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Health is increasingly being studied, notably concerning preventive measures for
health issues [1–3]. Problems related to modern lifestyles, particularly the effects of hy-
pokinesia, have been a focal point in recent research [4,5]. Therefore, engaging in regular
exercise along with ensuring a healthy diet, among other factors, are believed to play
a decisive role in promoting health [1,4]. In this sense, engagement in sports would posi-
tively impact health indicators [3,5]. However, several factors influence athletes’ success,
rehabilitation, and physical preparation [6,7].

Furthermore, parasport and special populations have been extensively researched,
and the performance and health of these populations have been affected by the relationship
between stress, maturation, training load, and recovery [8,9]. Additionally, environmental
approaches aiming to enhance efficiency and physiological adaptation in relation to training
and intervention methods are being explored [10,11]. However, in various situations and
conditions, the stimulus–performance–adaptation relationship may vary and can interfere
with recovery, performance, and health [12,13].

Thus, topics such as training load monitoring; stress and physiological responses ex-
hibited during exercise or sports; post-exercise recovery processes; alterations due to stress
and/or training load; and the physiology of training in health and athletic performance
could significantly impact health. In this context, 19 published studies related to the subject
have been identified.

We begin with stress assessment, where the influence of slow breathing on acute stress
among handball coaches was evaluated. It was indicated that implementing respiratory
control could improve stress conditions during official games, with potential impacts on
health [14].

Another study investigated the impact of sleep deficiency on oxidative stress, PCR-us,
and cortisol levels associated with different intensities of aerobic exercise. Exercises of
varying intensities were compared, and the results suggested that lower exercise intensity
was more effective in mitigating the negative effects of sleep deficiency [15].

Furthermore, one study compared resistance training based on speed and percentages.
Training based on percentages was found to be more effective in maintaining resistance to
high-power speed, while speed-based training had a greater impact on explosive power
adaptations [16].

Another focus of research was on individuals with disabilities, including people
with Down’s syndrome, and their relationship with training and swimming. The body
composition and physical restriction profiles of competitive swimmers and moderately
active (detrained) individuals with Down’s syndrome were compared. The results indicated
that competitive swimming had a positive effect on reducing the tendency toward obesity
and improving the strength, efficiency, and balance of this population [17].

1
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Aquatic activities were also evaluated with respect to the health, psychological, and
social indicators in people with disabilities. Significant improvements were observed in the
mentioned conditions, as well as in social relationships and the inclusion of individuals
with disabilities, with increased support for their parents [18].

Furthermore, concerning individuals with disabilities, a scale was developed to predict
the pre-service intentions of physical activity instructors for people with disabilities. The
scale addressed the constructs, followed by the behavioral beliefs, that were influenced by
teaching experience regarding physical activity for people with disabilities. The influence
of parents and close associates of individuals with disabilities, as well as the beliefs of those
involved in teaching physical activity to this group, were also observed [19].

The relative importance and priority of factors to be considered in the administration
of physical activities for people with disabilities were also evaluated. The type of facility
and the provider of information were considered highly important, and it was observed
that programs within sports facilities had a higher priority. The utilization of these locations
by individuals with disabilities seems to be a crucial point outlined by this approach [20].

In the realm of parasports, studies were focused on various sports. Notably, the
Paralympic Games (PG) are considered one of the world’s largest events, with increasing
media coverage and participation. One study aimed to investigate the variation in the
number of gold, silver, bronze, and total medals in the Summer Paralympic Games from
1992 to 2016. It was observed that several external factors could influence performance
indicators, including an increase in the number of participants and greater and better
government investment. Additionally, it was noted that preparation should be based on
a multidisciplinary team, meaning that improvement in performance relies on knowledge
and investment from governments [21].

Within this paralympic perspective, the participation of the Portugal team in the
Tokyo 2020 Paralympic Games was evaluated through sociodemographic and psychosocial
variables (positive and negative effects, life satisfaction, resilience, and social support).
The Paralympic athletes presented high levels of life satisfaction, high positive affect, low
negative affect, and substantial levels of resilience and social support, which appeared to
be essential variables for these athletes [22].

A South Korean study also assessed the physical and sports needs of people with
disabilities and how these needs should be reflected in policies and practices to improve
their quality of life. The results indicated that para-sport projects should be community-
focused, and the environment should be stable for the professionals involved, especially
in sports facilities. Additionally, continuous capacity development should be prioritized.
Facilities should be utilized more effectively by people with disabilities, and effective
communication should be encouraged to help them understand the importance of physical
activity and sports for their health [23].

In Brazil, the effect of different warm-up types on the strength and skin temperature
of para-powerlifting athletes was evaluated. The results showed that there were no sig-
nificant differences between warm-ups with stretching and specific exercises or the lack
of engagement in warm-ups. However, thermal images demonstrated that traditional
warm-up methods better suited the objectives of para-powerlifting [24]. The relationship
between individuals with disabilities and the immune system was also assessed, including
with respect to chronic low-grade inflammatory states and immunodepression. The impact
of disability on various variables, ranging from physical fitness to well-being, quality of
life, sleep, and nutritional aspects, among others, was examined. The study also analyzed
the variability of parameters related to exercise/physical activity and the intra- and inter-
individual variability of the immune response to exercise. Overall, moderate-intensity
training was associated with optimal immunity and resistance to infections, such as upper
respiratory tract infections, among athletes. Intense training periods with insufficient re-
covery times could lead to a temporary state of immunosuppression, which should resolve
with a few days of rest/recovery from exercise [25].

2
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Furthermore, research from Italy focused on para-rowing, wherein a scoping review
enhanced by bibliometric analyses provided a comprehensive synthesis of knowledge
related to the sport. The academic community of para-rowing was found to consist of
78 researchers, 16 (20.51%) of whom were highly interconnected. The study identified gaps
in areas such as sports nutrition, doping, and psychological aspects among para-rowers
who are not visually impaired [26]. The same Italian group evaluated paralympic power-
lifting (PP) through a scoping literature review enhanced by a bibliometric analysis using
large databases. The results indicated that the community studying the sport was poorly
interconnected, with most authors contributing to only one article. However, one author
was a central node in the author network, with 59.5% of the reviewed scientific material
attributed to a Brazilian research group. The study suggested the need for increased con-
nectivity within the research community and highlighted the significant growth potential
of the sport [27].

In addition to these studies, other modalities were also investigated. For instance,
badminton was evaluated through a visual reaction training system for improving footwork
(VRTS) among badminton players. The results indicated that badminton footwork agility
training through VRTS could enhance players’ skills and agility in this sport [28].

Environmental aspects were also studied, particularly training at different altitudes.
Concentrations of erythropoietin (EPO), hemoglobin (Hb) levels, and VO2max values were
assessed. Living and training at higher altitudes were associated with improvements in
EPO, Hb, and VO2max compared to locations closer to sea level. Training at altitude was
found to be favorable for enhancing sports performance [29].

In conventional swimming, the use of playful methods has been shown to have
positive effects on sports learning. Two different swimming learning programs, one alter-
native and the other standardized, were evaluated. The alternative swimming learning
program proved to be more efficient or equally effective compared to the standardized
method regarding water skills, technique, swimming performance, and salivary cortisol
concentration [30].

Basketball was also a subject of study, particularly the prevalence of back pain and
musculoskeletal disorders and associated factors among basketball players. The corre-
sponding study found a high prevalence of cervical pain, followed by lumbar and back
pain, among basketball players. Preventive programs were recommended to improve the
health and sports performance of these athletes [31].

Additionally, a study evaluated military personnel and their visceral adipose tissue
(VAT) in relation to inflammatory processes. The study suggested that quantifying VAT
could be used to estimate the risk of developing metabolic syndrome (MS). The results
indicated that VAT ≥ 1025.0 cm3 (1086.0 g) was associated with MS risk factors and served
as a predictor of the disease presenting good indicators of sensitivity and specificity [32].

In this context, this Special Issue covers current and varied topics, with broad relevance
for both sports and occupational health, thereby making significant contributions to overall
health. Furthermore, it was observed that there was a considerable body knowledge
focused on people with disabilities, resulting in significant advancements in paralympic
sports and the control of loads and variables related to this sector and thus contributing to
the improvement of their life conditions and health.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: For a person with a disability, participating in sports activities and/or competitions can be
a challenge for the immune system. The relationship between exercise and immunity response in
disabled athletes is, indeed, extremely complex for several reasons, including (1) the chronic low-
grade inflammatory and immunodepression—“secondary immune deficiency”—state imposed by the
disability/impairment; (2) the impact of the disability on an array of variables, spanning from physical
fitness to well-being, quality of life, sleep, and nutritional aspects, among others, which are known to
mediate/modulate the effects of exercise on human health; (3) the variability of the parameters related
to the exercise/physical activity (modality, frequency, intensity, duration, training versus competition,
etc.); and (4) the intra- and inter-individual variability of the immunological response to exercise. In
able-bodied athletes, previously published data described several exercise-induced changes affecting
various immunological subsets and subpopulations, ranging from neutrophils to lymphocytes, and
monocytes. Broadly, moderate intensity workout is accompanied by optimal immunity and resistance
to infections such as upper respiratory tract infections (URTI) in athletes. Periods of intense training
with insufficient recovery can cause a temporary state of immunosuppression, which should end
with a few days of rest/recovery from exercise. Disabled athletes are relatively overlooked and
understudied with respect to their able-bodied counterparts. Findings from the few studies available
on paralympic and disabled athletes are here summarized and analyzed utilizing a narrative approach
to review and determine the major features of the immunological and inflammatory responses to
exercise in this specific population. Moreover, a few studies have reported behavioral, dietary, and
training strategies that can be adopted to limit exercise-induced immunosuppression and reduce
the risk of infection in people with disabilities. However, given the paucity of data and contrasting
findings, future high-quality investigations on paralympic and disabled athletes are urgently needed.

Keywords: immune system; disabled athletes; infection; lymphocytes; cytokines; narrative review

1. Introduction

“People with disabilities” or “disabled people” are broad umbrella terms and ex-
pressions that refer to a group of individuals or a specific population that is particularly
socially vulnerable and exhibits special needs. These subjects often experience societal
stigma, discrimination, and marginalization, reporting as well multiple social disadvan-
tages and either structural or perceived barriers [1,2], such as lack of accommodations and
inequities/disparities in perceived quality of life and health-related outcomes, as well as in
the use of/access to healthcare provisions [3,4].

According to the currently available body of scholarly research, adults living with
disabilities are up to four times more likely to report their health to be fair or poor com-
pared with their able-bodied counterparts [5]. These disparities can be due to both inher-
ent/intrinsic and extrinsic factors, which include the type of impairment and underlying
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co-morbidities, and ableism, respectively [3]. The lack or scarcity of accessible information,
specifically devised for people with disabilities, increases the barriers they may experience,
which is dramatically impactful [3]. These factors are cascading and compound, requiring,
as such, an intersectional lens to be properly addressed. Besides subjective health-related
outcomes, including perceived quality of life, disabled individuals are at an increased risk
of poor objective outcomes because of a “triple jeopardy”, which includes disability itself,
reduced access to healthcare and rehabilitation provisions, and inadequate or ineffective
policies, which are not truly disability-inclusive. For example, the efforts in terms of public
health measures and the non-pharmaceutical interventions (NPIs) implemented to mitigate
against the burden posed by the still ongoing Coronavirus Disease 2019 (COVID-19) pan-
demic have had some adverse social impacts, especially on marginalized and stigmatized
communities [6].

Exercise can exert beneficial effects by enhancing the quality of life [7–10] and protect-
ing against disorders such as communicable [11,12] and chronic-degenerative ones [13,14].
On the other hand, if acute and particularly intense, strenuous, and vigorous, exercise
practiced by elite athletes can result in the insurgence of infectious diseases, muscle injuries,
inflammation, or cardiovascular disorders [15,16]. The management and treatment of these
accidents are hindered by a delayed diagnosis because there are no proactive policies that
would enable an early, rapid, and efficient diagnosis. Continuous monitoring of the athlete
is, indeed, rarely carried out. This is extremely relevant for disabled athletes and para-
athletes who are at higher risk for infections [17,18] as well as chronic, non-communicable
conditions [17].

There are several stressors and challenges affecting disability sports participation.
Some stressors that impact athletes, including elite athletes, in general, may dispropor-
tionately and more commonly affect (elite) athletes with disabilities. Other stressors may
instead be unique to (elite) disabled athletes [18]. Stressors and challenges from either or
both categories include post-exercise (acute or chronic) pain, overtraining, and injury in
often rather complex medical situations (with the need to distinguish sports fatigue or
discomfort from sports injuries and disability). Moreover, there can also be organizational
issues, including the lack of sufficient adaptive sports infrastructures or facilities, mal-
functioning sports equipment, the generally high costs associated with new technologies,
and logistical challenges in travel to competition sites. Other stressors are represented by
challenging sleep conditions and reduced sleep quantity and/or quality in Paralympic
villages or during competitions of national/international interest [19,20]. Furthermore, the
pinnacle of para-sports is characterized by rapidly escalating levels of competitiveness
and consequently increased training loads and demands. This pressure can also rever-
berate in the coaching and training environment, with some negative behaviors, such as
demeaning comments, non-inclusive language, and derogatory attitudes [19]. Finally, since
assignment/allocation to a given disability sports class for the competition is not fully
data-driven and evidence-based, there is a risk of being misclassified or assigned to the
wrong category [19].

Understanding the impact of these stressors and challenges on the physical and
mental health of disabled and Paralympic athletes would shed light on the etiology of
health-related symptoms and disorders in this specific athletic population and help devise
effective symptom management and preventative strategies, accordingly [19]. In particular,
these stressors can impair the immune system [21,22].

However, there is a dearth of data concerning the immunological and inflammatory
response to exercise in this specific population of athletes. Therefore, to fill in this gap of
knowledge, we conducted the present review of the literature.

2. Material and Methods
2.1. Search Strategy

We mined the major scholarly electronic database MEDLINE via its publicly available
interface PubMed. The search string included keywords related to the immune system,
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disability/impairment, and the sports arena (Table 1). Truncated words (wildcard option)
and Medical Subject Headings (MeSH) terms were used where appropriate. Gray literature
was consulted by surfing Google Scholar.

Table 1. Search strategy adopted in the present review.

Search Strategy Selection Criteria

Keywords

(interleukin OR cytokine OR chemokine OR myokine OR inflammation OR
inflammatory OR immunity OR “immune system” OR “immune response” OR

immunological OR monocytes OR lymphocytes OR neutrophils OR phagocytosis OR
granulocytes OR “natural killer” OR “NK cells”) AND (“disabled athletes” OR

“athletes with disabilities” OR “Paralympics” OR “para-athletes” OR “wheelchair
basketball” OR “wheelchair fencing” OR “wheelchair rugby” OR “wheelchair tennis”

OR “sitting volleyball” OR ((“Down syndrome” OR “intellectual disability” OR
“spinal cord injury” OR paraplegia OR paraplegic OR diplegia OR diplegic OR

tetraplegia OR tetraplegic OR quadriplegia OR quadriplegic OR ataxia OR athetosis
OR hypertonia OR “motor disability” OR wheelchair) AND (exercise OR “physical

activity”))) NOT (rats OR rodents OR mice OR mouse OR “animal model”)

Inclusion criteria
All ages, any sex/gender groups, any para-sports disciplines

All paralympic categories, athletes with disabilities, sufficiently trained people
with disabilities

Exclusion criteria
Able-bodied athletes

Non-paralympic categories/athletes without disabilities
People with disabilities undergoing rehabilitation protocols

Hand-searched target journals
Arch Phys Med Rehabil; Br J Sports Med; Endocr Metab Immune Disord Drug Targets;

Int J Sport Nutr Exerc Metab; Int J Sports Physiol Perform; J Intellect Disabil Res;
Spinal Cord

No time or language filters were applied. Extensive cross-referencing and hand-
consultation of target journals were carried out.

2.2. Inclusion and Exclusion Criteria

The inclusion criteria devised according to the “Population (P)/Intervention (I)/
Comparisons or Comparators (O)/Outcomes (O)” (PICOS) components were the following:
studies with sufficiently trained people with disabilities, disabled athletes, and para-athletes
(P); subjected to any type of training/conditioning protocol and/or vitamin supplemen-
tation or dietary strategy (I); compared across different para-sports disciplines, or with
their able-bodied counterparts or stratified according to weekly training duration and
frequency, internal and external training load (C); and studies reporting immunological and
inflammatory response to exercise (O). The following study designs (S) were considered:
quantitative investigations, either prospective or retrospective, or randomized clinical
trials (RCTs). The exclusion criteria were as follows: studies recruiting only able-bodied
athletes (P); rehabilitation protocols for non-athlete individuals with disabilities (I); and
reporting parameters other than immunological/inflammatory ones (O). Studies designed
as qualitative or lacking quantitative details, commentaries, editorials, letters to the editor,
or expert opinions (S) were not deemed eligible. Review articles were not included as
well but were scanned to increase the chance of obtaining all the relevant studies on the
designated topic.

2.3. Data Abstraction

Two independent authors (LP and NLB) designed and performed the search, screened
the literature, and identified the relevant studies to be included in the present review. The
agreement between the two authors was computed according to the kappa statistics and
was found to be excellent.
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3. Results
3.1. Immunity and Inflammation in Disabled Individuals and Athletes: General Observations in
Athletes with Spinal Lesions

In some disabilities such as spinal lesions, autonomic innervation can be altered
(the so-called “autonomic dysreflexia”) with an impaired humoral and cellular immune
response [23] and a systemic low-grade inflammatory state characterized by the levels of cir-
culating inflammatory biomarkers up to 2–3 times higher than in able-bodied subjects [24].
For instance, in people with chronic spinal cord injury, the levels of certain immunoglobu-
lins (such as IgA and IgG2) are elevated [25]. On the other hand, a case-controlled study
could not find any differences in the pre- and post-vaccination ratio for IgG, IgA, and
IgM response to Pneumovax 23 vaccine between injured and non-injured subjects [26].
In terms of cellular immunity, total and CD4+ T-cell frequencies were found to be in-
creased in chronic spinal cord injury patients. CD4+ T-cells and B cells tended to shift
towards memory phenotypes, in (sub-)acute and chronic spinal cord injury, respectively.
Decreased immunoglobulin IgG+ and increased IgM+ B cell frequencies were found to
reflect disability severity, correlating with the “American Spinal Injury Association” (ASIA)
impairment scale (AIS) scores. Finally, B cell responses were comprised of an increased
frequency of CD74+ cells and CD74 expression level within total B cells and B cell subsets,
respectively [27]. Other studies found evidence of elevated or impaired immunological
mediators [28,29].

The innate immune system is altered as well. For example, in several motor disabilities,
there is a neuroinflammatory environment [30]. Interleukin 6 (IL-6), which is a single-chain
glycoprotein produced and released by monocytes, endothelial cells, and adipose tissue is
an activator of inflammation and a strong recruiter of immune cells after the insurgence
of some injuries, including spinal cord injury [31]. This cytokine, together with other
cytokines and chemokines produced by injured tissues, is released into circulation and
acts as a chemoattractant for circulating monocytes which migrate to and infiltrate the
injury site where they differentiate into macrophages, monocyte-derived macrophages,
or MDMs [31]. It is a pro-inflammatory cytokine and, in addition, an anti-inflammatory
myokine involved in an array of cellular and biochemical processes such as lipid oxidation
and improvement/enhancement of insulin-stimulated glucose uptake [32].

C-reactive protein (CRP) is an annular, ring-shaped pentameric protein belonging to
the family of pentraxins and pattern recognition receptors (PRRs). It is an acute-phase
protein found in blood plasma, synthesized, and secreted by the liver, and whose circu-
lating levels increase in response to inflammation, following IL-6 release by macrophages
and T cells. It binds to lysophosphatidylcholine expressed on the surface of dead or dying
cells (and some types of bacteria) to promote the activation of the complement system
via C1q [33]. CRP concentrations have been found to be altered in subjects with spinal
cord injuries [33,34]. Regardless of some contrasting findings reported [35], it is, however,
a very common clinical observation that people with neurogenic bladder, such as those
with multiple sclerosis, cerebral palsy, Parkinson’s disease, spina bifida, and spinal cord
injury, are at a higher risk for indwelling urinary catheters, thus developing genitourinary
infections [36,37]. Besides genitourinary issues, they are also at a higher risk for respira-
tory/pulmonary impairment/infection and metabolic syndrome, including overweight
and obesity, dyslipidemia, diabetes, malignancies, poor wound healing, and pressure
ulcers [38,39].

Specifically concerning disabled athletes, the relationship between training-related
parameters, such as weekly training volume, intensity, frequency and recovery, internal and
external training load, immunity, and immune system, and infection rate in the population
of athletes with disabilities appears to be rather complex. In several para-sports disciplines,
athletes tend to produce large training loads because of movement inefficiency and to
maximize beneficial adaptions which could exert a detrimental impact on an athlete’s
health by resulting in insufficient recovery [40,41], significantly impairing immunity, and
thus leading to illnesses, such as infections as well as chronic-degenerative disorders.
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Epidemiological surveys among disabled athletes with spinal lesions have found a
higher incidence of upper respiratory tract infections (URTIs) among those with higher
training loads and heavier training. For instance, Furusawa et al. [42] computed the
number of URTI episodes in wheelchair marathoners during the 1 month before the race
(the 18th Oita International Wheelchair Marathon) and the 2-week post-race period at
0.086 ± 0.036/week and 0.089 ± 0.040/week, respectively (versus 0.139 ± 0.046/week and
0.072 ± 0.047/week, among the controls). Even though overall, no significant differences
could be detected between the before and after the race periods in marathoners, or between
the two populations during each period, the number of URTIs in the 2 weeks after the race
was higher in those who trained by running more than 65 km/week.

Disabled athletes and paralympic athletes with spinal lesions may have also high
levels of hematological indexes of inflammation and platelet activation and high prevalence
rates of cardiovascular disease (CVD) [17,43,44] because of autonomic dysreflexia and their
poor autonomic cardiovascular control [43,44] (Figure 1).

Healthcare 2023, 11, x FOR PEER REVIEW 5 of 26 
 

 

immunity, and thus leading to illnesses, such as infections as well as chronic-degenerative 

disorders. 

Epidemiological surveys among disabled athletes with spinal lesions have found a 

higher incidence of upper respiratory tract infections (URTIs) among those with higher 

training loads and heavier training. For instance, Furusawa et al. [42] computed the num-

ber of URTI episodes in wheelchair marathoners during the 1 month before the race (the 

18th Oita International Wheelchair Marathon) and the 2-week post-race period at 0.086 ± 

0.036/week and 0.089 ± 0.040/week, respectively (versus 0.139 ± 0.046/week and 0.072 ± 

0.047/week, among the controls). Even though overall, no significant differences could be 

detected between the before and after the race periods in marathoners, or between the two 

populations during each period, the number of URTIs in the 2 weeks after the race was 

higher in those who trained by running more than 65 km/week. 

Disabled athletes and paralympic athletes with spinal lesions may have also high 

levels of hematological indexes of inflammation and platelet activation and high preva-

lence rates of cardiovascular disease (CVD) [17,43,44] because of autonomic dysreflexia 

and their poor autonomic cardiovascular control [43,44] (Figure 1). 

 

Figure 1. Disruption and breakdown of the outflow of signals (from the central nervous system to 

primary and secondary lymphoid tissues/organs—bone marrow, spleen, thymus, and lymph 

nodes—and to the adrenal gland, and their blood vessels; and vice versa from these tissues to the 

brain) causing immunological impairments in subjects with spinal cord injuries. 

3.2. Immunity and Inflammation in Disabled Individuals and Athletes: General Observations in 

Athletes with Intellectual Disabilities 

Developmental disorders associated with intellectual disabilities [45] can show a 

plethora of neuro-inflammatory and/or neuro-immunological features. Of note, individu-

als with Down syndrome can exhibit signs and symptoms of chronic immune impairment 

and dysregulation, such as higher prevalence rates of immune and 

Figure 1. Disruption and breakdown of the outflow of signals (from the central nervous system
to primary and secondary lymphoid tissues/organs—bone marrow, spleen, thymus, and lymph
nodes—and to the adrenal gland, and their blood vessels; and vice versa from these tissues to the
brain) causing immunological impairments in subjects with spinal cord injuries.

3.2. Immunity and Inflammation in Disabled Individuals and Athletes: General Observations in
Athletes with Intellectual Disabilities

Developmental disorders associated with intellectual disabilities [45] can show a
plethora of neuro-inflammatory and/or neuro-immunological features. Of note, indi-

10



Healthcare 2023, 11, 1692

viduals with Down syndrome can exhibit signs and symptoms of chronic immune im-
pairment and dysregulation, such as higher prevalence rates of immune and autoim-
mune/autoinflammatory disorders, which can result in hospitalization during respiratory
viral infections and impose a higher burden of mortality from severe infections and compli-
cations, including pneumonia and sepsis [46–48]. Immune defects affect both the innate
and adaptive immune systems, potentially involving every actor of human immunity from
T and B cells to monocytes and neutrophils. Subjects with Down syndrome can show
impaired neutrophil chemotaxis, abnormal levels of circulating cytokines, and suboptimal
antibody production. Other features of the immune system may also be dysregulated such
as the gamma-delta T-cell function, the inflammasome, the Toll-like receptors (TLRs), and
their cascades [48].

Moreover, individuals with Down syndrome are at a higher risk of infections also
due to non-immunological defects, including abnormal anatomical structures such as
tracheomalacia or small ear canal, and gastro-esophageal reflux [46].

Of note, subjects with Down syndrome can have abnormal articular anatomy at the
level of the upper cervical joints C1–C2, which can be foot or rockered instead of being
normally cup-shaped [49]. For instance, Tassone and Duey-Holtz [50] identified other
abnormalities such as hypoplasia of C1, the abnormal body structure of C2, the hypoplastic
posterior arch of C1, and fusions contributing to upper cervical instabilities and potentially
leading to spinal cord injuries, adding further disability.

In the next sections, we overview the effects of exercise on the mucosal humoral
immune system and the non-mucosal humoral and cellular immunity.

3.3. Mucosal Humoral Immunity in Disabled Athletes

Leukocytes include granulocytes, lymphocytes, and monocytes. Granulocytes (neu-
trophils, eosinophils, and basophils) represent 60–70% of the circulating leukocytes, while
lymphocytes represent 20–25% of the pool. The main types of lymphocytes are CD4+
(helper T) lymphocytes, CD8+ (cytotoxic, suppressor) T lymphocytes, B lymphocytes, and
natural killer (NK) cells. B cells secrete immunoglobulins (Ig): IgA, IgG, IgM, IgD, and IgE.
IgG and IgM are found mainly in plasma, while IgA is more localized in extracellular fluids
within the human body, including mucous secretions. The latter type of mucosal immunity
is particularly important and studied in the context of physical activity and sports.

The adaptive humoral immune defense in mucosal secretions (saliva) and at mucosal
surfaces (respiratory, gastrointestinal, and genitourinary tracts) is to a large extent medi-
ated by secretory IgA (sIgA) antibodies, which represent the first line of defense against
pathogens, especially cold-causing viruses [49]. Both saliva composition and sIgA secretion
rate can be affected by parasympathetic and sympathetic nerve stimulation (the so-called
“integrative autonomic-immune physiological processing” system) [51,52]. Exercise and
training, by stimulating the autonomic system, can potentially lead to changes in the mu-
cosal humoral immune compartment [52], but the impact of these alterations on health-
and performance-related outcomes is still unclear.

We were able to find five studies [53–57] focusing on the effects of exercise on mucosal
humoral immunity in disabled athletes: four [53–56] in athletes with spinal cord injuries
and one [57] in subjects with Down syndrome.

Stephenson et al. [53] recruited a sample of seven elite para triathletes over 34 weeks.
There was a significant negative correlation between athletes’ weekly training duration and
sIgA secretion rate (p = 0.028) with changes in training duration accounting for 12.7% of
the variance. However, no significant relationships between external or internal training
load or upper respiratory tract illness (URI) and sIgA parameters could be detected. These
findings contrast with previous results by Leicht et al. [54], who presented a negative
correlation between training load and sIgA (p = 0.04) at 12 predefined time points over five
months of training in a sample of fourteen elite tetraplegic athletes. No statistically signifi-
cant relationship could be found between sIgA levels and subsequent upper respiratory
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symptoms (URS) occurrence. Finally, sIgA responses did not differ between athletes with
and without URS.

In terms of sIgA responses after acute bouts of exercise, Leicht et al. [55] recruited
seven highly trained wheelchair rugby athletes with tetraplegia. They carried out two
separate highly strenuous sessions, lasting 23 and 41.5 min, respectively, with an aerobic or
an interval focus. sIgA secretion rate and α-amylase were found to be unaffected by exercise
during both sessions. On the other hand, the increases in sIgA concentration (by 67 ± 29%)
30 min after exercise during the aerobic session were accompanied by parallel decreases in
saliva flow rate (by 35 ± 22%). The authors hypothesized that the disruptive impact of the
disability-induced sympathetic dysfunction on sIgA secretion rate in tetraplegic athletes
may be compensated by mechanisms such as reflex activity by a predominant contribution
of the parasympathetic nervous system, which is intact and unaffected in tetraplegics, or
by hypersensitivity of receptors.

In another study, Leicht et al. [56] recruited a sample of twenty-three wheelchair
athletes, eight tetraplegics, seven paraplegics, and eight non-spinal cord-injured individ-
uals. The athletes carried out two randomized and counterbalanced 60 min sessions on
a treadmill consisting of constant load (60% peak oxygen uptake) and intermittent (80%
and 40% peak oxygen uptake) exercise blocks. sIgA secretion rate and α-amylase activity
were found to be increased during exercise in all groups, especially greater in tetraplegics
(by 60 ± 31% versus 30 ± 35% and 11 ± 25% in paraplegics and non-spinal cord-injured
subjects, respectively).

In subjects with intellectual disabilities, Fornieles et al. [57] assessed the impact of re-
sistance training on sIgA levels and hormone profile in 40 sedentary adults with Down syn-
drome, 24 of which were randomly assigned to the 12-week intervention (six stations, 3 days
per week), and 16 acting as age-, gender-, and BMI-matched controls. Resistance training
was found to significantly increase sIgA concentration (p = 0.0120; effect-size = 0.94).

The paucity of available data and partially conflicting results concerning mucosal
immunity in the population of disabled athletes warrant further research, even though
studies seem to suggest a positive role of acute exercise on mucosal immunologic function
in disabled athletes, regardless of the precise type of disability.

3.4. Cytokines and Chemokines in Disabled Athletes

Twelve studies [58–69] investigating cytokines and chemokines in disabled athletes
(ten [58–67] in persons with spinal cord injuries, and two [68,69] in those with Down
syndrome) could be retrieved and synthesized in the current review.

Regarding neuromotor disabilities, Kouda et al. [58] explored the IL-6 responses to a
20 min arm crank ergometer exercise at 60% of maximum oxygen consumption in eight
trained individuals with cervical spinal cord injuries (C6–C7) versus eight able-bodied
trained healthy subjects. The plasma concentrations of IL-6, adrenaline, prostaglandin
E2 (PGE2), and cortisol were measured before, immediately after the exercise, and one
and two hours after exercise. At rest, the concentration of IL-6 was significantly higher in
individuals with cervical spinal cord injuries (2.18 ± 0.44 pg/mL versus 1.02 ± 0.22 pg/mL,
p-value < 0.05). In able-bodied subjects, the plasma IL-6 level increased significantly 1 h
after exercise (1.91 ± 0.28 pg/mL, p-value < 0.05) and returned to the baseline level 2 h after
exercise, whereas the IL-6 values were steady throughout the study in disabled individuals.
The lack of exercise-related IL-6 response in individuals with cervical spinal cord injuries
could be due to muscle atrophy and sympathetic nervous system dysfunction.

On the contrary, Umemoto et al. [59] investigated inflammatory response to exercise
in a sample of six subjects with spinal cord injuries (T6-T10) versus seven able-bodied
subjects. Both groups performed a 2 h arm crank ergometer exercise at 60%VO2max. Several
parameters, including plasma catecholamines, IL-6, tumor necrosis factor (TNF)-α, and
high-sensitivity CRP (hsCRP) were collected and measured before exercise, 60 min exercise,
immediately and 2 h after the completion of the exercise. The authors determined that the
arm exercise resulted in a statistically significant increase (p-value < 0.01) in myoglobin
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and plasma IL-6 levels in both groups, without any difference between the two groups.
The other parameters (plasma levels of creatine kinase, lactate dehydrogenase, TNF-α, and
hsCRP) did not exhibit any change throughout the study in both groups.

Kinoshita et al. [60] analyzed a sample of five wheelchair basketball players with a
spinal cord injury (T7–T12) taking part in the 2009 Mei-shin League of Wheelchair Basket-
ball Games held at Wakayama, Japan. Approximately 1 h before the player’s warm-up
for the game and immediately after the game, blood samples were collected, measuring
plasma IL-6, TNF-α, CRP levels, and blood cell count. Plasma IL-6 levels and the number
of monocytes were found to be significantly increased after the game when compared
with pre-game measurements (from 1.11 ± 0.66 pg/mL to 2.5 ± 1.29 pg/mL, and from
350 ± 246 per µL to 461 ± 266 per µL, respectively). No changes in other measurements
(hematocrit, hemoglobin, red and white blood cell count) could be detected instead. Fi-
nally, the author determined a significant relationship between increased IL-6 levels and
accumulated play duration (r = 0.94, p-value < 0.01), whereas no association between the
monocyte count and play duration could be described. This seems to suggest that muscles,
and not monocytes, can be the major source of increased IL-6 production and secretion
into the blood, whilst monocytes could have been released from the vascular endothelium,
as a consequence of the impact of exercise on hemodynamics. This study is limited by
the absence of a control group, the low statistical power (59%), the low sample size (the
recruitment of further wheelchair players would have enabled the achievement of a higher
power), and the lack of serial blood measures.

Ogawa et al. [61] studied six athletes with cervical spinal cord injuries and eight
athletes with thoracic and lumbar spinal cord injuries that took part in the 30th Oita
International Wheelchair Marathon Race. The authors reported stable monocyte counts in
the cervical spinal cord injury group and an increase in the thoracic–lumbar spinal cord
injury group, 2 h after the wheelchair half marathon. The authors also described an increase
in IL-6 concentrations in both groups (but lower in the cervical spinal cord injury group)
and in adrenaline levels in the spinal cord injury group, which recovered to baseline values
two hours after the race. Finally, a decrease in TNF-α levels two hours after the wheelchair
half marathon was noted in the cervical spinal cord injury group but not in the spinal cord
injury group. Adrenaline remained stable in the cervical spinal cord injury group and was
lower compared with the spinal cord injury group.

Sasaki et al. [62] found that plasma IL-6 concentrations increased by 18.4-fold and
by 9.4-fold in the full and half groups immediately after the race, respectively, recovering
to baseline values after 2 h, whereas plasma TNF-α and hsCRP did not change. Plasma
IL-6 and hsCRP pre- but not post-race values correlated negatively with the average
wheelchair speed.

Hoekstra et al. [63] investigated the relationship between autonomic function and the
inflammatory response to a wheelchair half-marathon in seventeen wheelchair athletes
with (n = 7) and without cervical spinal cord injury (n = 10). Catecholamine post-race levels
increased only in the non-cervical spinal cord injury group (p = 0.036), whilst the increase
in IL-6 post-race concentrations was larger in wheelchair athletes without cervical spinal
cord injury (p = 0.040).

Rosety-Rodriguez et al. [64] investigated a sample of 17 men with complete spinal
cord injuries at or below T5, randomly allocated to the intervention (n = 9, a 12-week arm
cranking exercise program of three sessions per week at a moderate work intensity of
50–65% of heart rate reserve) or control group (n = 8). Plasma levels of leptin, adiponectin,
plasminogen activator inhibitor-1 (PAI-1), TNF-α, and IL-6 were gathered and measured.
Plasma levels of leptin, tumor necrosis factor-alpha, and interleukin-6 were found to be
significantly decreased after the completion of the training program. This study has several
strengths, including its longitudinal design and random allocation (performed utilizing a
concealed method).

