors [16]. Reduced brain
perfusion and chronic low-grade inflammation due to CVD risk factors are discussed as
possible pathophysiological links [17,18].

Third, healthcare systems and providers are increasingly confronted with major logis-
tical, financial, and medical challenges in CVD treatment [1,19]. Associated conditions and
risk factors, among which are diabetes mellitus and obesity, require complex therapy and
consume many resources [20].

Consequently, the prevention of CVDs has gained momentum. Advancements in
this field are driven by politics, researchers, healthcare providers, and other players in
the field. Harmful behaviors such as smoking and high-caloric diets act as independent
risk factors and are widely prevalent in Western society [21–23]. Research has identified
physical activity as one of the most important modifiable lifestyle factors to prevent CVDs
and to also improve cognitive performance [24–28]. Early intervention has been linked to
reduced CVDs in later adulthood [29,30]. Prevention programs in adolescents, therefore,
comprise education, lifestyle interventions, and physical activity promotion [31,32].

One of the interventions at the intersection of education and physical activity is the
restructuring of secondary education in German high schools. Since 2008/2009, students in
Schleswig-Holstein can choose a focus in their curriculum, starting in grade 11 through to
grade 13. This focus goes along with a set of adjacent subjects from a holistic approach. One
of these focuses is sports. The overall benefits of sports, in general, have been extensively
studied [33]. However, the objectifiable effects of participation in the so-called sports
curriculum regarding cardiovascular health and physical and cognitive performance have
not yet been investigated in Germany, and there are a lack of studies in the international
context that confirm the hoped-for benefits of an increased frequency of school sports [34].

This study aimed to close the above-mentioned knowledge gap. In an exploratory
cross-sectional study, different parameters were considered, including cardiovascular
health, such as arterial stiffness, physical performance, and cognitive performance. Un-
der the assumption of beneficial outcomes in participants in the sports curriculum, we
investigated the aforementioned parameters and argue that physical activity in school is of
great importance. The results might generate questions for future studies regarding the
importance of school sports in the overall well-being of adolescents.

2. Materials and Methods
2.1. Data Collection

This study was a cooperation between three secondary schools (Luebeck, Bad Old-
esloe, and Ratzeburg; Schleswig-Holstein, Germany), the Medical Clinic III of the Uni-
versity Hospital Schleswig-Holstein Luebeck, and the Ministry of Education and Sci-
ence Schleswig-Holstein. Data were prospectively collected from April to May 2012. All
schools within a reasonable area that offered sports curricula were asked to participate.
A total of 63 senior-year students were finally enrolled, based on voluntary participation.
An examination was carried out for hemodynamic parameters and physical and cogni-
tive performance. Groups were stratified by their curriculum, which focused on sports,
language, or science. The resulting groups were further defined as “sports curriculum stu-
dents” (SCS) or “other curricula students” (OCS). SCS had five hours of physical education
per week. In comparison, OCS attended only two hours of physical education per week.
Furthermore, the cohort was dichotomized by extracurricular physical activity. More than
300 min of sports per week at a moderate intensity was termed as being physically active
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(PAS); otherwise, participants were classified as physically inactive (PIS). Based on the
World Health Organization Guidelines (WHO), 150–300 min are recommended; however,
a large majority of subjects (90.5%) fulfilled this criterion, which caused the adaption of the
chosen cut-off for statistical analysis [25].

Data collection took place in total for one to two days at each school and was conducted
by an attending doctor in internal medicine and one medical student. On day 1, all
participants at each school first had to answer a questionnaire on their medical background,
lifestyle habits, and type, duration and frequency of physical activity apart from high school.
Following the first part of the study, we employed two standardized tests on the subjects’
cognitive skills. The time to conduct the number connection test (NCT) inversely correlates
with the intelligence quotient (IQ) and displays perceptual speed [35,36]. The visual and
verbal memory test (VVM) indicates associative memory [37]. In the second part, on day
1 or 2, depending on the number of participants at each school, physical performance was
assessed using two tests. The pendulum run reflects speed, in which the distance between
two targets 10 m apart must be covered as many times as possible within a 1 min interval.
A 3 km run was carried out to test endurance. There was break of at least 120 min between
the two tests. Before the tests, the subjects’ arterial stiffness at rest in a lying position was
measured for at least 10 min using an ArteriographTM (TensioMedTM, Budapest, Hungary).
Data for aortic pulse wave velocity (PWVao), systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial pressure (MAP) were collected [38–41].

2.2. Statistical Analysis

The statistical analysis was carried out using the pseudonymized data set with R [42].
All comparisons on continuous variables were performed using a Wilcoxon rank-sum
test, since the data were imbalanced and non-normally distributed according to the
Shapiro–Wilk test. Two-level ordinal variables were compared by Fisher’s exact test. For an
overview of the coherences of the different variables, a correlation matrix was created and
graphically depicted using Spearman’s rank correlation coefficient. Smoking and alcohol
consumption were excluded from the inferential statistics due to the small percentages of
smokers (7.9%) and heavy alcohol consumers (1.7%), which were defined as smoking or
consuming alcohol multiple times per week.

We performed post-hoc power analysis on the given sample sizes. For the comparisons
regarding cognitive testing, we assumed medium effect size, hence power for comparison
of the entire cohort was 73%, respectively 41% for the female subgroup, and 38% male
subgroup stratified by curriculum. When stratified by physical activity power was 37%
for male and 45% for female subgroup. For comparisons of physical performance and
hemodynamics, we assumed a large effect size yielding power of 82% for the female
subgroup and 74% for the male subgroup.

3. Results
3.1. Characteristics of the Test Groups

Our cohort comprised 63 students, of which 33 were female and 30 were male (Table 1).
Of these 63 students, 42 were enrolled in the sports curriculum and 21 in other curricula.
Regarding extracurricular physical activity, 35 of the 63 students stated that they partici-
pated in sports for at least five hours a week and were assigned to the physically active
group; 20 students did not fulfill this criterion and were termed physically inactive, while
eight students did not provide information about sports performed in their downtime. The
mean age of our cohort was 18.9 years. Their mean body mass index (BMI) was normal
(22.32 kg/m2). There was a slight but significant difference between males and females,
with males showing a higher BMI (p = 0.011). Half of the participants self-reported that
they were aware of healthy nutrition. This effect was significant for sports curriculum
students (SCS) compared with other curricula students (OCS) (p = 0.031), and was pro-
nounced for physically active students (PAS) compared to physically inactive students (PIS)
(p = 0.086). A large majority of the participants neither smoked nor consumed alcohol
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regularly, defined as daily and multiple times a week, respectively (Table 1). Interestingly,
alcohol consumption was inversely correlated with physical activity (as defined in the
Section 2) in the female cohort (Figure 1).

Table 1. Cohort characteristics by (a) sex, (b) curriculum, and (c) physical activity.

(a) Sex Female (n = 33) Male (n = 30) Total (N = 63) p-Value
Age (years) 0.136

Mean (SD) 18.697 (1.630) 19.167 (0.648) 18.921 (1.274)

Size (m) <0.001
Mean (SD) 1.698 (0.062) 1.834 (0.072) 1.763 (0.096)

Weight (kg) <0.001
Mean (SD) 63.556 (11.905) 76.231 (7.620) 69.592 (11.876)

BMI (kg/m2) 0.011
Mean (SD) 22.006 (3.881) 22.658 (1.869) 22.316 (3.084)

Healthy nutrition 0.612
N-Miss 2 0 2

No 14 (45.2%) 16 (53.3%) 30 (49.2%)
Yes 17 (54.8%) 14 (46.7%) 31 (50.8%)

Smoking (multiple times a week) 0.183
No 32 (97.0%) 26 (86.7%) 58 (92.1%)
Yes 1 (3.0%) 4 (13.3%) 5 (7.9%)

Alcohol (multiple times a week) 0.483
N-Miss 2 1 3

No 31 (100.0%) 28 (96.6%) 59 (98.3%)
Yes 0 (0.0%) 1 (3.4%) 1 (1.7%)

(b) Sports curriculum (all) OSC (n = 21) SCS (n = 42) Total (N = 63) p-Value
Age (years) 0.898

Mean (SD) 19.048 (0.384) 18.857 (1.539) 18.921 (1.274)

Size (m) 0.443
Mean (SD) 1.748 (0.095) 1.771 (0.096) 1.763 (0.096)

Weight (kg) 0.838
Mean (SD) 69.750 (13.381) 69.513 (11.221) 69.592 (11.876)

BMI (kg/m2) 0.737
Mean (SD) 22.834 (4.223) 22.057 (2.341) 22.316 (3.084)

Healthy nutrition 0.031
N-Miss 1 1 2

No 14 (70.0%) 16 (39.0%) 30 (49.2%)
Yes 6 (30.0%) 25 (61.0%) 31 (50.8%)

Smoking (multiple times a week) 1.000
No 19 (90.5%) 39 (92.9%) 58 (92.1%)
Yes 2 (9.5%) 3 (7.1%) 5 (7.9%)

Alcohol (multiple times a week) 0.333
N-Miss 1 2 3

No 19 (95.0%) 40 (100.0%) 59 (98.3%)
Yes 1 (5.0%) 0 (0.0%) 1 (1.7%)

(c) Physical Activity (all) PIS (n = 20) PAS (n = 35) Total (N = 55) p-Value
Age (years) 0.160

Mean (SD) 19.200 (0.523) 18.771 (1.646) 18.927 (1.359)

Size (m) 0.227
Mean (SD) 1.736 (0.098) 1.778 (0.096) 1.763 (0.098)

Weight (kg) 0.274
Mean (SD) 66.412 (11.418) 71.263 (12.334) 69.499 (12.133)

BMI (kg/m2) 0.612
Mean (SD) 21.923 (2.522) 22.530 (3.585) 22.309 (3.227)
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Table 1. Cont.

Healthy nutrition 0.086
N-Miss 2 0 2

No 12 (66.7%) 14 (40.0%) 26 (49.1%)
Yes 6 (33.3%) 21 (60.0%) 27 (50.9%)

Smoking (multiple times a week) 0.285
No 20 (100.0%) 31 (88.6%) 51 (92.7%)
Yes 0 (0.0%) 4 (11.4%) 4 (7.3%)

Alcohol (multiple times a week) 1.000
N-Miss 0 2 2

No 20 (100.0%) 32 (96.7%) 52 (98.1%)
Yes 0 (0.0%) 1 (3.3%) 1 (1.9%)
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Figure 1. Correlation matrix of the investigated variables stratified by sex for overview (using
Spearman’s rank correlation coefficient). Nutrition awareness and daily smoking were encoded as
1 for “yes” and 0 for “no”. Alcohol consumption had five levels: 5 = daily, 4 = weekly, 3 = weekends,
4 = monthly, 1 = less than monthly. School curriculum was encoded as 1 for SCS and 0 for OCS,
while physical activity was encoded using WHO guidelines as 1 for ≥300 min per week (PAS) and
0 for <300 min per week (PIS). * p < 0.05.
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3.2. Cognitive Performance

Comparing the results of the number connection test (NCT), there was no significant
difference between OCS and SCS. However, OCS showed significantly better performance
in the visual and verbal memory test (VVM) (p = 0.044) (Table 2a). This difference was
observed to be sex-specific in the male subgroup (p = 0.018) (Table 2b). Our analysis based
on physical activity in general revealed no difference between PAS and PIS in either of
the tests. Interestingly, a sex-specific comparison of male PAS and PIS students revealed
significantly better performance by PAS in the NCT (p = 0.004) (Table 2d). No differences
were observed between all male and female participants in the VVM or NCT.

Table 2. Cognitive performance of the (a) entire cohort by curriculum, (b) male students by curricu-
lum, (c) female students by curriculum, (d) male students by physical activity, and (e) female students
by physical activity.

(a) Curriculum (all) OSC (n = 21) SCS (n = 42) Total (N = 63) p-Value
NCT (s) 0.923

N-Miss 0 1 1
Mean (SD) 58.469 (17.240) 55.005 (7.439) 56.178 (11.682)

VVM (points) 0.044
Mean (SD) 35.643 (7.013) 30.833 (7.888) 32.437 (7.889)

(b) Curriculum (male) OSC (n = 9) SCS (n = 21) Total (N = 30) p-Value
NCT (s) 0.066

N-Miss 0 1 1
Mean (SD) 52.829 (14.677) 57.273 (6.746) 55.894 (9.839)

VVM (points) 0.018
Mean (SD) 37.333 (6.083) 30.524 (6.969) 32.567 (7.333)

(c) Curriculum (female) OSC (n = 12) SCS (n = 21) Total (N = 33) p-Value
NCT (s) 0.108

Mean (SD) 62.698 (18.390) 52.846 (7.577) 56.429 (13.240)

VVM (points) 0.524
Mean (SD) 34.375 (7.643) 31.143 (8.876) 32.318 (8.474)

(d) Physical activity (male) PIS (n = 8) PAS (n = 18) Total (N = 26) p-Value
NCT (s) 0.004

N-Miss 1 0 1
Mean (SD) 66.210 (10.686) 53.055 (7.690) 56.738 (10.334)

VVM (points) 0.403
Mean (SD) 29.812 (6.871) 32.750 (7.735) 31.846 (7.471)

(e) Physical activity (female) PIS (n = 17) PAS (n = 12) Total (N = 29) p-Value
NCT (s) 0.535

Mean (SD) 57.454 (14.680) 53.620 (10.793) 55.867 (13.138)

VVM (points) 0.465
Mean (SD) 33.265 (8.722) 31.125 (9.303) 32.379 (8.867)

3.3. Physical Activity

On average, the participants engaged in physical activity for approximately 450 min
a week, with no significant difference between sexes. Interestingly, there was also no
difference in the weekly sports duration of the SCS and OCS. Physical ability in the 3 km
and pendulum runs was greater in the male participants (p < 0.001). Therefore, sex-stratified
comparisons were carried out regarding OCS and SCS, as well as PAS and PIS, to avoid
bias due to different sex ratios in these groups. For the male group, no difference was
observed in the tests, either comparing OCS and SCS, or PAS and PIS. However, in the
female subjects, SCS showed superior performance in the 3 km run (p < 0.001) (Table 3),
while a comparison of female PAS and PIS yielded no significant difference.
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Table 3. Comparison of physical tests in (a) female students and (b) male students.

(a) Curriculum (female) OSC (n = 12) SCS (n = 21) Total (N = 33) p-Value
Pendulum run (repetitions) 0.061

N-Miss 2 8 10
Mean (SD) 18.600 (0.966) 19.462 (1.664) 19.087 (1.443)

3 km run (s) <0.001
N-Miss 1 4 5

Mean (SD) 1203.848 (177.048) 970.398 (68.789) 1062.111 (167.016)
(b) Curriculum (male) OSC (n = 9) SCS (n = 21) Total (N = 30) p-Value
Pendulum run (repetitions) 0.626

N-Miss 7 9 16
Mean (SD) 20.500 (2.121) 21.250 (0.754) 21.143 (0.949)

3 km run (s) 0.286
N-Miss 3 3 6

Mean (SD) 798.483 (67.569) 747.831 (88.150) 760.494 (85.075)

3.4. Hemodynamics and Arterial Stiffness

Concerning the hemodynamic data (diastolic and systolic blood pressure (DBP and
SBP), mean arterial pressure (MAP), and aortic pulse wave velocity (PWVao)) in the entire
cohort, there was no difference according to sex, OCS, or SCS, nor PAS and PIS. However, in
the male subcohort, SCS tended to have more favorable measurements for DBP (p = 0.015),
MAP (p = 0.015), and PWVao (p = 0.04) (Table 4a). These differences were not observed
when comparing PAS and PIS males. Female students showed no significant differences in
either comparison.

Table 4. Comparison of hemodynamic measurements in (a) male students and (b) female students.

(a) Curriculum (Male) OSC (n = 9) SCS (n = 21) Total (N = 30) p-Value
DBP (mmHg) 0.015

N-Miss 0 1 1
Mean (SD) 74.222 (9.418) 64.450 (9.237) 67.483 (10.218)

SBP (mmHg) 0.073
N-Miss 0 1 1

Mean (SD) 135.333 (16.000) 122.350 (14.214) 126.379 (15.735)

MAP (mmHg) 0.015
N-Miss 0 1 1

Mean (SD) 94.778 (10.814) 83.750 (9.408) 87.172 (10.974)

PWVao (m/s) 0.040
N-Miss 0 1 1

Mean (SD) 7.600 (1.482) 6.410 (1.007) 6.779 (1.276)
(b) Curriculum (female) OSC (n = 12) SCS (n = 21) Total (N = 33) p-Value
DBP (mmHg) 0.815

N-Miss 0 1 1
Mean (SD) 68.333 (8.845) 68.700 (7.035) 68.562 (7.624)

SBP (mmHg) 0.585
N-Miss 0 1 1

Mean (SD) 123.083 (14.761) 125.250 (7.663) 124.438 (10.698)

MAP (mmHg) 0.682
N-Miss 0 1 1

Mean (SD) 86.500 (10.140) 87.550 (5.916) 87.156 (7.629)

PWVao (m/s) 0.907
N-Miss 0 1 1

Mean (SD) 6.650 (1.286) 6.530 (1.008) 6.575 (1.102)
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4. Discussion

Cardiovascular risk factors include diabetes mellitus and arterial hypertension, but also
modifiable behaviors such as alcohol and tobacco consumption and physical inactivity [43].
Today’s medicine increasingly focuses on the earliest detection and reduction of these risk
factors. In addition to improved treatment of diabetes mellitus and high blood pressure,
primary prophylactic measures are offered, creating incentives to change lifestyle, nutrition,
and physical activity level [44]. This study was carried out under the assumption that
increased physical activity in adolescents goes along with benefits to physical and mental
performance and arterial vascular stiffness. The results can be summarized as follows.

Sex-wise, our cohort was balanced. However, we investigated twice as many SCS as
OCS students. The participants showed normative BMI and overall high health awareness,
with only a small proportion of smokers and regular alcohol consumers. There were no self-
reported major health concerns present in the cohort. Interestingly, SCS had more nutrition
awareness than OCS, possibly because SCS are more interested in nutrition to enhance
physical performance and therefore chose their specific curriculum. Moreover, they are
exposed to the theoretical background of physical performance and nutrition science in their
classes. Other studies that have investigated this topic argue that, generally, athletes might
get advice from their coaches and teammates, aside from formal education [45,46]. Still,
studies about athletes’ nutrition knowledge are rare and largely descriptive. The underlying
causes remain elusive thus far. On the other hand, studies show health benefits from
nutrition intervention programs in school children [47,48]. This underlines the importance
of establishing nutritional education in early childhood and adolescence.

Our examination of physical capability revealed no difference in weekly sports dura-
tion between SCS and OCS students. Since male students had better results on the 3 km
and pendulum runs, we carried out sex-specific data analysis, because SCS and OCS had
different sex ratios. SCS females were faster on the 3 km run than OCS females, while
the status of physical activity in general showed no effect. In the male subcohort, neither
curriculum choice nor stated general physical activity level influenced the results. Overall,
SCS students did not show superior results on the physical tests. However, it must be
considered that the comparison of weekly time spent in at least moderate-intensity sports
between the SCS and OCS showed no significant difference. Apparently, students that
lack physical education in school make up for it in their leisure time. Despite this, we
hypothesize that the observed effect in SCS females might be due to the specific training.
In our questionnaire, we assessed what specific sports the students participated in. Despite
SCS and OCS spending the same amount of time engaged in physical activity per week, not
all sports might prepare as well for a 3 km run (e.g., sports that demand less endurance).
SCS students will train over this distance more often as part of the curriculum, thereby
potentially acquiring a specific advantage.

In the subcohort of males, regarding cognitive performance, OCS outperformed SCS
in terms of the VVM. Moreover, male PAS showed better results in the NCT than inactive
males. For the female cohort, such results were not observed. It is possible that students
enrolled in other curricula are more frequently challenged to memorize facts, since humani-
ties and natural sciences make up a larger part of their study plan. However, we showed
that physical activity in general goes along with improved scores in the NCT, confirming
our hypothesis. Numerous studies have shown the positive effects of physical activity
on cognitive function [27,28,49–51]. The results presented here suggest that the NCT in
particular might be sensitive to the level of athleticism. The NCT measures perceptual
speed, one aspect that underlines all qualities of intelligence and therefore correlates with
IQ [36]. Perceptual speed plays a major role in sports [52]. In an elderly cohort, Oswald
et al. showed superior improvements in cognitive tests such as the NCT when subjects re-
ceived physical and cognitive training combined [53]. The sex-specific effect was previously
observed by Legault et al. in adolescent athletes when testing the perceptual–cognitive
abilities of the participants [52]. A biological cause still needs to be identified. However,
Legault et al. argued that the investigated female athletes were not on an equal level of
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training compared to their male counterparts. Additionally, the type of sport plays a role in
improving specific cognitive functions [54]. The VVM in our study, as a test of associative
memory, seemed to be less affected by physical activity. Perhaps memory and recall play
a minor role in the sports played by the cohort. Further research is warranted to investigate
the relationships between specific qualities of intelligence and different kinds of sports.