Paulson et al. [65] analyzed a sample of twenty-six elite male wheelchair athletes
(8 tetraplegics, with a level of injury at C6–C7, ten paraplegics, with a level of injury
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at T6-L1, and eight non-spinal-cord-injured controls). They carried out a submaximal
exercise test followed by a graded exercise to exhaustion on a motorized treadmill. Blood
samples were taken before, after, and 30 min after exercise and assessed for levels of IL-6,
IL-10, IL-1 receptor antagonist (IL-1RA), TNF-α, epinephrine, and cortisol. Circulating IL-6
concentrations were elevated after and 30 min after exercise and increased by approximately
fivefold in non-injured subjects and paraplegics (p = 0.003), whereas concentrations in
tetraplegics did not change from baseline values. IL-10, IL-1ra, and TNF-α levels were
unaffected by exercise in all groups; however, both spinal-cord-injured groups presented
elevated concentrations of IL-10 compared with non-spinal-cord-injured groups (p = 0.001).

Cavalcante et al. [66] assessed the effects of a wheelchair basketball-based intervention
(2 h, twice a week) involving physical and tactical conditioning techniques in a sample of 48
males aged 18–55 years, 21 of which were allocated to the experimental group and 27 were
allocated to the control group. The authors were able to find a significant improvement
in urinary tract infections and urine culture in pre- and post-intervention antibiograms,
respectively. Moreover, the intergroup comparison presented a decrease in infection caused
by Klebsiella pneumoniae, as well as an increase in the time variability of partially activated
thromboplastin, average corpuscular hemoglobin, and hemoglobin and platelets. In the
experimental group, there was an increase in hemoglobin and hematocrit and a decrease in
glycated hemoglobin. Regarding the intragroup comparison, there was a reduction in the
levels of IL-6 before intervention and CRP after intervention.

Manns et al. [67] analyzed twenty-two men with functionally complete paraplegia
(aged 39 ± 9 years, with a mean duration of injury of 17 ± 9 years and a level of injury
at T2-L2). The main outcome measures were peak aerobic capacity, physical activity,
and functional ability as assessed using the Physical Activity and Disability Scale and
the Self-Report Functional Measure, respectively. Circulating glucose, insulin, HDL-C,
triglycerides, total cholesterol, IL-6, and CRP levels were also collected and measured. The
results showed that lower peak aerobic capacities correlated with lower HDL-C and lower
physical activity levels, which, in turn, were associated with higher fasting glucose, lower
HDL-C levels, and larger abdominal sagittal diameters. These were found to be associated
with higher fasting glucose, higher fasting, and post-load insulin, lower HDL-C, higher
triglycerides, and higher CRP levels.

Finally, Raguzzini et al. [68] determined that after a simulated wheelchair basket-
ball match, growing IL-6 levels correlated with basal energy expenditure (r = 0.778,
p-value < 0.05) and inversely correlated with the percentage of fat mass (r = −0.762,
p-value < 0.05).

To summarize, exercise has been consistently determined to improve low-grade sys-
temic inflammation in disabled athletes with spinal cord injuries by decreasing and in-
creasing plasma levels of pro-inflammatory and anti-inflammatory cytokines, respectively.
Slightly contrasting findings reported may be due to some methodological differences, such
as the muscle mass of the participating subjects in the studies, the period of training each
subject had undergone before the study, or the timing of the collection of parameters.

Regarding subjects with intellectual disabilities, Ordonez et al. [69] recruited 20 pre-
menopausal obese young women with Down syndrome, 11 of which were randomly
assigned to the intervention group (a 10-week aerobic training program, three sessions
per week, consisting of a 30–40-min treadmill exercise at a work intensity of 55–65% of
peak heart rate). Plasmatic levels of TNF-α, IL-6, hsCRP, and fibrinogen were assessed.
Plasmatic levels of TNF-α (11.7 ± 1.6 versus 9.2 ± 1.3 pg/mL, p = 0.022), IL-6 (8.2 ± 1.1
versus 6.1 ± 0.9 pg/mL, p = 0.014) and hsCRP (0.62 ± 0.11 versus 0.53 ± 0.09 mg/dl,
p = 0.009) significantly decreased in the intervention group.

Rosety-Rodriguez et al. [70] recruited a sample of 40 young male adults with Down
Syndrome, 24 of whom were randomly allocated to the intervention group (a 12-week
program of resistance circuit training with six stations, 3 days per week). Plasma levels of
leptin, adiponectin, CRP, and TNF-α were collected and assessed. They were found to be
significantly decreased after the completion of the training program.
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To summarize, a 10/12-week training program is effective in reducing pro-inflammatory
cytokines and acute phase proteins in women and men with Down syndrome.

3.5. Neutrophils in Disabled Athletes

Neutrophil granulocytes play a major role in the immune system, representing the
“first line of defense” against invading pathogens. Disabled people may have impaired
neutrophil function in terms of altered phagocytosis and microorganism clearance. For
instance, neutrophils play a key role in the pathogenesis of spinal cord injury, even if the
precise cellular and molecular mechanisms underlying spinal lesions must be elucidated
yet [71]. Neutrophil chemotaxis, as previously mentioned, is impaired in individuals with
Down syndrome [72]. There are a few studies investigating neutrophils in disabled athletes.
Most importantly, the measurement of neutrophils in response to exercise and recovery
time was not yet elucidated in the existing few studies. In able-bodied athletes, moderate
exercise has been shown to increase defense functions while extreme exercise decreases
some without affecting others. The absolute number of neutrophils increases during and
after an acute exercise [16].

For example, Levada-Pires et al. [73] recruited a sample of 10 male wheelchair bas-
ketballers aged 33.8 ± 2.7 years with a spinal cord injury (at T1-L3). Neutrophil levels
and function were assessed on rest and 60 min after the basketball match. Phagocytosis
capacity was found to be decreased by 75%, whereas the percentage of cells with integral
plasma membrane was reduced by 17%. A fivefold increase in the proportion of cells
with mitochondrial membrane polarization was reported. DNA fragmentation and phos-
phatidylserine externalization could not be observed. Finally, the authors described an
increase in neutral lipid accumulation of 30% and a twofold increase in ROS production.
The authors concluded that sport, in this specific case basketball play, can induce a signifi-
cant decrease in neutrophil function (in terms of phagocytosis capacity and production of
ROS) and an increase in neutrophil death (by necrosis) in wheelchair athletes. This study
warrants the need for specific training and conditioning strategies for basketball players
in wheelchairs and other disabled athletes to enhance athletic performance and improve
disabled athletes’ health.

Of note, no article could be found exploring the effect of exercise on neutrophil function
in persons with Down syndrome.

3.6. Natural Killer Cells in Disabled Athletes

Natural killer (NK) cells are a major class of cytotoxic lymphocytes and, more generally
speaking, innate lymphoid cells (ILCs). They represent from 5% to 20% of all circulating
lymphocytes in humans.

NK cells are lymphocytes historically called “natural killer cells” because of their
ability to spontaneously lyse tumors or infected cells in the absence of prior specific
immunization. This property distinguishes them from CD8+ T cells (cytotoxic). NK cells
are one of the components of so-called “innate” immunity. NK cytotoxicity is exerted by
different mechanisms, generally such as those employed by CD8+ T cells, such as perforin-
dependent cytotoxicity. Following recognition of the target cell, the NK cell degranulates:
it releases at the synapse the contents of its cytoplasmic granules, especially perforin which
forms pores in the membrane of the target cell [16]. Concerning NK in disabilities such
as spinal cord injury, the amount of NK cells can be altered, and their cytotoxic activity
(NKCA) can be found to be compromised [74].

A few studies [75–79] investigated NK cells in disabled athletes or persons with
disabilities taking part in regular exercise programs. A study by Furusawa et al. [75] found
that competitive wheelchair racers with a T5–L1 spinal cord injury exhibited decreased
peripheral NK cells and NKCA immediately after a wheelchair full marathon. However,
these parameters recovered to baseline values after just one night of rest. Different findings
were reported by Furusawa et al. [76] who found a short-term increase in NKCA among
disabled recreational athletes with a T7–L1 spinal cord injury after a wheelchair half
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marathon. The mechanism underlying such an increase was found to be adrenaline-
independent [77].

Ueta et al. [78] assessed NKCA response to a 2 h arm crank ergometer exercise at
60% of maximum oxygen consumption (VO2max) in seven subjects with a T11–L4 spinal
cord injury and six able-bodied persons. Two different NKCA response patterns could
be identified, with NKCA in able-bodied subjects increasing at 60 min of exercise and
immediately after the exercise, staying elevated up to 2 h after exercise, decreasing in the
spinal cord injury group immediately after exercise and recovering to baseline values 2 h
after exercise. Plasma adrenaline in both groups increased significantly immediately after
exercise and returned to baseline level 2 h after exercise. Plasma cortisol levels were stable.
In the spinal cord injury group, PGE2 levels significantly increased immediately 2 h after
exercise and then normalized, while they were stable in able-bodied athletes.

However, Nowak et al. [79] reported an increase in NK counts in a sample of para-
lympic rowers who took part in the preparatory stages before the Paralympic Games in
Rio, 2016. These conflicting results concerning NK immunity in the population of disabled
athletes warrant further research.

3.7. Lymphocytes in Disabled Athletes

The amount of lymphocytes increases during exercise and decreases after long-term
exercise. Studies of lymphocyte subpopulations all show a decrease in the different lym-
phocyte subpopulations, whether these are TCD4+, TCD8+, BCD19+, NK CD56+ (NCAM),
or NK CD16+. During exercise, the CD4+/CD8+ ratio decreases due to the greater increase
in TCD8+. The number of NK CD94+ or NK CD94− increases in absolute number despite
a decrease in CD94. Memory T cells CD45 RO+ are preferentially recruited, and true naïve
T CD45 RO-CD62L (L-selectine) increases during exercise. The study of T-cell telomeres
suggests that exercise allows redistribution of activated T lymphocytes and not a repopula-
tion from newly produced cells. While it was well described in the literature, the biphasic
model of leukocytosis–lymphopenia during and after exercise and their activity during
exercise is not yet explained nor described in all paralympic categories [16].

Ten studies [17,58,75–82] assessed lymphocyte counts in disabled athletes. Most
studies could not find significant changes in lymphocyte counts before and after a sports
event, except the studies by Ueta et al. [78], which reported a 1.9-fold increase (from
1.67 ± 0.6 × 109/L to 3.07 ± 1.8 × 109/L) and by Klokker et al. [81], in which the extent
of the change was not specified. Other changes in lymphocyte counts were reported by
Nowak et al. [79] in a sample of paralympic rowers. The authors found a decrease in the
counts of total T lymphocytes. Moreover, shifts in T lymphocyte subsets were described
with higher percentages of suppressor/cytotoxic and lower percentages of helper/inducer
T lymphocyte subsets. No changes in B lymphocytes could be reported. Noteworthily,
Yamanaka et al. [82] could not find any changes in total lymphocyte counts for disabled
athletes with a spinal cord injury (C6–C7), but, on the contrary, computed a 1.4-fold increase
for their able-bodied counterparts. Similarly, Kouda et al. [58] observed no changes in
disabled athletes and reported a 1.3-fold increase in able-bodied athletes.

Finally, Bernardi et al. [17] investigated hematological indexes of inflammation and
platelet activation in paralympic athletes with spinal cord injury (n = 25, 13 with and
12 with low spinal lesions), lower (n = 15) or upper (n = 10) limb amputation competing
in power, intermittent (mixed metabolism), and endurance sports during the London
2012 and Sochi 2014 Paralympics. Inflammation scores did not differ among the groups;
however, subjects with a high spinal lesion exhibited lower lymphocyte counts compared
with para-athletes with lower limb amputation and higher indexes of platelet activation
(mean platelet volume, platelet distribution width, ratio between mean platelet volume and
platelet, ratio between mean platelet volume and lymphocyte, and ratio between platelet
distribution width and lymphocyte). These data seem to suggest that para-athletes with
lower limb amputation may have a higher cardiometabolic risk, whilst those with high
spinal injuries may have a higher platelet-derived cardiovascular risk.
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3.8. The Impact of Particular Training Strategies on the Immune System in Disabled Athletes

Humans can adapt to a variety of environments. Exposure to hypoxic conditions can
induce the expression of hypoxia-inducible factors (HIFs), which act as major regulators
of several cellular and molecular pathways involved in processes such as cell prolifera-
tion, stem cell function, glycolysis, erythropoiesis, and angiogenesis, as well as immune
regulation. More specifically, HIFs contain sequences at the level of promoter regions of
genes important to immune regulation. From a clinical standpoint, hypobaric chambers
can control chronic inflammation in several inflammatory conditions, including autoim-
mune/autoinflammatory diseases and systemic inflammation in HIV-infected subjects on
antiretroviral treatment (ART). Induction of hypoxia is an effective immunotolerogenic
inducer in subjects with HIV infection [83].

However, in the absence of adequate acclimatization protocols, exposure to high al-
titudes can result in potentially life-threatening issues, such as gastrointestinal problems
including gastrointestinal tract bleeding and inflammation. In an animal model study
by Khanna et al. [84], in which Sprague–Dawley rats were exposed to 7620 m of hypo-
baric hypoxia in an animal decompression chamber, intestinal mucosal damage could
be described in terms of increased mucosal permeability and disruption of intestinal
villi, as well as upregulation of sIgA and proinflammatory cytokines (IL-17) and markers
including TLR type 4 (TLR-4) and inducible nitric oxide synthase (iNOS). NK cell and
dendritic cell populations were found to be increased, whilst the number of naive T cells
was significantly decreased in Peyer’s patches. To summarize, hypobaric hypoxia may
activate the gastrointestinal–immune axis and dysregulate Th17 cells and proinflammatory
molecules. IL-17-producing CD4+ T helper cells (Th17) require, indeed, to differentiate
stimulation of the aryl hydrocarbon receptor (AhR) pathway, with a key role played by
HIF-1-alpha (HIF-1α).

Specifically concerning disabled athletes, Park et al. [85] evaluated the effects of a
2-week exercise training program in hypobaric hypoxic conditions (week 1: simulated
altitude 2000 m; 596 mmHg; week 2: simulated altitude 3000 m; 526 mmHg) created by the
environmental control chambers on exercise performance (continuous aerobic exercise and
anaerobic interval exercise) and immune function in six Korean national cycling athletes
with disabilities. The exercise training frequency was 60 min (5 days per week). The authors
determined that the number of leukocytes and NK cells significantly decreased, whilst the
number of eosinophils, B, and T cells significantly increased.

3.9. The Impact of Particular Dietary Strategies on the Immune System in Disabled Athletes

We were able to find three studies [86–88] addressing the impact of particular dietary
strategies on the immune system and the inflammatory state in disabled athletes.

Marques et al. [86] investigated the effects of docosahexaenoic acid (DHA)-rich fish
oil (FO) supplementation (3 g/day for 30 days) on neutrophil function in a sample of
eight male wheelchair basketball players before and after acute exercise. In the absence of
DHA-rich FO supplementation, acute exercise was found to lead to the loss of membrane
integrity, ROS production, and high mitochondrial membrane potential in neutrophils, and
reduced the phagocytic capacity and IL-6 production by the neutrophils, confirming the
results of the previous study by Levada-Pires et al. [73]. These effects could be counteracted
by FO supplementation. An et al. [84] conducted a double-blind, randomized, crossover
study and recruited ten wheelchair basketball players (aged 34.5 ± 8.9 years; lean body
mass of 34.3 ± 10.0 kg) who had spinal cord injury and had undergone amputation
leucine-enriched essential amino acid (LEAA) supplementation. Of these ten players, nine
participated in the final test, receiving LEAA supplements (three times 4.0 g/day), or a
placebo. Parameters related to muscular fatigue and inflammatory response were measured
before the intense exercise and 4 days after recovery. LEAA supplementation significantly
inhibited circulating IL-6 levels (p-value < 0.05), without affecting TNF-α and creatinine
kinase concentrations. Finally, Al-Rubaye et al. [88] performed a cross-sectional study
recruiting 100 disabled athletes with hemodialysis and hemophilia. The overall dietary
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inflammatory index (DII) score was −2.83, indicating anti-inflammatory dietary uptake.
However, no statistically significant association could be found between the DII of the
participants and the components of their body composition, such as body mass index (BMI),
waist circumference, waist–hip ratio, fat mass percentage, and fat-free mass percentage.

3.10. The Impact of Particular Pharmacological Strategies on the Immune System in
Disabled Athletes

We were able to identify three studies [89–91] covering the impact of specific pharma-
cological strategies on the immune system and inflammatory state in disabled athletes.

Aidar et al. [89] conducted a randomized, placebo-controlled trial and recruited
10 Paralympic Powerlifting athletes at the national level, aged 27.13 ± 5.57 years. They
underwent a warm-up and a 5 × 5 at 80–90% of 1 RM, ingesting ibuprofen 15 min be-
fore and 5 h after training. Ibuprofen ingestion resulted in greater peak torque values
(p = 0.04, at 24 h) and lower fatigue index (p = 0.01, at 24 h), whereas there was no im-
pact on oxidative stress markers. Blood indicators, including leukocytes, with the use of
ibuprofen were higher than with a placebo (p < 0.001). In another work, Aidar et al. [90]
conducted a randomized, placebo-controlled trial and recruited a sample of 20 Paralympic
powerlifting athletes (10 at the national level aged 32.50 ± 3 years, and 10 at the regional
level aged 30.75 ± 5.32 years). Athletes underwent a warm-up and a 5 × 5 at 80% of
1 RM, with half of the subjects ingesting ibuprofen 15 min before the commencement of the
training. Ibuprofen ingestion resulted in greater peak torque values (p = 0.007) and lower
fatigue index (p = 0.002) in the national level group. Leukocytes, with the use of ibupro-
fen in the national-level group, were greater in concentration than in the regional-level
group (p = 0.001). Similarly, neutrophils in the national-level group treated with ibuprofen
were greater in concentration than in the regional-level group treated with ibuprofen and
placebo (p = 0.025). Lymphocytes in the national-level group treated with ibuprofen were
lower in concentration than in the regional-level group treated with ibuprofen and placebo
(p = 0.001). Monocytes in the national-level group with ibuprofen and placebo were
lower in concentration than in the regional-level group treated with ibuprofen (p = 0.049).
Hemoglobin, hematocrit, and erythrocyte values were higher in concentration at the na-
tional level in athletes treated with ibuprofen and placebo than at the regional level in
those treated with ibuprofen and placebo (p-value < 0.05). Ammonia levels were higher in
concentration in the national-level group treated with ibuprofen (p = 0.007) and placebo
(p = 0.038) compared to the regional-level group treated with ibuprofen and placebo,
respectively. Fraga et al. [91] recruited eight Paralympic powerlifting athletes (aged
27.0 ± 5.3 years) competing at the national level who underwent a warm-up and a
5 × 5 at 85–90% of 1 RM. Ingestion of ibuprofen or placebo occurred 15 min before and
5 h after training. Maximal isometric force only decreased in the placebo condition, with a
significant increase between 24 and 48 h in the ibuprofen condition, whilst the post-exercise
rate of force development decreased significantly for both conditions. Muscle temperature
decreased significantly at 48 h after exercise in the placebo condition, while deltoid muscle
temperature 48 h after exercise was higher in the ibuprofen condition. Finally, creatine
kinase was higher in concentration with the placebo than with ibuprofen 48 h after exercise,
whilst alanine aminotransferase was lower in concentration 24 h after the training with
ibuprofen. Immediately after training, aspartate aminotransferase increased with a placebo,
while with ibuprofen it increased after 24 h.

4. Discussion

There is a limited number of studies on the immunological response to physical activ-
ity/exercise in people with disabilities on a range of selected immunological parameters
(Table 2).
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Table 2. Main features of selected studies included in the present systematic review.

Study Athlete Population Training/Exercise Studied Parameters Major Findings

Mucosal Humoral Immunity

Stephenson et al. [35] Seven elite para triathletes 34-week training

Weekly training duration,
sIgA, URI

Measurements: Weekly
saliva samples

- Negative correlation between weekly
training duration and sIgA secretion
rate (p = 0.028)

- No relationships between external or
internal training load or URI and
sIgA parameters

- No significant difference in SIgA when
URI is present or not

Leicht et al. [36] Fourteen elite
tetraplegic athletes Five months of training

Training load, sIgA, URS
Measurements: Throughout

the study’s duration
Before 11 am and before any

physical activity
Self-reported

- Negative correlation between training
load and sIgA (p = 0.04)

- No relationship between sIgA and URS
- No difference in SIgA between athletes

with and without URS

Leicht et al. [37]
Seven highly trained

wheelchair rugby athletes
with tetraplegia

Two separate highly
strenuous sessions,

lasting 23 and 41.5 min

sIgA secretion rate and
concentration, and α-amylase

Measurements:
Saliva was collected before,

after, and 30 min
after exercise

Blood lactate before and
immediately after the

training session

- sIgA secretion rate and α-amylase
unaffected by exercise

- Increased sIgA concentration post
aerobic session accompanied by
decreases in saliva flow rate

- No difference for saliva in osmolality

Leicht et al. [38]

Twenty-three wheelchair
athletes (eight tetraplegics,

seven paraplegics, and
eight non-spinal

cord-injured participants)

Two randomized and
counterbalanced 60 min
sessions on a treadmill

sIgA secretion rate and
α-amylase activity

Measurements:
Before, during, after, and

30 min after exercise

- Increased sIgA secretion rate and
α-amylase activity

Cytokines and Chemokines

Kinoshita et al. [60]
Five wheelchair basketball

players with spinal
cord injuries

2009 Mei-shin League
of Wheelchair

Basketball Games

Plasma IL-6, TNF-α, CRP
levels, blood cell count, and
accumulated play duration

Measurements:
1 h before warm-up and after

the game

- Increased plasma IL-6 level and the
number of monocytes

- Significant relationship between
increased IL-6 levels and accumulated
play duration

- No significant correlation between
increased monocyte number and IL-6
level changes

Ogawa et al. [61]

Six athletes with cervical
spinal cord injuries and

eight athletes with thoracic
and lumbar spinal

cord injury

30th Oita International
Wheelchair

Marathon Race

- IL-6
- (TNF)-α
- adrenaline and

blood cell
Measurements:
Before, immediately after, and
2 h after the race
24 h recovery

- Stable increased monocyte counts
(depending on the disability)

- Increased IL-6
- Decreased TNF-α

Sasaki et al. [62]

Twenty-eight men with
spinal cord injury

(16 full-marathon racers,
full-group and

12 half-marathon racers,
half-group)

28th Oita International
Wheelchair Marathon

Race, Japan

- IL-6
- (TNF)-α
- Sensitivity C-reactive

protein
Measurements: 24 h and
immediately before and after
the race

- Increased IL-6
- Correlation between plasma IL-6 and

hsCRP and average wheelchair speed
- TNF-α and hsCRP did not change
- No correlation between IL-6 and

wheelchair performance

Hoekstra et al. [63]
Seventeen men athletes

with cervical spinal cord
injury or without

Oita 2016
Wheelchair

half-marathon

- Adrenaline and
noradrenaline

- IL-6
- eHsp72
Measurements:
Before, after, and 1 h after race

- Large increase in IL-6 after race in
NON-CSCI

- No change in eHsp72 concentration
- Increased plasma adrenaline and

noradrenaline levels in NON-CSCI
(p < 0.036)

An et al. [87]

Ten wheelchair basketball
players with spinal cord
injuries and amputation

(nine in the final test)

Korean Paralympic
wheelchair

basketball league

Inflammatory response
Muscular fatigue
Measurements:

Before the intense exercise
and 4 days after recovery

- Significant inhibition of IL-6 levels in
the ELAA-treated group

- No changes in TNF-a and creatinine
kinase levels

- Significant improvement in the whole
body and back muscle soreness values

Neutrophils

Levada-Pires et al.
[73]

Ten male wheelchair
basketballers with a spinal

cord injury (T1-L3)
Basketball match Neutrophil levels and

function

- Decreased phagocytosis capacity
- Increased percentage of cells with the

integral plasma membrane
- Increased proportion of cells with

mitochondrial membrane polarization
- Increased neutral lipid accumulation
- Increased ROS production
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Table 2. Cont.

Study Athlete Population Training/Exercise Studied Parameters Major Findings

Marques et al. [86] Eight male wheelchair
basketball players

DHA-rich FO
supplementation Neutrophil function

- Loss of membrane integrity
- ROS production
- High mitochondrial

membrane potential
- Decreased phagocytic capacity and

IL-6 production

Natural Killer Cells

Furusawa et al. [75]
Competitive wheelchair
racers with T5-L1 spinal

cord injury

Wheelchair full
marathon

Peripheral NK cell
counts and NKCA Decreased peripheral NK cells and NKCA

Furusawa et al. [76]
Disabled recreational
athletes with T7-L1

spinal cord

Wheelchair half
marathon NKCA Short-term increase in NKCA

Ueta et al. [78] Seven spinal-cord-injured
individuals

2 h arm crank ergometer
exercise at 60%

of VO2max

NKCA Decreased NKCA, recovering after 2 h

Yamanaka et al. [82] Eight spinal-cord-injured
individuals (C6-C7)

20-min arm crank
ergometer exercise at

60% of VO2max

NKCA No changes in NKCA

Nowak et al. [79] Paralympic rowers Paralympic Games in
Rio, 2016 NK cell counts Increased NK cell counts

Lymphocytes

Banno et al. [77]

Six cervical spinal cord
injury individuals and

seven individuals with T4
and L1 spinal cord injuries

in a wheelchair
half-marathon race

The 29th Oita
International Wheelchair

Marathon Race

NKCA cell count
Measurements:

Before, after, and 2 h
after recovery

No changes in the lymphocyte counts

Furusawa et al. [75]

Nine male wheelchair
marathon athletes with

spinal cord injuries
between T5 and T12

15th Oita International
Wheelchair Marathon

Race

NK cell counts
Measurements:

The day before, immediately
after, and 1 day after the race

No changes in the lymphocyte counts

Furusawa et al. [76]
Seven men wheelchair
racers with spinal cord

injuries between T7 and L1

International Wheelchair
Marathon Race in Japan

NK cell counts
Measurements:

The day before, immediately
after, and 1 day after the race

No changes in the lymphocyte counts

Nash [80] Individuals with
quadriplegia Cycling exercise

Immune system
NK cell counts

Cytotoxicity
Measurements:

NA

- No production of an archetypical
leukocytosis

- Raising in NK cell number and
cytotoxicity for 1.5 h after exercise

- Immune system is responsive to
exercise challenge

Ueta et al. [78]

Seven individuals with
spinal cord injury between

T11 and L4
Six able-bodied individuals

Arm crank ergometer
exercise at 60% of

VO2max

NKCA
Measurements:

Before, during, and
immediately after the exercise

Increased lymphocyte counts (p < 0.05)
Decreased NKCA in SCI
Significant increases in plasma adrenaline
No changes in plasma cortisol

Klokker et al. [81]

Eleven subjects with spinal
cord injury (five paraplegic

individuals and six
quadriplegic individuals)

30 min electrically
stimulated cycling

exercise

NK cells
Measurements:

Before, at the end of the
exercise, and 2 h after

the exercise

Increased lymphocyte counts

Nowak et al. [79] Two Paralympic rowers Rowing ergometer
until exhaustion

Cardiorespiratory fitness
Lymphocyte counts

Measurements:
Blood samples 3 times

The day before testing, 5 min
after exercise, and after the

recovery period

Increased lymphocyte counts

4.1. Mucosal Humoral Immunity in Disabled Athletes

In able-bodied athletes, several important acquired (specific) immune functions includ-
ing antigen presentation by monocytes/macrophages and derived cells, immunoglobulin
production by B cells, T-cell cytokine production, and proliferation (e.g., interferon-gamma),
are reduced after prolonged exercise. Mucosal immune protection may also be compro-
mised. For example, sIgA response to intense and strenuous exercise is variable, even
though it is generally accepted that very prolonged exercise sessions such as triathlon
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may result in lower sIgA. Trying to explain these variations, several scientists claim the
role of stress biological amines and hormones (including catecholamines and cortisol)
together with the disruption of pro-/anti-inflammatory cytokine balance, especially in
cellular environments characterized by higher IL-6 secretion.

However, for athletes with disabilities, contradictory findings could be reported. One
study [53] found no significant relationships between external or internal training load
or URI and sIgA parameters. These results are in contrast with other studies [54,55],
which presented a negative correlation between training load and sIgA in a sample of elite
tetraplegic athletes. On the other hand, no statistically significant relationship could be
found between sIgA levels and subsequent URS occurrence. Finally, sIgA responses did not
differ between athletes with and without URS. In addition, it is important to mention here
that all samples were taken before and after the acute exercise, and it resulted in increased
sIgA during recovery in tetraplegic athletes, contrary to previous studies with able-bodied
athletes.

The dearth of currently available data and the reporting of partially conflicting
results concerning mucosal immunity in the population of disabled athletes (see also
studies [56,57]) warrant further research. In this context, it is important to highlight the role
of exercise duration and intensity on humoral immunity and consider these parameters as
external factors playing a key role in the modulation and fine-tuning of the adaptation to
training and exercise when it comes to exploring humoral immunity responses in disabled
individuals. This should be investigated together with other relevant variables, such as
the concentrations of cortisol and other molecules known to influence (or confound) the
expression of sIgA. Moreover, a more diverse representation of disabilities would be appre-
ciated in that virtually all available studies focus on spinal cord injury, as such overlooking
other kinds of impairment and other disabilities.

4.2. Neutrophils in Disabled Athletes

Based on the currently available body of scholarly data on able-bodied athletes, it
appears that exercises of low to moderate intensity (60% VO2max) and of medium duration
(approximately 60 min) exert less stress on the immune system than prolonged sessions
(over 90 min) of intense effort (greater than 75% VO2max). Moderate-intensity exercise
results in a reduced response to stress hormones, which is associated with a more favorable
immune response. The increase in the number of polymorphonuclear neutrophils (innate
immune cells) and the improvement in their functionality, as well as the increase in the
number of monocytes and certain lymphocytes (NK cells), following moderate exercise
plead in favor of an improvement of the immune defenses in response to moderate activity.
Neutrophils represent about 60% of leukocytes and participate in the immune response.
Their function is to migrate to infected sites where they bind, ingest, and kill pathogens.
Neutrophils play an important role as mediators of inflammation. On the one hand,
neutrophils release various substances that contribute to the inflammatory reaction and the
recruitment of other immune system cells to the site of infection. On the other hand, recent
studies have shown that neutrophils are not only involved in promoting this response, but
also take part in the resolution and repair of damaged tissues.

During an infection or in the event of tissue damage such as spinal cord injuries, neu-
trophils communicate and interact with various cells of the immune system (macrophages,
NK cells, T lymphocytes, and B lymphocytes) by “orchestrating” the evolution of immune
responses, both innate and adaptive. Neutrophils activate pro-inflammatory responses
eliciting macrophages that phagocyte debris and clean the damaged tissue in spinal cord
injury. In addition, neutrophils can play a key role in different conditions and biologi-
cal/physiological events, such as the responses and adaptations to physical exercise in
individuals with disabilities.

Of interest, in spinal cord injury, Levada-Pires et al. [73] reported decreased phagocytic
activity in response to intense physical activity with increased ROS production. Similarly,
Marques et al. [86] reported an increase in ROS but also lower phagocytic capacity and
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IL-6 production. Regulation of neutrophil production and pro-anti-inflammatory status in
spinal cord injury remains unclear and based on very few studies, while it is certain that
neutrophils perform different important immune functions. Their inadequate response
or dysregulation can also lead to the development of different disease states, including
immunological impairments and chronic inflammation.

4.3. Lymphocytes in Disabled Athletes

In able-bodied athletes, the practice of exercises/physical activities of any intensity
can produce pro-inflammatory cytokines, even though higher levels of inflammatory
mediators are generally reported after intense and prolonged exercise. This stimulates
a complementary anti-inflammatory response, the homeostasis of which can help clear
infections and reduce inflammation, resulting in beneficial health effects. Studies found,
indeed, that both moderate and intense intensity exercise may release pro-inflammatory
cytokines with the subsequent promotion of anti-inflammatory molecule production. Anti-
inflammatory mediators are then released to combat the pro-inflammatory response and
restore immunological balance [92].

In able-bodied athletes, during exercise, increases in the number of lymphocytes have
been reported in various lymphocyte subsets/subpopulations, including CD4+ or CD8+
T lymphocytes as well as CD19+ B lymphocytes and CD16+ or CD56+ NK lymphocytes.
The most increased populations are NK cells and CD8+ lymphocytes, inducing a decrease
in the CD4+/CD8+ ratio that can reach values in the range of 30–60% [93]. An increase
in NK cells can lead to a decrease in T cells. Concerning disabled athletes, conflicting
results were found in the studies conducted on the spinal-cord-injured (paraplegics or
tetraplegics) in the modulation of the response and adaption to exercise and overviewed in
the present review.

Most of these studies measured the lymphocyte count before, immediately after the
exercise/competition, and during recovery. Only three studies [78,79,81] found no changes
in lymphocyte count in response to marathon races in disabled participants. However,
other investigations were able to find increased lymphocyte counts in response to low–to-
moderate intensity exercises such as arm crank ergometer exercise at 60% of VO2max or
electrical stimulation lasting up to 30 min. Similarly, only one study [79] conducted in a
sample of Paralympic rowers showed leukocytosis following maximal exercise. Disparities
in results may be due to the sample size chosen and the methodology adopted (such as
the study design) but, most importantly, to the exercise modality (in terms of duration
and intensity). Leukocytosis and then post-exercise lymphopenia constitute the biphasic
response to intense exercise [94], even though these “biphasic changes” are generally
overlooked and understudied in the disabled athlete population.

As previously mentioned, further explanations of this and other immunological
phenomena may be linked to the impact of cortisol and biological amines, such as cate-
cholamines, which are known to be important mediators of immunological responses in a
number of different disabilities/impairments, especially in spinal cord injury.

4.4. Natural Killer Cells in Disabled Athletes

NK cells are large granular lymphocytes that belong to the innate compartment
of the human immune system. They participate in the immunosurveillance of tumors
and in the early control of microbial infections. These cells are capable of killing tumor
cells while sparing healthy ones according to the “immunological theory of the self”.
They also produce proinflammatory cytokines such as interferon-gamma (IFN-y) which
participate in the orientation and modulation of the adaptive immune response. NK cells
produce other pro-inflammatory cytokines, but also immunoregulatory ones, such as the
immunosuppressive IL-10, growth factors, such as the granulocyte-macrophage colony-
stimulating factor (GM-CSF) and the granulocyte colony-stimulating factor (G-CSF), as
well as other various chemokines.
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In disabled people with neurological impairments such as multiple sclerosis, im-
munopathological studies have largely focused on adaptive T and B lymphocytes. Regard-
ing NK cells, their precise involvement remains unclear and even controversial [95,96]. On
the one hand, it has been observed that blocking the infiltration of NK cells into the central
nervous system can cause symptom exacerbation, such as in an experimental model of
autoimmune encephalitis, but other observations have shown a pro-inflammatory role of
the NK cells through their interaction with T and B lymphocytes and antigen-presenting
cells. On the other hand, patients suffering from relapsing–remitting multiple sclerosis
with significant NK cell activity are more prone to disease progression and more active and
developing lesions [95,96].

In other conditions, such as exercise/sport and physical activity, it has been well
determined that in able-bodied athletes, regardless of the exercise modality (in terms of
duration and intensity), NK activity can increase due to the increase in the number of NK
cells. However, according to some observations, NKCA can also stay unchanged or even be
reduced depending on the intensity and duration of the exercise [97]. During the exercise,
recruited NKs can have a high response to IL-2 stimulation [98]. After a long, intense
exercise, the concentration of circulating NK cells and functional NK activity decrease
below baseline values. This decrease is maximal 2 to 4 h after exercise [99].

In the present review focused on disabled athletes, disparities in results were noted
in the studies overviewed. While some investigations reported decreased NK cells in
wheelchair athletes and spinal-cord-injured ones, others reported an increased count or no
changes. These discrepancies could be due to the different test/competition chosen for the
assessment of exercise-induced changes in NK cells. For instance, elevated NK cell counts
were detected in response to long-duration and intense competitions, while decreases or
no changes in NK cell levels were detected in response to exercises conducted at lower
intensities. Conflicting findings may also be due to compensatory mechanisms specific to
the type of disability/impairment under study and involve, for example, other mediators,
such as biological amines (catecholamines).