Evaluation of arterial stiffness yielded significant differences only in the male subco-
hort. Male SCS had lower DBP, MAP, and PWVao. Due to their curriculum, these students
regularly engage in endurance sports. Research shows that this type of physical activity
has a positive effect on the arteries. Physical activity in general may therefore be of sec-
ondary importance, while the kind of sport is more relevant [55]. There is also a significant
negative association between physical fitness and the occurrence of arterial hypertension in
adolescents [56]. The risk of hypertension decreases as fitness level improve [57,58]. Other
studies have proven that reduced physical activity and high BMI lead to an increase in
PWV and thus to increased arterial stiffness [59,60]. Both results suggest that students
would benefit from additional physical education classes. The sex-specific effect observed
in our study has previously been reported. A review article by DuPont et al. summarized
the current state of knowledge [61]. A priori, women have lower baseline PWV [62]. After
short bursts of exercise, the effects on PWV are only observed in men [63,64]. Moreover,
PWV inversely correlates with cardiorespiratory endurance, but only in men [65]. Men
are believed to have greater testosterone exertion during exercise than women [66]. Testos-
terone is known to lower PWV in the short and long terms [67–69]. In their review article,
Moreau et al. argued that these effects are due to structural changes in the endothelium, as
well as acute changes in nitric oxide signaling [70,71]. Perhaps due to the elevated PWV
baseline in men, changes due to exercise are more pronounced, caused by higher testos-
terone release, compared to women. However, most results were obtained by observational
studies. Testosterone signaling pathways of vascular function have only been extensively
characterized in preclinical models [70]. Further identification of corresponding human
signaling pathways is warranted to link observations to biological mechanisms.

Our study has some limitations. A power analysis revealed insufficient power, less
than 80%, especially for the subgroup comparisons of cognitive performance. However
applicable sample size was limitedsince all eligible students within a reasonable regional
area were included. Therefore, our study has pilot trial character, and statements are
preliminary and further research is needed. Prospective analysis of a larger cohort, aug-
mented by differentiated measures of physical and cognitive ability, would therefore be
desirable. Additionally, questionnaires were employed to assess nutrition awareness and
weekly time spent engaged in physical activity. A well-known bias of this approach is
social desirability, which might have led to overestimating the actual time spent engaged
in physical activity [72] as, in our study, nearly all students reported that they participated
in at least 150 min of intermediate-to-high levels of physical activity per week, which is the
amount recommended by the WHO.

5. Conclusions

The data reported showed the benefits of the German sports curriculum in terms of
cardiovascular health and physical performance. Physical activity in general was associated
with improved cognitive performance. However, due to the small number of subjects, this
study is limited. Overall, enrollment in the sports curriculum correlated with performance
on the 3 km run, DBP, MAP, and PWVao in a sex-specific manner. This might be due to
specific endurance training, which is not a mandatory part of general physical activity.
However, for cognitive performance on the NCT, the exact kind and nature of the sport
seems of secondary importance, and better results were achieved by physically active stu-
dents. To be able to demonstrate the long-term effectiveness of physical activity in schools
on cardiovascular health in adolescents, a multi-center longitudinal study is warranted
and different interventions should be compared. Moreover, research needs to focus on
understanding underlying sex-specific changes in physiology caused by exercise.
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Abstract: Lately, chairs have been widely used as a cheap, easily accessible, safe, and effective
training means in different settings (e.g., in gyms, the house, workplaces, and in rehabilitation). This
study investigated the effectiveness of a 10-week chair-based music–kinetic integrated combined
exercise program on health, functional capacity, and physical fitness indicators of middle-aged pre-
menopausal women. A total of 40 healthy women (40–53 years) were assigned to two groups: exercise
(EG) and control (CG). The EG followed a 10-week (3 times/weekly; 30 training sessions) chair-based
exercise program including aerobic dance, flexibility, coordination, and strength exercises with body
weight or auxiliary means. Selected indicators of health, functional capacity, and physical fitness were
evaluated before and after the 10 weeks. Following the program, the EG significantly reduced their
body fat (−2.5%), blood pressure (by −4.5 to −5.5%), the time during the timed up-and-go (TUG)
test (by −10.27%), heart rate (by −6.35 to −13.78%), and the rate of perceived exertion (by −24.45 to
−25.88%), while increasing respiratory function (3.5–4%), flexibility (12.17%), balance (50.38–51.07%),
maximal handgrip strength (10–12.17%), and endurance strength (43.87–55.91%). The chair-based
combined music–kinetic exercise program was effective and could be safely used in different settings
to improve health, functional capacity, and physical fitness in middle-aged women.

Keywords: aerobic dance; flexibility; balance; strength; integrated concurrent training; aging

1. Introduction

Middle age (40–64 years old) is one of the most important periods of women’s life and
marks the transition from young adulthood to older age [1]. This period of life is associated
with various physical, mental, cognitive, and social changes, which affect women’s health-
related quality of life (HRQOL) [1,2]. The World Health Organization (WHO) defines
HRQOL as “perfect physical, mental, and social health and well-being”, which is affected
by different daily lifestyle behaviors [3]. The reduced physical activity and the adoption
of other unhealthy behaviors (i.e., smoking, alcohol consumption, and unhealthy eating
habits) are considered important risk factors related to (a) the development of chronic
diseases (obesity, hypertension, cardiovascular diseases, diabetes, etc.), (b) a reduction in
independent living, (c) the deterioration of HRQOL, and (d) the decrease of life expectancy
in middle-aged and older individuals [4–6]. Despite the current recommendations of the
WHO and the American College of Sports Medicine (ACSM) for regular physical activity
and exercise to improve or maintain physical and mental health, many middle-aged and
older individuals have not adopted a physically active lifestyle [4,5]. The low availability
and accessibility of safe exercise programs and training means according to the individual’s
possibilities, high costs and time constraints are considered the main contributing factors
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to the reduced participation of the population in exercise activities [4,6]. Taking all the
above into consideration, several organizations all over the world suggest the design and
implementation of appropriate exercise programs for untrained middle-aged and older
individuals [4–6], using safe, cheap, easily applicable, and accessible training means.

For this reason, during the last few decades, chairs have been used as an alternative
training means for implementing various exercise programs (flexibility, balance, strength,
and aerobic capacity) in different populations (i.e., healthy older individuals, young and
middle-aged employees, individuals with chronic diseases or mobility difficulties, pregnant
women, and untrained individuals) [7–22] and have several advantages. First of all, the
use of a chair minimizes the risk of falls and injury during exercise by offering better
stability, support of the human body, and safety to the trainees [7,10,15]. Other important
advantages of chairs are their low cost and easy accessibility. Moreover, exercise programs
using chairs as a basic training means can be easily adapted and implemented in any
indoor or outdoor place (without requiring particularly large space), such as in the gym,
at home, in the workplace, and in a classroom, courtyard, park, rehabilitation center,
or hospital room. In the scientific literature, several studies have examined the effect
of chair-based exercise programs in different populations reporting promising results in
various cardiovascular and neuromuscular health-related parameters (i.e., gait, balance
strength, flexibility, blood pressure, heart rate, and musculoskeletal pain) [7–22]. It should
be mentioned that the vast majority of the aforementioned studies (a) were performed in
elderly frail people or individuals with chronic diseases [7–12,15–22], while there is limited
information on healthy middle-aged individuals and (b) were focused on improving
single or specific indices of health and physical fitness. To the best of our knowledge, no
previous study has examined the effectiveness of a “holistic” chair-based exercise approach
focusing on all the important functional and physical fitness parameters (aerobic capacity,
strength, flexibility, and coordination abilities). However, according to the ACSM and
the WHO, middle-aged individuals should engage in specifically designed combined
exercise programs at least 3 times per week, which should entail cardiorespiratory and
neuromuscular exercises (balance, strength, and flexibility) aiming to improve or preserve
physical fitness and health [4,5].

Furthermore, to the best of our knowledge, no previous study has investigated the
effectiveness of a music–kinetic chair-based exercise program in healthy middle-aged
individuals, while several studies have used music–kinetic exercise programs (different
dance training programs) without a chair, reporting beneficial effects in physical and
mental health in middle-aged individuals [23–28]. During the last few decades, several
studies have addressed the impact of music either as an ergogenic aid or as a means by
which to adjust and control the intensity of exercise, causing the appropriate adaptations
to the human body [29,30]. Previous studies in the scientific literature have reported a
significant interaction between exercise intensity (heart rate and rate of perceived exertion
responses throughout exercise workout) and music tempo in different exercise modalities
(e.g., cycling and treadmill walking) [31,32]. Additionally, the use of music throughout
exercise programs has been shown to (a) reduce the perception of fatigue and exertion
through dissociation and distraction during exercise, (b) increase arousal and neural activity,
and as a result, improve exercise performance, and (c) increase motivation and effort, mood,
exercise enjoyment, and feelings of power [33–37]. For this reason, it is of interest to design,
implement and evaluate the efficacy of a music–kinetic chair-based combined exercise
program that can be used in different exercise and rehabilitation settings to improve health,
functional capacity, and overall fitness in middle-aged untrained individuals.

Thus, the present study aimed to examine the effectiveness of a 10-week chair based
music–kinetic integrated (where the exercise goals were repeatedly altered during the
main part of the training session) combined exercise program (aerobic dance, flexibility,
coordination, and strength exercises with body weight or auxiliary means) on health
(body fat, blood pressure, and respiratory function), functional capacity (lower back and
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hamstrings flexibility, static and dynamic balance), and physical fitness (strength and
aerobic capacity) indicators of healthy middle-aged pre-menopausal women.

2. Materials and Methods
2.1. Participants

Firstly, 50 premenopausal middle-aged women, following announcements in mass
media (e-magazines and e-newspapers) and on social media (Facebook and Twitter), were
recruited to participate in this study and were assessed for eligibility. Six of them were
excluded because they did not meet some of the inclusion criteria (they had chronic health
problems, such as diabetes, cardiovascular disease, and hypertension) and four of them
were excluded because they were unable to complete the initial functional capacity and
physical fitness measurements due to musculoskeletal discomfort in the knee joint and
the lumbar spine. Thus, the final sample of the present study was 40 pre-menopausal
middle-aged untrained women (40–53 years old), who were divided into two equal groups:
the exercise group (EG; n = 20) and the control group (CG; n = 20) (Table 1). Before
the study, the subject’s medical history and activity status were assessed using a specific
questionnaire. All the final participants of the present study (a) were healthy without injury
or disease and were free of any illness, (b) did not report the use of any medication and
(c) did not participate in any organized physical activity for at least six months before the
study. In addition, before the study, the participants were informed about the experimental
procedures and the possible risks during the study and signed an informed consent form.
The conduction of the study took place according to the Declaration of Helsinki and ethical
approval was granted by the Ethics Committee of the University of Thessaly.

Table 1. Age and somatometric characteristics of the middle-aged women per group (mean ± sd).

Variables EG (n = 20) CG (n = 20)

Age (years old) 46.80 ± 4.70 46.35 ± 3.85
Height (m) 1.64 ± 0.08 1.65 ± 0.07

Body mass (kg) 66.34 ± 7.79 67.26 ± 6.82
Body mass index (kg/m2) 24.66 ± 3.10 24.73 ± 3.55

EG: exercise group; CG: control group.

2.2. Study Design

Primarily, a pilot study was performed to determine the final testing and training
procedures. One to two weeks before the start of the study, the participants performed
two–three familiarization sessions to become accustomed to the instrumentation and the
experimental (testing and training) procedures. Subsequently, the baseline measurements
were performed in the total sample. Following the pre-training measurements, the par-
ticipants were randomly assigned to two equal groups: the EG and the CG. A computer-
generated list of random numbers was used for the allocation of the sample in one of the
two groups, exercise or control. It should also be mentioned that the main investigator
and the outcome assessors were blinded to the allocated intervention during the entire
period of data collection. During the study, the EG participated in a 10-week (3 times per
week) music–kinetic chair-based integrated combined training program; while the CG
did not perform any systematically organized training program during the 10 weeks. It
would be important to mention that no adverse effects or injuries were reported during the
10-week exercise program. The training program was supervised by an exercise instructor,
and special exercise attendance books were filled in to confirm the participants’ exercise
adherence (all of the participants of the study completed 30 training sessions in total).
Exercise adherence was also reinforced using different motivation strategies (i.e., think
positive, make a commitment, and set short-term goals) [38]. Two days after the end of the
training session, the pre-training measurements were repeated in the same order and at the
same time of day. The EG was instructed not to engage in any other activities during the
research. In addition, the participants were instructed to continue their regular diet during
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the study, avoid the consumption of caffeine, alcohol, and tobacco at least 24 h before the
test, avoid any intense activity before the test, and rest sufficiently the night before the test.

2.3. Training Program

The EG followed a 10-week (3 days/week; 30 training sessions in total) music–kinetic
integrated combined chair-based exercise program (flexibility, balance, strength, and aerobic
capacity). Each training session lasted about 50–60 min and included 15-min warm-up
and flexibility training, a 30–40-min main part (integrated combined balance, strength,
and aerobic training using chair-based seated and chair-assisted standing exercises), and
5-min recovery. During the main part of the training program, the balance, strength, and
aerobic training were altered in a predetermined order (2–2.5-min aerobic dance/1–1.5-min
strength or balance exercises). Throughout each exercise session of the 10-week exercise
program, real-time monitoring of the participants’ heart rate was performed using the Polar
Team Solution system (Science Technologies, Kempele, Finland), and the rating of perceived
exertion (RPE) was assessed using the 20-point Borg scale after each exercise session to
ensure the safety of the participants. The basic training mean of the program was the chair.
It should be mentioned that special emphasis was placed on the selection of the appropriate
chair used for the program. In more detail, the criteria for choosing the appropriate chair
were as follows: (a) a stable chair without wheels, (b) a chair without armrests so that the
movements are not hindered, (c) a chair with a back for better lumbar spine support (not a
softback), and (d) the chair height adjusted depending on the height of the participants, so
that the feet could be flat on the floor with a knee angle approximately at 90◦.

The main part of the training program included:

(a) Aerobic training: The aerobic training program included low-impact aerobic dance
movements from a sitting position in the chair or from an upright position around the
chair (i.e., knee lift, heel up, kick, lateral lunges, squats, and V step) in conjunction
with continuous arm movements at the shoulder level as well as above the head. We
selected a low-impact aerobic dance because it is safe and is widely used in fitness and
rehabilitation centers for improving indices of health and overall fitness in middle-
aged and older individuals. During the aerobic dance choreography, the women hold
a medium resistance anti-stress ball or a hand gripper in each hand and squeezed
it simultaneously according to the specific aerobic dance movements. The intensity
(65–80% of the age-predicted HRmax; music rhythm 110–120 beats/min) and the
duration (16–25 min) of aerobic training progressively increased during the training
program, according to the recommendation of the ACSM [5].

(b) Strength training: The strength training program included chair-based seated and
chair-assisted standing exercises with body weight as well as exercises with auxiliary
means (dumbbells, Pilates mini balls, rings, anti-stress balls, and hand grippers) for all
major muscle groups. In more detail, the program consisted of exercises for the lower
limbs (i.e., sit-to-stand exercise, adductor ball squeeze from sitting position, standing
lateral hip raises with chair support, and calf raises with chair support), the upper
limbs (i.e., tricep extensions, lateral raises, and bicep curls from the sitting position), as
well as for the abdominal and dorsal trunk muscles (i.e., modified chair sit-ups, sitting
twists, the seated cat–cow exercise, and seated knee lifts). The training load of strength
exercises, throughout the 10-week exercise program, was modified by progressively
increasing the number of sets (1–3), repetitions (8–15 RM), and the resistance of the
dumbbells (1–3 kg), according to the recommendation of the ACSM [5]. All strength
exercises were performed following the music rhythm (100–110 beats/min).

(c) Balance training: The balance training program included static (two-leg and one-leg
stance exercises) and dynamic balance exercises with dynamic motion in lower and/or
upper limbs (i.e., calf raises, standing hip extensions, and standing hip abductions) as
well as dynamic balance exercises with different ways of locomotion (i.e., heel-to-toe
forward walking, backward walking, lateral walking, heel walking, and toe walking).
The static balance exercises were initially performed, with the support of one or two

106



J. Funct. Morphol. Kinesiol. 2023, 8, 81

hands on the chair and without auxiliary means, and then performed without the
support of the hands on the chair using small auxiliary means (Pilates mini balls and
rings, anti-stress balls, and hand grippers). The training load of balance exercises,
throughout the 10-week exercise program, was modified by progressively increasing
the number of sets (1–3), the repetitions/duration (8–15 reps or 10–30 s), and the
distance in dynamic balance exercises with locomotion (3–5 m), according to the
recommendation of the ACSM [5]. All balance exercises were performed following
the music rhythm (100–110 beats/min).

The training load characteristics during the 10-week intervention are analytically
presented in Table 2.

Table 2. Progression of training load during the 10 weeks.

Weeks

1–2 3–4 5–7 8–10

Total duration of the training
session (min) 50 50–55 57 60

Total duration of the main
part (min) 30 30–35 37 40

Aerobic dance/strength balance
ratio during the main part

2 min/
1 min

2–2.20 min/
1 min

2.5 min/
1.20 min

2.5 min/
1.5 min

Aerobic training

Music rhythm (beats/min) 110 110–115 115 115–120

Intensity (% HRmax) 65–70% 70–75% 70–75% 75–80%

Duration (set x time) 8 × 2 min =
16 min total

10 × 2 − 2.20 min =
20–22 min total

10 × 2.5 min =
25 min total

10 × 2.5 min =
25 min total

Training contents Seated aerobic dance
Seated aerobic dance

(14 min)—standing aerobic dance
around the chair (6–8 min)

Seated aerobic dance
(15 min)—standing aerobic

dance around the chair (10 min)

Seated aerobic dance
(12.5 min)—standing aerobic

dance around the chair
(12.5 min)

Equipment Anti-stress balls Anti-stress balls Hand grippers Hand grippers

Strength training

Music rhythm (beats/min) 100–105 105–108 108 108–110

Sets 1–2 2 2 2–3

Reps/set 8–10 10–12 12 15

Equipment
Mini balls, dumbbells

1–2 kg, and
anti-stress balls

Mini balls, dumbbells 1–2 kg,
and anti-stress balls

Pilates ring, dumbbells
2–3 kg, and hand grippers

Pilates ring, dumbbells 2–3 kg,
and hand grippers

Balance training

Music rhythm (beats/min) 100–105 105–108 108 108–110

Sets 1–2 2 2 2–3

Reps or duration (s) or
distance (m)/set 8–10 reps/10–15 s/3 m 10–12 reps/15–20 s/3–4 m 12–15 reps/20–25 s/4–5 m 15–20 reps/25–30 s/5 m

Equipment - - Mini balls and
anti-stress balls

Pilates ring and
hand grippers

Additionally, an indicative training session (the ninth training session) of the 10-week
intervention program is analytically presented in Table 3.
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Table 3. An indicative training session of the 10-week intervention program.

Total duration of the ninth training session: 50 min

Warm-up-Flexibility
(15 min)

Low-impact chair-based seated aerobic dance lower and upper limb movements (5 min).
Dynamic and static stretching exercises (chair-based seated and chair-assisted standing) for the
whole body (12 exercises; 2 sets × 15 s for static/15 reps for dynamic exercise).

Main part
(30 min)

Block 1. Seated aerobic dance (2 min)/2 balance strength exercises: (a) one-leg stance with the leg
bent forward at 90◦ (1 set × 15 s/leg) and (b) calf raises with simultaneous tricep extensions with a
mini ball (1 set × 10 reps).
Block 2. Seated aerobic dance (2 min)/2 balance strength exercises: (a) one-leg stance with the leg
bent forward at 90◦ (1 set × 15 s/leg) and (b) calf raises with simultaneous tricep extensions with a
mini ball (1 set × 10 reps).
Block 3. Standing aerobic dance (2 min)/2 balance exercises: (a) heel-to-toe forward walking
(1 set × 3 m) and (b) backward walking (1 set × 3m).
Block 4. Seated aerobic dance (2 min)/2 balance exercises: (a) heel-to-toe forward walking
(1 set × 3 m), and (b) backward walking (1 set × 3m).
Block 5. Seated aerobic dance (2 min)/2 strength exercises: (a) lateral raises with dumbbells from a
sitting position (1 set × 10 reps) and (b) bicep curls with dumbbells from a sitting position
(1 set × 10 reps).
Block 6. Standing aerobic dance (2 min)/2 strength exercises: (a) lateral raises with dumbbells from a
sitting position (1 set × 10 reps) and (b) bicep curls with dumbbells from a sitting position
(1 set × 10 reps).
Block 7. Seated aerobic dance (2 min)/2 strength exercises: (a) sit-to-stand exercise (1 set × 10 reps)
and (b) adductor mini ball squeeze from the sitting position (1 set × 10 reps).
Block 8. Seated aerobic dance (2 min)/2 strength exercises: (a) sit-to-stand exercise (1 set × 10 reps)
and (b) adductor mini ball squeeze from the sitting position (1 set × 10 reps).
Block 9. Standing aerobic dance (2 min)/2 strength exercises: (a) sitting twists (1 set × 10 reps) and
(b) seated cat–cow exercise (1 set × 10 reps).
Block 10. Seated aerobic dance (2 min)/2 strength exercises: (a) sitting twists (1 set × 10 reps) and
(b) seated cat–cow exercise (1 set × 10 reps).

Cool down
(5 min)

Low-impact chair-based seated aerobic dance lower and upper limb movements (2 min) and
chair-based seated static stretching exercises for the whole body in conjunction with breathing
exercises (3 min).