4.5. Cytokines and Chemokines in Disabled Athletes

A growing body of scholarly research has consistently shown that exercise may help
reduce pro-inflammatory cytokines in a number of circumstances and clinical populations,
including former cancer patients [100]. The previously published data suggest that com-
bined aerobic and resistance training may help reduce pro-inflammatory markers in former
prostate and breast cancer patients by increasing the counts of lymphocytes, including NK
cells [101–104].

Under normal conditions, immune cells generally do not produce cytokines: they
can produce them only after being activated, in general by pathogenic agents or in par-
ticular circumstances, including exercise/physical activity. In response to physical ex-
ercise, there is an increase in plasma levels of IL-1 and especially IL-6 [105]. After a
marathon race, there is also an increase in TNF-α, IL-1β, and IL-6. This elevation is fol-
lowed by an increase in IL-1RA, soluble TNF receptors, and IL-10 with anti-inflammatory
properties [106,107]. Chemokines such as IL-8, MIP1α, and MIP1β can also rise in concen-
tration after a marathon [108]. In the urine, the presence of proinflammatory cytokines
was observed after exercise (including TNF-α, IL1β, IL-6, IL-2 receptor, and IFN-γ, among
others) [109,110].

Studies overviewed in the present review suggested that cytokines play a major role
in the etiopathogenesis of the damage in spinal-cord-injured people as well as during the
recovery and rehabilitation periods. Studying the variation of immunological parameters
at rest and in response to physical activity/exercise can help find potentially new strategies
targeting a specific type of disability/impairment.

Increased IL-6 levels after exercise can be found in wheelchair athletes in some studies,
while disparities could be noted in the reporting of TNF-α and hsCRP concentrations,
which were the most measured immunological parameters. The discordant results in the

23



Healthcare 2023, 11, 1692

studies overviewed in the present review can be explained by taking into account several
factors such as the type of physical activity (intensity and duration) and the nature and
sensitivity of the test, as well as the precise type of disability/impairment (for instance,
level and completeness of spinal cord injury).

4.6. Behavioral, Dietary, and Training Strategies in Disabled Athletes

For a person with a disability, participating in sports activities and/or competitions can
be a challenging condition for the immune system. The relationship between exercise and
immunity response in disabled athletes is, indeed, extremely complex for several reasons,
including (1) the chronic low-grade inflammatory and immunodepression—“secondary
immune deficiency”—state imposed by the disability/impairment; (2) the impact of the
disability on an array of variables, spanning from physical fitness to well-being, quality of
life, sleep, and nutritional aspects, among others, which are known to mediate/modulate
the effects of exercise on human health; (3) the variability of the parameters related to
the exercise/physical activity (modality, frequency, intensity, duration, training versus
competition, etc.); and (4) the intra- and inter-individual variability of the immunological
response to exercise.

In able-bodied athletes, the previously published data describe several exercise-
induced changes affecting various immunological subsets and subpopulations, ranging
from neutrophils to lymphocytes, and monocytes. Broadly, moderate-intensity workout
is accompanied by optimal immunity and resistance to infections such as URTI in ath-
letes. Periods of intense training with insufficient recovery can cause a temporary state of
immunosuppression, which should end with a few days of rest/recovery from exercise. Dis-
abled athletes are relatively overlooked and understudied compared to their able-bodied
counterparts. Findings from the few studies available on paralympic and disabled athletes
have been here summarized and analyzed utilizing a narrative approach to review and
determine the major features of the immunological and inflammatory responses to exercise
in this specific population. Moreover, only a few studies have reported behavioral, dietary,
and training strategies that can be adopted to limit exercise-induced immunosuppression
and reduce the risk of infection in people with disabilities. However, given the paucity
of data and contrasting findings, future high-quality investigations on paralympic and
disabled athletes are urgently needed.

5. Conclusions

In general, a few studies have explored immunological responses in disabled ath-
letes, especially from a comparative perspective (athletes with versus without disabili-
ties/impairments), which would be paramount in dissecting the molecular and cellular
basis of the adaptation to exercise in this specific, unique population. Disabled athletes
are generally overlooked and understudied, whilst research could help unlock new viable
approaches and strategies to counteract the poor health-related outcomes imposed by the
disability/impairment.

There is a limited number of studies on the immunological response to physical activ-
ity/exercise in people with disabilities on selected immunological parameters. Findings
from these few studies suggested no impact of acute and chronic exercise (in terms of train-
ing load, intensity, and duration) on salivary antibodies in spinal-cord-injured (tetraplegic
and paraplegic) athletes, regardless of the precise type of impairment. However, when it
comes to more intense exercises, there was an impaired sIgA secretion rate and α-amylase
activity. Only very few studies reported no changes in lymphocyte counts in response
to intense exercise (marathon competition), while others suggested an increased count
in response to progressive maximal exercise. Similarly, studies reported an increase in
lymphocytes when measured in low–moderate intensity exercise in spinal-cord-injured ath-
letes (either in populations of paraplegics and/or tetraplegics). In other words, moderate
physical activity seems, therefore, to have a protective effect on the human body in dis-
abled subjects by promoting the detachment of leukocytes and their diffusion in the blood
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system and by the recruitment of neutrophil cells which can have a “booster effect” on the
immune system. Conversely, if the activity is too intense, the natural defense functions
will be upgraded to properly adjust the pro- and anti-inflammatory balance. Harnessing
these anti-inflammatory abilities may hold the key to new strategies for the treatment of
inflammatory diseases, especially in the disabled population, which exhibits a chronic
low-grade inflammatory state combined with immunodepression (“secondary immune
deficiency”). Furthermore, NK cell count was found unchanged or reduced in spinal cord
injury and wheelchair athletes during low intense competition, while it increased in more
intensive sporting events in disabled athletes, even though this could be due to the type
of disability/impairment (level and completeness of the lesion). Concerning cytokines,
increased IL-6 levels were generally reported in wheelchair athletes, while contradictory
findings regarding interferons and other chemokines were reported.

Further high-quality investigations are needed to clarify the reasons underlying con-
flicting findings regarding immunological parameters in disabled athletes, also leveraging
molecular big data [106], next-generation immunological assays (i.e., the so-called “im-
munomics”) [111], and including the measurement of other molecules, such as biological
amines (catecholamines) and hormones (cortisol) which are known to mediate/modulate
the immunological responses to exercise within a more comprehensive, integrative, and
systems-based approach.
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Abstract: Stress was previously defined as a response to any demand for change. These demands are
noticeable during sport events, not only in athletes but also in coaches. Therefore, this study aimed to
determine the influence of slow-paced breathing (SPB) on acute stress to handball coaches during
official matches. One professional handball coach, aged 37 (height, 180 cm; weight, 80 kg), took part
in the study. His salivary cortisol (C) concentration and alpha-amylase (AA) activity were measured,
and his heart rate (HR) was monitored during six official matches. In the first three matches the SPB
training protocol was not followed. From match four to match six, the coach performed SPB training
every day and directly before the match. The decrease observed in AA was statistically significant
with a large effect size (1.80). The trend of change in HR is visible and similar for matches with
and without SPB. However, for SPB matches, there is a lower starting point compared to matches
without SPB (89.81 ± 6.26 and 96.62 ± 8.10, respectively). Moreover, values of AA on SPB matches
were smaller before the match (93.92 ± 15.89) compared to the same time point in non-SPB matches
(115.30 ± 26.00). For AA, there is a significant effect size in the half-time (2.00) and after the match
(−2.14). SPB matches showed a lower increase in AA. SPB might be used as one of the possible tools
that could help coaches in achieving a desirable mental state during the match.

Keywords: stress; hormones; salivary glands; endocrine; autonomic nervous system

1. Introduction

Stress was previously defined as a non-specific response to any demand for change,
or as “the rate of wear and tear on the body” [1]. It is usually characterized as individual
and personal, which differs among given types of tasks [2]. Stress is connected to neg-
ative emotions, and therefore, influenced by two major components. Specifically, cause
(e.g., major events or daily hassles) and effect (e.g., subjective response, divided between
stress appraisal and emotional response) of stress [3–5]. Furthermore, some of the most
stressful environments are perceived by the sports participants. Both coaches and athletes
are exposed to competitive stress, which is defined as an ongoing transaction between an
individual and the environmental demands. Competitive stress is, primarily and directly,
associated with competitive performance. It is influenced by the competitive stressors
(environmental demands) and competitive strains (an individual’s negative psycholog-
ical, physical, and behavioral responses to competitive stressors). These factors are the
main cause of competitive anxiety and may lead to a negative emotional response to
competitive stressors [6]. According to previous studies, athletes have reported that their
sensation of stress has been influenced by performance-related, intra- and interpersonal,
self-presentational, and organizational issues [7,8]. On the other hand, sports coaches
operate within complex, changing environments of matches and deal with athletes and
their own stress reactions simultaneously. Specifically, coaches lead athletes to improve
their physical, technical, mental, and tactical skills, as well as facilitate their personal and
social development. They also contribute to wider societal agendas, such as improving
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health, youth engagement, social inclusion, lifelong learning, and community regenera-
tion [9]. Furthermore, this complex stressful environment in which coaches exist could
lead to burnout [10,11]. This state could lead athletes to perceive such coaches nega-
tively [10,11]. Additionally, there are significant potential health costs of the psychological
stress experienced by coaches [9].

The performance of a coach and its effectiveness is often connected with the efficiency
and success of his athletes [12]. As previously stated, coaches must accomplish multiple
roles and deal with technical, physical, organizational, and psychological challenges in
their jobs. It is not surprising that because of high demands, coaches confront various levels
of stress [13]. Therefore, coping with stress is an important factor leading to success for
coaches [14,15]. According to previous studies, there are several ways of stress management
leading to mitigating negative effects that might impact performance [16–18]. Strategies
that are easy to practice and proven to be useful are breathing techniques [19]. Specifically,
diaphragmatic breathing has been widely incorporated in routines for general stress reduc-
tion, due to its effect on the parasympathetic nervous system. Lowering blood pressure
and HR, a simultaneous increase in peripheral skin temperature, and an overall sense
of relaxation are some of its effects [20]. Moreover, studies have shown that slow-paced
breathing (SPB) could also be a useful tool in managing stress [21,22]. SPB has positive
effects on physiological indicators of arousal and vagal flow, including changes in cardiac
rhythm, HR and HRV [21–23]. Thus, some authors believe that breathing strategies may
be useful in managing stress effectively, for both athletes and coaches [24]. However, a
vast majority of studies use different measurement methods, such as psychological mea-
sures (questionnaires) [25,26], heart rate (HR), breathing frequency [27,28], and biological
markers (e.g., cortisol and alpha-amylase) [29].

The most commonly used methods for monitoring cognitive load and stress in athletes
are questionnaires [30]. These questionnaires often refer to the anxiety levels of sports’
participants and examine the influence of the match as the main stressor. The questionnaire
used in a study by Arruda, Aoki, Paludo and Moreira [31] had a high correlation with the
difficulty of the match. Apart from the subjective indicators, heart rate variability (HRV)
showed to be a good objective measure of stress. HRV is defined as the ability of the heart
to produce fluctuations in the beat-to-beat interval in response to different situations [32]. It
was previously shown that HRV variables change depending on stress and can distinguish
between different stressors [33]. In terms of biomarker monitoring, cortisol (C) reflects
the activation of the hypothalamic–pituitary–adrenocortical axis, which is involved in the
physiological stress response [34]. C is frequently used as a biomarker of the physical and
mental (psychological) stress-related functioning of athletes [35]. Alpha-amylase (AA) is
an enzyme that catalyzes the hydrolysis of starch into smaller carbohydrate molecules,
such as maltose [36]. Additionally, AA reflects the activity of the sympathetic nervous
system. It has been shown that physical activity consistently increases AA activity and
concentration [37]. Moreover, levels of AA are highly related to an increase in noradrenalin,
and consequently, reflect the state of arousal [38]. Biological markers have also been used as
indicators of stress caused by sports activity [31,39]. For example, Moreira, McGuigan [35]
showed an increase in C and AA regarding mental exertion during physical activity.

Hunt, Rushton, Shenberger and Murayama [40] compared diaphragmatic breathing
(DB) and progressive muscle relaxation techniques. The results showed that DB is easy to
apply and is an effective tool for athletes to cope with stressors. According to the authors,
during DB a lower rate of respiration, higher tidal volume, lower HR, and higher HRV
were observed. Additionally, there is evidence that SPB has a positive effect regarding
adaptation to psychological stress before and after physical exertion [41]. According to
Thelwell, Weston and Greenlees [42], world-class coaches reported relaxation breathing as
a rarely used stress-coping strategy. However, the literature review showed good results of
stress management in sports while practicing breathing exercises [40,41]. Therefore, the
aim of this study was to determine the possible influence of SPB on acute stress in handball
coaches during official matches. The authors hypothesize that SPB could have an effect on

32



Healthcare 2023, 11, 1242

stress biomarkers and HR. Moreover, if proven to be effective, SPB can be used by handball
coaches as a stress coping practice.

2. Materials and Methods
2.1. Participant

One professional EHF master handball coach (kinesiology professor), aged 37 (height,
180 cm; weight, 80 kg), with 19 years of coaching experience in handball, participated in the
study. The participant’s stress was measured in 6 official matches, during which a total of
33 saliva samples were collected. During the course of the study, the subject coached a club
in the first Qatar Handball League, which was a cup finalist, and at the end of the season
achieved 8th place. The participant was informed about the procedures and aims of the
research. He signed an inform consent form and participated voluntarily. All experimental
procedures were completed following the declaration of Helsinki (2008), and they were
approved by the corresponding authors’ institutional research ethics board (Ethics Board
Approval No. 2181-205-02-05-18-002).

2.2. Procedures

Salivary C concentration and AA activity were measured, and the HR was monitored.
Samples for stress markers (HR, C, and AA) were collected during one rest day to establish
the baseline circadian rhythm. Additionally, samples from six official matches in the first
Qatar Handball League were collected too. To establish the baseline circadian rhythm of
biomarkers, the coach spent the day without physical activity, fasting in his apartment.
During the course of the day, from 9:00 a.m. to 9:30 p.m., 10 saliva samples were collected,
and his HR was monitored at the same time points [38]. Baseline values corresponded to
the same time of sample collection during the matches. Due to the circadian variability of
the measured markers, values varied during the day. Prior to collecting saliva samples, the
subject stayed still (sitting) for 10 min, and during that period, his HR was continuously
monitored (the average values were taken as a result).

In the second half of the study, stress markers were tracked before, during, and after the
handball matches (Scheme 1). The coached team won three out of six matches (1st match,
34 to 29; 2nd match, 30 to 34; 3rd match, 32 to 28; 4th match, 27 to 30; 5th match, 23 to 30;
and 6th match, 34 to 31). All six matches were held in the same hall (QHA sports hall),
with 5000 seating places; the dimension of the court was 20 × 40 m, and the temperature
ranged between 23 and 25 ◦C. The matches took place during a period of 35 days, and were
scheduled between 4:30 p.m. and 8:30 p.m.
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Scheme 1. Data collection timeline: 20 minutes before the match, at halftime, directly after the match,
and 45 and 90 min after the match; for SPB matches: data collection before the match.

2.3. Design

In the course of the first three matches, SPB training or any other stress-relieving
protocol was not performed. In the rest of the text, these matches are labeled as NOSPB
matches. From match four to match six, the coach performed SPB training twice a day.
To assess the SPB breathing frequency profile, the Biograph Infiniti version 6.0.4 was
used. The subject entered the mindroom–special room for psychological testing, where the
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researcher gave him guidelines on how to practice diaphragmatic/abdominal breathing. To
guarantee proper abdominal breathing, the participant practiced it for some time (i.e., using
diaphragmatic breathing). Inhalation happened through the nose, whereas exhalation
happened through pursed lips. A report of testing was generated when the test was
complete, including the coach’s performance across all four primary HRV measures (i.e.,
heart rate (Max–Min), pNN50, SDNN, LF percent of total power) and whether he was
able to properly follow the breathing pacer. The participant was asked to complete a
low-breathing test, following the pacer on the screens, and providing feedback to the
researcher about whether he felt comfortable with the pace at the end of the test to ensure
that the calculated breathing frequency was indeed his individualized (resonant) breathing
frequency. Our subject took 4.5 complete breaths per minute, with inhalations lasting
4.5 seconds and exhalations lasting 9.1 seconds. The subject was told to download a free
breathing app (paced breathing app, Trex LLC, Greenbelt, Maryland USA), which is only a
breath pacer, and install it on his smartphone. The participant was instructed to undertake
a 20 min exercise on his mobile app at home and 30 min before the match in the coach’s
room. Prior to the study of immediate influence of SPB on stress on the handball coach
during matches, the participant practiced SPB training during a 25-day period, twice a day,
with a total of 920 min of slow-paced breathing in 46 sessions.

2.4. Instruments

Saliva samples were taken at 5 collection points: 30 min before the match (BM), at
halftime (HT), directly after the match (EM), and 45 (45) and 90 (90) min after the match; for
the matches with SPB, one more point is included: 20 minutes before the match (SPBBM)
(Scheme 1). The coach avoided eating a major meal an hour before sample collection
and rinsed his mouth thoroughly with water 10 min before each sample collection. For
this purpose, SalivaBio Oral Swabs-SOS (Salimetrics LLC, State College, PA, USA) were
used; they were placed underneath the tongue on the floor of the mouth for 2 min. After
collection, the swabs were placed into a storage tube and immediately refrigerated. Within
2 h of sampling, the samples were frozen at below −20 ◦C until centrifugation. On the
day of the analysis, the samples were completely thawed and centrifuged at 1500× g for
15 min. After centrifugation, assays were performed. Saliva cortisol and alpha-amylase
were analyzed with a commercially available enzyme-linked immunosorbent assay (ELISA)
purchased from Salimetrics LLC (State College, PA, USA) on a microplate reader (Infinite
200PRO, Tecan, Mannendorf, Switzerland). All samples were analyzed in the same batch
to avoid intra-assay variability.

HR was measured using a heart rate monitor (Polar M430, Polar Electro, Kempele,
Finland) that the coach wore for a total of 4 h: 30 min before the match, throughout the
match, and 90 min after it (Scheme 1).

2.5. Statistics

The non-parametric/parametric nature of the variables was tested using the Kolmogorov–
Smirnov test procedure. The calculation of the descriptive statistic parameters included
means, standard deviations, and percentages (for HR and biomarkers values). The differ-
ences among the measurements of salivary biomarkers were calculated by the magnitude-
based Cohen’s effect size (ES) statistic, with modified qualitative descriptors (trivial ES:
<0.2; small ES: 0.21–0.60; moderate ES: 0.61–1.20; large ES: 1.21–1.99; and very large ES:
>2.0) [41]. The percentage of change was calculated accordingly and presented as percent-
age values. Firstly, we deducted two measurements between biomarkers (e.g., C before the
activity and in the middle of the activity). Secondly, the first measurement was divided
with the difference obtained by the previous step (e.g., C before activity). For example,

Difference = C(atthemiddleoftheactivity)− C(beforetheactivity)
Percentageofchange = Difference

C(beforetheactivity)x100 (1)
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Statistica ver. 13.0 (Dell Inc., Austin, TX, USA) was used for the analyses, and a p-level
of 95% (p < 0.05) was applied.

3. Results
3.1. Acute Effect of Slow-Paced Breathing on HR, C, and AA before the Matches When SPB
Was Performed

Figure 1 shows the acute influence of SPB on biomarker values at BM and SPBBM time
points. There was a clear decrease in HR (89.81 ± 6.26) and AA (61.47 ± 31.51) comparing
the values before and after (86.00 ± 10.30; 21.90 ± 3.84, respectively) SPB. A statistically
significant decrease was observed in AA with a large effect size (1.80), whereas the values
of the HR did not achieve statistical significance. Further statistical analysis showed that
C was not influenced by SPB. Regardless, we noticed an increase in C levels after the SPB
period, although without statistical significance.
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Figure 1. Acute effect of slow-paced breathing (SPB) on heart rate (HR), cortisol (C), and alpha-
amylase (AA), with significant differences between SPB and NOSPB indicated with * for a large
ES difference.

3.2. Effects of Slow-Paced Breathing on Heart Rate

The HR dynamics before, during, and after the matches are presented in Figure 2.
The results show a trend of dynamics for matches with and without SPB. In both SPB and
NOSPB similar trend in HR change was observed. However, there is a visible lower starting
point at BM for SPB matches (89.81 ± 6.26) and a smaller increase at HT (93.92 ± 15.89)
compared to the matches when SPB was not executed (96.62 ± 8.10 and 115.30 ± 26.00,
respectively). Additionally, the differences of HR after the match are noticed in both the 45-
and 90-minute measurement points.
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3.3. Effects of Slow-Paced Breathing on C

Figure 3 shows the dynamics of C and its differences before, during, and after the
match. C dynamics did not show a significant effect size in regard to SPB. However, it is
visible that the change between the first two points of measurement (BM and HT) differ
between NOSPB (BM, 0.40 ± 0.07; HT, 0.44 ± 0.18) and SPB (0.31 ± 0.11; 0.29 ± 0.05,
respectively). In the NOSPB matches, the increase in C can be noticed, and in the SPB
matches, C is almost constant. The rest of the timeline reveals the decrease in C for both
conditions, respectively.

Healthcare 2023, 11, x  6 of 11 
 

 

 

Figure 2. Acute effect of slow-paced breathing (SPB) on heart rate (HR). 

3.3. Effects of Slow-Paced Breathing on C 

Figure 3 shows the dynamics of C and its differences before, during, and after the 

match. C dynamics did not show a significant effect size in regard to SPB. However, it is 

visible that the change between the first two points of measurement (BM and HT) differ 

between NOSPB (BM, 0.40 ± 0.07; HT, 0.44 ± 0.18) and SPB (0.31 ± 0.11; 0.29 ± 0.05, respec-

tively). In the NOSPB matches, the increase in C can be noticed, and in the SPB matches, 

C is almost constant. The rest of the timeline reveals the decrease in C for both conditions, 

respectively. 

 

Figure 3. Acute effect of slow-paced breathing (SPB) on cortisol (C). 

3.4. Effects of Slow-Paced Breathing on AA 

Alpha-amylase dynamics and the differences of its levels relative to match time 

points are presented in Figure 4. AA dynamics exhibit a very large effect size in the HT 

(2.00)(NOSPB, 123.99 ± 10.17; SPB, 86.24 ± 24.66) and 90 (3.50)(31.81 ± 4.63; 46.75 ± 3.87, 

respectively) measuring point, whereas in the EM (128.67 ± 10.17; 86.24 ± 24.66, respec-

tively), it presented large ES (1.51). Specifically, SPB matches showed a lower increase in 

AA throughout the whole match. After that, AA had a decreasing trend after the match. 

However, 90 minutes after the match, lower values in NOSPB matches (31.81 ± 4.63) in 

comparison to SPB (46.75 ± 3.87) are noticed. 

Figure 3. Acute effect of slow-paced breathing (SPB) on cortisol (C).

3.4. Effects of Slow-Paced Breathing on AA

Alpha-amylase dynamics and the differences of its levels relative to match time
points are presented in Figure 4. AA dynamics exhibit a very large effect size in the HT
(2.00)(NOSPB, 123.99 ± 10.17; SPB, 86.24 ± 24.66) and 90 (3.50)(31.81 ± 4.63; 46.75 ± 3.87,
respectively) measuring point, whereas in the EM (128.67 ± 10.17; 86.24 ± 24.66, respec-
tively), it presented large ES (1.51). Specifically, SPB matches showed a lower increase in
AA throughout the whole match. After that, AA had a decreasing trend after the match.
However, 90 minutes after the match, lower values in NOSPB matches (31.81 ± 4.63) in
comparison to SPB (46.75 ± 3.87) are noticed.
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Figure 4. Acute effect of slow-paced breathing (SPB) on alpha-amylase (AA), with significant
differences between SPB and NOSPB indicated with * for a large ES difference, and ** for very
large ES. NOSPB—matches in the period when SPB was not applied.

The percentages of change in all measured parameters are presented in Figure 5. The
results imply that SPB influenced all biomarkers before and/or throughout the match.

36



Healthcare 2023, 11, 1242

HR had the biggest increase in the first two points of measurement. The SPB matches
demonstrated a smaller increase (40%) than NOSPB (144%) in AA. Similar results were
noticed in C (SPB–8%; NOSP 11%) and HR (SPB 5%; NOSPB 19%). In the second half of the
matches, AA exhibit a lesser increase (SPB 6%; NOSP 4%). Additionally, HR experienced a
bigger increase in SPB (24%). C had a bigger decrease in NOSPB (−39%) than SPB (−12%).
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SPB, at different time points. SPB—matches in the period when SPB was applied; NOSPB—matches in the
period when SPB was not applied; AA—alpha-amylase; C—cortisol; HR—heart rate.

4. Discussion

Precompetitive anxiety and arousal play an important role in coaching at a high
level [22]. There is an evident lack of studies researching stress coping tools and stress
handling strategies for coaches. This study was carried out in order to find a simple and
effective strategy to deal with competitive stress for coaches. Accordingly, we report several
important findings: (1) SPB influences all measured stress biomarkers; (2) A long lasting
effect of SPB was detected; and (3) HR and AA have similar dynamics under the influence
of SPB, acute and long-lasting, while there is no effect of SPB on C level. These findings
corroborate the hypothesis that SPB could help coaches mitigate the influence of stressors
during handball matches.

As reported previously, a competition setting elicits a higher stress response in coaches
compared to trainings. It was speculated that the pre-competitive effect increases stress
biomarkers levels (HR, C, and AA) [43]. This effect is an anticipated response to the stressful
situations [44,45]. This leads to the triggering of the sympathetic nervous system (verified
as an increase in HR and AA) and the hypothalamic–pituitary–adrenal axis (observed as
an increase in C) [46]. Altogether, it may induce the development of negative emotional
states and the disruption of decision making [47,48]. Therefore, it is of major importance to
cope with stressful situations in order to gain the optimal state of arousal and a low level of
anxiety before the competition.

According to Hunt, Rushton [40], diaphragmatic breathing (DB) has been shown to
be a good technique to cope with stressful situations. Specifically, the authors examined
the influence of DB on psychological stress in 76 varsity athletes. DB was compared to
progressive relaxation and was shown to be a better tool for stress management. Another
study showed how SPB has a positive effect on psychological stress after physical exertion.
Hence, it can be noted that SPB has similar effects as DB [41]. The above-mentioned studies
have similar findings to our study, where the effect of SPB is evident in all measured
biomarkers. Specifically, SPB decreased HR and AA immediately after the breathing
sessions (a higher effect size (1.80) is observed in AA), while C increased after the SPB. This
finding could be explained by the circadian rhythm of C. While C during measuring drops,
AA increases [38].
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Blum, Rockstroh and Göritz [49] reported the influence of SPB on HRV. The partici-
pants of their study carried out the task after which the SPB was performed, followed by
another task. The results showed a decrease in HR after SPB. Additionally, the chronic
effects of SPB on HR and vagal tone were examined in other studies. In one study, a
single session of SPB (preceded by a familiarization session) was capable of enhancing the
vagal tone under cognitive stress [41]. Additionally, the duration of the breathing sessions
had an influence on the spontaneous respiratory frequency in the resting measurement.
Specifically, the respiratory frequency appears to decrease with the session duration, thus
potentially contributing to additional relaxing effects [50]. However, these studies did not
examine the long-lasting effects of SPB (completing a single session), and therefore, there is
a need for future studies to address this effect in multiple sessions over a longer period of
time. These long-lasting effects have been previously shown, but only few parameters were
taken into consideration. Blum, Rockstroh and Göritz [49] concluded that regular breath-
ing exercises could influence HRV in the long term. Furthermore, slow-paced breathing
appears to be a promising cost-effective technique to improve subjective sleep quality and
cardiovascular function during sleep in young healthy individuals [51].

In our study, the long-lasting effect of SPB was demonstrated. As the coach practiced
SPB daily, this caused all the measured biomarkers to drop. Specifically, HR and C, at the
BM point of measurement, showed lower values in the SPB matches (6.8 bpm, 0.16 µg/dL).
This finding suggests that the coach started match preparations at a lower level of stress,
which could possibly be a consequence of SPB practice. Hence, our findings might have
implications in the sports competition scenario.

Lastly, the effects of SPB could also be noticed through the dynamics of AA and HR,
throughout the match. The acute influence of SPB was mentioned previously, as studies
reported similar findings to ours [41,49]. Moreover, Kant [45] examined the effects of a
relaxation schedule on the arousal levels and performance of college handball players. The
results of their study showed the effects of breathing techniques. However, those studies
reported the chronic effect on vagal tone, HR, and HRV, whereas in our study, the stress
markers C and AA are also included. The dynamics of C is similar for both SPB and NOSPB
matches, and show a decrease before, during, and after the match. On the other hand,
AA and HR dynamics differs from C. An AA and HR increase was noticed until HT, and
then there was a decrease. Specifically, the AA and HR percentage of change for the SPB
matches was smaller than in the NOSPB matches. In the BM point, there is even a larger
effect size between SPB and NOSPB for AA (1.80).

5. Conclusions

In conclusion, the main goal of every sports coach should be the fast and clear un-
derstanding of game situations and good decision making. To fulfill such roles, the coach
must remain calm, optimally aroused and with as little stressful interferences as possible.
Our study introduced SPB as one of the possible tools that could help handball coaches in
achieving a desirable mental state during a match. The results indicate that the application
of SPB could decrease the level of stress in an acute and long-lasting manner.

The main limitation of this study is the small sample size of the matches used and
the monitoring of a single coach. The study failed to assess some very important stress
biomarkers that could better explain the handball coach’s emotional and physical stress.
The relationships of adrenalin, blood glucose, and breathing frequency with the biomarkers
used in our study (HR, AA, and C) had been previously studied and could have given us a
better insight into the stress state. The mentioned study limitations limit the generalization
of results since the study was only focused on one subject and on an insufficient number
of relevant stress biomarkers. Future studies should include more coaches and a higher
number of matches. Additionally, monitoring a greater number of biomarkers (e.g., glucose
and other hormones connected to stress) could give us more robust and clearer explanations
of the gathered data.
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Abstract: Musculoskeletal disorders characteristically induce pain and limitations in mobility, ability,
and overall functioning. In athletes, including basketball players, disorders such as back pain, postural
changes, and spinal injuries are common. This systematic review aimed to evaluate the prevalence of
back pain and musculoskeletal disorders in basketball players and ascertain the associated factors.
Methods: The Embase, PubMed, and Scopus databases were searched for studies published in English
without a time limit. Using STATA, meta-analyses were performed to estimate the prevalence of pain
and musculoskeletal disorders of the back and spine. Results: Of the 4135 articles identified, 33 studies
were included in this review, with 27 studies included in the meta-analysis. Of these, 21 were used
for the meta-analysis of back pain, 6 articles were used for the meta-analysis of spinal injury, and
2 studies were used for the meta-analysis of postural changes. The overall prevalence of back pain
was 43% [95% CI, −1% to 88%]; of these, the prevalence of neck pain was 36% [95% CI, 22–50%], the
prevalence of back pain was 16% [95% CI, 4–28%], the prevalence of low back pain was 26% [95% CI,
16–37%], the prevalence of thoracic spine pain was 6% [95% CI, 3–9%]. The combined prevalence of
spinal injury and spondylolysis was 10% [95% CI, 4–15%], with a prevalence of spondylolysis of 14%
[95% CI, 0.1–27%]. The combined prevalence of hyperkyphosis and hyperlordosis was 30% [95% CI,
9–51%]. In conclusion, we found a high prevalence of neck pain, followed by low back pain and
back pain, in basketball players. Thus, prevention programs are important to improve health and
sports performance.

Keywords: back pain; athletes; sport

1. Introduction

Approximately 1.71 billion people worldwide suffer from musculoskeletal disorders
that affect multiple areas or body systems, such as joints, bones, muscles, and spine;
they are characterized by pain and limitations in mobility, ability, and overall level of
functioning [1–3]; and necessitate rehabilitation [1]. Unlike that in the general population,
musculoskeletal disorders can be exacerbated in athletes. Athletes frequently experience
musculoskeletal disorders, with back pain being one of the most common symptoms [4–6].
Several sports are characterized by the need for specific movements, which may result in
excessive spinal stress [7].

A study of elite German athletes from different sports reported that 77% of the athletes
reported low back pain, followed by neck pain (63%) and thoracic spine pain (46%) [8].
Another study of 1114 elite German athletes from various sports reported an 89% prevalence
of low back pain [9]. In another study of athletes from Finland, 46% of the basketball players
who participated in the study had low back pain [10].
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Basketball players frequently suffer from low back and neck pain [7–11], which confers
a high risk for spinal injuries [7], and lumbar spine injuries are common in basketball
players [12,13]. A study that longitudinally evaluated all injuries in the National Basketball
Association (NBA) players over a 17-year period found that 10.2% of all injuries involved
the lumbar spine and 0.9% of all injuries were due to lumbar disk degeneration [4].

Moreover, postural changes are common in players of various sports due to the
repetitive and unilateral overload of the body during sports practice [14,15]. Furthermore,
the trend of spinal curvature changes in basketball players, when compared to that in
non-athletes, suggests an effect of regular basketball training on the degree of curvature of
thoracic kyphosis and lumbar lordosis [16].

Basketball is an asymmetric sport that involves repetitive unilateral movements [15].
Therefore, the practice of this sport may promote pain and/or injury to the spine due to
the number of throws and dribbles during a practice session or game [15]. Therefore, it
is necessary to determine the prevalence of postural changes and back pain, as they may
affect players’ mobility and ability. Despite the importance of this topic, no systematic
reviews of back pain and postural changes in basketball players have been published.

Therefore, this systematic review aimed to evaluate the prevalence of back pain whose
causes remain uncertain and probably multifactorial and musculoskeletal disorders in
basketball players. This research is intended to identify factors that are associated with
musculoskeletal disorders and pain in basketball players to contribute to the implemen-
tation of spinal pain and injury prevention and treatment interventions and programs to
improve the health, quality of life, and sports performance of basketball players.

2. Materials and Methods
2.1. Protocol and Registration

The protocol (PROSPERO CRD42020201653) of this systematic review was registered
in the International Prospective Register of Systematic Reviews and was published as an
article [17]. The systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses methodology [18]. Ethical approval was not required because
this review involved an analysis of previously published data.

2.2. Identification of Relevant Studies

Studies published in English were searched without any restriction on the publication
period. The search was performed in three databases (Embase, PubMed, and Scopus) on
6 March 2022. The main search terms were “back pain”, “postural changes”, “players”, and
“basketball”. The general search strategy is described in Table 1 and was adapted for the
different databases (Supplementary Material).

Table 1. General search strategy for the identification of published articles.

1

(“musculoskeletal disorder” OR “musculoskeletal disorders” OR “musculoskeletal disease” OR
“musculoskeletal diseases” OR “musculoskeletal injuries” OR “musculoskeletal injury” OR posture

OR “postural evaluation” OR “postural changes” OR scoliosis OR kyphosis OR lordosis OR
spondylolysis OR “back pain” OR “low back pain” OR “back injuries” OR “lumbar pain” OR “neck

pain” OR “spinal pain” OR “abnormalities in spine” OR “spine pain” OR “cervical pain” OR
backache OR backaches OR “back ache” OR “back aches” OR “cumulative trauma disorders”)

2 (players OR player OR sportsman OR athletes OR athlete OR sportsmen OR sportswoman OR
sportswomen)

3 (basket OR basketball OR sports OR sport)

4 (1) AND (2) AND (3)
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The review followed the PECO structure (population, exposure, comparators, and
outcomes) [19]. In this article, “P” represents players, “E” represents basketball sport, “C”
represents spine regions (lumbar spine, cervical spine, thoracic spine), and “O” represents
the prevalence of back pain and musculoskeletal disorders (postural changes and spinal
injuries) in basketball players and associated factors.

Musculoskeletal disorders include fractures, acute soft tissue injuries (i.e., bruises,
sprains, or strains); non-articular and non-rheumatic soft tissue disorders, tissue disorders
including local myofascial pain syndrome and systemic fibromyalgia, arthritis, neurological
disorders, amputations, and problems of postoperative rehabilitation following interven-
tional orthopedic procedures [20]. Functional disorders that were evaluated in this review
included traumatic injuries of the spine and injuries of the spinal cord, nerve roots, bone
structure, and disk ligaments of the spine [21]. Postural changes considered included
scoliosis, kyphosis, and lordosis. Back pain was defined as pain in the cervical, thoracic,
and/or lumbar spine [22–24].