2.4. Testing Procedures

Health, functional capacity, and physical fitness indices were measured in both the EG
and the CG before and after the 10 weeks. Before the functional capacity and physical fitness
testing, a 10-min warm-up was performed by the participants including 5-min stationary
cycling and 5-min static-dynamic stretching exercises for all major muscle groups.

2.4.1. Health Indices

(a) The percentage of body fat (%BF) was assessed using the bioelectrical impedance
method (Maltron 900) and then the fat-free mass (FFM) was calculated; (b) blood pres-
sure and (c) respiratory function (FVC; FEV1) were also measured using an electronic
blood pressure monitor (A&D-UA-851) and a portable spirometer (Micro, Medical, Micro),
respectively [39,40].

2.4.2. Functional Capacity Indices

The lower back and hamstrings’ flexibility was assessed with the sit and reach test
using a special box (sit and reach flex tester, Novel Products Inc., Rockton, IL, USA)
following the instructions of the ACSM [34]. The participants were instructed to lean
forward slowly as far as possible (while exhaling), without bending their knees, and to
hold at the final position for at least 2 s [39]. The participants performed three trials with
a rest period of 15 s, and the best score (in cm) was considered for analysis, while the
static and dynamic balance were also evaluated using the 1-min single limb stance and the
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timed up and go test, as previously described by Douris et al. [41] and Rikli and Jones [42].
During the static balance test, the participants were asked to stand on a firm surface and
look straight ahead. The stopwatch began after the participants raised one leg and stopped
when the participants became unstable and placed the flexed leg on the ground or at the
completion of 1-min [41]. Both legs were tested in a random order, and the mean score
(in s) of three trials of each leg was considered for analysis. While during the TUG test, the
participants were instructed to stand up from a chair, walk as quickly as possible for 3 m,
turn around, walk back, and sit down in the chair [42]. The participants performed three
trials (with 30 s rest between the trials), and the best score (in s) was considered for analysis.

2.4.3. Physical Fitness Indices

The muscular strength and endurance of the upper body were assessed using three
reliable tests: (a) the maximal handgrip strength test, (b) the sit-ups test, and (c) the
modified knee push-ups test, which are widely used in the scientific literature using
different testing protocols and equipment for the evaluation of various populations such
as young and middle-aged adults, children, and adolescents [39,43–45]. In more detail,
the maximal handgrip strength test was conducted with a hydraulic dynamometer (Jamar
5030J1, Jamar Technologies, Horsham, PA, USA) and performed from the sitting position
on a height-adjustable chair with the participants’ feet supported, their shoulders adducted
and neutrally rotated, their elbow flexed at 90◦, and their forearm in the neutral position [43].
The participants performed three maximal isometric contractions (each lasting 5 s) with each
hand, with a 1-min rest between trials, and the best score with each hand was considered
for analysis. Furthermore, during the sit-up test, the participants were instructed to lie
in the supine position with their knees bent at an angle of 100–110◦ and with both arms
folded across their chest. The maximum number of sit-ups was considered for analysis [39].
Additionally, during the push-ups test, the participants were positioned with their knees
bent at an angle of 100–110◦ and their arms extended at a shoulder-width apart. The
participants lowered their bodies, bending their elbows at an angle of 90◦, and then
returned back to the starting position. The maximum number of push-ups was considered
for analysis [39].

Finally, cardiorespiratory fitness was assessed using the submaximal treadmill walking
test of Ebelling et al., consisting of three 4-min stages [46]. The participants started the
4-min walking test protocol at an initial treadmill velocity that corresponded to 60% of their
age-predicted HRmax and 0% grade (stage 1). Then, the walking speed remained stable for
each participant, and the treadmill incline was increased to 5% (stage 2) and 10% (stage 3).
The heart rate of the participants was measured before the walking test protocol, after each
stage, and at the first minute following the termination of the walking test using chest belt
telemetry (Polar Electro, Kempele, Finland). Additionally, the rating of perceived exertion
(RPE) was assessed at the end of each stage using the 20-point Borg scale. Maximal oxygen
uptake (VO2max; mL/kg/min) was also estimated using the following equation proposed
by Ebbeling et al. [46]: VO2max = 15.1 + 21.8 (speed in mph) −0.327 (heart rate in bpm at
5% grade) −0.263 (speed × age in years) + 0.00504 (heart rate in bpm at 5% grade × age in
years) + 5.98 (gender: female = 0, male = 1).

2.5. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics v.26 software (IBM
Corporation, Armonk, New York, USA), and the results are presented as the
means ± standard deviations. A statistical power analysis (software package GPower 3.0)
before the initiation of the study indicated that a total number of 36 participants
(18 participants in each group) would yield adequate power (>0.85) and a level of signifi-
cance (<0.05). The total sample of the present study was 40 middle-aged pre-menopausal
women (20 participants in each group). The normality of data was examined using the
Shapiro–Wilk test (all variables followed the normal distribution). Two-way analysis
of variance (ANOVA), 2 groups (EG and CG) × 2 time points (pre and post training),
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with repeated measures on the “time point” factor and multiple comparisons with the
Sidak method, was applied to locate significantly different means within and between the
groups. Cohen’s effect sizes were calculated using the equation: d = difference between
means/pooled SD. One-way ANOVAs were used between the groups to compare the
relative changes from pre to post training in all of the tested parameters. The significance
level was set at p < 0.05.

3. Results
3.1. Health Indices

Two-way ANOVAs indicated significant interaction effects on the percentage of body
fat and blood pressure as well as on respiratory function (FVC; FEV1) (p < 0.05). Specifically,
the EG body fat and blood pressure values were significantly lower in the post-training
measurements versus the pre-training measurements, while the FVC and FEV1 values
were significantly greater in the post-training measurements versus the pre-training mea-
surements (p < 0.05; with small–medium effect sizes d = 0.24–0.43), and the FFM values
remained stable (p > 0.05). In the CG, all the above variables did not change after the
10 weeks (p > 0.05) (Table 4). Comparisons between groups revealed that all post-training
values for body fat and blood pressure were significantly lower in the EG versus the CG,
while the FVC and FEV1 values were significantly higher in the EG versus the CG (p < 0.05).
The FFM post-training values did not differ between the EG and the CG (p > 0.05). The
percent changes from pre to post training for body fat, blood pressure, and respiratory func-
tion were significantly greater in the EG vs. the CG (p < 0.01). Regarding the pre-training
measurements, no significant differences were observed in all health parameters between
the two groups (p > 0.05).

Table 4. Health indices in the exercise and control group pre and post training (mean ± SD).

Variables Group Pre Training Post Training Mean %
Change

Body fat (%) EG
CG

29.50 ± 6.90
29.09 ± 9.85

27.00 ± 7.50 *,#

29.48 ± 11.84
−2.5 †

+1.3

Systolic BP (mmHg) EG
CG

106.84 ± 10.15
110.80 ± 12.80

103.64 ± 8.54 *,#

111.45 ± 11.20
−3.0 †

+0.6

Diastolic BP (mmHg) EG
CG

74.29 ± 8.43
76.46 ± 10.50

70.84 ± 7.30 *,#

78.27 ± 9.93
−4.6 †

+2.3

FVC (L) EG
CG

3.32 ± 0.52
3.11 ± 0.43

3.44 ± 0.51 *,#

3.10 ± 0.41
+3.6 †

−0.3

FEV1 (L) EG
CG

2.63 ± 0.43
2.59 ± 0.34

2.74 ± 0.42 *,#

2.60 ± 0.32
+4.2 †

+0.4
where * p < 0.05 statistically significant difference before and after the intervention program in the EG, # p < 0.05
statistically significant difference between the EG and the CG in the post-training measurement, and † p < 0.01
statistically significant difference between the EG and the CG in the percent change. BP, blood pressure; CG,
control group; EG: exercise group; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s.

3.2. Functional Capacity Indices

The two-way analyses of variance showed significant interaction effects on all func-
tional capacity indices (flexibility and static and dynamic balance) (p < 0.001). More
specifically, in the EG, the flexibility and static balance values were significantly higher
in the post-training measurements versus the pre-training measurements, while the TUG
values were significantly lower in the post-training measurements versus the pre-training
measurements (p < 0.001; d = 0.70–1.15). In the CG, all of the above variables did not change
after the 10 weeks (p > 0.05) (Table 5). Comparisons between the groups revealed that all
of the post-training flexibility and static balance values were significantly greater in the
EG versus the CG, while the TUG values were significantly lower in the EG versus the CG
(p < 0.001). Regarding the pre-training measurements, no significant differences were
observed in all functional capacity parameters between the two groups (p > 0.05).
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Table 5. Flexibility and balance values in the exercise and control group pre and post training (mean ± SD).

Variables Group Pre Training Post Training Mean %
Change

Flexibility—Sit-and-reach test (cm) EG
GG

24.61 ± 6.43
24.67 ± 6.35

27.86 ± 6.36 *,#

24.00 ± 6.38
+12.2 †

−2.7

Static balance—Right leg (s) EG
CG

56.92 ± 40.28
56.91 ± 40.16

108.82 ± 55.64 *,#

56.18 ± 39.93
+51.1 †

−1.3

Static balance—Left leg (s) EG
CG

48.73 ± 39.80
47.77 ± 39.62

101.73 ± 59.34 *,#

48.78 ± 39.30
+50.4 †

+2.1

Dynamic balance—TUG test (s) EG
CG

4.90 ± 0.47
4.90 ± 0.46

4.44 ± 0.37 *,#

4.91 ± 0.47
−10.3 †

+0.2
where * p < 0.001 statistically significant difference before and after the intervention program in the EG,
# p < 0.01 statistically significant difference between the EG and the CG in the post-training measurement,
and † p < 0.001 statistically significant difference between the EG and the CG in the percent change. CG: control
group; EG: exercise group; TUG test: timed up-and-go test.

3.3. Physical Fitness Indices
3.3.1. Strength

The analyses of variance indicated significant two-way interaction effects on all of
the strength tests (p < 0.001). More specifically, in the EG, the handgrip, push-ups, and
sit-ups test values were significantly higher in the post-training measurements versus the
pre-training measurements (p < 0.001; d = 0.70–1.57). In the CG, the above variables did not
change after the 10 weeks (p > 0.05) (Table 6). Comparisons between the groups revealed
that all post-training strength values were significantly greater in the EG versus the CG
(p < 0.001). The percent changes from pre to post training for the handgrip, push-ups,
and sit-ups test were significantly greater in the EG vs. the CG (p < 0.001). Regarding the
pre-training measurements, no significant differences were observed in all the upper body
strength values between the two groups (p > 0.05).

Table 6. Strength values in the exercise and control groups pre and post training (mean ± SD).