Inclusion criteria were: (a) basketball players of both sexes; (b) age up to 50 years
(articles with other age groups were included, provided the data were presented sepa-
rately); (c) observational studies (longitudinal, cross-sectional, cohort, and case-control);
(d) assessment of musculoskeletal disorders or back pain in basketball players (articles with
other injuries were included, provided the data are presented separately); (e) publications
in English; and (f) studies with players from communities of different nationalities. Both
specific and non-specific back pain were included.

Articles based on the following criteria were excluded: (a) studies with basketball
players that pertained to injuries in other body regions (knee, shoulder, hip, ankle) unless
back and spine data were presented separately or could be calculated; (b) paralympic ath-
letes and/or players with physical or mental disabilities; (c) mixed sports samples, unless
basketball player data were presented separately or could be calculated; (d) experimental
studies; and (e) studies with incomplete data.

This search included full articles published without the restriction of the search period,
and excluded books, book chapters, case reports, commentaries, letters, editorials, and
systematic reviews. Articles for which the full text could not be retrieved from online
databases were requested by email from the authors of the papers.

2.3. Study Selection

Articles found in the databases were imported into Mendeley [25] software, where we
excluded duplicate studies. Subsequently, the Rayyan software [26] was used to read the
titles and abstracts of the studies, and articles that did not meet the previously established
eligibility criteria were excluded. Next, the full texts of the selected studies were read to
confirm their eligibility. All steps were performed by two reviewers (SCCB and MSVF),
and disagreements, if any, were resolved by a third reviewer (MN). The flowchart of the
study selection is shown in Figure 1.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram of articles included in this review.

2.4. Data Extraction

The following data were extracted from the selected studies: author and year of
publication, type of study, country of origin, population, sex, age group, type of change,
tool, prevalence of postural change and injuries, location, and prevalence of back pain. The
full description of the extracted data is included in Tables 2–5.

We performed a meta-analysis with the data that were extracted to ascertain the
prevalence of back pain, postural changes, and spinal injuries. However, these data were
insufficient to perform a meta-analysis of the associated factors.
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2.5. Examiner Training

Authors participating in the eligibility assessments were trained in the inclusion/
exclusion criteria for studies and assessed the eligibility of 50 sample abstracts before
they began reviewing the articles [27]. Besides performing standardized analyses using
Mendeley and Rayyan software [25,26], the authors were trained to use risk-of-bias analysis
tools through the examination of five non-included articles.

2.6. Methodological Quality and Risk of Bias

The included articles were assessed for methodological quality and risk of bias by
using the Grading of Recommendations, Assessment, Development, and Evaluations-
GRADE [28] or the Downs and Black checklist [29]. GRADE is a method that serves
transparency and simplicity by enabling the classification of the quality of evidence into
four categories: very low quality, low quality, moderate quality, and high quality. GRADE
has been adopted worldwide because of its rigorous methodological classification and ease
of use [28].

An adapted version of the Downs and Black checklist that was proposed by Noll
was used [30], wherein each item indicates: (A) clearly stated objective; (B) clearly de-
scribed main outcomes; (C) clearly defined sample characteristics; (D) clearly described
distribution of main confounders; (E) clearly defined main findings; (F) random variability
in estimates provided; (G) loss to follow-up described; (H) probability values provided;
(I) representative target sample of the population; (J) representative sample recruitment
of the population; (K) analyses adjusted for different follow-up times; (L) properly used
statistical tests; (M) valid/reliable primary outcomes; (N) sample recruited from the same
population; (O) adequate adjustment for confounders; and P) sample loss to follow-up
considered (corresponding to items 1–3, 5–7, 9–12, 17, 18, 20, 21, 25, and 26). Items G and P
were applied only to longitudinal studies, whereas items K and N were applied only to
the case-control and longitudinal studies. Scores reach 100% at 12, 14, and 16 points for
cross-sectional, case-control, and longitudinal studies, respectively. Scores above 70% were
used to define a low risk of bias [29]. The Downs and Black checklist was identified as
one of the two tools that were most frequently used in systematic reviews, which were
registered in PROSPERO from 2011 to 2018 [31].

The scores were used to determine the methodological quality of the studies while
considering five aspects: presentation, external validity, internal validity-bias, internal
validity-confounders, and statistical power for inferences [29]. The risk of bias was assessed
independently by two examiners. The prevalence of data identified in the studies was used
for the data synthesis strategy.

2.7. Statistical Analysis

Meta-analyses were performed to estimate the prevalence of back pain, spinal injuries,
and postural changes. Data were presented graphically in Forest plots to estimate the
prevalence rates with 95% confidence intervals (CI). Statistical I2 values were calculated to
quantify the degree of heterogeneity between studies, with values of 25–50% representing
moderate heterogeneity and values > 50% representing large heterogeneity among the
studies [32]. Publication bias was assessed using Egger’s test. All analyses were performed
using STATA (version 16.0; StataCorp, College Station, TX, USA).

46



Healthcare 2023, 11, 1190

3. Results

The stages of study selection are presented in Figure 1. According to the eligibility
criteria, 6443 studies were identified, of which 1852 duplicate records were excluded. After
screening the title and abstract, 4591 articles were selected; among these, 4506 did not meet
the eligibility criteria, and 85 articles were included for a full-text review.

In this stage, 52 studies were excluded because they assessed other sports (n = 19), had
different outcomes (n = 30), or were missing data (n = 3). Finally, 33 studies were included
in this systematic review [6–8,10,11,16,33–59] (Table 2). Moderate interrater agreement
(98%) was found between the two examiners.

3.1. Risk of Bias and Evaluation of the Quality of Studies

Of the articles included, 69.7% of the studies obtained ethical approval
(n = 23) [6,7,10,11,16,34–36,38–40,44–48,50,51,53–56,59] and 51.5% clearly reported that there
were no conflicts of interest (n = 17) [6,7,10,11,16,33,34,36–38,45,46,50,51,53,56,58].

The quality of evidence was low quality in 57.6% (n = 19) [6,10,11,16,37–51] and very
low quality in 42.4% (n = 14) [7,8,33–36,52–59] of studies, respectively (Table 3). A total of
78.8% of the articles had a low risk of bias (n = 26) [6–8,10,11,16,33,34,36–47,49–51,54,57,58].

3.2. Main Characteristics of the Studies

In total, 72.7% (n = 24) of the articles were published between 2011 and
2022 [6–8,10,11,16,33,34,36,38–42,45–47,49–52,56–58]; 45.4% of the studies were conducted
on the European continent (n = 15) (Table 4) [7,8,10,16,33,34,37,39,42,46–50,57]. With regard
to the type of pain, back pain was addressed in 60.6% of the articles
(n = 20) [6–8,11,34,35,37,38,42,43,46,47,49,50,54–56,58,59]; 48.5% of the articles investigated
spine injuries (n = 16) [35,36,39–41,43–46,48,51–55,57].

The majority of the studies, 69.7% (n = 23), included participants from both sexes [6,8,10,
33,34,37,38,40–50,52–55,58]. The average age of the participants ranged from 11.47 ± 2.10 [33]
to 24.4 ± 4.7 years [36]. The sample size varied widely across studies, with a minimum of
10 [16] and a maximum of 5,566,124 players [41]. Furthermore, 63.6% (n = 21) of the articles
were cross-sectional [6–8,11,34,37,38,40–42,44,45,47,48,52–55,57–59] (Table 4).

The vast majority of studies, a total of 14, did not present the period in which low back
pain was assessed [6,38–41,43–46,48,52,55,57]. A total of 8 studies assessed low back pain
in the last 3 to 6 months [33,35–37,42,51,56,59], 5 studies assessed it over a period of one
year [10,16,34,47,50], 4 studies assessed it over a lifetime [7,8,11,54], and finally, 2 studies
assessed it within the last 3 to 5 five years [49,53]. The detailed characteristics of the studies
included in the systematic review are shown in Table 4.

47



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
ha

ra
ct

er
is

ti
cs

of
th

e
st

ud
ie

s
in

cl
ud

ed
in

th
e

sy
st

em
at

ic
re

vi
ew

an
d

th
ei

r
ou

tc
om

e
va

ri
ab

le
s.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

A
bd

ol
la

hi
et

al
.

[5
1]

R
et

ro
sp

ec
ti

ve
Ir

an
20

4
(1

00
%

)
26

.3
7
±

7.
42

Pr
of

es
si

on
al

Su
pe

r
Le

ag
ue

an
d

Fi
rs

t
D

iv
is

io
n

Le
ag

ue

R
et

ro
sp

ec
ti

ve
In

ju
ry

Q
ue

st
io

nn
ai

re
(R

IQ
)

*
U

pp
er

ba
ck

in
ju

ry
:

6.
38

%
Lu

m
ba

r
in

ju
ry

:
48

.5
3%

*
*

A
uv

in
en

et
al

.[
37

]
C

ro
ss

-s
ec

ti
on

al
Fi

nl
an

d
43

14
(5

1.
5%

)
15

to
16

ye
ar

s

M
od

er
at

e
to

vi
go

ro
us

U
p

to
on

ce
a

m
on

th
,2

–4
tim

es
a

m
on

th
,a

nd
at

le
as

tt
w

ic
e

a
w

ee
k

Q
ue

st
io

nn
ai

re
*

*
*

A
ll:

88
.5

%
,u

p
to

on
ce

a
m

on
th

24
.6

%
,2

–4
ti

m
es

a
m

on
th

;9
.4

%
,a

tl
ea

st
tw

ic
e

a
w

ee
k

N
ec

k
pa

in
:

44
.5

%
,u

p
to

on
ce

a
m

on
th

(r
ef

er
en

ce
gr

ou
p)

12
.2

%
,2

–4
tim

es
a

m
on

th
4.

7%
,a

tl
ea

st
tw

ic
e

a
w

ee
k

Ba
ck

ac
he

:
44

.3
%

,u
p

to
on

ce
a

m
on

th
(r

ef
er

en
ce

gr
ou

p)
12

.4
%

,2
–4

tim
es

a
m

on
th

−
4.

7%
,a

tl
ea

st
tw

ic
e

a
w

ee
k.

Fa
ra

hb
ak

hs
h

et
al

.
[7

]
C

ro
ss

-s
ec

ti
on

al
Ir

an
52

(1
00

%
)

16
.1
±

1.
1

ye
ar

s
H

ou
rs

/w
ee

k
11

.6
±

8.
2

Q
ue

st
io

nn
ai

re
*

*

Po
in

tp
re

va
le

nc
e,

Pr
ev

al
en

ce
of

ch
ro

ni
c

pa
in

Ye
ar

ly
pr

ev
al

en
ce

,
Sp

or
ts

-
lif

eP
re

va
le

nc
e,

Li
fe

ti
m

e
pr

ev
al

en
ce

To
ta

l:
Po

in
tp

re
va

le
nc

e
61

.6
%

(N
=

32
)

Pr
ev

al
en

ce
of

ch
ro

ni
c

pa
in

28
.8

%
N

ec
k

pa
in

:3
6.

53
%

13
.4

6%
36

.5
3%

46
.1

5%
57

.6
9%

.
Lo

w
ba

ck
pa

in
:2

5%
15

.3
8%

50
%

65
.3

8%
63

.4
6%

48



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

G
ra

ba
ra

[5
2]

C
ro

ss
-s

ec
ti

on
al

Po
la

nd
52

(5
7.

7%
)

14
to

17
ye

ar
s

Tr
ai

ni
ng

ex
pe

ri
en

ce
[y

ea
rs

]
4.

05
±

0.
58

R
ip

ps
te

in
pl

ur
im

et
er

H
yp

er
ky

ph
os

is
:

21
.2

%
H

yp
ol

or
do

si
s:

42
.3

%
H

yp
er

lo
rd

os
is

:
13

.4
%

*
*

*

G
ra

ba
ra

[1
6]

Lo
ng

it
ud

in
al

Fo
llo

w
-u

p:
2

ye
ar

s
Po

la
nd

10
(1

00
%

)
13

–1
5

ye
ar

s
Tr

ai
ni

ng
ov

er
a

2-
ye

ar
pe

ri
od

Pl
ur

im
et

er
-V

G
ra

vi
ty

In
cl

in
om

et
er

H
yp

er
ky

ph
os

is
:

70
%

in
al

m
os

t
3

m
on

th
s

af
te

r
en

ga
ge

m
en

ti
n

re
gu

la
r

sp
or

ts
ac

ti
vi

ty
70

%
af

te
r

1
ye

ar
60

%
af

te
r

2
ye

ar
s

H
yp

ok
yp

ho
si

s:
0%

in
al

m
os

t
3

m
on

th
s

af
te

r
en

ga
gi

ng
in

re
gu

la
r

sp
or

ts
ac

ti
vi

ty
20

%
af

te
r

1
ye

ar
10

%
af

te
r

2
ye

ar
s

H
yp

er
lo

rd
os

is
:

0%
in

al
m

os
t

3
m

on
th

s
af

te
r

en
ga

gi
ng

in
re

gu
la

r
sp

or
ts

ac
ti

vi
ty

10
%

af
te

r
1

ye
ar

0%
af

te
r

2
ye

ar
s

H
yp

ol
or

do
si

s:
70

%
in

ne
ar

ly
3

m
on

th
s

af
te

r
en

ga
gi

ng
in

re
gu

la
r

sp
or

ts
ac

ti
vi

ty
30

%
af

te
r

1
ye

ar
50

%
af

te
r

2
ye

ar
s

*
*

*

49



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

G
re

en
e

et
al

.[
53

]

C
ro

ss
-s

ec
ti

on
al

Fo
llo

w
-u

p:
1

ye
ar

U
ni

te
d

St
at

es

33
(5

7.
6%

)
19

±
1

ye
ar

s
C

ol
le

ge
at

hl
et

es
16

-i
te

m
qu

es
ti

on
na

ir
e

*

Lo
w

ba
ck

in
ju

ry
:

In
ju

ry
du

ri
ng

th
e

19
99

/2
00

0
se

as
on

18
.2

%
H

is
to

ry
of

lo
w

ba
ck

in
ju

ry
in

th
e

la
st

5
ye

ar
s

27
.3

%

*
*

H
ab

el
te

ta
l.

[3
9]

Lo
ng

it
ud

in
al

Fo
llo

w
-u

p:
10

ye
ar

s
Sw

it
ze

rl
an

d

16
8

(1
00

%
)

10
–1

9
ye

ar
s

*

C
lin

ic
al

ex
am

in
at

io
n,

R
ad

io
gr

ap
hi

c
as

se
ss

m
en

t
(a

nt
er

op
os

te
ri

or
an

d
la

te
ra

lv
ie

w
),

ul
tr

as
ou

nd
,o

r
M

R
Is

ca
n.

*
Sp

in
e

in
ju

ry
:1

.8
%

*
*

H
ag

iw
ar

a
et

al
.

[3
8]

C
ro

ss
-s

ec
ti

on
al

Ja
pa

n
59

0
(5

6.
1%

)
6–

15
ye

ar
s

Tr
ai

ni
ng

pe
r

da
y

on
w

ee
ke

nd
s

(h
ou

rs
)≤

33
04

(5
1.

5)
an

d
>3

28
6

(4
8.

5)

Se
lf

-r
ep

or
te

d
qu

es
ti

on
na

ir
es

*
*

*
Lo

w
ba

ck
pa

in
:1

2.
9%

H
an

ga
ie

ta
l.

[5
4]

C
ro

ss
-s

ec
ti

on
al

Ja
pa

n
63

(6
9.

8%
)

19
.7
±

0.
9

ye
ar

s
A

th
le

te
s’

ca
re

er
ti

m
e

(y
ea

rs
)

9.
2
±

1.
8

M
R

Ia
nd

cl
in

ic
al

ex
am

in
at

io
n/

Se
lf

-
re

po
rt

ed
qu

es
ti

on
na

ir
e

*
D

is
k

D
eg

en
er

at
io

n:
42

.9
%

*

Lo
w

ba
ck

pa
in

:d
ur

in
g

lif
e:

81
%

D
ur

in
g

th
e

pr
ev

io
us

4
w

ee
ks

:1
7.

7%

H
ic

ke
y

et
al

.[
59

]
C

ro
ss

-s
ec

ti
on

al
A

us
tr

al
ia

49
(0

%
)

16
–1

8
ye

ar
s

Yo
un

g
el

it
e

w
om

en
’s

ba
sk

et
ba

ll
pl

ay
er

s
M

ed
ic

al
re

co
rd

s
*

D
is

k-
re

la
te

d
pa

in
,

sp
on

dy
lo

ly
si

s,
an

d
ac

ut
e

fr
ac

tu
re

of
a

lu
m

ba
r

tr
an

sv
er

se
pr

oc
es

s:
14

.9
%

M
ec

ha
ni

ca
l/

fa
ce

t
jo

in
t-

re
la

te
d

lo
w

ba
ck

pa
in

A
cu

te
-c

hr
on

ic

Lo
w

ba
ck

pa
in

:6
.3

%

Ic
hi

ka
w

a
et

al
.

[5
5]

C
ro

ss
-s

ec
ti

on
al

Ja
pa

n
16

m
al

e
an

d
fe

m
al

e
at

hl
et

es
*

*
R

ad
io

gr
ap

hy
*

Sp
on

dy
lo

ly
si

s:
12

.5
%

*
Lo

w
ba

ck
pa

in
:2

5%

50



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

Iw
am

ot
o

et
al

.[
43

]
R

et
ro

sp
ec

ti
ve

14
-y

ea
r

pe
ri

od
Ja

pa
n

12
29

(5
5.

2%
)

11
–4

9
ye

ar
s

C
la

ss
2

=
lo

w
re

cr
ea

ti
on

al
:

sp
or

ts
ac

ti
vi

ty
on

ce
or

tw
ic

e
a

w
ee

k;
C

la
ss

3
=

hi
gh

re
cr

ea
ti

on
al

:
sp

or
ts

ac
ti

vi
ty

;>
3

ti
m

es
/w

ee
k,

an
d

be
lo

ng
in

g
to

an
el

em
en

ta
ry

or
hi

gh
sc

ho
ol

te
am

or
ot

he
r

sp
or

ts
te

am
;C

la
ss

4
=

co
m

pe
ti

ti
ve

:
co

m
pe

ti
ti

ve
sp

or
ts

ac
ti

vi
ty

an
d

be
lo

ng
in

g
to

a
pr

of
es

si
on

al
,

se
m

i-
pr

of
es

si
on

al
,

or
un

iv
er

si
ty

sp
or

ts
te

am

R
ad

io
gr

ap
hi

es
or

M
R

I/
D

at
ab

as
e

*
Lu

m
ba

r
di

sc
di

se
as

e:
6.

6.
%

Lu
m

ba
r

Sp
on

dy
lo

ly
si

s:
2%

N
on

-t
ra

um
at

ic
pa

in
Lo

w
ba

ck
pa

in
:2

.9
%

K
ee

ne
et

al
.[

44
]

C
ro

ss
-s

ec
ti

on
al

U
ni

te
d

St
at

es
21

6
(m

al
e

an
d

fe
m

al
e

at
hl

et
es

)
*

C
ol

le
ge

at
hl

et
es

R
ev

ie
w

of
tr

ai
ni

ng
ro

om
m

ed
ic

al
re

co
rd

s
an

d
ho

sp
it

al
fil

es

*
To

ta
l:

5.
6%

St
ra

in
:5

.1
%

Sp
ra

in
:0

.5
%

*
*

K
er

r
et

al
.[

45
]

C
ro

ss
-s

ec
ti

on
al

U
ni

te
d

St
at

es
19

,9
91

(6
1.

5%
)

A
th

le
te

ex
po

su
re

w
as

de
fin

ed
as

th
e

pa
rt

ic
ip

at
io

n
of

1
at

hl
et

e
in

1
sc

ho
ol

-s
an

ct
io

ne
d

tr
ai

ni
ng

or
co

m
pe

ti
ti

on

O
nl

in
e

In
ju

ry
Su

rv
ei

lla
nc

e
Sy

st
em

:R
ep

or
ti

ng
In

fo
rm

at
io

n
O

nl
in

e

*

Tr
un

k
D

is
pl

ac
e-

m
en

ts
/S

ep
ar

at
io

ns
:

12
.9

%
M

=
7.

7%
F

=
5.

2%

*
*

Le
pp

än
en

et
al

.
[4

6]

Pr
os

pe
ct

iv
e

St
ud

y
Fi

nl
an

d

20
1

(4
9.

7%
)

15
.7
±

1.
7

ye
ar

s
C

ol
le

ge
at

hl
et

es

Q
ue

st
io

nn
ai

re
in

cl
ud

in
g

in
fo

rm
at

io
n

su
ch

as
ag

e,
se

x,
in

ju
ry

hi
st

or
y,

pl
ay

in
g

ex
pe

ri
en

ce
,a

nd
fa

m
ily

hi
st

or
y

of
m

us
cu

lo
sk

el
et

al
di

so
rd

er
s

*

M
us

cl
e/

te
nd

on
:

26
.9

%
Jo

in
t/

lig
am

en
t:

4.
5%

Bo
ne

in
ju

ry
:

5.
5%

*
Lo

w
ba

ck
pa

in
:9

.9
5%

51



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

M
er

on
et

al
.[

41
]

C
ro

ss
-s

ec
ti

on
al

U
ni

te
d

St
at

es
5,

56
6,

12
4

(5
5.

6%
)

*

A
n

at
hl

et
e

ex
po

su
re

w
as

de
fin

ed
as

an
at

hl
et

e
(1

54
)

pa
rt

ic
ip

at
in

g
in

on
e

pr
ac

ti
ce

,
co

m
pe

ti
ti

on
,o

r
pe

rf
or

m
an

ce

H
ig

h
Sc

ho
ol

R
ep

or
ti

ng
In

fo
rm

at
io

n
O

nl
in

e
in

ju
ry

su
rv

ei
lla

nc
e

sy
st

em

*
C

er
vi

ca
ls

pi
ne

in
ju

ry
:0

.0
00

6%
*

*

N
ag

an
o

et
al

.[
56

]
Pr

os
pe

ct
iv

e
st

ud
y

Ja
pa

n
54

(0
%

)
19

.0
±

2.
8

ye
ar

s
C

ol
le

ge
at

hl
et

es

M
od

ifi
ed

Ja
pa

ne
se

ve
rs

io
n

of
th

e
O

ST
R

C
qu

es
ti

on
na

ir
e

*
*

*
Ba

ck
ac

he
:

14
.4

%

N
oo

rm
oh

am
m

ad
po

ur
et

al
.[

11
]

C
ro

ss
-s

ec
ti

on
al

Ir
an

14
0

(0
%

)
22

.7
±

2.
7

ye
ar

s

Fe
m

al
e

co
lle

ge
at

hl
et

es
co

m
pe

ti
ng

in
th

e
N

at
io

na
lC

ol
le

ge
St

ud
en

tS
po

rt
s

O
ly

m
pi

cs

Se
lf

-r
ep

or
te

d
qu

es
ti

on
na

ir
e

*
*

Po
in

tp
re

va
le

nc
e

Ye
ar

ly
pr

ev
al

en
ce

Sp
or

ts
-l

if
e

Pr
ev

al
en

ce
Li

fe
ti

m
e

Pr
ev

al
en

ce

Lo
w

ba
ck

pa
in

:2
2.

9%
47

.9
%

48
.6

%
68

.6
%

N
ow

ak
et

al
.[

57
]

C
ro

ss
-s

ec
ti

on
al

Po
la

nd
58

(1
00

%
)

17
±

1.
4

ye
ar

s

Pr
of

es
si

on
al

pl
ay

er
s

(c
lu

b
pl

ay
er

s)
,a

m
at

eu
r

le
ag

ue
(a

m
at

eu
r

pl
ay

er
s)

O
ri

gi
na

l
qu

es
ti

on
na

ir
e

co
ns

is
ti

ng
of

28
it

em
s

*
N

ec
k

in
ju

ry
an

d
ba

ck
in

ju
ry

:
12

.1
%

*
*

O
w

en
et

al
.[

58
]

C
ro

ss
-s

ec
ti

on
al

Ja
pa

n
63

m
al

e
an

d
fe

m
al

e
at

hl
et

es
20

±
1

ye
ar

s

W
el

l-
tr

ai
ne

d
m

al
e

an
d

fe
m

al
e

at
hl

et
es

w
ho

ha
ve

sp
en

ta
m

in
im

um
of

5
ye

ar
s

pl
ay

in
g

th
e

sp
or

t

Su
bj

ec
ti

ve
qu

es
ti

on
na

ir
e

*
*

*
Ba

ck
pa

in
:1

.6
%

Pa
sa

ne
n

et
al

.[
47

]
C

ro
ss

-s
ec

ti
on

al
Fi

nl
an

d
20

7
(4

8.
8%

)
14

.9
±

1.
6

ye
ar

s

Yo
un

g
pl

ay
er

s
th

at
w

er
e

of
fic

ia
l

m
em

be
rs

of
pa

rt
ic

ip
at

in
g

te
am

s
an

d
ha

d
pl

ay
ed

of
fic

ia
l

ga
m

es
in

th
e

pr
ev

io
us

se
as

on
.

Q
ue

st
io

nn
ai

re
ba

se
d

on
th

e
N

or
di

c
st

an
da

rd
iz

ed
m

us
cu

lo
sk

el
et

al
sy

m
pt

om
s

qu
es

ti
on

na
ir

e
an

d
on

it
s

m
od

ifi
ed

ve
rs

io
n

fo
r

at
hl

et
es

.

*
*

*
Lo

w
Ba

ck
Pa

in
:4

5.
4%

52



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

R
os

si
et

al
.[

48
]

C
ro

ss
-s

ec
ti

on
al

A
re

tr
os

pe
ct

iv
e

an
al

ys
is

It
al

y

17
4

m
al

e
an

d
fe

m
al

e
at

hl
et

es
15

–2
7

ye
ar

s

A
th

le
te

s
re

fe
rr

ed
to

th
e

In
st

it
ut

e
of

Sp
or

tS
ci

en
ce

s
of

th
e

It
al

ia
n

O
ly

m
pi

c
C

om
m

it
te

e

R
ad

io
gr

ap
hi

c
fin

di
ng

s
*

Sp
on

dy
lo

ly
si

s
w

it
h

lo
w

ba
ck

pa
in

:9
.7

7%
*

*

R
os

si
et

al
.[

49
]

Lo
ng

it
ud

in
al

3-
ye

ar
fo

llo
w

-u
p

Fi
nl

an
d

20
3

(4
9.

3%
)

14
.9
±

1.
6

ye
ar

s

Tr
ai

ni
ng

ho
ur

s
(m

ea
n,

st
an

da
rd

de
vi

at
io

n)
:2

15
.1

(1
02

.9
)

N
or

di
c

st
an

da
rd

iz
ed

qu
es

ti
on

na
ir

e
on

m
us

cu
lo

sk
el

et
al

sy
m

p-
to

m
s/

m
od

ifi
ed

ve
rs

io
n

fo
r

at
hl

et
es

*
*

N
on

-t
ra

um
at

ic
A

cu
te

Tr
au

m
at

ic
/

A
cu

te
Tr

au
m

at
ic

To
ta

l:
11

.9
%

Lo
w

ba
ck

pa
in

:8
.4

%
3%

Ba
ck

pa
in

:0
.5

%

R
os

si
et

al
.[

10
]

Lo
ng

it
ud

in
al

3-
ye

ar
fo

llo
w

-u
p

Fi
nl

an
d

27
1

m
al

e
an

d
fe

m
al

e
at

hl
et

es
16

.2
±

1.
7

ye
ar

s

H
ou

rs
of

te
am

pr
ac

ti
ce

du
ri

ng
fo

llo
w

-u
p,

av
er

ag
e

ho
ur

s:
24

4.
8

N
or

di
c

st
an

da
rd

iz
ed

qu
es

ti
on

na
ir

e
on

m
us

cu
lo

sk
el

et
al

sy
m

p-
to

m
s/

m
od

ifi
ed

ve
rs

io
n

fo
r

at
hl

et
es

*
*

*
Lo

w
ba

ck
pa

in
:4

6%

R
os

si
et

al
.[

50
]

Pr
os

pe
ct

iv
e

co
ho

rt
st

ud
y

Fi
nl

an
d

12
8

m
al

e
an

d
fe

m
al

e
at

hl
et

es
14

.7
±

1.
5

ye
ar

s
El

it
e

ba
sk

et
ba

ll
pl

ay
er

s

N
or

di
c

st
an

da
rd

iz
ed

qu
es

ti
on

na
ir

e
of

m
us

cu
lo

sk
el

et
al

sy
m

pt
om

s

*
*

*
Lo

w
ba

ck
pa

in
:2

5%

Sa
rc

ev
ic

an
d

Te
pa

vc
ev

ic
[3

3]
C

as
e-

co
nt

ro
l

Se
rb

ia

38
m

al
e

an
d

fe
m

al
e

at
hl

et
es

G
ro

up
of

ca
se

s:
19

C
on

tr
ol

gr
ou

p:
19

11
.5
±

2.
1

ye
ar

s
11

.7
±

1.
9

ye
ar

s

Ph
ys

ic
al

ac
ti

vi
ty

le
ve

l,
ho

ur
s

pe
r

w
ee

k
3.

03
±

0.
55

,
3.

04
±

0.
64

C
he

ck
up

-A
da

m
s’

fo
rw

ar
d

Be
nd

te
st

an
d

sc
ol

io
m

et
er

m
ea

su
re

m
en

t

A
do

le
sc

en
t

id
io

pa
th

ic
sc

ol
io

si
s:

10
0%

*
*

*

Sc
hn

ei
de

r
et

al
.

[4
2]

C
ro

ss
-s

ec
ti

on
al

G
er

m
an

y
18

2
(7

0.
9%

)
15

.5
±

1.
3

ye
ar

s

El
it

e
yo

ut
h

ba
sk

et
ba

ll
pl

ay
er

s
fr

om
G

er
m

an
y’

s
th

re
e

el
it

e
yo

ut
h

le
ag

ue
s

Se
ts

of
it

em
s

fr
om

a
pr

ev
io

us
ly

va
lid

at
ed

an
d

te
st

ed
qu

es
ti

on
na

ir
e

*
*

*

Ba
ck

pa
in

:
7

da
ys

:3
4.

3%
12

-m
on

th
pr

ev
al

en
ce

ra
te

s:
70

.9
%

M
or

e
in

te
ns

e
pa

in
:1

6.
4%

N
ec

k
pa

in
:

7
da

ys
:2

6.
5%

12
-m

on
th

pr
ev

al
en

ce
ra

te
s:

65
.2

%
M

or
e

in
te

ns
e

pa
in

:6
.1

%

53



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
2.

C
on

t.

A
ut

ho
r/

Ye
ar

D
es

ig
n

C
ou

nt
ry

N
o.

Pa
rt

ic
ip

an
ts

(%
M

al
e)

A
ge

(Y
ea

rs
/M

ea
n

an
d

St
an

da
rd

D
ev

ia
ti

on
)

Tr
ai

ni
ng

Le
ve

l
To

ol
Po

st
ur

al
C

ha
ng

es
/

Pr
ev

al
en

ce
Sp

in
e

In
ju

ri
es

/
Pr

ev
al

en
ce

D
efi

ni
ti

on
of

B
ac

k
Pa

in
Pa

in
Lo

ca
ti

on
/P

re
va

le
nc

e

Sc
hu

lz
et

al
.[

34
]

C
ro

ss
-s

ec
ti

on
al

G
er

m
an

y
11

(1
8.

2%
)

19
ye

ar
s

ol
d

Ba
sk

et
ba

ll
pl

ay
ed

20
.6

h
pe

r
w

ee
k

Se
lf

-d
ev

el
op

ed
su

rv
ey

w
it

h
59

it
em

s
*

*
*

Ba
ck

pa
in

:5
4.

5%

Se
lh

or
st

et
al

.[
40

]
C

ro
ss

-s
ec

ti
on

al
U

ni
te

d
St

at
es

19
4

(6
0.

3%
)

15
.0
±

1.
8

ye
ar

s
*

R
ad

io
gr

ap
hi

es
*

Sp
on

dy
lo

ly
si

s:
33

%
*

*

Si
lv

a
et

al
.[

35
]

Lo
ng

it
ud

in
al

Br
az

il
66

(0
%

)
23

ye
ar

s

El
it

e
W

om
en

’s
Ba

sk
et

ba
ll

A
th

le
te

s.
Th

e
te

am
s

pl
ay

ed
on

av
er

ag
e

tw
ic

e
a

w
ee

k,
an

d
tr

ai
ne

d
on

av
er

ag
e

fiv
e

ti
m

es
a

w
ee

k,
w

hi
ch

re
su

lt
ed

in
76

m
at

ch
es

an
d

37
5

tr
ai

ni
ng

se
ss

io
ns

.

In
ju

ry
da

ta
w

er
e

re
co

rd
ed

by
a

ph
ys

ic
al

th
er

ap
is

t
*

Lo
w

ba
ck

/b
ac

k/
ne

ck
in

ju
ry

:3
3.

3%
*

Lo
w

ba
ck

pa
in

:1
2.

1%

Tr
om

pe
te

r
et

al
.

[8
]

C
ro

ss
-s

ec
ti

on
al

G
er

m
an

y
51

8
(4

6.
5%

)
20

.9
±

4.
8

ye
ar

s

El
it

e
G

er
m

an
at

hl
et

es
pa

rt
ic

ip
at

in
g

in
th

e
G

er
m

an
C

on
fe

de
ra

ti
on

of
O

ly
m

pi
c

Sp
or

ts

Th
e

qu
es

ti
on

na
ir

e
w

as
ba

se
d

on
th

e
N

or
di

c
Q

ue
st

io
nn

ai
re

an
d

a
qu

es
ti

on
na

ir
e

de
ve

lo
pe

d
by

vo
n

K
or

ff

*
*

Li
fe

ti
m

e
pr

ev
al

en
ce

;
12

-m
on

th
pr

ev
al

en
ce

;
Po

in
tp

re
va

le
nc

e

Ba
ck

pa
in

:
91

%
91

%
67

%
Lo

w
ba

ck
pa

in
:

91
%

86
%

43
%

W
ei

ss
et

al
.[

36
]

Pr
os

pe
ct

iv
e

co
ho

rt
st

ud
y

24
-w

ee
k

fo
llo

w
-u

p
N

ew
Z

ea
la

nd

13
(1

00
%

)
24

.4
±

4.
7

ye
ar

s
C

om
pe

ti
ti

ve
ex

pe
ri

en
ce

,
5.

9
±

3.
6

ye
ar

s

Se
lf

-r
ep

or
te

d
O

ST
R

C
in

ju
ry

qu
es

ti
on

na
ir

e
*

Ex
ce

ss
iv

e
us

e
of

lo
w

er
ba

ck
:1

5.
4%

*
*

Ya
be

et
al

.[
6]

C
ro

ss
-s

ec
ti

on
al

Ja
pa

n
59

2
(5

6.
1%

)
12

–1
4

ye
ar

s
Tr

ai
ni

ng
pe

r
da

y
du

ri
ng

th
e

w
ee

k:
2

h
on

av
er

ag
e

Se
lf

-r
ep

or
te

d
qu

es
ti

on
na

ir
e

*
*

*
Lo

w
ba

ck
pa

in
:1

2.
8%

*
In

fo
rm

at
io

n
m

is
si

ng
in

th
e

ar
ti

cl
e;
±

,S
ta

nd
ar

d
de

vi
at

io
n;

BP
,B

ac
k

pa
in

;F
,F

em
al

e;
M

,M
al

e.

54



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
3.

A
ss

es
sm

en
to

fm
et

ho
do

lo
gi

ca
lq

ua
lit

y
an

d
st

re
ng

th
of

ev
id

en
ce

.

St
ud

y
(Y

ea
r)

C
on

fli
ct

s
of

In
te

re
st

Et
hi

ca
l

A
pp

ro
va

l
D

ow
ns

an
d

B
la

ck
C

he
ck

li
st

G
R

A
D

E
A

B
C

D
E

F
G

H
I

J
K

L
M

N
O

P
To

ta
l

Sc
or

e
#

A
bd

ol
la

hi
et

al
.[

51
]

N
o

*
1

1
1

1
1

1
-

1
1

1
-

1
1

-
1

-
12

/1
2

10
0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

A
uv

in
en

et
al

.[
37

]
N

o
Ye

s
1

1
1

1
1

1
-

1
1

1
-

1
1

-
1

-
12

/1
2

10
0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Fa
ra

hb
ak

hs
h

et
al

.[
7]

N
o

Ye
s

1
1

1
0

1
1

-
1

0
0

-
1

1
-

1
-

9/
12

75
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

G
ra

ba
ra

[5
2]

*
Ye

s
1

1
1

0
1

1
-

0
0

0
-

1
1

-
0

-
7/

12
58

.3
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

G
ra

ba
ra

[1
6]

N
o

Ye
s

1
1

1
0

1
1

1
1

0
0

1
1

1
1

0
1

12
/1

6
75

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

G
re

en
e

et
al

.[
53

]
*

Ye
s

1
1

1
0

1
0

-
1

0
0

-
1

1
-

0
-

7/
12

58
.3

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

H
ab

el
te

ta
l.

[3
9]

*
*

1
1

1
0

1
1

1
0

1
0

1
1

1
1

0
1

12
/1

6
75

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

H
ag

iw
ar

a
et

al
.[

38
]

N
o

Ye
s

1
1

1
1

1
1

-
1

1
1

-
1

1
-

1
-

12
/1

2
10

0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

H
an

ga
ie

ta
l.

[5
4]

N
o

Ye
s

1
1

1
1

1
1

-
1

0
1

-
1

1
-

1
-

11
/1

2
91

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

H
ic

ke
y

et
al

.[
59

]
*

Ye
s

1
1

1
0

1
0

-
0

1
1

-
1

1
-

0
-

8/
12

66
.7

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Ic
hi

ka
w

a
et

al
.[

55
]

*
*

1
1

0
0

1
1

-
0

0
1

-
1

1
-

0
-

7/
12

58
.3

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Iw
am

ot
o

[4
3]

*
*

1
1

1
1

1
1

-
1

1
1

-
1

1
-

0
-

11
/1

2
91

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

K
ee

ne
et

al
.[

44
]

*
*

1
1

1
0

1
1

1
1

0
1

1
1

1
1

0
1

13
/1

6
81

.3
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

K
er

r
et

al
.[

45
]

N
o

Ye
s

1
1

1
0

1
1

-
1

1
1

-
1

1
-

0
-

10
/1

2
83

.3
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Le
pp

än
en

et
al

.[
46

]
N

o
Ye

s
1

1
1

0
1

0
-

1
1

1
-

1
1

-
1

-
10

/1
2

83
.3

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

M
er

on
et

al
.[

41
]

*
Ye

s
1

1
1

0
1

1
-

1
1

1
-

1
1

-
0

-
10

/1
2

83
.3

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

N
ag

an
o

et
al

.[
56

]
N

o
Ye

s
1

1
1

0
1

0
-

1
0

0
-

1
1

-
1

-
8/

12
66

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

N
oo

rm
oh

am
m

ad
po

ur
et

al
.[

11
]

N
o

Ye
s

1
1

1
1

1
1

-
1

1
1

-
1

1
-

1
-

12
/1

2
10

0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

N
ow

ak
et

al
.[

57
]

*
*

1
1

1
0

1
1

-
1

0
1

-
1

1
-

0
-

9/
12

75
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

O
w

en
et

al
.[

58
]

N
o

Ye
s

1
1

1
1

1
1

-
1

1
1

-
1

1
-

1
-

12
/1

2
10

0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Pa
sa

ne
n

et
al

.[
47

]
*

Ye
s

1
1

1
0

1
1

-
1

1
1

-
1

1
-

1
-

11
/1

2
91

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

R
os

si
et

al
.[

48
]

*
*

1
1

1
0

1
0

-
0

1
1

-
1

1
-

0
-

8/
12

66
.7

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

R
os

si
et

al
.[

49
]

*
Ye

s
1

1
1

1
1

1
-

1
1

1
-

1
1

-
1

-
12

/1
2

10
0%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

R
os

si
et

al
.[

10
]

N
o

Ye
s

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
0

15
/1

6
93

.8
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

R
os

si
et

al
.[

50
]

N
o

Ye
s

1
1

1
0

1
1

-
1

1
1

-
1

1
-

1
-

11
/1

2
91

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Sa
rc

ev
ic

et
al

.[
33

]
N

o
Ye

s
1

1
1

1
1

1
-

1
0

1
1

1
1

1
0

-
12

/1
4

85
.7

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

55



H
ea

lth
ca

re
20

23
,1

1,
11

90

Ta
bl

e
3.

C
on

t.

St
ud

y
(Y

ea
r)

C
on

fli
ct

s
of

In
te

re
st

Et
hi

ca
l

A
pp

ro
va

l
D

ow
ns

an
d

B
la

ck
C

he
ck

li
st

G
R

A
D

E
A

B
C

D
E

F
G

H
I

J
K

L
M

N
O

P
To

ta
l

Sc
or

e
#

Sc
hn

ei
de

r
et

al
.[

42
]

*
Ye

s
1

1
1

0
1

1
-

1
1

1
-

1
1

-
0

-
10

/1
2

83
.3

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Sc
hu

lz
et

al
.[

34
]

N
o

*
1

1
1

0
1

1
-

1
1

0
-

1
1

-
0

-
9/

12
75

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Se
lh

or
st

et
al

.[
40

]
*

*
1

1
1

0
1

0
-

1
1

1
-

1
1

-
0

-
9/

12
75

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Si
lv

a
et

al
.[

35
]

*
Ye

s
1

1
1

0
1

0
-

1
0

1
-

1
1

-
0

-
8/

12
66

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Tr
om

pe
te

r
et

al
.[

8]
*

*
1

1
0

0
1

1
-

1
1

0
1

1
1

1
0

-
10

/1
4

71
.4

%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

W
ei

ss
et

al
.[

36
]

N
o

Ye
s

1
1

1
0

1
1

-
1

0
1

1
1

1
1

0
-

11
/1

4
78

.6
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

Ya
be

et
al

.[
6]

N
o

Ye
s

1
1

1
1

1
1

-
1

1
0

-
1

1
-

1
-

11
/1

2
91

.7
%

H
ea

lth
ca

re
 2

02
3,

 1
1,

 x
 F

O
R 

PE
ER

 R
EV

IE
W

 
15

 o
f 

33
 

  

24
-w

ee
k 

fo
llo

w
-u

p 
N

ew
 Z

ea
la

nd
 

ye
ar

s 
qu

es
tio

nn
ai

re
 

15
.4

%
 

Ya
be

 e
t a

l. 
[6

] 
C

ro
ss

-s
ec

tio
na

l 
Ja

pa
n 

59
2 

(5
6.

1%
) 

12
–1

4 
ye

ar
s 

Tr
ai

ni
ng

 p
er

 d
ay

 
du

ri
ng

 th
e 

w
ee

k:
 2

 
h 

on
 a

ve
ra

ge
 

Se
lf-

re
po

rt
ed

 
qu

es
tio

nn
ai

re
 

* 
* 

* 
Lo

w
 b

ac
k 

pa
in

: 1
2.

8%
  

* I
nf

or
m

at
io

n 
m

is
si

ng
 in

 th
e 

ar
tic

le
; ±

, S
ta

nd
ar

d 
de

vi
at

io
n;

 B
P,

 B
ac

k 
pa

in
; F

, F
em

al
e;

 M
, M

al
e.

 

Ta
bl

e 
3.

 A
ss

es
sm

en
t o

f m
et

ho
do

lo
gi

ca
l q

ua
lit

y 
an

d 
st

re
ng

th
 o

f e
vi

de
nc

e.
 

St
ud

y 
(Y

ea
r)

 
C

on
fl

ic
ts

 o
f 

In
te

re
st

 
Et

hi
ca

l 
A

pp
ro

va
l 

D
ow

ns
 a

nd
 B

la
ck

 C
he

ck
lis

t 

G
R

A
D

E 

 

A
 

B 
C

 
D

 
E 

F 
G

 
H

 
I 

J 
K

 
L 

M
 

N
 

O
 

P 
To

ta
l 

Sc or e 
#  

 

A
bd

ol
la

hi
 e

t a
l. 

[5
1]

 
N

o 
* 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

1 

A
uv

in
en

 e
t a

l. 
[3

7]
 

N
o 

Ye
s 

1 
1 

1 
1 

1 
1 

- 
1 

1 
1 

- 
1 

1 
- 

1 
- 

12
/1

2 
10 0%

 
 

2 

Fa
ra

hb
ak

hs
h 

et
 a

l. 
[7

] 
 

N
o 

Ye
s 

1 
1 

1 
0 

1 
1 

- 
1 

0 
0 

- 
1 

1 
- 

1 
- 

9/
12

 
75 %

 
 

3 

D
ow

ns
an

d
B

la
ck

ch
ec

kl
is

t:
(A

)
cl

ea
rl

y
st

at
ed

ob
je

ct
iv

e;
(B

)
cl

ea
rl

y
d

es
cr

ib
ed

m
ai

n
ou

tc
om

es
;(

C
)

cl
ea

rl
y

d
efi

ne
d

sa
m

p
le

ch
ar

ac
te

ri
st

ic
s;

(D
)

cl
ea

rl
y

d
es

cr
ib

ed
d

is
tr

ib
u

ti
on

of
m

ai
n

co
nf

ou
nd

er
s;

(E
)c

le
ar

ly
de

fin
ed

m
ai

n
fin

di
ng

s;
(F

)r
an

do
m

va
ri

ab
ili

ty
in

th
e

es
tim

at
es

pr
ov

id
ed

;(
G

)l
os

s
to

fo
llo

w
-u

p
de

sc
ri

be
d;

(H
)p

ro
ba

bi
lit

y
va

lu
es

pr
ov

id
ed

;(
I)

re
pr

es
en

ta
tiv

e
ta

rg
et

sa
m

pl
e

of
th

e
po

pu
la

tio
n;

(J
)r

ep
re

se
nt

at
iv

e
sa

m
pl

e
re

cr
ui

tm
en

to
ft

he
po

pu
la

tio
n;

(K
)a

na
ly

se
s

ad
ju

st
ed

fo
r

di
ff

er
en

tf
ol

lo
w

-u
p

tim
es

;(
L)

pr
op

er
ly

us
ed

st
at

is
tic

al
te

st
s;

(M
)v

al
id

/r
el

ia
bl

e
pr

im
ar

y
ou

tc
om

es
;(

N
)s

am
pl

e
re

cr
ui

te
d

fr
om

th
e

sa
m

e
po

pu
la

tio
n;

(O
)a

de
qu

at
e

ad
ju

st
m

en
tf

or
co

nf
ou

nd
er

s;
an

d
(P

)s
am

pl
e

lo
ss

to
fo

llo
w

-u
p

co
ns

id
er

ed
(c

or
re

sp
on

di
ng

to
ite

m
s

1–
3,

5–
7,

9–
12

,1
7,

18
,2

0,
21

,2
5,

26
).

*,
no

ti
nf

or
m

ed
,-

,n
ot

ap
pl

ie
d.

It
em

s
G

an
d

P
w

er
e

ap
pl

ie
d

to
on

ly
lo

ng
itu

di
na

ls
tu

di
es

.I
te

m
s

K
an

d
N

w
er

e
ap

pl
ie

d
to

on
ly

ca
se

-c
on

tr
ol

an
d

lo
ng

itu
di

na
l

st
u

d
ie

s.
#

Sc
or

es
re

ac
h

10
0%

at
12

,1
4,

an
d

16
p

oi
nt

s
fo

r
cr

os
s-

se
ct

io
na

l,
ca

se
-c

on
tr

ol
,a

nd
lo

ng
it

u
d

in
al

st
u

d
ie

s,
re

sp
ec

ti
ve

ly
.

G
R

A
D

E
,G

ra
d

in
g

of
R

ec
om

m
en

d
at

io
ns

,A
ss

es
sm

en
t,

D
ev

el
op

m
en

t,
an

d
Ev

al
ua

ti
on

s;
w

er
e

on
e

fil
le

d
ci

rc
le

,v
er

y
lo

w
qu

al
it

y;
tw

o
fil

le
d

ci
rc

le
s,

lo
w

qu
al

it
y;

th
re

e
fil

le
d

ci
rc

le
s,

m
od

er
at

e
qu

al
it

y;
an

d
fo

ur
fil

le
d

ci
rc

le
s,

hi
gh

qu
al

it
y.

56



Healthcare 2023, 11, 1190

Table 4. Characteristics of the studies included in the systematic review.

Characteristics Categories Number of Studies (%)

Year of Publication 1982–2000 3 (9.0%)
2001–2010 6 (18.2%)
2011–2022 24 (72.7%)

Region

America Brazil
USA

1 (3.1%)
5 (15.2%)

Africa - -

Asia Iran
Japan

3 (9%)
7 (21.1%)

Europe Germany 3 (9%)
Poland 3 (9%)
Finland 6 (18.1%)

Switzerland 1 (3.1%)
Italy 1 (3.1%)

Serbia 1 (3.1%)

Oceania Australia
New Zealand

1 (3.1%)
1 (3.1%)

Study design Case-control 1 (3.1%)
Retrospective 2 (6%)
Prospective 4 (12.1%)

Longitudinal 5 (15.2%)
Cross-sectional 21 (63.6%)

Sex Male only 6 (18.2%)
Female only 4 (12.1%)
Both sexes 23 (69.7%)

Sample size <100 15 (45.5%)
100–500 12 (36.4%)
501–1000 2 (6%)

>1000 4 (12.1%)
Participants Postural changes 3 (9.1%)

Back pain and spine injuries 6 (18.2%)
Spine injuries 10 (30.3%)

Back pain 14 (42.4%)

Table 5. Associated Factors.

Author Associated Factors

Auvinen et al. [37] -

Farahbakhsh et al. [7]
The highest risk of neck pain at all times was observed among
basketball players compared to other sports groups (p < 0.05;

OR [95% CI 1.54–7.25]).

Grabara [52] -

Grabara [16] -

Greene et al. [53] -

Habelt et al. [39] -

Hagiwara et al. [38]

Upper limb pain was significantly associated with low back
pain (OR: 7.86 [95% CI 3.93–15.72], p < 0.001).

Shoulder pain was significantly associated with training per
week (>4 days) (OR: 4.15; 95% CI: 1.29–13.40) and low back

pain (OR: 13.77 [95% CI 5.70–33.24], p < 0.001).

Hangai et al. [54]
Logistic regression analysis of participants with disc

degeneration, including a basketball group, adjusted for sex
and obesity (OR: 1.61 [95% CI 0.78–3.35], p = 0.1982)
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Table 5. Cont.

Author Associated Factors

Hickey et al. [59] -

Ichikawa et al. [55] -

Iwamoto et al. [43] -

Keene et al. [44] -

Kerr et al. [45] -

Leppãnen et al. [46]

Female players had a higher incidence of overuse injuries
compared to male basketball players (IRR 1.61 [95% CI

1.07–2.46], p < 0.05.
Previous injury was significantly associated with low-back
overuse injuries in basketball and floorball players (OR 3.99

[CI 1.48–10.78], p = 0.01)

Meron et al. [41]
For sports that allow comparison between the sexes, females

had higher basketball injury rates (RR, 2.02 [CI 1.01–4.03],
p < 0.05)

Nagano et al. [56] -

Noormohammadpour et al. [11] -

Nowak et al. [57]

The differences in stretching before a workout or game
between players training up to three times a week and players

training four or more times a week were statistically
significant (χ2 = 8.926, p = 0.012, V = 0.392)

Owen et al. [58]
After matching participants based on the status of back pain
and height, basketball players showed signs of intervertebral

disc hypertrophy (p ≤ 0.043)

Pasanen et al. [47]

Family history of musculoskeletal disorders (OR 2.02 [95% CI
1.22–3.34]) and higher age (OR 1.22 [95% CI 1.05–1.41]) were

associated with low back pain in basketball and floorball
players.

Rossi and Dragoni [48] -

Rossi et al. [49] -

Rossi et al. [10]

There was a small increase in the risk of low back pain with a
one-degree decrease in the right leg during the SLVDJ landing

(HR 1.09 [95% CI 1.02–1.17] per one-degree decrease in the
APF). Basketball and floorball players.

All LBP
Femur–pelvic angle, right side HR 1.09 (1.02–1.17) 0.014

Gradual onset non-traumatic LBP
Femur–pelvic angle, right side HR 1.09 (1.01 to 1.18) 0.021

Rossi et al. [50] None of the risk factors investigated were associated with low
back pain in univariate Cox analyses.

Sarcevic and Tepavcevic [33] -

Schneider et al. [42] -

Schulz et al. [34] -

Selhorst et al. [40]

Presence of spondylolysis in male basketball athletes
RR (95% CI) = 1.05 (0.89–1.24)

Presence of spondylolysis in female basketball athletes
RR (95% CI) = 0.98 (0.86–1.12)

Overall: Male athletes were 1.5 times more likely to have
spondylolysis than female athletes (p = 0.01).
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Table 5. Cont.

Author Associated Factors

Silva et al. [35]
Older athletes were more likely to have consecutive injuries

than younger athletes during the study period. This
comparison was statistically significant (p = 0.010).

Trompeter et al. [8]

Among basketball players, these problems, along with a high
frequency of jumping and landing, can lead to back pain.

Compared with control subjects, significantly higher rates of
back pain were found in those who participated in elite

rowing, dancing, fencing, gymnastics, underwater rugby,
water polo, shooting, basketball, field hockey, track and field,

ice hockey, and figure skating.

Weiss et al. [36]
The mean weekly prevalence of all reported overuse

conditions was 63% (95% CI 60–66), and that of severe
overuse conditions was 7.3% (95% CI: 7.1–7.6).

Yabe et al. [6]

Participants with lower extremity pain had higher rates of low
back pain, with an OR (95% CI) of 6.21 (3.57–10.80), than

participants without lower extremity pain. Moreover, there
was a significant association between knee/ankle pain and

low back pain. Compared with participants without
knee/ankle pain, the OR (95% CI) for low back pain was 4.25
(2.55–7.07) for participants with knee pain and 3.79 (2.26–6.36)

for participants with ankle pain.
CI, confidence interval; OR, odds ratio; RR, Relative Risk; Cramér’s V, V is a measure of association between two
nominal variables; χ2, chi-square. SLVDJ: single leg drops vertical jump.

3.3. Assessment of the Prevalence of Spinal Injuries and Postural Changes

Of the tools used to assess spinal injuries, 31.3% were radiographs (n = 5) [39,40,43,
48,55], 31.3% were questionnaires (n = 5) [36,46,51,53,57], and 18.8% comprised medical
records (n = 3) [35,44,59]. The other studies used different tools to assess the prevalence of
spine injuries, with 18.8% using magnetic resonance imaging (n = 3) (Table 3) [39,43,54].
Plurimeters (inclinometers) (n = 2) [16,52] were used in 66.7% of cases, and the Checkup-
Adams’ forward bend test and scoliometer measurement (n = 1) [33] were used in 33.3% of
cases to assess postural changes.

The most common diagnoses were spondylolysis in 31.3% of the studies (n = 5) [40,
43,48,55,59], lumbar spine injuries in 25% (n = 4) [35,36,51,53], and cervical spine injuries
in 18.8% (n = 3) [35,41,57]. Of these studies, 43.8% (n = 7) examined more than one
postural change [35,43,44,46,51,57,59]. Among the postural changes, the most common
abnormalities were hyperlordosis, hypolordosis, and hyperkyphosis in 66.7% of the studies
(n = 2) [16,52].

For spinal injuries, the prevalence of low back injuries was 48.5% (n = 204) [51],
whereas that of disk degeneration, spondylolysis, back injuries (lumbar, dorsal, and cervi-
cal), overuse injuries, and trunk displacement/separation in players was 42.9% (n = 63) [54],
33% (n = 194) [40], 33.3% (n = 66) [35], 15.4% (n = 13) [36], and 12.9% (n = 19,991), respec-
tively [45]. With regard to postural changes, the prevalence of hyperkyphosis was 70%
(n = 10) [16], and hypolordosis was 42.3% (n = 52) [52].

3.4. Assessment of the Prevalence of Back Pain

To assess the prevalence of back pain, self-reported questionnaires were used in 80% of
the studies (n = 16) [6–8,10,11,34,37,38,42,46,47,49,50,54,56,58] and medical records in 10%
(n = 2) [35,59]. In 80% (n = 16) of the studies, low back pain was identified [6–8,10,11,37,38,
43,46,47,49,50,54–56,59]; in 25% (n = 5) of the studies reported back pain [8,34,42,49,58]. In
25% (n = 5) of the studies, more than one outcome was reported for the location of back
pain [7,8,37,42,49].
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The prevalence of low back pain and back pain was 91% in 21 players [8], the preva-
lence of low back pain was 81% in 63 players [54], and of back pain was 70.9% in 182 partic-
ipants [42]. The prevalence of neck pain ranged from 44.5% in a sample of 4314 players [37]
to 26.5% in a sample of 182 players [42].

3.5. Associated Factors

Studies reported sex and age as factors that were associated with musculoskeletal
disorders. Female basketball players had a higher injury rate than male players (IRR, 1.11
[CI: 0.44–2.71]; RR, 2.02 [CI: 1.01–4.03]) [46,51]. Furthermore, higher age was associated
with low back pain (OR, 1.22 [CI: 1.05–1.41], p < 0.008) [7] and were more likely to suffer
consecutive injuries (p = 0.010) [40]. Data on the associated factors found in the articles are
presented in Table 5 but were insufficient to perform a meta-analysis.

4. Meta-Analysis

The overall prevalence of back pain was 43% [confidence interval (CI) of 95%: −1% to
88%] (Figure 2). Statistical heterogeneity between studies was high (I2 = 91.76%, p < 0.001).
Thus, we performed a meta-regression analysis (tau2 = 0, I2 = 0.00). The analysis showed
that heterogeneity had no influence on the result of the analysis. Using Egger’s regression
test, we found no evidence of publication bias in the meta-analysis of the overall prevalence
of pain (p = 0.081).
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Figure 2. Meta-analysis of overall prevalence of back pain [7,10,37,55,59].

The prevalence of neck pain was 36% [95% CI, 22–50%], back pain was 16% [95%
CI, 4–28%] (Figure 3), of low back pain was 26% [95% CI, 16–37%], and of thoracic spine
pain was 6% [95% CI, 3–9%]. The combined prevalence of pain was 26% [95% CI, 17–34%].
There was high statistical heterogeneity for both back pain (I2 = 97.04%, p = 0.001) and
low back pain (I2 = 99.37%, p = 0.001). Similarly, we performed a meta-regression analysis
(Tau2 = 20.82, I2 = 0.001). The analysis showed that heterogeneity had no influence on the
outcome of the analysis. Using the Egger regression test, we found evidence of publication
bias in the meta-analysis of pooled prevalence (p = 0.001).
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Figure 3. Meta-analysis of prevalence of neck pain, back pain, and low back pain [6–11,34,35,37,38,
42,43,46,47,49–51,53,54,56,58].

The pooled prevalence of spine injury and spondylolysis was 10% [95% CI, 4–15%]
(Figure 4). The prevalence of spine injury was 3% [95% CI, 1–5%], and spondylolysis
was 14% [95% CI, 0.1–27%]. There was high statistical heterogeneity for spondylolysis
(I2 = 96.85%, p = 0.001). Therefore, we performed a meta-regression (tau2 = 0, I2 = 0.001).
The analysis showed that heterogeneity had no influence on the outcome of the analysis.
Egger’s regression test showed no evidence of publication bias (p = 0.187).
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The pooled prevalence of hyperkyphosis and hyperlordosis was 30% [95% CI, 9–51%]
(Figure 5). The prevalence of hyperkyphosis was 28%, and of hyperlordosis was 13%. There
was no evidence of statistical heterogeneity (I2 = 0.001).
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5. Discussion

This is the first systematic review to examine the prevalence of back pain and mus-
culoskeletal disorders in basketball players and to ascertain the associated factors. Our
findings suggest a high overall prevalence of back pain, with neck pain and low back pain
being the most prevalent. Among musculoskeletal disorders, spondylolysis was most
prevalent among spinal injuries. The prevalence of hyperkyphosis was highest among
postural changes. Sex and age were associated with musculoskeletal disorders in this
review, but the data were insufficient to perform a meta-analysis.

This review found an overall prevalence of back pain of 43% in basketball players.
These results corroborate the findings of Pasanen et al. [47], who showed that one in
six young elite basketball players reported back pain as the predominant pain [47]. Our
data indicate a prevalence of neck pain of 36% in basketball, which is consistent with
Safiri et al. [60], which showed that the number of cases of neck pain in women was 166.0
million (118.7–224.8), whereas in men it was 122.7 million (87.1–167.5) [59].

Similarly, there were 568.4 million (95% IU: 505.0–640.6 million) cases of low back pain
worldwide in 2019 [60], and our study showed a prevalence of 25% of low back pain in
basketball players. According to Kim et al. [61], who studied college basketball players, the
prevalence of low back pain was 69.8% in the last year of training and 84.1% throughout
life [61]. In 2022, low back pain remained the largest contributor to the total number of
cases of musculoskeletal disorders. There are 570 million cases worldwide, which account
for 7.4% of years lived with disability [62].

Our study found a prevalence of spinal injuries of 3%. In addition to the direct
effects of back injury on general health, the indirect effects of this injury could lead to the
irreversible loss of future young athletes [1–3]. Furthermore, our study found a pooled
prevalence of spine injuries and spondylolysis of 10% and a prevalence of spondylolysis
of 14%. Spondylolysis is an anatomic defect or fracture of the pars interarticularis (part of
the neural arch located between the superior and inferior articular facets) of the vertebral
arch, which occurs in the fifth lumbar vertebra (L5) in 85% to 95% of cases [63]. The higher
percentage of spondylolysis can be explained by the risk factors for the development of
this injury, which includes repetitive hyperextension and rotation of the lumbar spine that
may occur in sports such as basketball [64].

Given the strong association between low back pain and sports activities that involve
hyperextension with rotation of the lumbar spine, spondylolysis is a major concern in
adolescent athletes [65]. This suggests that more frequent basketball training may have a
negative effect on spinal positioning in basketball players [66]. Our study showed a pooled
prevalence of hyperkyphosis and hyperlordosis of 30%, with a prevalence of hyperkyphosis
of 28% and of hyperlordosis of 13%, in the sample.

In the study of basketball players conducted by Nam et al. [67], the sample had
curvature values in the range of 37–42◦, which represents a difference of approximately
10◦ as compared with the normal range [68]. In addition, Kaplan [69], when comparing
basketball players and a control group to determine posture, found that the basketball
group had a lateral spinal curvature, head positioned in the right sagittal plane, pelvic tilt,
and thoracic kyphosis [70].

The first limitation of this study is the limitation may be different periods of back pain;
example, we have studies that did not mention the period in which the prevalence was
verified [6,38–41,43–46,48,52,55,57], and we also have studies that verified the prevalence
in the last three months [33,42] up to the last five years [53]. Second, lack of definition of
back pain in many studies, and the fact that different tools were used in the assessment of
back pain [69], spinal injuries, and postural changes in the included studies, which makes
it difficult to compare the results. Third, some studies could not be fully retrieved. Fourth,
most studies had a cross-sectional design, which does not allow an inference of cause and
effect. The strengths of this study include the performance of a meta-analysis that provided
a general estimate of the prevalence of back pain, spinal injuries, and postural changes in
basketball players. To our knowledge, this is the first systematic review to summarize the
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evidence of the association between these musculoskeletal disorders in basketball players,
which allows us to clarify some gaps in the literature and make recommendations for future
research.

In this sense, future studies should consider the severity and duration of back pain,
spine injuries, and postural changes to prevent players from withdrawing from sports
for a long time [71]. The relationship between back pain, spine injuries, and postural
changes should be further investigated, and the associated factors need to be analyzed. The
results of our study indicate that clarifying the relationship between back pain, injuries,
and postural changes is important for developing actions and programs to prevent and
treat musculoskeletal disorders, thus contributing to the health and sports performance of
basketball players. It is important for health professionals to be aware of the origin of back
pain, spinal injuries, and postural changes, as well as the protective mechanisms that can
be adopted for more effective interventions.

6. Conclusions

We found a significant overall prevalence of back pain in basketball players. On
comparing the prevalence of this pain in the general population, the value found was lower,
suggesting that basketball players have a lower prevalence of back pain than the general
population. The most prevalent types of back pain were neck pain and low back pain,
the most prevalent musculoskeletal disorder was spondylolysis, and the most prevalent
postural change was hyperkyphosis.
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Abstract: The aim of this study was to investigate the impact of sleep deficiency (SD) on oxidative
stress, hs-CRP and cortisol levels and to examine the effects of different intensities of aerobic exercise
on these parameters under SD conditions. Thirty-two healthy male university students participated
in the study and underwent both normal sleep (NS, 8 h of sleep per night for 3 consecutive days) and
SD (4 h of sleep per night for 3 consecutive days). After the SD period, the participants performed
treatment for 30 min according to their assigned group [sleep supplement after SD (SSD), low-intensity
aerobic exercise after SD (LES), moderate-intensity aerobic exercise after SD (MES), high-intensity
aerobic exercise after SD (HES)]. Sleep-related factors were measured at NS and SD, while oxidative
stress, hs-CRP and cortisol levels were measured at NS, SD and immediately after treatment by group
(AT). The results showed that actual total sleep time (ATST) was significantly reduced during SD
compared to NS (p < 0.001), while the visual analogue scale (VAS) and Epworth sleepiness scale (ESS)
were significantly increased during SD compared to NS (p < 0.001). The difference in reactive oxygen
metabolites (d-ROMs) and cortisol levels showed a significant interaction effect (p < 0.01, p < 0.001,
respectively), with LES showing a decrease in d-ROMs and cortisol levels compared to SD (p < 0.05).
Similarly, SSD showed a decrease in cortisol levels compared to SD (p < 0.05), while HES led to a
significant increase in d-ROMs and cortisol levels compared to SD (p < 0.05). Biological antioxidant
potential (BAP) and hs-CRP did not show any significant effect (p > 0.05). These results suggest that
LES is the most effective exercise intensity for mitigating the negative effects of SD.

Keywords: sleep deficiency; aerobic exercise; oxidative stress; hs-CRP; cortisol

1. Introduction

Sleep is a biological activity that is necessary for survival and well-being. It plays
a vital role in brain function and systemic physiology, such as metabolism, a function of
immunological, hormonal and cardiovascular systems [1]. The quantity and quality of
sleep are critical factors in physical performance and well-being [2,3]. Although sleep is a
critical aspect of human health, sleep deficiency (SD) has become a prevalent problem in
modern society. The proportion of people who experience SD has been rapidly increasing
in both the United States and South Korea [4,5].

In humans, SD has been associated with various detrimental health effects. SD has been
linked to increased activity of the hypothalamic–pituitary–adrenal (HPA) axis, resulting in
elevated levels of cortisol and catecholamines, as well as increased oxidative stress, high
sensitivity C-reactive protein (hs-CRP) and immune cytokines [6–8]. SD can also impact
metabolism and the immune system, leading to a higher risk of diseases such as obesity,
type 2 diabetes, hypertension, cardiovascular disease and higher mortality rates [9–11].
Therefore, it is important to find effective interventions to prevent and mitigate the negative
effects of SD on health and well-being.
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Regular exercise has been widely recommended as an intervention method for chronic
diseases, such as obesity, metabolic syndrome, type 2 diabetes and cardiovascular dis-
ease [12,13]. Previous studies have shown that regular aerobic exercise can decrease blood
pressure, reduce the risk of cardiovascular diseases and improve blood lipid levels [14,15].
Additionally, moderate endurance exercise can enhance immune function [16]. People with
SD engage in exercise for leisure and to maintain their health because of its health benefits.
However, the effects of aerobic exercise on people with SD have not been extensively
studied.

Previous studies have reported that exercise may alleviate health problems associated
with SD [17–19]. For instance, one study found that moderate exercise can prevent memory
impairment resulting from SD [17]. Another study reported that aerobic exercise performed
under SD conditions can reduce metabolites that cause insulin resistance and increase those
that alleviate depressive symptoms caused by SD [18]. Moreover, physical activity can
have beneficial effects on factors associated with obesity in people with SD [19]. However,
people with sleep problems should be cautions when exercising because epidemiologic
studies suggest that they have a higher risk of developing coronary heart disease, sudden
cardiac death, myocardial infarction, stroke and angina [20,21]. Therefore, people with
SD should be careful when applying the same exercise intensity as healthy people due to
their higher risk of health complications. Despite this, the efficiency and safety of aerobic
exercise as an intervention for health problems caused by SD have not been thoroughly
investigated, and the most effective exercise intensity for optimal health benefits under SD
conditions remains unclear.

Most sleep-related studies have focused on complete sleep deprivation lasting 24 h.
However, in reality, partial sleep restriction, such as SD, is more common and may have
different effects on health and performance. Therefore, future studies should investigate
the effects of partial sleep restriction on various aspects of health and functioning, as well
as the potential benefits of interventions, such as exercise, in mitigating the negative effects
of SD.

Therefore, this study aims to examine the negative effects of SD on oxidative stress,
hs-CRP and cortisol levels and to investigate the potential effects of aerobic exercise in
reducing these the negative impacts. Through this study, we aim to evaluate the efficacy
and safety of aerobic exercise under SD conditions.

2. Materials and Methods
2.1. Participants

The study’s sample size was determined using G*Power software (version 3.1.9.2),
with a power (1-β) of 0.95, a significance level (α) of 0.05 and an effect size of 0.4. This
resulted in a calculated sample size of 28 participants. However, to account for a potential
dropout rate of 10%, 32 healthy male university students with a normal body mass index
(BMI) who did not exercise regularly were recruited. Participants were excluded from the
study if they (1) reported a habitual sleep duration of less than 7 h, (2) had an irregular
sleep–wake schedule, (3) were diagnosed with a circadian or sleep disorder, (4) were
smokers, (5) exercised regularly, (6) had musculoskeletal or neurological disease or (7) had
metabolic, cardiovascular or chronic inflammatory disease. All participants were informed
about the purpose and procedures of the study and provided written consent. Participants
were randomly assigned to one of four groups: the sleep supplement after SD (SSD, n = 8),
the low-intensity aerobic exercise after SD (LES, n = 8), the moderate-intensity aerobic
exercise after SD (MES, n = 8) and the high-intensity aerobic exercise after SD (HES, n = 8)
(Figure 1).
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The study was approved by the Institutional Review Board of Korea University
(1040548-KU-IRB-16-286-A-1) before the experiment and was conducted by their guidelines
and the Declaration of Helsinki (1964). Additionally, the study was registered with the
Clinical Research Information Service (CRIS), a public trial registry of the Republic of Korea
(CRIS-KCT0006684).

2.2. Experimental Procedure

The experimental procedure of this study is illustrated in Figure 2. Initially, to deter-
mine the exercise intensity of the participants, maximal oxygen uptake (VO2 max) was
measured using a graded treadmill exercise test one week before the normal sleep (NS)
period. Subsequently, all participants underwent two different sleep conditions. Referring
to previous studies [22,23], the first sleep condition was NS, with 8 h of sleep per night for
3 consecutive nights (from 11 p.m. to 7 a.m.). The second sleep condition was SD, with
only 4 h of sleep per night for 3 consecutive nights (from 3 a.m. to 7 a.m.). To maintain
consistency, the researchers provided the participants with the same daily diet consisting
of 3 meals of 900 kcal each and prohibited any consumption except water after dinner, as
well as prohibiting exercise during the experimental periods. The participants’ sleep was
conducted in their own homes to avoid any disturbances due to an unfamiliar environment.
The sleep environment was kept dark and quiet by turning off the lights during sleeping
hours, and the researchers supervised the participants using mobile messages to ensure
adherence to the experimental protocols. Following the SD periods, participants underwent
a 30-min treatment according to their assigned group. Blood samples were collected from
participants three times for blood analysis: after normal sleep, after sleep deficiency and
immediately after the group treatment (AT).