Variables Group Pre Training Post Training Mean % Change

Maximal HG preferred hand (kg) EG
CG

31.11 ± 5.48
31.28 ± 5.54

35.36 ± 5.35 *,#

30.58 ± 5.27
+12.2 †

−2.3

Maximal HG non-preferred hand (kg) EG
CG

30.17 ± 5.09
30.22 ± 5.05

33.61 ± 5.81 *,#

29.61 ± 4.97
+10.0 †

−2.1

Sit-ups (reps) EG
CG

14.50 ± 9.78
14.67 ± 9.82

32.56 ± 13.86 *,#

14.22 ± 9.08
+55.9 †

−2.4

Push-ups (reps) EG
CG

12.17 ± 7.16
12.28 ± 6.94

21.00 ± 7.81 *,#

12.72 ± 6.75
+43.9 †

+1.5

where * p < 0.001 statistically significant difference before and after the intervention program in the EG,
# p < 0.01 statistically significant difference between the EG and the CG in the post-training measurement,
and † p < 0.001 statistically significant difference between the EG and the CG in the percent change. CG, control
group; EG: exercise group; HG: handgrip strength.

3.3.2. Aerobic Capacity

The analyses of variance demonstrated significant two-way interaction effects on the
heart rate and RPE values (p < 0.001; Table 7). Specifically, the EG heart rate and RPE
values were significantly lower in the post-training measurements versus the pre-training
measurements (p < 0.001; d = 0.7–1.15), while the VO2max values were significantly higher. In
the CG, the above variables did not change after the 10 weeks (p > 0.05). Comparisons between
the groups revealed that all heart rates and RPE post-training values were significantly lower
in the EG versus the CG (p < 0.001), while the VO2max values were significantly higher. The
percent changes from pre to post training for heart rate, RPE, and VO2max were significantly
greater in the EG vs. the CG (p < 0.001). Concerning the pre-training measurements, non-
significant differences were observed between the two groups (p > 0.05).
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Table 7. Cardiorespiratory fitness in the exercise and control groups pre and post training (mean ± SD).

Variables Group Pre Training Post Training Mean %
Change

HR rest (beats/min) EG
CG

83.50 ± 8.86
83.33 ± 8.81

73.72 ± 8.50 *,#

84.44 ± 8.79
−13.8 †

+1.3
HR test (beats/min)

Stage 1◦
EG
CG

114.78 ± 6.12
114.33 ± 6.09

105.06 ± 8.45 *,#

115.72 ± 6.72
−9.8 †

+1.2

Stage 2◦ EG
CG

132.11 ± 9.04
131.89 ± 8.71

122.67 ± 11.57 *,#

132.83 ± 9.44
−8.2 †

+0.7

Stage 3◦ EG
CG

145.06 ± 7.46
145.88 ± 7.47

137.82 ± 11.40 *,#

144.50 ± 7.55
−6.4 †

−0.9
HR rec (beats/min)

1st min
EG
CG

113.67 ± 11.28
113.56 ± 11.11

100.83 ± 11.44 *,#

114.06 ± 11.30
−13.3 †

+0.4
RPE (Borg scale)

Stage 1◦
EG
CG

9.22 ± 2.05
9.50 ± 2.19

7.44 ± 1.62 *,#

9.11 ± 2.20
−24.7 †

−1.5

Stage 2◦ EG
CG

11.83 ± 3.05
11.72 ± 2.97

9.50 ± 2.64 *,#

12.17 ± 2.94
−25.9 †

+2.6

Stage 3◦ EG
CG

13.50 ± 3.12
13.19 ± 3.15

11.12 ± 2.96 *,#

13.75 ± 3.44
−25.5 †

+2.4
VO2max estimation

(mL/kg/min)
EG
CG

36.50 ± 3.1
36.89 ± 2.5

41.2 ± 3.0 *,#

36.5 ± 2.4
+11.4 †

−1.1
where * p < 0.001 statistically significant difference before and after the intervention program in the EG, # p < 0.01
statistically significant difference between the EG and the CG in the post-training measurement, and † p < 0.001
statistically significant difference between the EG and the CG in the percent change. HRrest: heart values at rest
in a sitting position, HR test: heart values during the submaximal exercise, HR rec: heart values following the
submaximal exercise, and RPE test: the rating of perceived exertion during the submaximal exercise. VO2max was
estimated using the following equation: VO2max = 15.1 + 21.8 (speed in mph) − 0.327 (heart rate in bpm) − 0.263
(speed × age in years) + 0.00504 (heart rate in bpm × age in years) + 5.98 (gender: female = 0, male = 1).

4. Discussion

Biological aging in conjunction with physical inactivity and reduced participation in
organized exercise programs may lead to a decline in cardiovascular and neuromuscular
function, contributing to physical frailty and deterioration in health-related quality of
life [4,5,47,48]. For this reason, all health and exercise organizations such as the ACSM, the
WHO, and the CDC recommend the systematic participation of middle-aged and older
individuals in combined exercise programs consisting of cardiovascular and neuromuscular
activities as the most effective “non-pharmacological” intervention for counteracting the
harmful effects of a sedentary lifestyle and aging [4–6]. In this context, during the last
few decades, different sports and health professionals all over the world have focused on
the design, implementation, and evaluation of different serial and integrated combined
exercise programs using various activities and training means [13,14,23,24,26,28,49–55].
Although chair-based exercise programs have gained popularity as an alternative mode
of exercise for improving health, functional capacity, and physical fitness, especially in
older and frail individuals [7–12,15–22], only a few studies have examined the effects of
chair-based exercise programs in healthy middle-aged individuals [13,14]. This study
was designed and implemented with success and safety (without adverse side effects or
injuries) in middle-aged pre-menopausal women with a 10-week supervised music–kinetic
chair-based integrated combined exercise program using chair-based seated and chair-
assisted standing flexibility, balance, and strength exercises as well as low-impact aerobic
dance movements. The exercise program that was implemented was effective in inducing
significant adaptations to all health, neuromuscular, and cardiovascular parameters.

Neuromuscular function (flexibility, balance, and strength) plays an important role in
the safe and effective participation of middle-aged and older individuals in daily activi-
ties [5]. The progressive loss of flexibility, balance, and strength is an inevitable occurrence
of aging [5], contributing to physical frailty and a deterioration in health-related quality
of life. This study showed that a 10-week supervised music–kinetic integrated combined
exercise program using chair-based seated and chair-assisted standing flexibility, balance,
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and strength exercises with body weight or small auxiliary means (dumbbells, Pilates mini
balls, and rings, anti-stress balls, and hand grippers) resulted in a 12% gain in flexibility
of the hamstring and/or lower back muscles, a 50–51% gain in static balance, a 10% gain
in dynamic balance, a 10–13% gain in maximal handgrip strength, and a 44–56% gain in
upper body endurance strength. The findings of the present study are in line with previous
investigations reporting similar gains in neuromuscular parameters (flexibility or static and
dynamic balance or lower and upper body strength) after different chair-based exercise
programs in older and frail individuals with chronic diseases or injuries [7–12,15–22] as
well as in employees of different working environments (i.e., offices and hospitals) [13,14].
The results of previous studies that implemented different combined exercise programs
without chairs demonstrate conflicting results. Some of them following the results of the
present study reported significant improvements in neuromuscular indices of middle-aged
men and women, while others failed to observe significant neuromuscular training adapta-
tions [23,24,27,49,50,56]. According to several previous investigators, the confusing results
among studies concerning neuromuscular adaptations may be attributed to differences
in subjects’ characteristics, loading parameters, and exercise modalities, but mainly to the
order of exercises, which may reinforce the so-called “interference effect”, diminishing the
efficacy of combined strength and aerobic training compared to separately training only
strength or endurance [57,58].

Strength and endurance training activate different mechanisms, therefore causing op-
posite adaptations to the human body. In more detail, strength training causes skeletal mus-
cle hypertrophy and neuromuscular responses by activating the mammalian/mechanistic
target of the rapamycin (mTOR) signaling pathway [59,60], whereas aerobic training causes
skeletal muscle oxidative and metabolic capacity [61] by activating adenosine monophos-
phate (AMP)-activated protein kinase (AMPK). It should be mentioned that AMPK inter-
feres with mTOR signaling via tuberous sclerosis complex 2 (TSC2), repressing protein
synthesis [62]. Taking all the above into consideration, the combination of those two differ-
ent modes of training (strength vs. aerobic) in the same training period/session may lead
to the so-called “interference effect”. Some previous studies have reported that residual
fatigue produced by prior aerobic exercise workouts decreases the neural input to the
exercised muscle leading to decrements in force output and the rate of force development,
as well as attenuation of neuromuscular responses [52]. Conversely, some other studies
have demonstrated that the mode of combined training (serial or integrated) and the order
of exercises during combined training does not affect neuromuscular responses [53]. In
our study, we chose an integrated combined training mode, which according to previous
studies may reduce or eliminate the “interference effect” between neuromuscular and
aerobic exercise workouts due to less muscle soreness and faster muscle recovery after
exercise [63–65].

Cardiorespiratory fitness (CRF) is also an important indication of a person’s overall
physical health, and it refers to the capacity of the circulatory and respiratory systems to
supply oxygen to skeletal muscle mitochondria for the energy production needed during
physical activity [53,54]. Low levels of CRF in conjunction with high levels of body fat are
strong predictors of cardiovascular disease (CVD) and all-cause mortality in middle-aged
and older individuals [66,67]. The present study reported that a music–kinetic chair-based
integrated combined exercise program decreased body fat by 2.5% (with a small effect size),
blood pressure by 4.5–5.5% (with a small effect size), heart rate by 6.5–14%, and the rate of
perceived exertion by 25–26%, while it increased respiratory function by 3.5–4% in middle-
aged pre-menopausal women. To the best of our knowledge, very few studies [13,14,68]
have examined the efficacy of chair-based exercise programs on body composition and
cardiorespiratory function. The results of these studies are in line with those of the present
study, reporting significant benefits in body composition and cardiorespiratory fitness of
employees or frail older individuals [13,14,68]. Furthermore, the results of the present
study revealed similar cardiorespiratory adaptations in comparison with other studies
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that implemented non-chair combined exercise programs in middle-aged men and women
using various activities [23,25–27,50].

The findings of this study are limited to the use of a 10-week music–kinetic chair-
based integrated combined exercise program consisting of flexibility, balance, strength,
and low-impact aerobic dance exercises using body weight or small auxiliary means
(dumbbells, Pilates mini balls, and rings, anti-stress balls, and hand grippers). Future
studies could investigate possible training adaptations using other exercise modalities
and training interventions of greater program duration (above 10 weeks). Furthermore,
our findings are limited to healthy middle-aged pre-menopausal women. Future studies
could examine the efficacy and safety of music–kinetic chair-based integrated combined
exercise programs in obese individuals, individuals of other age groups (i.e., children or
young adults), individuals with different training statuses (trained individuals) as well as
in women with different menopause stages (menopause or post-menopause). Finally, in
upcoming studies, it would be interesting to examine the efficacy of the chair-based music–
kinetic combined exercise program and other health-related factors such as biochemical
indicators and evaluation of stress and psychological well-being.

5. Conclusions

In conclusion, a 10-week music–kinetic integrated combined exercise program, using
chair-based seated and chair-assisted standing flexibility, balance, and strength exercises
as well as low-impact aerobic dance movements, is an effective intervention that induces
significant cardiovascular and neuromuscular adaptations in middle-aged pre-menopausal
women, without causing adverse side effects or injuries. This study provides perspectives
for an alternative and efficient exercise approach that can be used with safety in fitness
and rehabilitation centers to ameliorate the age-associated loss of functional capacity and
overall fitness in middle-aged women.
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Abstract: Physical activity is essential for women with physical disabilities. This review aims to
identify the barriers they face in practicing sport. A systematic review was conducted using the
PubMed/Medline, Scopus, and Web of Science databases in January 2023, with an update in March
2023. The eligibility criteria used for inclusion were as follows. (i) Women with physical disabilities;
(ii) women who engage in or want to engage in physical activities and/or sport, both adapted and
non-adapted; (iii) identification of women’s barriers to such practice; (iv) research articles; and
(v) papers written in English and published in peer-reviewed journals. The exclusion were as follows.
(i) Women with illness, injury or transient physical activity difficulties; (ii) mention of rehabilitative
physical activity; and (iii) results showing no differentiation in barrier types by gender. This review
identified different barriers, grouped into eight types according to the differentiating factor, thus
showing that disable people’s participation in physical activity is directly related to some specific
barriers which seem to differ according to their gender. Therefore, the success of participation in
physical activities depends not only on the user’s concern, but also on an inclusive social environment.

Keywords: physical activity; barriers; women; physical disability

1. Introduction

An estimated 1.3 billion people, or 16% of the world’s population, currently suffer from
some form of disability [1]. About 1.5 billion people live with a physical, mental, sensory, or
intellectual disability worldwide [2], of which women are the most affected, [3], making up
58.6% of the total. It is well known that regular physical activity is essential for maintaining
good health and preventing disease [4–6]; the beneficial effects of exercise and physical
activity on numerous aspects of health are now well known and generally accepted [7–9].
The practice of physical activity improves the physical, mental, and social state of the
individual [10]. However, only 40% of women take part in the minimum recommended
amount of physical activity [4,11], and in general, people with disabilities are in poorer
health than the general population [2,12,13]. People with different disabilities such as
cerebral palsy or spinal cord injury often face significant barriers to participating in physical
activity [14–16], and in particular, women with physical disabilities often face unique and
multiple challenges to practicing physical activity, including social, psychological, and
physical barriers [17].

There is growing awareness of the importance of physical activity for people with
physical disabilities, and as a result, there are several research studies on the benefits of
physical activity for people with physical disabilities [18–21], and some suggestions for
the adaptation of activities, e.g., for mothers with physical disabilities [22] or interventions
for the assistance of people with a spinal cord injury [23]. Physical/sports activities for
people with disabilities contribute to their functional independence, improve their physical
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condition, performance and physical capacity, favor the prevention and correction of
deformities and postural defects, reduce stress, and improve self-confidence, emotional
states, relationships with others, enjoyment and interest, among other things [24–26].
Within the Spanish population specifically, there is no study on the sporting habits of people
with disabilities [27], although there are studies on the low levels of participation in sports
practice [28], and on barriers to sport, both for different types of disabilities [14–16,29,30]
and for people with physical disabilities in particular. However, the involvement of
gender differences in these barriers is not appreciated [31–37]. However, when it comes to
participation in physical activity (between women and men with disabilities), [14,16,20]
women show poorer levels of participation. Differences gender-wise are found in the
perception of barriers to physical activity according to gender [14]. Therefore, it is vitally
important to highlight the needs of women with disabilities by identifying the barriers that
have been identified in the literature and making this reality visible, in order to encourage
participation in physical activity by women with disabilities.

Studies can be found in the literature that examine different types of barriers and
their multiple classifications, such as social barriers, including discrimination and stigma;
psychological barriers, including low levels of self-esteem and lack of motivation; and
physical barriers, such as lack of access to adapted facilities and equipment [38–40]. More-
over, there exist intra-personal barriers, such as poor body image or fear of injury [41], and
interpersonal barriers, such as lack of support or disapproval from others [12]. It is worth
noting the existence of the differentiation in types of barriers according to gender [42].
Ways to overcome these barriers should be explored and the most effective strategies to
increase the participation of women with physical disabilities in physical activity should
be discussed.

The aim of this research is to raise awareness of the specific barriers faced by women
with physical disabilities in relation to physical activity, and to ensure that they are ad-
dressed by management to the greatest extent of their responsibilities, in order to promote
greater participation in physical activity. For these reasons, this article presents the results
of a systematic review of the literature on barriers to physical activity for women with
physical disabilities.

2. Materials and Methods
2.1. Literature Searching Strategies

The present research is a systematic review that seeks to identify the perceived barriers
to women with physical disabilities who engage in or want to engage in physical activity.
The research was conducted according the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines [43]. This allowed an adequate structuring
of the review, which answers the following question: what are the perceived barriers of
women with physical disabilities who engage in or want to engage in physical activity,
both adapted and non-adapted?

The following databases were used to conduct a structured search: PUBMED/MEDLINE,
Web of Science (WOS) and Scopus. Using these high-quality databases, the search was
completed without limitation to any specific year, and results were included up to and
including 31 March 2023. Articles were retrieved from electronic databases using the
following search strategy (Table 1): Barrier* AND “physical activit*” OR “adapted physical
activit*” OR sport* AND disab* AND women OR woman, with these terms appearing
in the title or abstract. Keywords were selected based on background reading. Articles
considered relevant to this field of activity were obtained using the snowball strategy
linked to this equation. In addition, all relevant studies were found by reviewing the titles
and abstracts of articles in databases and the results of literature searches. These articles
were considered potentially relevant and were analyzed for their compliance with the
inclusion criteria for the final analysis. In addition, the reference sections of all articles
found were examined, and all titles and abstracts obtained were cross-checked in order
to detect possible duplication or lack of actual studies on the topic. Titles and abstracts
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were also selected for further full-text review. Two different authors searched for previous
studies separately (J.O.-I. and N.U.-O.), and possible discrepancies were discussed with a
third author (P.L.-G.).

Table 1. Search strategy.

Articles Found

WOS PUBMED SCOPUS

1- Barrier* AND physical activit* AND disab* AND women 86 49 361
2- Barrier* AND physical activit* AND disab* AND woman 86 4 361

3- Barrier* AND adapted physical activit* AND disab* AND wom* 8 0 18
4- Barrier* AND sport* AND disab* AND wom* (All Fields) 21 14 71
5- Barrier* AND “physical activity” AND disab* AND wom* 63 48 235

Total without duplicates 97 55 397
410

2.2. Inclusion and Exclusion Criteria

No discrimination was made by country, race, or age, in order to obtain the most
possible research. Articles published in English or Spanish and only research articles were
filtered out.

The eligibility criteria used for inclusion were (i) women with physical disabilities;
(ii) women who engage in or want to engage in physical activity and/or sport, both adapted
and non-adapted; and (iii) the identification of barriers to women’s physical activity and/or
sport. The exclusion criteria applied to the research were the following: (i) women with
illnesses (i.e., those not identified as a disability, such as women with cancer), injuries
or situations of difficulty for physical activity of a specific or transient duration, such as
pregnant women; (ii) women engaging in rehabilitation physical activity, as they have
access to physical therapy activities; and (iii) results not showing gender differentiation
within the type of perceived barrier.

2.3. Quality Criteria

Two authors assessed quality in terms of the methodology used, along with any risk
of bias (J.O.-I. and N.U.O.). Lack of consensus was submitted to third party assessment
(P.L-G.), following the protocol for search and selection of studies [44]. All the following
points of the protocol were carried out. (1) Whether the selected studies met the eligibility
criteria or not was determined; (2) all the papers found were compared with each other
to find out whether the studies overlapped or not; and (3) the selection process was then
carried out. (A) The search results were combined by identifying the DOI of each article
(if not available, one was assigned to each article). (B) All the searches were input in a
database, and duplicates removed by DOI for a first screening. (C) For the second screening,
studies were sorted by title, and publication data were compared to remove duplicates,
taking into account the title, authors, journal, year, and number and/or volume of the study.
(D) All the identified full texts were recruited for analysis. (E) The decision to include a
paper in the study was made considering the favorable opinion of two researchers (J.O.-I.
and N.U.-O.); if there was a difference in opinion, it is a third researcher (A.C.-B.) who
decides with a third opinion (following point 4 of the protocol, an established process of
inclusion criteria in the case of disagreement, and point 5, the reason for the exclusion of
the excluded studies).

2.4. Data Processing

All the selected articles had to identify a study outcome that referred specifically to
women. These outcomes were grouped according to the type of outcome, corresponding
to a differentiating factors which were as a result of an exploratory factor analysis (EFA)
that explained 56.5% of the total variance: personal, physical, psychological, leadership,
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media support, coaching role, economic, others’ attitudes, social, and cultural/religious
support [17]. The barriers identified in each study were categorized and unified according
to each grouping factor. In addition to the results, the profile of the subjects and the type of
intervention carried out in these studies were added to obtain the results of each study.

3. Results
3.1. Search Process

Of the 1425 articles found after searching different databases, only 9 articles were
identified that met all the inclusion criteria for the purposes of the systematic review, which
are presented in the flowchart [45] (Figure 1). Of these 1425 articles, 1015 were removed as
duplicates. Of the remaining 410 articles, 369 were eliminated after examination of titles
or abstracts. Of the 41 full-text articles assessed for eligibility, a further 33 papers were
discarded because they did not identify gender in the type of barrier (n = 8), did not specify
the type of barrier (n = 13), did not specify the type of disability of the subjects (n = 3), were
systematic reviews of another topic (n = 5), or were not related to the defined object of
study (n = 4). On the other hand, one article was found after the citation search [39]. Thus,
the present systematic review included nine studies [39,41,46–52].
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3.2. Differentiating Factor and Characteristics of Barriers

The different types of barriers identified as differentiating factors were based on the
work of Bakhtiary et al.; the characteristics detected in each of them and the studies in
which these barriers are mentioned are shown in Table 2.

Table 2. Studies included in the systematic review: characteristics of barriers and relevant studios.