2.3. Treadmill Test

In the study, the VO2 max of each participant was measured before the NS period
to determine the exercise intensity for the exercise groups. To minimize variability, the
measurement was performed at the same time (9:00~11:00), and participants were required
to fast overnight and abstain from alcohol consumption the day before the experiment.
Participants performed a maximal exercise test using a treadmill (Cosmed T150, h/p
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Cosmos, Nussdorf-Traunstein, Germany) and an autonomous respiratory gas analyzer
(TrueOne 2400, ParvoMedics, Inc., Salt Lake City, UT, USA). The Bruce protocol was used
as the loading method, which involved increasing both speed and grade at 3-min intervals.
The Bruce protocol used in this study is considered an appropriate exercise protocol for
healthy adults.
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During the exercise, the researcher encouraged the participants to reach their maxi-
mum exercise capacity. The researchers monitored the participants’ heart rate (HR) and the
results of the gas analysis, including ventilation, oxygen consumption, respiration exchange
ratio (RER) and respiratory rate. This study determined VO2 max using objective criteria,
including an HR greater than 90% of HRmax (calculated as 220 minus the participant’s
age), a plateau in the oxygen uptake curve, an RER greater than 1.15 during the test and the
participant’s report of fatigue. All tests were performed in a room maintained at constant
temperature (23~24 ◦C) and relative humidity (50~55%).

2.4. Measurement of Sleep-Related Factors

The participants in the study were provided with a wearable activity tracker (Fitbit
Charge 2, Fitbit Inc., USA) to measure their sleep and daily activity levels during the
experiment period. The tracker was worn on the participant’s non-dominant wrist and
equipped with a built-in triaxial accelerometer, altimeter, heart rate monitor and vibration
motor. Fitbit devices are known to have a high accuracy rate of 98% when identifying sleep
stages compared to polysomnography and have an inter-device reliability greater than
96% [24]. The actual total sleep time (ATST), sleep time of rapid eye movement (REM), sleep
time of light sleep, sleep time of deep sleep, daily activity levels and calorie expenditure
during each sleep period were recorded. The mean values of these variables over three
days for each sleep period were used for analysis. In addition, we calculated the proportion
of REM sleep, light sleep and deep sleep relative to the ATST.

The sleep quality, daytime sleepiness and fatigue of the participants during the experi-
ment period were assessed using the Pittsburgh Sleep Quality Index (PSQI), the Epworth
Sleepiness Scale (ESS) and the Visual Analogue Scale (VAS). The PSQI is a 19-item self-rated
questionnaire that measures subjective sleep quality. The questions are divided into seven
components, with each component scored on a scale of 0 to 3, where higher scores indicate
poorer sleep quality. The PSQI score is the sum of the component scores, with a range of
0–21. The ESS is a widely used scale that measures sleepiness and consists of 8 self-rated
items, each scored from 0 to 3, that assess a participant’s likelihood of dozing off in various
everyday situations. The ESS score is calculated as the sum of the individual item scores,
with a range of 0–24. The VAS is used to measure subjective fatigue levels and consists
of a 10-cm line with endpoints labeled “I do not feel tired.” and “I feel extremely tired,
exhausted.” Participants marked a point on the line that corresponded to their level of
fatigue, and the VAS score was calculated as the distance in centimeters from the marked
point to the left end of the line. The score ranged from 0 to 10, where higher scores indicate
higher levels of fatigue. The PSQI was measured during the recruitment, while the ESS and
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VAS were measured at three different time points: during recruitment, after three days of
NS and after three days of SD.

2.5. Treatment of Groups

Based on the participants’ VO2 max, they performed aerobic exercise on a treadmill
for 30 min according to their assigned groups [LES (40% of VO2 max), MES (60% of VO2
max) or HES (80% of VO2 max)] in the morning after the SD period. The exercise was
performed on a treadmill using the Bruce protocol, and the target exercise intensity was
maintained by adjusting the speed while maintaining a constant treadmill incline. The tests
were performed in a controlled environment at room temperature (23~24 ◦C) and relative
humidity (50~55%). Meanwhile, the SSD group was given a sleep supplement for 30 min
after the SD period. They slept on a bed in the laboratory. To create a conducive sleeping
environment, the laboratory lights were turned off, and a black curtain was used to block
out outdoor lights. Additionally, the temperature and humidity in the laboratory were
maintained at 24~25 ◦C and 40~50%.

2.6. Analysis of Oxidative Stress, hs-CRP and Cortisol

To analyze oxidative stress, hs-CRP and cortisol levels, 10 mL of blood was collected
from the median cubital vein of participants at three different time points: at rest after NS,
at rest after SD and immediately after treatment by group (AT). After allowing the blood
samples to clot for 20 min at room temperature, the serum was separated by centrifugation
at 3000 rpm for 15 min at room temperature using a centrifuge (Union 32R, Hanil Co.,
Inchun, Korea). The collected serum was then stored immediately at –80 ◦C until analysis.

Serum was used to measure markers of oxidative stress [reactive oxygen metabolites (d-
ROMs) and biological antioxidant potential (BAP)] using the free radical analytical system
(FRAS4 evolvo; H&D srl, Parma, Italy). The measurement of d-ROMs was performed using
the d-ROMs kits (IKIT100 d-ROMs, H&D srl, Parma, Italy). Measurement of BAP was
performed with BAP kits (IKIT100 BAP, H&D srl, Parma, Italy). In addition, hs-CRP and
cortisol were measured using an immunoassay analysis system (i-CHROMATM reader,
Boditech Med Inc., Chuncheon, Korea). Measurement of hs-CRP was performed using hs-
CRP assay kits (CFPC-6, Boditech Med Inc., Chuncheon, Korea), and cortisol was measured
using cortisol assay kits (CFPC-24, Boditech Med Inc., Chuncheon, Korea).

2.7. Statistical Analysis

The statistical analysis of this study was performed using SPSS software (version 25.0,
IBM Corp, Armonk, NY, USA). Normal distribution of all data was confirmed through the
Shapiro-Wilk test, and data are presented as mean ± standard deviation.

To evaluate significant differences in participants’ baseline characteristics and exercise-
related factors among treatment groups, a one-way analysis of variance (ANOVA) was
performed, followed by Tukey’s post-hoc test. For the analysis of sleep-related factors,
oxidative stress, hs-CRP and cortisol levels, two-way repeated measures ANOVA was used
to investigate significant differences between the treatment groups and time points. If
a significant interaction between the treatment group and time points was identified, a
one-way repeated measures ANOVA with Bonferroni post-hoc test was used to compare
differences among time points within each group separately. Additionally, a one-way
ANOVA with Bonferroni post-hoc test was used to identify differences among treatment
groups at each time point. The statistical significance level (α) was set at 0.05 for all
analyses.

3. Results
3.1. Participant Characteristics

Table 1 shows the baseline characteristics of the variables for each experimental group.
No significant differences were found among groups for any of the factors (p > 0.05).
Therefore, it identified that the baseline characteristics of groups were homogeneous.
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Table 1. The difference in participant baseline characteristics among treatment groups.

Variables SSD
(n = 8)

LES
(n = 8)

MES
(n = 8)

HES
(n = 8) F p

Age (years) 20.38 ± 0.52 21.88 ± 2.10 21.38 ± 2.00 21.50 ± 1.77 1.172 0.361
Height (cm) 176.88 ± 4.36 176.88 ± 3.27 174.63 ± 4.47 174.13 ± 5.19 0.887 0.460
Weight (kg) 75.23 ± 8.82 78.68 ± 11.78 70.38 ± 7.13 70.78 ± 5.74 1.657 0.199

BMI (kg/m2) 24.03 ± 2.14 25.06 ± 2.95 23.05 ± 1.63 23.36 ± 2.21 1.216 0.322
VO2 max

(mL/kg/min) 53.33 ± 4.57 52.12 ± 6.77 51.79 ± 5.37 53.29 ± 7.40 0.134 0.939

PSQI (point) 4.13 ± 0.64 3.25 ± 1.28 3.25 ± 0.71 3.25 ± 1.48 1.285 0.299
ESS (point) 4.00 ± 0.93 3.13 ± 1.46 4.25 ± 1.03 3.63 ± 0.92 1.567 0.219
VAS (point) 1.69 ± 0.39 1.75 ± 0.45 1.60 ± 0.61 1.64 ± 0.28 0.167 0.918

Data are expressed as the mean ± standard deviation. Statistical analysis was performed using one-way ANOVA
to analyze the differences among treatment groups. Abbreviations: SSD, sleep supplement after sleep deficiency;
LES, low-intensity aerobic exercise after sleep deficiency; MES, moderate-intensity aerobic exercise after sleep
deficiency; HES, high-intensity aerobic exercise after sleep deficiency; BMI, body mass index; PSQI, Pittsburgh
Sleep Quality Index; ESS, Epworth Sleepiness Scale; VAS, Visual Analogue Scale.

3.2. The Differences in Sleep-Related Factors and Exercise-Related Factors among Groups

Data are expressed as the mean ± standard deviation. The results of the statistical
analysis on the differences in sleep-related factors between the treatment group and time
are presented in Table 2. The analysis showed significant differences only at the main
effect time point for ATST, ESS and VAS (p < 0.001). The post-hoc analysis revealed that
ATST significantly decreased in the SD compared to the NS (p < 0.001), while ESS and VAS
significantly increased in the SD compared to the NS (p < 0.001). However, there were no
significant differences in proportion of REM sleep, proportion of light sleep, proportion of
deep sleep and calorie consumption per day.

Table 2. The differences in sleep-related factors among groups.

Variables NS SD F p

ATST (min)

SSD 397.46 ± 7.97 212.88 ± 19.09 ***
G: 2.218

T: 2556.327
G*T: 2.438

0.108
<0.001
0.085

LES 417.25 ± 10.32 220.42 ± 8.68 ***
MES 410.13 ± 17.67 227.38 ± 21.37 ***
HES 416.54 ± 25.93 208.17 ± 9.96 ***

REM (%ATST)

SSD 19.73 ± 2.90 20.91 ± 2.60
G: 0.368
T: 3.425

G*T: 1.699

0.776
0.075
0.190

LES 19.38 ± 6.24 18.39 ± 1.90
MES 20.92 ± 4.51 18.47 ± 2.42
HES 20.66 ± 2.86 17.43 ± 4.22

Light sleep
(%ATST)

SSD 62.17 ± 6.06 61.83 ± 6.19
G: 1.059
T: 2.522

G*T: 1.948

0.382
0.123
0.145

LES 63.58 ± 9.80 66.28 ± 10.90
MES 60.82 ± 5.68 59.78 ± 6.46
HES 61.15 ± 3.41 68.02 ± 4.91

Deep sleep
(%ATST)

SSD 18.10 ± 4.92 18.51 ± 3.95
G: 0.661
T: 1.296

G*T: 1.685

0.583
0.265
0.193

LES 17.03 ± 6.34 19.08 ± 6.41
MES 18.26 ± 3.82 21.75 ± 4.87
HES 18.20 ± 3.23 16.30 ± 3.28

Calorie
consumption per

day (kcal)

SSD 2889.56 ± 581.33 2819.92 ± 316.27
G: 2.307
T: 0.136

G*T: 0.866

0.098
0.715
0.471

LES 3149.38 ± 494.18 3183.29 ± 427.43
MES 2802.00 ± 431.44 2745.17 ± 123.59
HES 2697.50 ± 156.25 2883.25 ± 314.22

ESS (points)

SSD 5.00 ± 3.21 11.25 ± 4.83 ***
G: 0.808
T: 90.868

G*T: 2.229

0.500
<0.001
0.107

LES 3.38 ± 1.92 9.38 ± 3.11 ***
MES 5.25 ± 1.91 10.00 ± 4.28 **
HES 3.75 ± 1.75 13.38 ± 5.48 ***
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Table 2. Cont.

Variables NS SD F p

VAS (points)

SSD 4.29 ± 1.76 7.44 ± 1.58 ***
G: 0.741

T: 176.454
G*T: 1.262

0.536
<0.001
0.306

LES 3.65 ± 1.60 6.99 ± 0.84 ***
MES 3.26 ± 1.42 6.96 ± 1.26 ***
HES 3.36 ± 1.25 7.91 ± 0.76 ***

Data are expressed as mean ± standard deviation. Statistical analysis was performed using a two-way repeated
measures ANOVA. Abbreviations: NS, normal sleep; SD, sleep deficiency; SSD, sleep supplement after sleep
deficiency; LES, low-intensity aerobic exercise after sleep deficiency; MES, moderate-intensity aerobic exercise
after sleep deficiency; HES, high-intensity aerobic exercise after sleep deficiency; ATST, actual total sleep time;
REM, rapid eye movement; ESS, Epworth sleepiness scale; VAS, visual analogue scale; G, group; T, time; G*T,
interaction of group and time. *** denotes a significant difference compared to NS within each group (p < 0.001).
** denotes a significant difference compared to NS within each group (p < 0.01).

Table 3 shows the differences in exercise-related factors among the exercise groups.
The results of the analysis indicate that all exercise-related factors among groups were
significantly different (p < 0.001). Additionally, it was found that all factors were signif-
icantly higher in the order of LES, MES and HES. These findings suggest that the sleep
intervention was applied equally across all groups, and the exercise intensity assigned to
each group was carried out well.

Table 3. The differences in exercise-related factors among groups.

Variables LES (a) MES (b) HES (c) F p Post-hoc

VO2 (mL/kg/min) 21.25 ± 2.74 33.71 ± 2.96 43.31 ± 4.93 72.320 <0.001 a < b < c
HR (beats) 120.60 ± 9.36 145.41 ± 9.28 172.15 ± 2.83 87.783 <0.001 a < b < c

Speed (mph) 2.32 ± 0.32 3.08 ± 0.22 4.16 ± 0.65 35.651 <0.001 a < b < c
Calorie consumption (kcal) 250.25 ± 25.52 352.75 ± 56.53 455.88 ± 48.32 41.033 <0.001 a < b < c

Running distance (m) 2297.25 ± 250.89 2912.25 ± 142.36 3651.38 ± 457.08 37.766 <0.001 a < b < c

Data are expressed as the mean ± standard deviation. Statistical analysis was performed using one-way ANOVA.
Abbreviations: LES, low-intensity aerobic exercise after sleep deficiency; MES, moderate-intensity aerobic exercise
after sleep deficiency; HES, high-intensity aerobic exercise after sleep deficiency; HR, heart rate.

3.3. The Differences in Oxidative Stress, hs-CRP and Cortisol among Groups

The differences in oxidative stress, hs-CRP and cortisol levels between groups and
time are presented in Table 4. The d-ROMs showed a significant interaction effect (p < 0.01)
and a main effect of time (p < 0.001). The post-hoc analysis indicated a significant increase
in d-ROMs levels in all groups after SD compared to NS (p < 0.001). However, the LES
group showed a significant decrease in d-ROMs levels at AT compared to SD (p < 0.001),
while the HES group showed a significant increase compared to SD (p < 0.01). Additionally,
the LES and MES groups had significantly lower d-ROMs levels in AT than the HES group
(p < 0.05).

Similarly, cortisol levels showed a significant interaction effect (p < 0.001) and the main
effect of time (p < 0.001). Post-hoc analysis revealed a significant increase in cortisol levels
after SD compared to NS in all groups (p < 0.05). However, in the AT, both the SSD and
LES groups showed a significant decrease compared to SD (p < 0.05), while the HES group
showed a significant increase compared to SD (p < 0.05). Moreover, the levels of cortisol in
AT were significantly lower in the SSD and LES groups than in the MES and HES groups
(p < 0.05).

On the other hand, hs-CRP showed a significant difference in the main effect of time
(p < 0.01), and the post-hoc analysis indicated a significant increase in all groups after SD
compared to NS (p < 0.05). In contrast, BAP did not exhibit any significant difference in
either the main or interaction effect (p > 0.05).
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Table 4. The differences in oxidative stress, hs-CRP and cortisol between groups and times.

Variables NS SD AT F p

d-ROMs
(U.Carr)

SSD 279.25 ± 24.01 342.75 ± 15.59 *** 341.00 ± 16.54 ***
G: 1.476

T: 215.466
G*T: 3.735

0.242
<0.001
0.003

LES 262.88 ± 11.19 344.25 ± 11.47 *** 313.88 ± 26.46 ***###a

MES 262.63 ± 20.15 342.13 ± 28.92 *** 332.00 ± 17.14 ***a

HES 274.00 ± 24.28 338.00 ± 24.05 *** 356.00 ± 26.55 ***#

BAP
(µmol/L)

SSD 2414.50 ± 178.93 2426.13 ± 174.40 2431.88 ± 119.59
G: 1.609
T: 1.301

G*T: 0.580

0.210
0.217
0.580

LES 2473.25 ± 121.38 2584.50 ± 77.97 2562.63 ± 59.85
MES 2497.00 ± 169.42 2491.63 ± 181.33 2481.25 ± 130.23
HES 2408.88 ± 159.52 2471.38 ± 181.33 2484.50 ± 100.26

hs-CRP
(mg/L)

SSD 0.36 ± 0.31 0.52 ± 0.47 * 0.42 ± 0.39
G: 0.923
T: 8.458

G*T: 0.433

0.442
0.003
0.780

LES 0.30 ± 0.13 0.46 ± 0.25 * 0.45 ± 0.24
MES 0.43 ± 0.24 0.75 ± 0.69 * 0.71 ± 0.66
HES 0.53 ± 0.43 0.76 ± 0.47 * 0.69 ± 0.51

cortisol
(nmol/L)

SSD 418.26 ± 78.94 478.20 ± 92.46 * 330.05 ± 86.32 *#ab
G: 1.471
T: 10.826

G*T: 6.605

0.244
<0.001
<0.001

LES 371.57 ± 81.70 441.61 ± 99.08 * 364.77 ± 47.76 #ab

MES 364.02 ± 62.19 446.65 ± 103.21 * 448.20 ± 97.23 *
HES 393.50 ± 75.85 455.54 ± 45.63 * 516.90 ± 37.71 *#

Data are expressed as the mean ± standard deviation. Statistical analysis was performed using a two-way repeated
measures ANOVA. Abbreviations: NS, normal sleep; SD, sleep deficiency; AT, immediately after treatment by
group; SSD, sleep supplement after sleep deficiency; LES, low-intensity aerobic exercise after sleep deficiency;
MES, moderate-intensity aerobic exercise after sleep deficiency; HES, high-intensity aerobic exercise after sleep
deficiency; d-ROMS, reactive oxygen metabolites; BAP, biological antioxidant potential; hs-CRP, high sensitive
C-reactive protein; G, group; T, Time; G*T, interaction of group and time. * denotes a significant difference
compared to NS within each group (p < 0.05). *** denotes a significant difference compared to NS within each
group (p < 0.001). # denotes a significant difference compared to SD within each group (p < 0.05). ### denotes a
significant difference compared to SD within each group (p < 0.001). a denotes a significant difference compared
to HES at the AT (p < 0.05). b denotes a significant difference compared to MES at the AT (p < 0.05).

4. Discussion

This study aimed to investigate the effects of aerobic exercise on oxidative stress,
hs-CRP and cortisol levels induced by SD. Through this investigation, the study aimed to
confirm the safety and effectiveness of aerobic exercise under SD conditions.

Sleep duration and quality are crucial factors for maintaining good health in humans.
To assess participants’ sleep status, this study used a wearable activity tracker and a self-
reported questionnaire to measure sleep duration and quality. The PSQI is typically used
as a tool to evaluate sleep quality [25], while the ESS measures daytime sleepiness [26] and
the VAS assesses the current level of fatigue [27]. The study found a significant decrease
in ATST after SD compared to NS, while the ESS and VAS scores significantly increased
after SD compared to NS. These findings are consistent with previous studies that have
shown significant impacts of SD on sleep quantity and quality [28–30]. Regarding the ESS,
a score of less than 8 indicates no daytime sleepiness, while a score of 9 or more indicates
presence of daytime sleepiness [31]. Daytime sleepiness is directly related to nighttime
sleep duration, and it increases when there is complete or partial sleep deprivation [32]. In
this study, all groups had an ESS score of 9 or higher after three days of SD, indicating the
presence of daytime sleepiness due to lack of sleep. A higher VAS score indicates greater
fatigue [33]. In this study, the VAS score also increased more in SD than in NS, indicating
that fatigue felt by individuals increased due to lack of sleep. Therefore, three days of SD
in this study caused daytime sleepiness and fatigue during the day, indicating that three
days of SD was well induced.

In this study, we found no significant difference in the daily calorie consumption
between the NS period and SD period, indicating that the participants’ physical activity
levels remained consistent across both periods. Furthermore, to control for the possible
impact of diet on the dependent variables, we provided the same number of calories in the
lunch boxes provided to the participants during the experiment period. These measures
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were taken to ensure that any confounding factors that could affect the dependent variables
were minimized and controlled for in this study.

Oxidative stress occurs when the production of reactive oxygen species (ROS) out-
weighs the endogenous antioxidant capacity. The intrinsic mechanism of inflammation
is the generation of ROS, which can lead to a reduction of antioxidants and increased
oxidative stress. Oxidative stress can increase inflammation by inducing pro-inflammatory
cytokines. Therefore, oxidative stress and inflammation are strongly connected [34]. Oxida-
tive stress plays a crucial role in various human diseases, such as dyslipidemia, diabetes,
hypertension, atherosclerosis, metabolic disorders, cardiovascular diseases, cancer and
neurodegenerative diseases [35]. In the relationship between sleep and oxidative stress, it
is known that sleep reduces oxidative stress by removing oxidants produced during the
daytime [36]. In previous studies, it has been shown that SD increases oxidative stress
in the brain [37,38] and causes oxidative damage [39,40]. This study found a significant
interaction effect between the treatment group and time on the concentration of d-ROMs,
which indicates oxidative stress. Specifically, d-ROMs concentrations were significantly
higher after SD than NS in all groups. Furthermore, the concentration of d-ROMs after
LES was significantly decreased compared to SD, whereas the concentration of d-ROMs
after HES was significantly increased compared to SD. In contrast, the concentration of
BAP, which represents antioxidant capacity, did not significantly differ between NS and SD.
Therefore, this study found that SD for 3 days caused oxidative stress without affecting the
concentration of BAP, which represents antioxidant capacity. These findings are consistent
with previous studies [37–39]. The increase in oxidative stress observed after SD in this
study is likely due to an imbalance between oxidative stress and antioxidant defense mech-
anisms, as the antioxidant defense mechanisms were not upregulated despite the persistent
state of stress. Additionally, exposure to light during nighttime wakefulness can suppress
the release of melatonin, which has antioxidant capabilities [41]. Prolonged wakefulness
and increased metabolic activity can lead to abnormal ROS production, which can alter cell
membrane structure and composition and inhibit antioxidant enzyme activity. Chronic
exposure to oxidative stress can impair antioxidant defense mechanisms. Therefore, this
study suggests that SD for 3 days acts as a chronic stressor that induces oxidative stress
and dysfunction of the antioxidant system. Thus, adequate sleep is crucial for alleviating
oxidative stress and maintaining overall health.

Regarding exercise performance under SD, this study found that low- and high-
intensity exercise have different effects on oxidative stress induced by SD. These findings
are in agreement with previous studies [38,40,42]. A previous study showed that acute
sleep deprivation increased oxidative stress in the hippocampus, cortex and amygdala,
while treadmill exercise prevented the sleep deprivation-induced increase in oxidative
stress [38]. However, exhaustive exercise following SD increased oxidative stress [40,42].
The effect of exercise on the redox balance is complex, depending on the intensity, duration
and training level of the exercise [43]. Since exercise increases oxygen consumption, more
ROS is produced during exercise than during rest. Excessive exercise induces an increase
in oxidative stress, causing lipid peroxidation, DNA damage and protein oxidation in the
human body [44,45]. Additionally, excessive exercise causes tissue damage, which induces
inflammatory reactions and secondary reactive oxygen compounds produced by neutrophil
activity [46]. However, low- and moderate-intensity exercises have been shown to decrease
oxidative stress [47,48]. It has also been reported that the exercise intensity, which can
protect free radicals and ROS caused by aerobic exercise through self-mechanism, such as
antioxidant enzymes without the supplement of external antioxidants, is less than 70% of
VO2 max [49].

On the other hand, few studies have investigated the effect of napping as an interven-
tion method to reduce oxidative stress induced by SD. The present study investigated the
effect of SSD on oxidative stress and found no significant effect. This result suggests that
a 30-min nap may not provide sufficient time for the activity of antioxidant enzymes to
increase and reduce oxidative stress. Therefore, LES is an effective intervention for reducing
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oxidative stress caused by SD, while HES has a negative effect that may even exacerbate
oxidative stress. However, MES and SSD have no impact on changes in oxidative stress.

Exposure to stress from various factors can activate both the nervous and endocrine
systems, which may impact immune function [50]. Cortisol, a hormone that reflects
stress levels, is a type of glucocorticoid that plays a critical role in maintaining body
homeostasis [51]. Continuous exposure to high levels of cortisol due to stress can lead to
various pathological conditions, such as weight loss, hyperglycemia, hypertension and the
inhibition of immune function [52]. SD and sleep disorders are known to induce stress in
the body. In this study, the concentration of cortisol showed an interaction effect between
the group and time. Specifically, cortisol concentrations were significantly higher after SD
than NS in all groups. Furthermore, the concentrations of cortisol after both LES and SSD
were significantly decreased compared to SD, while the concentration of cortisol after HES
was significantly increased compared to SD. In contrast, the concentration of cortisol after
MES did not significantly differ from that after SD.

This finding is consistent with previous studies that have reported an increase in
cortisol levels following SD [33,53–55]. SD activates the HPA axis, resulting in the release of
cortisol. Prolonged SD has been shown to cause adrenal hypertrophy, heightened activity in
the sympathetic nervous system (SNS) and release of adrenaline [56]. Sleep restriction can
also lead to an increase in the ghrelin hormone, which stimulates the HPA axis and cortisol
production [41,57]. Moreover, SD activates the SNS, leading to HPA axis activation, which
causes stress and a subsequent increase in cortisol levels. Thus, through these mechanisms,
the present study suggests that SD for 3 days triggered stress in the body and resulted in
an increase in cortisol levels.

The relationship between exercise and cortisol has been well-established in previous
studies, which have shown that high-intensity exercise leads to an increase in cortisol levels,
while low-intensity exercise results in a decrease in cortisol levels [58,59]. The greater
the intensity of exercise, the greater the increase in the circulating levels of epinephrine
and norepinephrine [60]. In this study, cortisol concentrations decreased with LES and
increased with HES, which is consistent with these findings. The intensity of exercise
influences the cortisol response of the HPA axis. During high-intensity exercise, the plasma
cortisol concentration is high because the secretion rate is faster than the removal rate.
Conversely, the decrease in plasma cortisol levels during low-intensity exercise is due to
the removal rate being faster than the secretion rate in the adrenal cortex. These changes
seem to be due to a combination of hemoconcentration and HPA axis stimulus [58]. The
present study also found a reduction in cortisol levels in the SSD, which is consistent with
previous studies [61,62]. The reduction in cortisol levels with napping could be attributed
to slow-wave sleep inhibiting the HPA axis and cortisol release, as well as the elevated
release of catecholamines by the sympathoadrenal system observed following SD [61,62].
Thus, these findings suggest that SSD and LES are effective interventions for reducing
stress by removing cortisol caused by SD. However, HES acts as another stressor, which is
negative in the body.

On the other hand, inflammation is a vital immune response that helps maintain
tissue homeostasis and combat infection in various harmful conditions [63]. In humans,
sleep is known to be closely linked to the immune system, which is a critical defense
mechanism in our body. Sleep regulates the function of the immune system and impacts
the activation and regulation of inflammatory cytokines [64]. SD or sleep deprivation can
have significant adverse effects on the ability to fight infections and alter the intensity
and nature of inflammatory responses [65]. Additionally, sleep deprivation can lead to
an increase in sympathetic activity, resulting in increased production of pro-inflammatory
cytokines, such as IL-1β, IL-6 and TNF-α [66].

CRP is a widely used biomarker of inflammation, and it is considered an indicator of
the likelihood of cardiovascular disease. Elevated levels of CRP have been independently
associated with the progression of atherosclerosis in humans [67,68]. The hs-CRP provides
a more sensitive and accurate measurement of CRP at lower concentration levels. In this
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study, No significant interaction effect between group and time was observed on hs-CRP
concentration. However, the concentration of hs-CRP was significantly increased in the
SD compared to NS. This finding is consistent with previous studies that have reported
an association between SD and increased hs-CRP levels [69,70]. The mechanism through
which SD leads to an increase in CRP is related to the activation of a pro-inflammatory
signaling pathway that is regulated by toll-like receptors (TLRs) and nuclear factor kappa-
beta (NF-κB) [64]. TLRs, one of the innate immune components, are stimulated by SD and
induce the production of inflammatory cytokines [71]. Additionally, SD stimulates the
activation of NF-kB in the brain, which is related to sleep regulation [72].

In the present study, the change in hs-CRP according to the treatment groups after SD
was also measured. While all treatment groups showed a tendency to decrease compared
to after SD, there was no significant difference. This result is consistent with earlier
studies [61,73]. It is known that hs-CRP increases during an inflammatory response and is
a non-specific response to cell and tissue metabolism, serving as an increased risk factor
for cardiovascular disease prognostic factors [74]. In the present study, although there
was no positive effect, such as a reduction in hs-CRP, the absence of an increase in hs-CRP
after treatment suggests that the treatment groups are not risk factors for cardiovascular
disease. However, further research is necessary to clarify the theory behind these results as
the amount of nap and exercise duration may not have been sufficient stimuli to induce
hs-CRP changes.

One of the main limitations of our study is that the induced state of SD was only
for three consecutive days, which may not fully reflect the long-term effects of chronic
SD. Although our study demonstrated the positive effects of a single session of aerobic
exercise on individuals with SD, caution should be exercised in extrapolating these findings
to individuals with chronic SD or shift workers. Additionally, the short duration of our
SD protocol may not fully reflect the long-term effects of chronic SD. Furthermore, in this
study, the presence or absence of snoring, bruxism and sleep abnormalities, such as chronic
obstructive sleep apnea, were determined based on the participants’ self-report, which may
have limitations. Therefore, future studies should consider using polysomnography to
accurately assess the participants’ sleep state during participant selection and experiment.
Moreover, the single session of aerobic exercise performed in our study may not accurately
reflect the effects of regular exercise on SD over an extended period. Further studies are
needed to confirm the beneficial effects of exercise in patients with chronic SD or shift
workers, as well as to assess the effectiveness of long-term exercise in reducing the adverse
effects of SD.

5. Conclusions

This study found that SD increased cortisol and hs-CRP levels, as well as induced
oxidative stress. During the SD condition, LES was observed to have a positive effect on
reducing oxidative stress and stress hormone levels, whereas HES had negative effects
by increasing oxidative stress and stress hormone levels. Therefore, the study suggests
that LES is a more suitable exercise intensity for individuals experiencing SD, as it can
help reduce oxidative stress and hormone levels that may lead to various health problems.
These findings could have significant implications for developing exercise programs for
individuals with sleep problems, as well as for the prevention and treatment of related
health conditions.
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Abstract: Para-rowing is a format of rowing practiced by people with different types of disabilities,
thanks to adapted equipment set-ups and regulations. Para-rowing made its debut recently at the
2008 Paralympic Games. According to the mandate of the “International Paralympic Committee”,
para-rowers should be enabled to pursue sporting excellence. Therefore, rigorous research is needed
in terms of well-designed, high-quality studies. To the best of our knowledge, there are no systematic
appraisals of the body of scholarly evidence in the field of para-rowing. As such, a scoping review
enhanced by bibliometric analyses was carried out to provide a comprehensive synthesis of knowl-
edge related to para-rowing for the perusal of practitioners and athletes. By mining eighteen major
databases, 17 studies were retained in the present review. The included studies were found to focus
on a range of aspects involving health, the etiology of injuries (n = 5), psychological and physiological
responses (n = 5), performance, biomechanical analysis (n = 4), and new analytical approaches for
kinematic assessments and predictions of mechanical outputs in para-rowers (n = 3). The scholarly
community on para-rowing consists of 78 researchers, 16 (20.51%) of whom are highly interconnected.
The most prolific author was Smoljanović T., from Croatia, with three items/documents. In total,
93.6% of scholars have authored one single document. Topological features indicated a highly frag-
mented and dispersed, poorly connected community characterized by a high number of clusters and
a low strength of connections. In terms of publication years, the first scholarly article dates back to
2008, with four articles (23.5%) published in the current year, showing an increasing interest in this
para-sports discipline. Finally, gaps in current research on para-rowing were identified in terms of
overlooked topics, including sports nutrition, doping, and psychological aspects in para-rowers other
than those with visual impairment.

Keywords: paralympic sport; para-rowing; scoping review; bibliometric analysis
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1. Introduction

Para-rowing or adaptive rowing or adaptive sculling is a format of rowing practiced
by people with different types of disabilities, especially thanks to adapted equipment
set-ups and regulations [1]. These adaptations and/or technical modifications are needed
to facilitate its practice in the presence of impairments in muscle and joint functions (i.e.,
strength, or range of motion, ROM), movement deficiencies (athetosis/hypertonia/ataxia),
differences in physical structure (lower limb deficiency/amputation), and/or a range
of sensory and physical disabilities (visual impairment, orthopedic impairments, and
upper/lower motor neuron syndrome) [2]. Para-rowing made its debut for the first time,
at the 2008 Paralympic regattas in Beijing, in 1000 m races. This distance was adopted
at the 2012 and 2016 Paralympic games, when, in 2017, a new rule change doubled the
distance. At the Tokyo 2020 Paralympic games, para-rowing used the same distance as
its Olympic counterpart—2000 m. According to the para-rowing classification regulations
of the World Rowing Association [3], para-rowers are assigned to three different sport
classes based on sex/gender and level of physical function: PR1 (with minimal or no
trunk function, with preserved arm and shoulder function to propel the boat, and with
poor sitting balance, for which they require to be strapped to the boat/seat), PR2 (with
functional use of arms and trunk, but weak/absent leg function to slide the seat), or
PR3 (with residual function in the legs which allows para-rowers to slide the seat). PR3
functional class also includes rowers with intellectual and vision impairment. Para-rowing
can be practiced either individually or as a team discipline, composed of two or four para-
rowers. Specifically, there are four events: two singles (PR1 Men’s Single Sculls—PR1M1x
and PR1 Women’s Single Sculls—PR1W1x), one of a man and woman couple (PR2 Mixed
Double Sculls—PR2Mix2x) and one with a double couple of two men and two women (PR2
Mixed Double Sculls—PR2Mix2x). The hulls of para-rowing boats are generally larger and
heavier than able-bodied single and double sculls and are equipped with special seats that
vary according to the athlete’s disability. For example, in the PR1 and PR2 sports classes,
the boats have fixed seats with backrests. Sometimes, in the case of athletes belonging
to the PR1 sports class, the boats can have further modifications and be equipped with
flotation systems that act as stabilizers (known as pontoons) and are fixed to the oarlocks
of the boat to ensure further lateral balancing (optional for PR2 rowers). Further adaptions
can be represented by strapping: chest straps are needed for PR1 rowers for increased
stability, whereas knee straps are used for PR2 rowers to prevent any flexion or extension of
the knee during rowing. Able-bodied rowers apply techniques that maximize the drive of
the legs, followed by the back and arms in a synchronized manner [4]. When parts of this
kinetic chain are lost due to physical impairments, these techniques cannot be implemented.
This results in decreased performance and impaired rowing technique by the para-rowers
especially in sports classes PR1 and PR2 [5]. For example, the PR1 rowers’ current world
records are approximately 3 min slower (about 7 vs. 10 min) than their counterparts
without physical disabilities [6]. Furthermore, the former has a higher stroke rate at the
expense of a shorter stroke length [7]. However, competition times and time discrepancies
between sports classes have improved a lot in recent years probably due to the growing
technical and scientific support for these athletes [8]. Finally, despite the disability-induced
fatigue, para-athletes undergo training frequencies, volumes, and intensities very similar
to able-bodied athletes of the same level [9].

According to the mandate of the “International Paralympic Committee” (IPC), para-
rowers should be enabled to pursue sporting excellence [10]. Therefore, rigorous research
is needed in terms of well-designed studies. To the best of our knowledge, there are no
systematic appraisals of the body of scholarly evidence in the field of para-rowing. The
existing body of literature includes anecdotal stories and personal experiences, as well
as single case reports and manuals/handbooks. There exist reviews on rowing, but, in
para-rowing, the areas of the athlete’s body that are subjected to higher force transmission
are altered [5].
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As such, given the unique challenges of para-rowing, this investigation was carried
out to provide a comprehensive synthesis of knowledge related to this para-sports disci-
pline for the perusal of both practitioners and athletes, to better inform training protocols
and conditioning strategies, as well as for the para-rowing scholarly community, to offer
guidance for future studies and research.

2. Materials and Methods
2.1. Study Protocol, Study Conceptual Design, and Development

An a priori study protocol was drafted before formally commencing the study research,
but it could not be submitted and registered within the “International prospective register
of systematic reviews” (PROSPERO,) in that PROSPERO does not accept anymore scoping
reviews or literature scans. Given our research aims, the present literature review was
performed and designed as a scoping review enhanced by bibliometric analyses [11].
Arksey and O’Malley’s five-step methodology [12] was followed as well as the “Patterns-
Advances-Gaps-Evidence for Practice-Recommendations” (PAGER) framework developed
by Bradbury-Jones et al. [13]. More in detail, the aim was to synthesize the body of
currently available research on para-rowing in terms of evidence, knowledge and practice
gaps, recommendations and policies, prospects, and directions in the field, for the benefit
of both the sports and scholarly communities.

Arksey and O’Malley’s five-step methodology [12] consists of (i) identifying and de-
veloping the research question(s), (ii) identifying the body of relevant scholarly studies,
(iii) selecting the studies to retain in the review, based on well-defined inclusion/exclusion
criteria, (iv) extracting and charting the data (either quantitative or qualitative), and (v) col-
lating, summarizing, and reporting the major findings of the studies included in the
present review.

Building on the previous steps, the PAGER framework [12] consists of (i) synthe-
sizing the key findings in terms of unique key themes/thematic areas (P), (ii) discov-
ering and dissecting the dynamic underlying these themes (A), (iii) identifying under-
developed/overlooked themes that warrant future research (G), (iv) advising relevant
stakeholders from the sports and scholarly communities and informing/shaping practices
(E), and (v) guiding future research (R).

2.2. Identification of Relevant Studies

The following keywords were used: “adaptive rowing”, “adaptive sculling”, “para
rowing”, “para rower”, “para rowers”, “paralympic rower”, and “paralympic rowers”.
These keywords were combined in a search string using the “OR” Boolean connector.
Eighteen major electronic, scholarly databases (namely, Scopus, Gale Academic OneFile,
IngentaConnect Journals, ProQuest Central, Science Citation Index Expanded (Web of
Science), PubMed Central, Factiva, ROAD or Directory of Open Access Scholarly Resources,
Journals@Ovid Complete, Taylor and Francis Journals Complete, Taylor and Francis CRKN
Social Science and Humanities, Web of Science, Taylor & Francis CRKN Science and
Technology, Nursing and Allied Health Database, Web of Science—Science Citation Index
Expanded—2022, Scholars Portal Journals: Open Access, Web of Science—Social Sciences
Citation Index—2022, and Scholars Portal Journals) were mined from inception using
the Omni academic search tool, without language filters/restrictions. The search was
conducted up to 17 February 2022. Citation information was exported using the “Research
Information Systems” (RIS) file format, which is a standardized tag format developed to
enable citation programs to exchange and share data related to citation information.

2.3. Study Selection and Inclusion/Exclusion Criteria

As recommended by the Joanna Briggs Institute (JBI), the Population (or Participants),
Concept, and Context (PCC) mnemonic was employed as a guide to constructing a clear
and meaningful title and framing and developing the subsequent research question(s).
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Inclusion and exclusion criteria [14] were the following: studies focusing on para-
rowing and with athletes, exposed to any kind of interventional strategy (if any, either
a warm-up or training/conditioning program, nutritional supplementation, pharmaco-
logical intervention, recovery strategy, etc.), compared against other disabled or able-
bodied athletes, assessed in terms of age, sex/gender, functional sport class, years of
experience and training, competing level—regional, national, international-, type of dis-
ability/impairment and if congenital/acquired). Studies were retained if they focused
on any outcome relevant to para-rowing (kinematic, biomechanical, physiological, psy-
chological or psycho-physiological, epidemiological, methodological, etc.). Any study
design was deemed eligible: any original study with sufficient (quantitative/qualitative)
details was scrutinized. Reviews were not included but were scanned to increase the
chance of finding any relevant study, whereas commentaries, letters to the editor, editorials,
expert opinions, or technical notes without sufficient details were discarded. Articles were
also excluded if focusing on other Paralympic disciplines or reporting data in such a way
that it was not possible to disaggregate them, and extract data related to para-rowing
only. Finally, non-peer-reviewed items (including conference proceedings and abstracts,
theses/dissertations, (e)books/(e)book chapters, newsletter articles, and reports, among
others) were not deemed eligible.

2.4. Bibliometrics Analysis

Using ad hoc extraction, processing, visualization, and bibliometric software, including
VOSviewer version 1.6.18, Gephi, and Cytoscape [15], data extracted from MEDLINE via
PubMed and RIS reference manager files were mapped and visualized as graphs/networks
and investigated from a quantitative standpoint, by computing a range of several graph
theory/network-related indicators. Finally, the number of papers per year was also visual-
ized as a time series. Further details are described in our previous publication, to which the
reader is referred [15].

3. Results
3.1. Literature Search

The initial literature search yielded a pool of 157 items (n = 18 from Scopus, n = 17
from Gale Academic OneFile, n = 15 from IngentaConnect Journals, n = 14 from ProQuest
Central, n = 12 from Science Citation Index Expanded (Web of Science), n = 11 from PubMed
Central, n = 8 from Factiva, n = 8 from ROAD, n = 7 from Journals@Ovid Complete, n = 7
from Taylor & Francis Journals Complete, n = 6 from Taylor & Francis CRKN Social Science
and Humanities, n = 6 from Web of Science, n = 6 from Taylor & Francis CRKN Science
and Technology, n = 5 from the Nursing and Allied Health Database, n = 5 from Web
of Science—Science Citation Index Expanded—2022, n = 4 from Scholars Portal Journals:
Open Access, n = 4 Web of Science—Social Sciences Citation Index—2022, and n = 4 from
Scholars Portal Journals).

A total of 111 items were duplicated and were, as such, removed, and 46 items were
inspected, by looking at the title and/or abstract. Based on the inclusion/exclusion criteria,
eleven items were discarded based on their study design/format (newsletter articles (n = 4),
books and ebooks (n = 3), theses and dissertations (n = 2), reports (n = 1), book chapters
(n = 1)). Out of 35 studies, further ten studies were excluded not being related to the
research topic/research aims or questions. Twenty-five studies were scrutinized in the full
text. Out of these 25 items, 8 studies [16–23] were excluded with reason (n = 2, not reporting
sufficient quantitative/qualitative details; n = 4, not disaggregating data according to para-
sports discipline; n = 2 reporting details of another study (letter and response to the editor).
Finally, 17 studies [5–7,24–37] were retained in the present scoping review. The included
studies were found to focus on a range of aspects involving health, the etiology of injuries
(n = 5), psychological and physiological responses (n = 5), performance, biomechanical
analysis (n = 4), and new analytical approaches for kinematic assessments and predictions
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of mechanical outputs in para-rowers (n = 3). The flow-chart adopted in the present scoping
review is pictorially depicted in Figure 1.

Healthcare 2023, 11, x FOR PEER REVIEW 5 of 24 
 

 

according to para-sports discipline; n = 2 reporting details of another study (letter and 
response to the editor). Finally, 17 studies [5–7,24–37] were retained in the present scoping 
review. The included studies were found to focus on a range of aspects involving health, 
the etiology of injuries (n = 5), psychological and physiological responses (n = 5), 
performance, biomechanical analysis (n = 4), and new analytical approaches for kinematic 
assessments and predictions of mechanical outputs in para-rowers (n = 3). The flow-chart 
adopted in the present scoping review is pictorially depicted in Figure 1. 

 
Figure 1. Flowchart adopted in the present scoping review. 

3.2. Psychological and Physiological Responses in Para-Rowing 
This section included five studies [24–28], which are overviewed in Table 1. Of these, 

four studies [24–27] investigated physiological responses to para-rowing. Only one study 
[28], on the other hand, investigated the psychological aspects. 

  

Figure 1. Flowchart adopted in the present scoping review.

3.2. Psychological and Physiological Responses in Para-Rowing

This section included five studies [24–28], which are overviewed in Table 1. Of
these, four studies [24–27] investigated physiological responses to para-rowing. Only one
study [28], on the other hand, investigated the psychological aspects.

Zoppi et al. [24] examined changes in anthropometric (body mass and skinfold),
physiological (muscle strength, power at 4 mM blood lactate, and fatigue index), and
performance (1000 m trial) parameters throughout 32 weeks of training in a sample of
eight Afro-Brazilian para-rowers (aged 25 ± 5.3 years). Four participants had a unilateral
traumatic above-the-knee amputation, one subject had a unilateral hip disarticulation, one
individual had Class 5 cerebral palsy, one subject had Class 4 cerebral palsy, and one subject
had a neurological impairment (a complete lesion at the L3 level). The training protocol
was designed in 4 phases (phase 1 or incorporation phase: 6 weeks, phase 2 or basic phase:
6 weeks, phase 3 or specific phase: 12 weeks, and phase 4 or competitive phase: 8 weeks),
which were different in terms of volume and intensity, intending to achieve peak form
in the last phase. The studied anthropometric characteristics remained stable during the
initial phases of training with a significant drop in body mass in the penultimate (p ≤ 0.05)
and last phase (p ≤ 0.1) and in body fat in the last phase (p ≤ 0.05). Regarding physiological
parameters, muscle strength significantly improved in all three trials performed (lying
T-bar row, barbell bench press, and 45◦ leg press with one repetition max) after phase 3,
with a peak in phase 4 (p < 0.01) In addition, during maximal intensity exercise (1000 m
trials), power at 4 mM blood lactate and fatigue index improved in all phases and in the
penultimate and last phase, respectively (p < 0.01). However, no significant variation in
power output was found. Finally, performance improved immediately after phases 1 and 2
(p < 0.01 compared to the start of training) with a peak after phase 3, which was maintained
until the end of phase 4 (p < 0.01 compared to the start of training and to phases 1 and 2).
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To understand whether high training loads lead to higher levels of fitness, Porto et al. [25]
compared the physiological (aerobic, anaerobic, strength levels, and fatigue index) and
anthropometric (body mass and body fat) parameters of eight top para-rowers (aged
30 ± 9.25 years) matched with a control group of eight wheelchair basketball players (aged
45.4 ± 9.6 years) who did not practice regularly. Furthermore, to better understand how
motor disabilities compromise performance in the para-rower group, a comparison with
literature data concerning high-level able-bodied rowers was conducted on the studied
parameters. The authors showed that para-rowers tended to have similar strength levels
and fatigue, but a higher anaerobic threshold (p < 0.01) than the control disabled group.
However, among all the anaerobic performance outcomes studied, only the peak anaer-
obic weight/power ratio was significantly higher (6.5 ± 1.1 W/Kg vs. 7.5 ± 0.9 W/Kg,
p = 0.0387). Regarding the anthropometric parameters, the two groups of people with
disabilities had similar body mass, but the para-rowers had significantly lower body fat.
Compared with high-level able-bodied rowers, the para-rowers showed ten times greater
fatigue levels and a 37% lower anaerobic threshold with lower anaerobic performance
capacity. Specifically, mean, and lower anaerobic power were 26% and 54% lower, respec-
tively. Contrary to all the trends, the weight/peak anaerobic power ratio was 25% higher
in para-rowers.

While the physiological response and adaption to exercise have been highly studied in
able-bodied athletes, there is a significant dearth of data concerning post-exercise changes
in athletes with disabilities.

In this regard, Nowak et al. [26] recruited two para-rowers from a Polish adaptive
rowing settle TAMix2x qualified for the Paralympic Games in Rio, 2016. The authors
conducted a progressive test on a rowing ergometer until exhaustion, assessing a range
of parameters including cardiorespiratory fitness, complete blood count, white blood cell
distribution, and thirty clinical chemistry variables. Exercise-induced changes could be
detected for all metabolites under study (glucose, creatinine, urea, uric acid, and both total
and direct bilirubin), as well as for albumin, total protein levels, aspartate transaminase
activity, and white blood cell count. Concerning the latter two variables, a post-exercise
increase was found for both parameters, but with a different post-recovery response,
characterized by a two-fold decrease and increase, respectively. The percentages of natural
killer cells and total T lymphocytes were found to be higher and lower after the exercise,
respectively. Of interest, although changes in T lymphocyte subset distribution could be
noted (with higher and lower percentages of suppressor/cytotoxic and helper/inducer
cells), no changes in B lymphocyte distribution could be observed.

Tiller et al. [27] conducted a case study to evaluate diaphragm fatigue (measuring pre-
and post-exercise changes in the transdiaphragmatic pressure response of contraction to
anterolateral magnetic stimulation of the phrenic nerves) in a spinal cord injured para-rower
(aged 28 years old) during a test on a rowing ergometer (1000 m). In addition, pulmonary
ventilation and gas exchange, diaphragm electromyography (EMG)-derived indices of
neural respiratory drive, and respiratory mechanics indices derived from intrathoracic
pressure were evaluated. The para-rower completed the test in 3.89 min at an average power
of 248 W, with peak oxygen uptake and pulmonary ventilation of 3.46 L/min and 150 L/min,
respectively. The blood lactate concentration reached 15.8 mmol/L (8 min after exercise).
The breath/stroke ratio was 1:1 in the initial part of the test (0–400 m). Subsequently (after
400 m), a reduction in respiratory time and an increase in ventilatory drive resulted in a
breath/stroke ratio of 2:1. From baseline, the reduction in transdiaphragmatic pressure
at 15–20 min after exercise was 33% (61 vs. 41 cm H2O) with a partial recovery of 12% at
30–35 min (41 vs. 50 cm H2O) (10–15% reduction is already considered muscle fatigue).
The muscle fatigue that occurred was associated with a reduction in the neuromuscular
efficiency of the diaphragm. Specifically, the inspiratory transdiaphragmatic pressure
decreased throughout the test, whereas the EMG value tended to increase (16.0 vs. 3.0 as
the ratio of the two outcome measures studied). Finally, after the test, due to an increase in
tidal volume (from 2.7 to 3.1 L), an increase in absolute ventilation was found (from 13.6 to
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18.7 L), whereas the transdiaphragmatic pressure and the EMG of the diaphragm decreased
(133 to 53 cmH2O; 91 to 58% of the maximal value of the Root Mean Square, RMSmax).

In addition, Rich et al. [28] aimed to capture elite para-rowers’ embodied experiences
with their engagement in sport, in terms of benefits and challenges, barriers, and facilitators,
by conducting an interpretative phenomenological analysis. The authors recruited eight
participants with a visual impairment aged 40.5 ± 16.3 years old (22–66), representing three
countries: seven of them were female, and one was male. Five of the participants’ visual
impairments were congenital. According to the USABA Visual Impairment Classification
System, four participants reported having B3 vision (low vision), two reported having B2
vision (travel vision), and two reported having B1 vision (blind). The authors were able
to extract four major themes: namely, (i) empowerment through para-rowing, (ii) row-
ing through feel, (iii) changing perceptions, and (iv) establishing influential, supportive,
inclusive, and meaningful relationships. Para-rowing allowed them to overcome fears
related to their impairment and cope with their acuity/vision loss, abate apprehensions,
gain independence and psychological benefits, including resilience, self-esteem, confidence,
and self-advocacy, and generate opportunities as well as social connections, relationships,
and networking, in terms of shared commonalities and mutual support. Para-rowers were
also able to better manage their time and build self-discipline, set, and achieve new goals.
Finally, para-rowing was considered more accessible for people with visual impairments
than other Paralympic sports disciplines, being “based on feel, regardless of sight” and
given that no additional equipment and special accommodations/modifications were nec-
essary for rowing and racing with a visual impairment. On the other hand, participants
also experienced negative feelings and emotions, due to ableism derived from ignorance
and the stigma of visual impairment: para-rowers had to make an effort to either for-
mally or informally educate their coaches and peers toward acceptance of their disability.
Para-rowing was perceived as a second-class and less legitimate sport in comparison with
rowing, and para-rowers’ athleticism, and achievements were underscored with respect to
their able-bodied counterparts.

3.3. Health, Injuries, and Risk Factors in Para-Rowing

Five studies [5,7,29–31] explored the determinants of health and injuries, including
their risk factors, in para-rowing. Studies included are briefly overviewed in Table 2.

Smolyanović et al. [7] conducted a case study on the management of a rib stress fracture
in a PR1 rower (23 years old) caused by pressure occurring in the chest strap area during
hyperflexion of the torso in the catch position. Two different strategies were followed by the
coaching staff: (1) pause from activity until the athlete no longer felt tenderness on palpation
and deep inspiration (5 weeks) (2) the use of a protective orthosis to relieve the pressure of
the chest strap on the chest has been studied and applied. However, the para-rower during
the forced stop was unable to maintain the specific physical form of rowing, compromising
his athletic preparation and giving up participating in a world championship.

Soo Hoo et al. [29] conducted a retrospective survey of non-elite athletes with disabili-
ties to assess their demographics, training regimen, and injuries. Of the total of 61 athletes
approached, 43 athletes participated in the study and five of whom practiced rowing
(4 females and 1 male). The main and extremely interesting finding was that none of the
rowers were injured in the last 12 months, whereas around half of participants in sled
hockey (50%), wheelchair basketball (44%) and wheelchair rugby (43%) suffered an injury.
Data on training regimens, on the other hand, are in line with those of rowers. Specifically,
most athletes trained in their sport almost all year round with an average of about 8 h
per week. Regarding the diagnosis, spinal cord injury was the most frequent (51%) and
was predominant in rowers (100%). Finally, athletes with disabilities involved in rowing
and basketball had a higher incidence of spasticity (80% and 100%, respectively) than the
overall average (42%).
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As of 2017, the race distance for para-rowers has changed from 1000 m to 2000 m for
all events. The review by Smoljanović et al. [5] analyzes the potential injuries and health
risks associated with this regulation change in PR1 and PR2 rowers. The authors find no
significant evidence that increasing distance and consequently race time leads to more
problems. However, it is recommended to modify the training program in order to prepare
the athletes for the doubled distance.

Thornton et al.’s review [30] analyzed the risk factors of disability-dependent injuries. For
example, a para-rower with a leg strength deficit will compensate more with the other leading
to imbalances in the entire kinetic chain and contributing to possible lower back injuries.
Furthermore, the skin lesion of the stump caused by the prosthesis in the amputee athlete can
compromise athletic preparation until the skin heals. Additionally, special attention should be
paid to athletes with spinal cord injuries. Athletes with this condition may be at increased risk
for bone fractures and/or joint dislocations and pressure sores. The latter problem can cause
an increase in muscle spasticity and in case of severe infection even death. Finally, the chest
straps create high pressure on the athlete’s chest, placing them at risk for rib stress fractures.

Nowak et al. [31] performed a comparative study, assessing the degree of adoption
of healthy lifestyles in people with disabilities, using wheelchairs in their daily lives, and
practicing wheelchair basketball, wheelchair rugby, and para-rowing. The sample consisted
of 176 participants, aged 19–49 years old (mean age 34.41 ± 8.56 years), mostly under
40, from all over Poland, men (83.5%), city-dwellers, in formal relationships, with higher
education, working professionally, and assessing their financial situation as good. 35
were para-rowing athletes. Compared with the average participants, they were more
often unmarried, lived off their pension, and rated their finance lower. 42.9% of them
won the title of the Polish Champions. With respect to the others, they reported a lower
intensity of health behaviors in general and in four categories of correct eating habits,
preventive behaviors, positive mental attitude, and health practices. Compared with Polish
Champions, amateur rowers with disabilities achieved the poorest results in terms of
preventive behaviors but the highest results in positive mental attitudes. Training every
day and having the longest weekly exercise, having received higher education, being in a
better financial situation, being employed, married, and being rural residents correlated
with a greater intensity of health-related behaviors.

3.4. Biomechanics of the Para-Rowing Strokes

Four studies [6,32–34] provided insight into the biomechanics of rowing in the Para-
lympic setup. These are briefly overviewed in Table 3.

In one case study, Schaffert and Mattes [32] used biomechanical measurements com-
bined with questionnaires to examine the effects of acoustic feedback on mean boat speed in
seven training sessions of the same rowing crew (coxed four) with visual impairment (aged
34.8 ± 10.6 years). The training consisted of five blocks of 500 m at two different intensities
(20 and 22 rpm). In both intensities, in the first, third, and fifth blocks, acoustic feedback is
provided, whereas in the second and fourth blocks it is not. Furthermore, a baseline was
obtained once for each intensity. The authors found that the three blocks with acoustic
feedback for both intensities were faster than the baseline (0.08 ± 0.01 m·s−1; p < 0.01).
In the highest intensity test (22 rpm), a different speed was found between blocks with
acoustic feedback. Specifically, the first block was slower than the third (0.08 ± 0.01 m·s−1;
p = 0.001; effect size, ES = 1.11) and the fifth (0.07 ± 0.01 m·s−1; p = 0.001; ES = 0.93).
Furthermore, the blocks without acoustic feedback of both intensities (second and fourth
blocks) were faster than baseline but slower than with acoustic feedback. From the analysis
of the time structure of the rowing cycle, the acoustic feedback would seem capable of
optimizing the time course of boat acceleration, mainly during the recovery phase, reducing
its fluctuations and thus increasing the speed. Finally, the positive effects of acoustic feed-
back are also confirmed by both athletes and coaches (by completing a questionnaire) who
generally perceive a better smoothness of the movement performed during the recovery
phase compared to without acoustic feedback.
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Held et al. [33] compared kinematic and physiological data and performance during
tasks performed with two different boat configurations. Specifically, this was carried out
with a standard setup (NORM: with the oar in front of the axis of rotation) vs. a modified
setup (GATE: with the oar behind the axis of rotation) in a sample of 15 able-bodied rowers
and a PR1 rower. The able-bodied and the para-rower performed, respectively 2 and
24 timed trials of 2 min each. The former was in an indoor rowing tank, whereas the
latter was in the water. Both performed the time trials in both NORM and GATE setups
in randomized order at maximum intensity with legs and trunk fixed with straps and
with a fixed stroke rate (34 rpm). The result shared by all participants indicates that GATE
(compared to NORM) enables larger catch angles. Specifically, for this output parameter,
there was a mean increase of 97% (p < 0.001) and 12% (p = 0.021) for able-bodied athletes and
for para-athletes, respectively. However, no changes in the shape of the force-angle curve
(position of peak force and ratio of mean to maximum force) were found. Furthermore,
with GATE, able-bodied athletes experience an increase in total stroke length (p < 0.010),
rowing power (55.8 ± 57.3%, p < 0.010), and work per stroke (59.7 ± 67.2%, p < 0.010). In
the Paralympic athlete, on the other hand, these performance parameters are unchanged.
Concerning the specific parameters of the para-rower, the economy of the rowing (power
or speed per oxygen uptake) and the speed of the boat did not show significant differences
between the two setups used.

Cutler et al. [34] investigated how para-rowing configurations change physiological
measures (handle pull force), kinematics (stroke length), and posture (grip/landing angles
on specific joints) in ergometer rowing. In total, 17 able-bodied rowers (9 men and 8 women)
completed three 10-stroke trials in each rowing configuration (PR1, PR2, and PR3). Physi-
ological and kinematic parameters in the PR3 configurations were comparable to values
for the able-bodied literature and decreased with configurations. Specifically, handle force
decreased from PR3 to PR2 set-up by 22% and from PR2 to PR1 by 42%. Similarly, stroke
length decreased with the PR3 to PR2 setting by 25% and PR3 to PR1 by 47%. For both
parameters, men performed better than women. Regarding posture in the PR 2 setups,
the rowers used a greater lumbar angle at the catch (37◦ vs. 29◦) and at the finish (−42◦

vs. −39◦) of the stroke compared to the PR3 setups. On the other hand, the flexion of the
elbow joint at the finish of the stroke was 11◦ and 7◦ greater, respectively, in the PR1 setup
compared to PR3 and PR2. Finally, shoulder abduction at the finish of the stroke increased
from LTA to TA (p = 0.014), LTA to AS (p = 0.001), and TA to AS (p = 0.006) configurations.

In a case study, Severin et al. [6], compared the effects of a more inclined seat and
backrest on rowing performance, physiology, and biomechanics parameters in a PR1 world
champion woman athlete (aged 30 years old). The test protocol consisted of three 4 min
phases performed with a target power of 100 W (SUBMAX test) and an all-out effort (MAX
test) in three different seat configurations (conA: 25◦ from the vertical plane and 7.5◦ from
the horizontal, conB: 25◦ from the vertical plane and 0◦ from that to the horizontal, conC:
5◦ from the vertical plane and 0◦ from the horizontal plane). During SUBMAX due to
the nature of the task (target power 100 W) similar virtual distances were recorded (conA:
793, conB: 793, conC: 787 m). However, in the usual setups (conC), the peak force (conA:
509, conB: 458, conC: 312 N) and impulse (conA: 172, conB:158, conC: 97 N·s) were lower
as well as the stroke length (conA: 81, conB: 78, conC: 67 cm) compared to the other two
setups. To compensate for this result, there was an increase in stroke rate (conA: 27, conB:
31, conC: 49 strokes·min−1) at the expense of increase in VO2 (conA: 34.4, conB: 35.4,
conC: 39.6 mL·kg−1·min−1). Similarly, in the MAX task, the conC configuration was less
performing in terms of distance covered (conA: 934, conB: 918, (conC: 856 M), peak force
(conA: 408 N, conB: 418 N, conC: 331 N), stroke length (conA: 79, conB: 77, conC: 68 cm),
and stroke rate (conA: 51, conB: 54, conC: 56 rpm). However, these differences were smaller
than in SUBMAX test. Regarding the kinematic parameters, the para-athlete was able
to perform a greater extension of the trunk in setups conA and conB compared to conC.
Finally, an increase in flexion in the elbow and shoulder joints in the SUBMAX task during
the driving phase was found in conA and conB compared with conC.
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3.5. Emerging Analytical Approaches for Kinematic Assessments and Predictions of Mechanical
Outputs in Para-Rowers

Three studies [35–37] developed new analytical approaches for kinematics assessments
and predictions of mechanical outputs in para-rowers. These studies are overviewed in
Table 4.

In a multi-time assessment (longitudinal search), it is critical that the test chosen
can consistently reproduce the same outcome between visits, provided all other variables
remain the same. In this regard, Euiler and Finley [35] assessed the repeatability of the
para-rowing stroke and analyzed EMG data (muscle activity of the upper, middle, and
lower trapezius, anterior and posterior deltoid, latissimus dorsi, and infraspinatus) and
kinematic of the rowing stroke (humero-thoracic plane of elevation, angle of elevation, and
trunk flexion and extension, and trunk rotation) in a sample of 10 para-rowers (7 males
and 3 females aged, 41.6 ± 13.4 years old) with low experience, to determine the trial-to-
trial reliability of three submaximal rowing trials (20 strokes each). Muscle activity and
kinematics data were reliable with moderate to excellent and excellent intraclass correlation
coefficients, respectively.

Schwingel et al. [36] conducted a study with a dual objective: to analyze the safety
and tolerability of performing the one-repetition maximum tests (1RM) and compare the
1RM–measured values with linear and exponential equation models (12 different equations)
for predicting 1RM. Two upper body strength exercises (Flat barbell bench press and Lying
T-bar row) and one lower body (45-degree leg press) were performed by 9 male para-
rowers (mean age; 30 6 7.9 years, 7 one-legged amputees and 2 with cerebral palsy). From
qualitative analysis, the 1RM test proved to be well-tolerated and safe also for athletes with
a disability. However, for body strength exercises, the estimate of maximal strength can
be replaced by prediction equations. In fact, although the predicted values were slightly
underestimated, they were accurate and reliable. Furthermore, the authors did not find
statistical differences between exercises (p = 0.84 and 0.23 for lying T-bar row and flat
barbell bench press, respectively). For lower body exercise, on the other hand, a highly
significant difference between measured and predicted values were found (p < 0.01).

People affected with upper motor neuron syndrome may benefit from functional
electrical stimulation (FES) through the electrical elicitation of paralyzed muscles [22]. FES
has been integrated with rowing (FES Rowing) also allowing people with paraplegia to row
without adapting to boat configurations [20]. To maximize the benefits of FES Rowing, the
intensity of a muscle’s stimulation should be greatest when its force-producing potential
is greatest. This is possible by monitoring the joint angles of the specific muscle during
rowing. Concerning that point, Vieira et al. [37] compared a biomechanical model for knee
joint angle estimation with actual knee angle changes (measured with inertial sensors)
during three sets of 30 strokes (each at a different stroke rate of 18, 24, and 32 spm) in
indoor rowing in a sample of 15 able-bodied (age range 20–35 years) and 11 PR3 rowers
(23–47 years). This model was based on real-time measurements of handle and seat position
for each stroke transmitted by an adapted rowing machine. The authors found that the
mean squared error (RMSE) between calculated vs. estimated was generally low (3.8 to
5.1 degrees). Furthermore, the estimation error differed significantly within the rowing
cycle (p < 0.001) and not for group and stroke rate (p > 0.267). Specifically, the highest
RMSE values occurred during 20–50% and 80–100% of the rowing cycle (p < 0.003) with a
peak during the mid-recovery (average 8 deg). Additionally, for the two groups and for
the three-stroke rates, the onset of knee flexion was consistently underestimated (∼5%,
p < 0.001). Based on these results, the biomechanical model used proved to be reliable and
capable of replacing the less economical inertial sensors for kinematic analysis.
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3.6. Bibliometrics-Based Analysis of Para-Rowing Scientific Output

The bibliometrics analysis enabled us to identify 78 researchers (nodes), 16 (20.51%) of
whom were highly interconnected (Figure 2). The resulting graph (Figure 2) consisted of
202 links (edges), with a total link strength of 209, and 14 clusters. The most prolific author
was Smoljanović, T., with 3 items/documents (representing 17.6% of the scientific output
overviewed in the present scoping review). The list of the ten most productive scholars
can be found in Table 1. In total, 93.6% of scholars have authored one single document.
The main topological features of the scholarly community of authors on PR are shown in
Tables 5 and 6: these features indicate a highly fragmented and dispersed, poorly connected
community characterized by a relatively high number of clusters and a low strength of
connections. In terms of publication years, the first scholarly article dates back to 2008,
with four articles (23.5%) published in the current year, showing an increasing interest in
this para-sports discipline.
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Table 5. The ten most productive authors on para-rowing.

Author Country Number of
Documents (%)

Number of
Links

Total Link
Strength Author Cluster Publication

Year Range

Smoljanović T. Croatia 3 (17.6%) 15 16 2 2011−2017
Porto Y.C. Brazil 3 (17.6%) 10 14 1 2008−2014

Schwingel P.A. Brazil 3 (17.6%) 10 14 1 2008−2014
Zoppi C.C. Brazil 3 (17.6%) 10 14 1 2008−2014
Bojanić I. Croatia 2 (11.8%) 8 9 2 2011−2013

Di Ciacca S.R. Canada 1 (5.9%) 7 7 5 2017
Lebrun C.M. Canada 1 (5.9%) 7 7 5 2017
Orlando K. Canada 1 (5.9%) 7 7 5 2017

Thornton J.S. Canada 1 (5.9%) 7 7 5 2017
Vinther A. Denmark 1 (5.9%) 7 7 5 2017

Table 6. The main topological features of the scholarly community of authors on para-rowing.

Topological Feature Value

Avg. Number of neighbors 6.75
Network diameter 2

Network radius 1
Characteristic path length 1.55

Clustering coefficient 0.94
Network density 0.45

Network heterogeneity 0.37
Network centralization 0.63
Connected components 13

The top institution was the University of Zagreb, Zagreb (Croatia). In terms of journals,
the studies included in our review were published in 15 scholarly journals, in the field
of sports science, orthopedics and sports medicine, physical therapy, sports therapy, and
rehabilitation, medicine (miscellaneous), physiology and medical physiology, rehabilitation,
public health, environmental, and occupational health, biomedical engineering, computer
science applications, internal medicine, neuroscience (miscellaneous), biophysics, and
neurology/neurology (clinical). The two top journals were the International Journal of
Environmental Research and Public Health (IJERPH) and the Journal of Sports Sciences.
More than half of the journals (53.3%) were top journals in their fields. More in detail,
four journals (namely, the British Journal of Sports Medicine, the Journal of Strength
and Conditioning Research, Frontiers in Physiology, and the Journal of Sports Sciences)
were first quartile (Q1) journals, whereas four other journals (IJERPH, the Journal of
Applied Physiology, the Journal of Human Kinetics, Research in Sports Medicine, and
IEEE Transactions on Neural Systems and Rehabilitation Engineering) were Q1-second
quartile (Q2) scholarly journals. In terms of citations, the most cited article was the study by
Thornton et al. [30], with 36 citations, according to Scopus. Finally, in terms of funding, this
was reported by six articles: more specifically, several sponsors/funding sources could be
identified, including universities and research centers, research councils and foundations,
and Ministries/governmental agencies and institutions.

4. Discussion
4.1. Psychological and Physiological Responses in Para-Rowing

Due to the nature of their disabilities, para-rowers have exhibited lower fitness levels
than their able-bodied counterparts [25]. Indeed, some disabilities limit the physiological
functioning of these athletes. For example, spinal cord injuries, which are the most com-
monly reported type of impairment in para-rowers, can lead to impaired cardiovascular and
respiratory function, characterized by decreased peak heart rate, inability to increase tidal
volume, exercise-induced hypotension, and increased fatigue [27,38]. In addition, decreases
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in strength (impaired neural recruitment), and ROM, as well as increased muscle stiffness,
spasticity, spastic dystonia, and impaired coordination, have been found in athletes with
cerebral palsy [39,40]. However, from the studies retained in the present scoping review,
two important and highly interconnected aspects emerged, stating the beneficial effect
of training. The first aspect is that para-rowers tolerate the training load of able-bodied
rowers relatively well, allowing for increases in performance-outcomes aspects such as
muscle strength, anaerobic power, and aerobic power [24]. The second is that with the right
training program, para-rowers did not show any inflammatory symptoms, indicating high
levels of immunological adaption [26]. Regarding the psychological aspects, para-rowing
is an empowering, engaging, and accessible sports discipline that can provide athletes with
meaningful connections and social networking, enabling them to overcome stigma and
disability-related fears and apprehensions [28].

4.2. Health, Injuries, and Risk Factors in Para-Rowing Injuries

The rowing of an able-bodied rower represents a sequence of movements that are part
of a single kinetic chain in which the trunk acts as a link generating and transferring forces
from the legs and arms to the oar [4,41]. In para-rowers, this is not the case due to the
limited joints and body segments used. This results in isolated repetitive force generation of
joints and functional segments and an increased risk of injury [7,30]. In addition, increasing
stroke rate, boat weight and racing time add further stress to the musculoskeletal system [5].
The initial-to-mid drive phase is particularly critical in the PR1 and PR2 sports classes. In
fact, to reach the maximal stroke length, in these phases they perform larger amplitudes
of forward flexion of the trunk (in the PR2 class) and shoulder flexion (in PR1 and PR2
classes) in comparison to PR3 class and/or able-bodied rowers, which can be potentially
harmful [34]. Additionally, PR1 rowers with minimal trunk control bend as much as
possible at the chest strap, creating stress on the upper thoracic region with a high risk
of rib fractures [7]. However, para-rowing compared to other Paralympic sports such
as sled hockey, wheelchair basketball, and wheelchair rugby would seem the safest [29].
Finally, most rowers in class PR1 and PR2 have a spinal cord injury. The former generally
have lesions in the thoracic spine while the latter have lesions in the lower thoracic or
lumbosacral spine [22]. It is, therefore, conceivable that the greater risk of injury within
these sports classes is closely connected to the underlying pathology. For example, lesions
attributable to autonomic dysreflexia, spastic hypertonia and osteoporosis (such as bone
fractures resulting from small traumas) [30].