Differentiating Factor Characteristics Number of Studies References

Personal

Age 1 study [50]
Solitude 1 study [50]
Lifestyle 2 studies [50,52]
Being a woman 1 study [50]
Lack of strategy 1 study [50]
Fatigue 1 study [47]

Physical

Health 3 studies [41,50,52]
Mobility 2 studies [47,50]
Self-care 1 study [50]
Dependence 1 study [50]

Psychological

Self-image 1 study [39]
Motivation 6 studies [41,46,47,49,50,52]
Fear 3 studies [41,50,52]
Perception of (in)capacity 1 study [50]

Managerial

Accessibility or adaptations 4 studies [47–51]
Transport 4 studies [47,49,50,52]
Communication 4 studies [47,49,50,52]
Political organization 2 studies [49,50]

Coach role Lack of training 2 studies [49,51]

Economic
High cost 3 studies [47,49,52]
Assistants’ expenses 1 study [48]

Others attitudes Looks 2 studies [50,51]

Social support

Family 2 studies [49,50]
Colleague 2 studies [41,50]
Society 4 studies [46,47,49,51]
Institution 1 study [49]

Cultural/religious support

The media

Table 2 shows that there is no study that confirms that there are barriers according to
the differentiating factors of media support and cultural/religious support.

Table 3 shows all the studies found with the most complete data on the study subjects,
the intervention methodology used, and the types of barriers identified according to
the corresponding factor. The most frequently mentioned factor as a barrier was the
psychological factor (n = 7), with a lack of motivation predominating. This was followed
by the management (n = 6) of the offers or possibilities to practice sport for women with
physical disabilities, and the lack of social support (n = 6), understood as the lack of support
both from the immediate environment and from other people in society for access to or the
possibility of engaging in physical activity.
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Table 3. Data extraction and synthesis.

Author/s Year Population Intervention Barriers Factor

Anderson et al., 2008 [41]

Subjects:

• 22 women (10–18 years):

Type of injury:

• Cerebral palsy (7)
• Spina bifida (8)
• Osteogenesis (2)
• Amputee (2)
• Reduced mobility (2)
• Cerebral anoxia(1)

Semi-structured interviews 1, 3, 9

Cardenas et al., 2021 [49] Subjects:
49 women Questionnaire 1, 3, 4, 6, 7, 8, 9

Dlugonski et al., 2012 [46]

Subjects:

• 11 women (42.9 years ± 10.2)

Type of injury:
Multiple Sclerosis

Semi-structured interviews 3, 9

Henderson and Bedini, 1995 [47]

Subjects:

• 16 women (29–53 years):

Type of injury:

• Rheumatoid arthritis (3)
• Multiple sclerosis (3)
• Spinal cord injury (3)
• Cerebral palsy (2)

others (5)

In depth interviews 1, 2, 3, 4, 7, 9

Odette et al., 2003 [48]

Subjects:

• 45 women (+18 years) (mean 43, 18–80 years)

Type of injury:

• Rheumatological
• Neurological
• Musculoskeletal disorders

Focus group 4, 7

Rauch et al., 2013 [50] Subjects:
13 women (44, 31–75 years)

Focus group and
individual interviews 1, 2, 3, 4, 5, 8, 9

Richardos et al., 2017a [51] Subjects:
8 women (+18 years), (mean 40, 23–60 years)

Focus group and
individual interviews 8, 9

Richardos et al., 2017b [39]
Subjects:

• 8 women (+18 years), (mean 43 years ± 13)

Semi-structured
interviews, videoconferences,
telephone interviews

3, 4, 6

Rimmer et al., 2000 [52]

Subjects:

• 53 (18–64 years) (4%, 18–34 years; 31%,
35–49 years and 65%, 50–64 years)

Type of injury:

• Arthritis (30)
• Apoplexy (22)
• Multiple sclerosis (14)
• Diabetes (10)
• Lung diseases (8)

Telephone interviews 1, 2, 3, 4, 7

1. Personal; 2. physical; 3. psychological; 4. managerial; 5. the media; 6. coach’s role; 7. economic; 8. others’
attitudes; 9. social support; 10. cultural/religious.

4. Discussion

The current review aims to identify the perceived barriers of women with disabilities
to engaging in physical activity or sport. We did not find any existing studies with such
objectives. Therefore, the main objective has been to identify several types of very complex
barriers that cover several aspects through which they can be approached; we propose
that knowledge of these will help professionals to guide and favor women with physical
disabilities in accessing sports or physical activity, as happens in populations with other

123



J. Funct. Morphol. Kinesiol. 2023, 8, 82

physical needs [53]. A total of eight types of barriers (personal, physical, psychological,
direction, coach’s role, economic, others’ attitudes, and social support) were identified from
nine studies.

This research has yielded many significant insights. First, the results demonstrate
that the barriers to physical activity for women with physical disabilities are multiple and
complex, and span multiple dimensions. Many women with physical disabilities find it
difficult to be physically active [54]; this study has revealed that personal barriers such as
age, fatigue, loneliness, lifestyle, or simply being a woman may limit participation in any
physical activity. All these factors are responsible for the low participation of women with
physical disabilities in sport, since women have been shown to be less likely to participate
in sports than men [16].

There is sufficient theoretical evidence on the benefits of sporting activity [55]; in
the case of people with disabilities, it contributes to their functional independence, im-
proves their physical condition, performance and physical capacity, favors the preven-
tion and correction of deformities and postural defects, reduces stress, improves self-
confidence, emotional state, relationships with others, and enjoyment and interest, among
other things [26,56–58]. However, a second important finding of this review is that barriers
related to physical disability, such as health, mobility, or the degree of dependence on others,
also prevent women from practicing sport, thus reducing the possibility of appropriating
all the benefits mentioned above.

Another barrier to participation is often linked to psychological factors. Within the
psychological variables, motivation is one of the best known, although it is well known
that motivation can be influenced by different factors [59] and is considered the most
prominent factor in adherence to physical activity [13,60], The same factors were found
in this study, wherein women with disabilities experience different situations that lead to
a lack of motivation being a barrier to practicing sport [41,46,47,49,50,52]. In addition to
motivation, other psychological factors, such as fear [41,50,52], the perception of not being
able to engage in physical activity [50], or a negative self-perception [39], form a barrier for
women with physical disabilities.

Such women should have opportunities for physical activity in a safe and adapted
environment in accordance with their needs, under the Sport Law 2007 [61]; moreover,
society as a whole must be committed to making this a reality [62]. However, this study
has shown that these people encounter many management barriers, such as poor accessi-
bility or lack of adaptations to sports centers, lack of transport to sports facilities, lack of
co-communication between professionals, and poor organizational management. Confined
spaces and equipment that does not easily accommodate mobility limitations also prevent
them from making full use of exercise equipment and space [16], and the lack of communi-
cation between different professionals is also often one of the main barriers [63] that leads
to a lack of opportunities [64]. Therefore, we believe that it is necessary to theorize about
the structure of sporting institutions, starting with an inclusive atmosphere that can then be
implemented into the wider sporting culture and activities, in which all people belonging
to the community can be participants, as also pointed out in another study [62].

The role of a coach is essential for the proper performance of physical activities to
ensure the safety of the participant and the benefits of physical activity and sport [65];
the important role of trainers is evident [15]. Therefore, health and physical activity
professionals should consider individuals’ abilities, needs, limitations, values, personality
types and aptitudes in order to customize an adapted program and minimize the effects
of possible barriers [53,66]. This study shows that training staff lack training in adapting
physical activity or programs to the needs of users. There is a great lack of knowledge about
the different sports modalities available for people with disabilities, especially those that
are specific (e.g., boccia, slalom and goalball) [67]. Therefore, we believe that personalized
attention may be the key to increasing levels of participation in sports, and to keeping
programs challenging and attractive for people with physical disabilities. In addition, there

124



J. Funct. Morphol. Kinesiol. 2023, 8, 82

should be a variety of offers, so that the user can select a program that best suits his or her
needs [64,67].

It is clear that for women with physical disabilities to benefit from sport requires an
approach that involves a wider range of programs. However, the economic context of the
users must also be considered, as this barrier can have a crucial impact on participation
in sport [35]. Taking into account that resources for this group are limited [31], when the
financial costs of sporting activities increase, a barrier to participation is formed. In this
sense, being a woman can also be an added barrier, as it can be more difficult to obtain
sporting sponsors [68]. It is clear that for women with physical disabilities to benefit from
sport, an approach that involves a wider range of programs is required. However, the
economic context of the users must also be considered, as this barrier can have a crucial
impact on participation in sport. Among the benefits of sports practice mentioned above,
the improvement of relationships with others is defined by the following [21,26]; however,
we should take into account the differentiation between social support in relationships
with non-disabled people and in relationships with people with disabilities. Studies
have shown an improvement in happiness as a result of perceived social support among
people with disabilities [33]; however, this same improvement is not felt as a result of
support from people without disabilities [46,47,49,51]. In addition to this, we would have
to differentiate between social support from family and from acquaintances and other
people. Family support [69] and the support of partners is fundamental, although barriers
may exist [41,49,50]; however, the support of society and institutions also has an impact
on successful sports practice [14,47,49]. Users are therefore more likely to show reduced
adherence to exercise without this support [70,71]. It should also be noted that there are
differences in social support according to gender [72]; in one study, it was found that men
received more support from family and friends than women [73], just as in this study,
wherein a lack of social support can be observed as a barrier to physical activity. Women’s
participation in physical activity was shown to be lower than the participation of men with
disabilities [14,16,20]; these differences are also significant when it comes to the perception
of barriers to physical activity, according to gender [14], between men and women.

It is also worth noting that another barrier identified was social attitudes towards
people with disabilities. Negative attitudes may become barriers to the full realization of
human potential [38], and because physical disabilities are visible to others, they can lead
to stigmatizing social experiences [53,74]. It is therefore necessary to eliminate disability
stigma, as people with disabilities who perceive stereotyping to a high degree also perceive
a lower quality of life [33,75]. A society that does not recognize and value people with
functional diversity loses all the potential they have to offer [76]. Other barriers identified
as differentiating factors were culture and media [17], but in this research, they were far
less represented.

Limitations

As this is a systematic review, our limitations are related to the studies inserted here.
Although the selected sample is composed of a specific population (women with disabilities
who want to perform or perform physical activity or sport), it is heterogeneous in terms
of age, the type of physical limitation within the physical disability, and the context of the
physical activity or sport performed by the women in the studies.

5. Conclusions

This review has enabled the identification of the barriers that women with physical
disabilities encounter when performing physical activities. These findings highlight that
participation in sports practice does not only depend on the participant. Society must know
the barriers that women with physical disabilities face in practicing sports; this review
publicizes those barriers in order to improve our best practices. Understanding and raising
awareness of these barriers will allow interventions to be adapted to address the barriers,
and to provide more targeted support and guidance to women with physical disabilities.
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As people with physical disabilities themselves have demonstrated and demonstrate every
day, we must not forget that they are people with great abilities who want to participate,
on equal terms, in physical activity. As active members of the society to which they belong,
they have the right to live as independently as possible and with the highest possible quality
of life. A society that does not recognize the value of people with functional diversity will
lose all the potential they have to offer.
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