4.3. Biomechanics of the Para-Rowing Strokes

The biomechanics of the para-rower is significantly altered mainly due to the pathology.
Equipment adjustments made to minimize intra-class differences can make this situation
worse. In fact, it has been observed that rowing with a PR2 setup or even more with a PR1
setup alters the range of motion and measures of handle strength and stroke length even for
able-bodied athletes [34]. In this regard, various strategies have been studied to implement
the para-rowing set-ups, some of which have proved to be useful, while others have proved
to be difficult to transfer to the para-rowers. For example, because of the importance of
allowing trunk extension in para-rowers with minimal residual trunk function, a more
inclined seat and backrest were used [6]. This modification allowed a more trunk motion
and a longer stroke length combined with a lower stroke rate. In fact, moving the oar from
in front of the axis of rotation to behind the axis of rotation instead made biomechanical
improvements primarily for able-bodied athletes [33]. This confirms that applying the
discoveries made in the world of able-bodied to the para-athlete populations could be
a mistake. The latter is a widely heterogeneous world with intra- and interdependent
implications of the specific type of impairment. Finally, an acoustic feedback strategy was
studied for athletes with visual impairment during training sessions [32]. Acoustic feedback
has proved to be useful for optimizing the time course of boat acceleration during the
rowing phase (mainly during the recovery phase). Specifically, the para-rowers performed
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a more regular sliding movement in the recovery phase compared to the situation without
feedback, increasing the force output in the drive phase and consequentially the speed of
the boat [16,21].

4.4. Emerging Analytical Approaches for Kinematic Assessments and Predictions of Mechanical
Outputs in Para-Rowers

Having reliable, validated measures is of paramount importance in the field of research.
Para-rowing stroke-related metrics have shown excellent repeatability [35]. The 1RM test
is relatively safe and easy to evaluate and correlates well with sports performance [42].
However, pulling to the maximum implies maximum stress for the involved structures,
such as muscles, tendons, joints, and even neural networks. For this reason, in para-athletes,
the 1RM test is often replaced by alternative tests to prevent injuries, technical failures,
and fatigue [43–45]. While in the upper limb both methods (i.e., 1RM and alternative
tests) can be used to assess the intensity of resistance training, in the lower limb 1RM is
more accurate than alternative tests, especially for athletes with one leg amputated [36].
Besides strength assessment, biomechanical evaluation is also fundamental. The latter is
usually carried out by using inertial sensors, which are generally expensive and require
calibration efforts, which is rather a time- and resource-consuming procedure [46]. A study
developed a significantly less expensive and similarly reliable methodology, that can be
easily implemented in the setting of para-rowing. More specifically, the adaptation of the
rowing machine enabled the provision of real-time data on handle and seat position, that a
subject-specific biomechanical model was able to relate to the knee joint angle [37].

4.5. Bibliometrics-Based Analysis of Para-Rowing Scientific Output

A few bibliometrics studies have investigated scholarly interest in Paralympic disci-
plines. Of interest, the most over-represented countries such as Croatia, Brazil, and Canada,
did not qualify as top counties in terms of medals awarded. Recently, our group assessed
publishing trends related to Paralympic powerlifting [15]. Compared with the Paralympic
powerlifting community, the para-rowing community appears to be less connected, more
fragmented, and dispersed. Of note, no hub authors could be identified, and the num-
ber of documents/items are more homogeneously distributed among authors, with the
most prolific scholar having coauthored three studies. For para-rowing, Canada was over-
represented as a country, while Brazil was over-represented for Paralympic powerlifting.
Finally, also in terms of temporal trends, publication years were more homogeneously
represented and distributed from 2008 to 2022. In the sports arena, scientific collaboration
is of paramount importance in that it can enhance the quality of research, by improving
performance-related outcomes, establishing networks, and achieving more sustainable
development. This is even more true in the Paralympic world, where the complexity of the
issues makes collaborations vital for the advancement of knowledge. Therefore, further
efforts are warranted to improve the scientific collaboration among authors interested
in para-rowing.

4.6. Gaps in Knowledge and Future Directions

Overall, a relative paucity of evidence-based studies was identified, particularly in
the domain of physiology, probably due, at least partially, to the recent debut of para-
rowing at the Paralympic Games. The presence of mostly case studies, anecdotal reports,
articles based on personal experiences, and/or investigations mainly focusing on a single
type of impairment makes it difficult to have a comprehensive understanding of how
various impairments could affect the physiological response to exercise and adapted
rowing. Accurate, rigorous knowledge of these aspects could serve a two-fold role: (i) to
preserve, and, potentially, enhance, the health and well-being of the para-athlete, and (ii) to
plan individualized interventions, and devise specific protocols, conditioning, and training
methods, which are appropriate based on the specific type of disability. For example, it
can be anticipated that athletes with visual and intellectual disabilities show very different
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physiological responses to exercise than athletes with spinal cord injuries. Additionally,
there could be a significant degree of variability among athletes with the same impairment.
For instance, in subjects paralyzed with spinal cord injuries, disability depends on the
level at which spinal cord is injured and varies whether the impairment is congenital or
acquired [47,48].

To ensure fair competition, athletes with similar levels of activity limitation due to their
impairments should be in the same sports class and compete against each other. However,
one of the major limitations of para-rowing is a lack of evidence-based classification
to assess the true impact of impairment on performance. Furthermore, a broad range
of disabilities and just three sports classes (PR1, 2 and 3) might give some athletes an
advantage over others. Therefore, it is necessary to develop tests that describe impairment
and define the relationship between impairment and rowing performance outcomes. In
other words, a correct classification method should be based on scientific evidence and not
on expert opinions.

The use of technology to measure motor disability has proven useful in several Para-
lympic sports [49] and could also be used in para-rowing. For example, para-swimming
technology has enabled more objective and reliable tests to be designed which are likely to
be included in the next revision of the World Para Swimming classification [50–52]. More-
over, also as far as injury is concerned, data is still lacking in this athlete population [30].
In most rowing injury cases there is a history of inaccurate management of load parameters
with increased intensity/length of training associated with poor recovery [7]. However,
training methodology and periodization theory of peak performance represent relatively
under-explored and overlooked research areas in the existing academic literature. Addi-
tionally, to our knowledge, training methods for maintaining conditioning during periods
of inactivity have never been explored.

The limited body of evidence can lead the less expert coach to manage the para-athlete
as an able-bodied athlete, compromising their preparation and, in the worst case, their
health. While kinematic evaluations have been extensively studied, topics such as sports
nutrition, doping, and psychology have been relatively underdeveloped and overlooked.
Psychological aspects have been investigated only in athletes with loss of visual acuity,
who do not represent the most commonly described para-rower, usually affected by spinal
cord injury.

Therefore, in para-rowing, further studies are warranted involving a broad range
of impairments and disabilities, with particular attention paid to spinal cord injury. Fi-
nally, although in recent years COVID-19 has dramatically impacted the Paralympic sport
arena [53], there are no published studies investigating this topic, which deserves to
be explored.

5. Conclusions

The current literature review covered several domains and aspects of para-rowing,
namely (i) psychological and physiological aspects and responses in para-rowing, (ii) epi-
demiology and risk factors of para-rowing injuries, (iii) biomechanics of the para-rowing
strokes, and (iv) emerging analytical approaches for kinematic assessments and prediction
of mechanical outputs in para-rowers. This literature review was complemented by a
bibliometrics-based analysis of para-rowing scientific output. This information can be used
by both practitioners and athletes, to enhance their expertise and knowledge of training
protocols and conditioning strategies. However, several gaps were identified in terms of
underdeveloped or overlooked topics (namely, sports nutrition, doping, and psychologi-
cal aspects in para-rowers other than those with visual impairment), warranting further
research in the field.
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Abstract: The purpose of this study was to compare the impact of velocity-based resistance training
(VBRT) and percentage-based resistance training (PBRT) on anaerobic ability, sprint performance,
and jumping ability. Eighteen female basketball players from a Sport College were randomly divided
into two groups: VBRT (n = 10) and PBRT (n = 8). The six-week intervention consisted of two sessions
per week of free-weight back squats with linear periodization from 65% to 95%1RM. In PBRT, the
weights lifted were fixed based on 1RM percentage, while in VBRT, the weights were adjusted based
on individualized velocity profiles. The T-30m sprint time, relative power of countermovement jump
(RP-CMJ), and Wingate test were evaluated. The Wingate test assessed peak power (PP), mean power
(MP), fatigue index (FI), maximal velocity (Vmax), and total work (TW). Results showed that VBRT
produced a very likely improvement in RP-CMJ, Vmax, PP, and FI (Hedges’ g = 0.55, 0.93, 0.68, 0.53,
respectively, p < 0.01). On the other hand, PBRT produced a very likely improvement in MP (Hedges’
g = 0.38) and TW (Hedges’ g = 0.45). Although VBRT showed likely favorable effects in RP-CMJ, PP,
and Vmax compared to PBRT (p < 0.05 for interaction effect), PBRT produced greater improvements in
MP and TW (p < 0.05 for interaction effect). In conclusion, PBRT may be more effective in maintaining
high-power velocity endurance, while VBRT has a greater impact on explosive power adaptations.

Keywords: load-velocity relationship; autoregulation; load monitoring; fixed-loading; resistance
training; Wingate anaerobic performance

1. Introduction

“Traditionally, resistance training (RT) has been prescribed based on a percentage of
an individual’s one-repetition maximum (1RM), referred to as percentage-based resistance
training (PBRT) [1]. This involves setting a fixed load based on a baseline %1RM before
training, meaning the intensity is determined by the individual’s %1RM. However, PBRT
is unable to account for changes in muscle performance caused by life stressors and
fatigue [2]. With the rise of linear position transducers (LPTs), strength training coaches
can now gather real-time and kinetic data, leading to the widespread use of velocity-based
resistance training (VBRT) [2,3]. VBRT is a novel form of autoregulated RT that adjusts
intensity and volume based on an individualized load-velocity profile (LVP) regression
equation [2,4,5]. This involves using the mean concentric velocity (MCV) of the first
repetition as a measure of performance to adjust the training load. Trainers perform the
exercise with maximal effort and the velocity of the concentric phase is recorded across
different loads. Thresholds are established at each relative load or velocity loss, which are
then used to adjust the subsequent training load and control the training volume [6]. By
monitoring MCV data based on LVP, VBRT allows for training loads to be adjusted based
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on the athlete’s physiological state and strength performance [7]. Notably, in contrast to
PBRT, VBRT offers a more personalized approach to load prescription [2].

Recently, there have been several controlled trials that have compared the effects of
VBRT and PBRT on physical performance measures such as strength, linear sprint, change
of direction, jump, and aerobic endurance [8–10]. This comparison has become a focus in
the field of strength and conditioning, and while these studies provide useful insights for
coaches, the results in terms of muscle strength remain controversial and the mechanisms
behind the adaptations are not fully understood [1,3,9,11]. To further shed light on this
topic, this study aims to compare the two training protocols on lower limb muscular
function and power performance in greater depth. The originality of this study lies in its
exploration of the effects of VBRT and PBRT on anaerobic performance adaptations, an
area that has not been studied in depth before.

Basketball is a sport that requires high levels of intensity and is largely based on
anaerobic metabolism. Anaerobic power and capacity play a crucial role in determining
the physical fitness and overall game performance of basketball players, particularly in
defensive and offensive transitions [12]. To assess anaerobic performance in professional
basketball players, the Wingate anaerobic power test (WAnT) has been widely used due to
its reliability. The results of a study by Apostolidis et al. [13] showed a strong correlation
between the mean power in the WAnT and the performance of basketball players, including
control dribbling and high-intensity shuttle running.

This study aimed to compare the effects of VBRT and PBRT on lower-limb power and
anaerobic performance in off-season female basketball players from a Sport College over a
six-week linear mesocycle. The hypothesis was that VBRT, based on recent studies [1,9,10],
would result in greater improvements in anaerobic performance compared to PBRT.

2. Materials and Methods
2.1. Participants

The study recruited 18 female basketball players from the Sport College Basketball
Association (SCBA) Championship winning team. The players, who had an average age of
22.3 ± 1.8 years, height of 169.7 ± 7 cm, and body mass of 60.4 ± 5.8 kg, were randomly
assigned to either the VBRT group (n = 10) or the PBRT group (n = 8) using card markers
drawn by an uninformed researcher. The distribution of playing positions was equal among
the groups to reduce the impact of position on anaerobic capacity [14]. The inclusion criteria
were age over 18 years, at least 2 years of RT experience, no musculoskeletal injuries in
the past 6 months, completion of a 10-week basketball training prior to the study, and a
negative result from the Functional Movement Screen (FMS) test.

Participants were required to provide written informed consent prior to participating
in the study. The study was approved by the local Ethics Committee and was in accordance
with the Declaration of Helsinki. This ensured that the study was conducted in a fair and
ethical manner, with the participants’ wellbeing and rights being of utmost importance.

2.2. Experimental Design

All participants took part in a 6-week training program, which was conducted twice
a week on Monday and Wednesday and followed a progressive mesocycle design. The
program consisted of three load phases, each with specific training objectives (as shown in
Figure 1). Participants performed two RT programs that only varied in amount of weight
lifted and number of repetitions (velocity-based vs. percentage-based). The training volume
in both programs corresponded to the number of repetitions. Additionally, both groups
were verbally encouraged to perform a maximal voluntary contraction at the concentric
phase with a standardized body posture during RT. The RT sessions were completed in
the afternoon (3:30–4:00 p.m.), were separated by 48 h, and avoided holidays. Both RT
programs consisted of free-weight back squats and bench presses and were supervised and
monitored by two conditioning training coaches.

106



Healthcare 2023, 11, 623

Healthcare 2023, 11, x FOR PEER REVIEW 3 of 16 
 

 

in Figure 1). Participants performed two RT programs that only varied in amount of 
weight lifted and number of repetitions (velocity-based vs. percentage-based). The train-
ing volume in both programs corresponded to the number of repetitions. Additionally, 
both groups were verbally encouraged to perform a maximal voluntary contraction at the 
concentric phase with a standardized body posture during RT. The RT sessions were com-
pleted in the afternoon (3:30–4:00 p.m.), were separated by 48 h, and avoided holidays. 
Both RT programs consisted of free-weight back squats and bench presses and were su-
pervised and monitored by two conditioning training coaches. 

PBRT PBRT PBRT PBRT PBRT PBRT PBRT PBRT PBRT PBRT PBRT PBRTVBRT VBRT VBRT VBRT VBRT VBRT VBRT VBRT VBRT VBRT VBRT VBRT

Session 1Session 2Session 3Session 4Session 5Session 6Session 7Session 8Session 9Session 10Session 11Session 12

0

10

20

30

40

50

60
~65%1RM ~65%1RM  ~65%1RM ~65%1RM ~75%1RM  ~75%1RM ~85%1RM ~85%1RM  ~90%1RM ~95%1RM ~70%1RM ~70%1RM

Training Session

Group

N
u
m
b
e
r
 
o
f
 
r
e
p
e
t
i
t
i
o
n
s

*

*

 
Figure 1. Number of repetitions in the squat exercise performed between VBRT and PBRT. Data are 
mean ± SD. VBRT: velocity-based resistance training. PBRT: percentage-based (%1RM) resistance 
training. Statistically significant differences between groups: * p < 0.05. 

All tests were conducted in a laboratory setting, with a minimum of 48 h of rest and 
under similar time (±0.5 h) and environmental conditions (~27 °C and ~68% humidity). 
The outcomes of anaerobic performance, sprint, jump performance, and body composi-
tion were evaluated at the baseline (before randomization) and at the end of the interven-
tion. The training loads (weights and repetitions) and kinematic data were continuously 
recorded during each session. 

2.3. Testing Procedure 
Before the baseline assessment, participants were asked to come to the laboratory and 

complete an informed consent form and questionnaire. Their personal information such 

Figure 1. Number of repetitions in the squat exercise performed between VBRT and PBRT. Data are
mean ± SD. VBRT: velocity-based resistance training. PBRT: percentage-based (%1RM) resistance
training. Statistically significant differences between groups: * p < 0.05.

All tests were conducted in a laboratory setting, with a minimum of 48 h of rest and
under similar time (±0.5 h) and environmental conditions (~27 ◦C and ~68% humidity).
The outcomes of anaerobic performance, sprint, jump performance, and body composition
were evaluated at the baseline (before randomization) and at the end of the intervention.
The training loads (weights and repetitions) and kinematic data were continuously recorded
during each session.

2.3. Testing Procedure

Before the baseline assessment, participants were asked to come to the laboratory and
complete an informed consent form and questionnaire. Their personal information such
as age, height, and weight was recorded, and a standardized warm-up was conducted.
The warm-up included fascial relaxation, self-prescribed dynamic stretching, activation
exercises, and barbell mobility work, which lasted approximately 20 min. After the warm-
up, participants underwent a familiarization session with all laboratory tests to ensure
they fully understood the testing procedures and to guarantee that they adhered to the
strict technical requirements during the tests. This was followed by a barbell back squat
repetition session to familiarize the participants with the equipment and technique.

All participants who met the inclusion criteria were permitted to participate in the
study after the familiarization. Outcomes were evaluated at week 1 and week 7, where
participants came to the laboratory to complete three sessions of assessments. These
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included body composition and 1 repetition maximum (1RM) assessment in session 1,
jump, sprint test, and LVP assessment in session 2, and Wingate anaerobic test in session
3. Both baseline and post-test followed the same standardized warm-up protocol. The
1RM and LVP assessments were used to determine the training loads, but only performed
at baseline. To minimize experimental error, the basketball coaches instructed all players
to maintain a consistent diet and sleep pattern and monitored their additional resistance
training during the intervention.

2.4. Measurements
2.4.1. Anaerobic Power Performance

All participants performed the Wingate Anaerobic Test (WAnT) on a mechanically
braked cycle ergometer (Monark© 894E, Varberg, Sweden). Participants were instructed to
remain seated and complete a standardized warm-up, which involved riding at 60 revolu-
tions per minute for 3–4 min at 60W, followed by two 5-s no-load sprints at 90 rpm. After a
brief interval, participants began a 30-s all-out effort to maintain maximum speed with a
resistance of 7.5% body mass. Verbal encouragement was provided throughout the test.

The peak power (PP), mean power (MP), and fatigue index (FI) were recorded and an-
alyzed. The data was collected in the laboratory and processed using the Monark software.

2.4.2. Jump and Sprint Testing

Relative peak power during a countermovement jump (RP-CMJ) and sprint ability
were used as markers of explosive lower-limb power and athletic performance in basketball
players. The RP-CMJ was conducted in three trials, with a 30-s rest in between, using
the Smartjump wireless test mat (SmartJump; FusionSport, Coopers Plains, Queensland,
Australia). Participants placed their hands on their hips, lowered themselves to the optimal
level, and then jumped as high as possible. Following the CMJ, the participants completed
three 30-m sprint trials with a 3-min rest in between. Sprint time was measured using the
Smartspeed fusion sport (2 smart scans and pro, Australia), and a 1.5-m light gate was set
up for the 30-m distance. The highest RP-CMJ and the fastest sprints were selected for
further analysis. The test-retest reliability was high, with a coefficient variation of 0.99%
and 1.4% for the T-30m and RP-CMJ, respectively. The intraclass correlation coefficients
(ICC) with 95% confidence intervals (CI) were 0.968 (95% CI: 0.933–0.987) for T-30m, and
0.991 (95% CI: 0.981–0.996) for RP-CMJ.

2.4.3. Body Composition

Body composition was evaluated using a bioelectrical impedance analysis (InBody
770 Body Composition Analyzer, Biospace, Seoul, South Korea) [15]. Relevant parameters,
including muscle mass (MM), free-fat mass (FFM), and body mass index (BMI) were
measured. Body composition assessments were performed at least 3 days after the last
training session. The assessment was performed before warm-up and there were no cases
of menstrual period. The laboratory had an internal temperature range of 24–26 ◦C. All
participants were required to participate in body composition assessments in a fasted and
dehydrated state (no prior water or food for 4 h).

2.4.4. 1-RM Assessment

Body composition was evaluated using a bioelectrical impedance analysis device
(InBody 770 Body Composition Analyzer, Biospace, Seoul, South Korea). The parameters
measured included muscle mass (MM), free-fat mass (FFM), and body mass index (BMI).
The assessments were performed at least 3 days after the participants’ last training sessions,
before their warm-ups. To minimize any impact of menstrual cycle, all participants were
assessed when not in their menstrual period. The laboratory was maintained at a tempera-
ture range of 24–26 ◦C, and participants were required to be in a fasted and dehydrated
state (no food or water consumed for 4 h prior) during the assessments.
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2.4.5. LVP Assessment

The LPT was used to measure MCV during the free-weight back squat. Participants
performed a protocol that included sets of 3 reps at 40%, 60%, 80%, and 90% of their baseline
1RM, with three minutes of rest between sets. The fastest MCV was used to calculate the
LVP regression equation [9]. The individualized LVPs were determined by plotting MCV
against load and applying a line of best fit, using the Gymaware cloud’s reporter. The MCV
corresponding to 65–95% of 1RM was used to adjust daily lifted weights during the VBRT.

2.5. Resistance Training Program

The PBRT was based on a fixed load calculated from the baseline 1RM [11]. In
contrast, the VBRT group performed auto-regulation training, adjusting the weight and
reps according to the achieved Mean Concentric Velocity (MCV) and the target velocity from
the Load-Velocity Profile (LVP). The VBRT group’s session target velocity was equivalent
to the relative load in the PBRT group [9], albeit with different lifted weights. The specific
velocity zones for each repetition and relative load were calculated for the VBRT group.
If the MCV was 0.06 or 0.12 m/s above or below the target velocity, the next set weight
was adjusted by 5% or 10% of the 1-RM [9]. The training information was provided to the
strength coaches through visual and audio feedback.

During each training session, the average velocity was continuously monitored, and
the appropriate load adjustments were made for each participant in the VBRT group. To
ensure consistency, all participants utilized 20 kg barbells. The VBRT group also used LPTs
(Gymaware Power Tool; Kinetic Performance Technologies, Australia), attached 60 cm to
the right of the barbell center, to collect real-time concentric velocity data during the back
squat exercise in every session.

2.6. Statistical Analysis

The descriptive statistics were presented as mean (standard deviation) or median
(range). Test-retest reliability was evaluated through coefficient of variation (CV) and ICC
with 95% CI. The one-way random effects model was used for this evaluation. To check for
normality, the Shapiro-Wilk test was used, and Levene’s test was used to determine homo-
geneity of variance. In case of abnormal distribution or heterogeneity, the Mann-Whitney
U test and Wilcoxon test were used to examine within-group and between-group differ-
ences, respectively. However, if the data was normally distributed and had homogeneous
variance, the T-test was used. A two-way analysis of variance (ANOVA) with repeated
measures was performed to analyze the time effects and time x group interactions to iden-
tify the best performing group. If there were significant group interactions, between-group
comparisons were performed with the Bonferroni post-hoc test.

Statistical significance was determined at a two-tailed p < 0.05. In addition, the clinical
significance of the effect size (ES) of the within-group and between-group differences was
evaluated using magnitude-based inference [16]. The standard mean difference (SMD),
calculated as the mean change divided by the baseline standard deviation, and its associated
measures, including the smallest worthwhile change (0.2 times the baseline standard
deviation) and Hedges’ g, were computed and used to determine the magnitude of the
difference [16]. The effect size was calculated based on the Cohen scale, with positive
SMD values indicating effects that favored the VBRT group, while negative SMD values
indicated effects favoring the PBRT group. The magnitude of the effect was considered
trivial (SMD < 0.2), small (0.2 to 0.59), moderate (0.6 to 1.19), or large (1.2 to 2.0) [16]. The
likelihood of harmful or beneficial effects was estimated as almost certainly not likely (less
than 0.5%), very unlikely (0.5% to 5%), unlikely (5% to 25%), possible (25% to 75%), likely
(75% to 95%), very likely (95% to 99%), or almost certain (greater than 99.5%) [16]. In cases
where both the harmful and beneficial changes were greater than 5%, the difference was
considered unclear. The magnitude-based inferential statistics and intraclass correlation
coefficients were calculated using a custom spreadsheet [17], with data analysis performed
using jamovi 2.2.2 and R.
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3. Results

No significant differences between VBRT and PBRT were found at baseline for all
descriptive variables (Table 1).

Table 1. Participants characteristics.

Characteristic VBRT PBRT p-Value SMD

Age (y) * 22.6 ± 1.6 22.0 ± 2.0 0.49 0.32
Training years (y) * 7.8 ± 3.4 8.2 ± 2.6 0.85 0.1
Height (cm) * 169.8 ± 6.0 169.4 ± 8.1 0.9 0.06
Body mass (kg) * 60.0 ± 4.8 61.0 ± 7.7 0.92 0.04
Fat mass (kg) * 21.8 ± 6.1 21.5 ± 4.6 0.92 0.05
Muscle mass (kg) * 43.1 ± 3.1 45.1 ± 4.6 0.3 0.49
BMI * 21.7 ± 1.9 21.4 ± 2.1 0.78 0.13
Fat Free Mass (FFM) * 45.9 ± 3.3 46.6 ± 4.1 0.7 0.04
FMS test ~ 16 (13–16) 15 (13–16) 0.39 0.39
The deep squat ~ 2 (2–3) 2 (2–3) 1 0
Back squat 1-RM (kg) * 81.0 ± 12.4 85.9 ± 6.9 0.33 −0.45
R-SQ 1RM * 1.3 ± 0.2 1.4 ± 0.2 0.34 −0.45
Total work (J) * 12,492.2 ± 1294.4 12,262.3 ± 1709.1 0.75 0.15

Data are median (range) or mean ± SD. p-values for * t-test and ~ Mann–Whitney U-test are applied to test for
differences between VBRT and PBRT groups.

3.1. Training Loads

The training data is depicted in Figure 1. After a six-week intervention, the VBRT
group performed fewer repetitions compared to the PBRT group (31.1± 8.7 vs. 33.9± 12.17,
respectively; p < 0.05). However, no significant difference was observed in the average
weight lifted between the two groups (60.7 ± 11.9 vs. 63 ± 11.9, p > 0.05). The VBRT
group experienced a higher intensity in weightlifting, as evidenced by a higher %1RM
(80.2 ± 5.9% vs. 72 ± 6.5%, respectively) compared to the PBRT group.

3.2. Body Composition

No significant within-group differences were observed from baseline to post-intervention,
and no time or group by time interaction effect was found for any of the lower limb muscle
mass related parameters (Table 2).

Table 2. Results of lower limb muscle mass and morphological development.

Outcome

VBRT
(n = 10)

SMD (95%CI)

PBRT
(n = 8)

SMD(95%CI)

RM-ANOVA

Baseline Post-
Intervention Baseline Post-

Intervention Time Group × Time

BM (kg) 60.0 ± 4.2 59.6 ± 5.0 −0.08 (−0.22, 0.03) 61.0 ± 7.7 61.2 ± 7.8 −0.02 (−0.07, 0.11) 0.636 0.305
FFM (kg) 45.9 ± 3.3 46.5 ± 4.0 0.15 (−0.22, 0.56) 46.6 ± 4.1 46.5 ± 4.2 −0.03 (−0.17, 0.11) 0.557 0.391

BMI (kg/m2) 21.7 ± 1.9 21.5 ± 1.9 −0.1 (−0.24, 0.02) 21.4 ± 2.1 21.4 ± 2.0 −0.01 (−0.12, 0.09) 0.189 0.308
MM (kg) 43.1 ± 3.1 43.1 ± 3.6 0 (−0.20, 0.20) 45.1 ± 4.6 44.8 ± 4.7 −0.05 (−0.14, 0.04) 0.609 0.609
HC (cm) 93.3 ± 2.5 93.1 ± 3.0 −0.08 (−0.24, 0.06) 92.8 ± 4.1 92.6 ± 4.1 −0.04 (−0.14, 0.03) 0.174 0.887
LLC (cm) 50.2 ± 1.3 50.0 ± 1.5 −0.17 (−0.48, 0.1) 50.4 ± 3.2 50.4 ± 3.1 −0.02 (−0.11, 0.07) 0.256 0.443
RLC (cm) 50.3 ± 1.4 50 ± 1.5 −0.2(−0.55, 0.09) 50.7 ± 3.3 50.5 ± 3.2 −0.04 (−0.14, 0.04) 0.116 0.571

Abbreviations: BM = body mass; FFM = Fat Free Mass; BMI = body mass index, BMI = mass (kg)/height2 (m);
MM = muscle mass; HC: hip circumference; LLC, RLC: left leg circumference, right leg circumference.

3.3. WAnT Performance

T Significant time effects were observed for maximal velocity (Vmax), total work
(TW), and the related outcomes of PP, MP, and PD (p < 0.05). Results from separate
analyses indicated that only within-group differences from baseline to post-intervention
were significant in Vmax for the VBRT group (p < 0.001, effect size [ES] = 0.93) and in
the related outcomes of PP (p < 0.01, ES = 0.5 to 0.68; see Figure 2A,B) and PD (p < 0.01,
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ES = 0.51 to 0.58; see Figure 2E) for the VBRT group. However, only the PBRT group showed
significant improvements in MP (p < 0.01, ES = 0.38; see Figure 2C,D) and TW (p < 0.01,
ES = 0.45; see Figure 2F). A significant “group × time” interaction effect was observed for
MP and TW (p < 0.05; see Figure 2C,F). No significant group by time interaction effect was
noted for the remaining anaerobic-related outcomes (see Table 3).

Healthcare 2023, 11, x FOR PEER REVIEW 8 of 16 
 

 

✱✱
✱

✱✱ ✱✱✱

✱✱ ✱✱

 
Figure 2. Mean changes in absolute (A) and relative peak power output (B), absolute (C) and relative 
mean power output (D), fatigue index (E) and total work (F) for the Wingate anaerobic power test 
after 6 weeks of training. * indicates significant difference baseline vs post-intervention: * p < 0.05, 
** p < 0.01, *** p < 0.001; → indicates significant time effect; p-value show significant group by time 
effect.  

Figure 2. Mean changes in absolute (A) and relative peak power output (B), absolute (C) and
relative mean power output (D), fatigue index (E) and total work (F) for the Wingate anaerobic
power test after 6 weeks of training. * indicates significant difference baseline vs post-intervention:
* p < 0.05, ** p < 0.01, *** p < 0.001;→ indicates significant time effect; p-value show significant group
by time effect.
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Table 3. Results of mechanisms of lower limb muscle anaerobic performance adaptation between
VBRT and PBRT.

Outcome
VBRT

SMD (95%CI) Inference
PBRT

SMD
(95%CI) Inference

RM-ANOVA

Baseline Post-
Intervention Baseline Post-

Intervention Time Group × Time

30-m sprint (s) 4.78 ± 0.2 4.71 ± 0.2 −0.46
(−0.87, −0.16) 71/28/1 4.8 ± 0.1 4.71 ± 0.2 −0.2

(−1.35, 0.87) 55/20/25 0.053 0.197

Unclear Unclear
RP-CMJ
(W/kg) 45.7 ± 5.2 48.7 ± 5.3 ** 0.55

(0.25, 0.99) 98/2/0 47.3 ± 3.5 47.4 ± 2.8 0.03
(−0.43, 0.51) 22/62/16 0.012 0.018

Very Likely Unclear

T-PP (ms) 2976.5 ± 853.7 2932.5 ± 2817.7 −0.03
(−0.77, 0.7) 54/35/11 2416.3 ± 995.4 2478.8.2 ± 1367 0.05

(−0.67, 0.55) 62/25/14 0.639 0.568

Unclear Unclear

V-max (m/s) 147.8 ± 13.1 160.5 ± 13.0 *** 0.94
(0.54, 1.37) 99.9/0.1/0 145 ± 17.8 154.2 ± 14.4 0.54

(−0.06, 1.31) 87/11/2 0.001 0.501

Almost Possibly

TW (J) 12,492 ± 1294 12,420 ± 1318 0.05
(−0.34, 0.22) 4/81/15 12,262 ± 1709 12,998 ± 1388 ** 0.45

(0.25, 0.80) 96.5/3.4/0.0 0.018 0.006

Unclear Very Likely

PP [W] 572.7 ± 43.9 607.4 ± 54.0 ** 0.68
(0.31, 1.21) 99/1/0 592.1 ± 87.4 615.3 ± 76.5 0.27

(−0.11, 0.74) 63.3/34.7/2.0 0.001 0.524

Very Likely Unclear

RPP [W/kg] 9.2 ± 1.0 9.8 ± 1.3 * 0.5
(0.13, 1.31) 96/4/0 9.7 ± 0.8 10.2 ± 0.8 0.65

(−0.03, 1.58) 83.7/13.2/3.1 0.006 0.672

Very Likely Possibly

MP [W] 432.8 ± 48.3 436.3 ± 51.4 0.07
(−0.16, 0.31) 15/83/2 427.8 ± 63.1 451.8 ± 55.5 ** 0.38

(0.23, 0.66) 97.4/2.6/0.0 0.002 0.016

Unclear Very Likely

RMP [W/kg] 7.1 ± 0.7 7.2 ± 0.9 0.16
(−0.09, 0.46) 49/49/2 7.0 ± 0.6 7.4 ± 0.5 *** 0.7

(0.41, 1.22) 99.7/0.3/0.0 0.002 0.079

Unclear Almost

PD [W] 300.8 ± 47.0 331.0 ± 62.0 ** 0.53
(0.26, 0.93) 98/2/0 351.6 ± 87.9 379.4 ± 69.6 0.33

(−0.28, 1.07) 65.1/29.4/5.5 0.022 0.916

Very Likely Unclear

PD [W/kg] 4.9 ± 0.9 5.5 ± 1.1 ** 0.5
(0.26, 0.88) 99/1/0 5.6 ± 0.9 6.1 ± 1.0 0.59

(−0.26, 1.49) 80.5/14.1/5.4 0.008 0.981

Very Likely Possibly

PD [W/s] 10 ± 1.6 11 ± 2.1 ** 0.53
(0.26, 0.93) 98/2/0 11.7 ± 2.9 12.6 ± 2.3 0.33

(−0.28, 1.07) 73.9/17.7/8.5 0.022 0.916

Very Likely Possibly

PD [%] 53.3 ± 5.3 55.7 ± 5.6 0.41
(−0.11, 1.05) 80/18/2 56.8 ± 7.2 60.5 ± 6.4 0.51

(−0.47, 1.7) 73.9/17.7/8.5 0.083 0.679

Possibly Possibly

Data are mean ± SD. * indicates significances difference = * p < 0.05, ** p < 0.01, *** p < 0.001. Inferences =
magnitude-based inference; RM-ANOVA = repeated-measures analysis of variance; RP-CMJ = the relative power
of countermovement jump, peak power (W)/body mass (kg); T-PP = time to peak power; TW = Total work; PP,
RPP = absolute peak power and relative peak power output; MP = absolute mean power and relative mean power
output; PD = power drop for the Wingate anaerobic power test; VBRT = velocity-based resistance training; PBRT=
(%1RM) percentage-based resistance training. CI = confidence interval; SMD = standardized mean difference;
Inference = magnitude based.

3.4. Jump and Sprint Performance

A significant time effect (p = 0.012) and group-by-time interaction effect (p = 0.018)
were observed for RP-CMJ. The VBRT group showed a very likely improvement in RP-CMJ
(7.0%; ES = 0.55) compared to baseline (Figure 3a). A comparison of between-group effects
revealed that VBRT was more likely to be beneficial for RP-CMJ (Figure 3b). However, no
group-by-time interaction and no significant improvement were found for T-30m (Table 3,
Figure 3a).
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3.5. Training Effect

When comparing the power adaptation between the VBRT and PBRT (Figure 3), VBRT
was very likely preferable for RP-CMJ (SMD = 0.55), whereas PBRT was very likely more
beneficial for TW (SMD = 0.45) and MP (SMD = 0.38).

4. Discussion

The purpose of this study was to compare the effects of two load prescription methods,
VBRT and PBRT, during a six-week progressive resistance training program on lower-limb
power adaptation in female basketball players. The results showed that VBRT elicited
greater improvements in RP-CMJ, Vmax, and PP compared to PBRT, which had more
favorable effects on MP and TW. The findings support the notion that VBRT is effective
in improving vertical jump performance, as evidenced by previous studies in various
populations. The mechanisms behind these improvements may be attributed to the higher
load and fewer repetitions implemented in the VBRT program, which reduced mechanical
stress and fatigue while improving power output.

The study evaluated the impact of two resistance training methods, individualized
MCV-based and %1RM-based on CMJ height and T-30M. After a six-week intervention,
the results showed that only the VBRT elicited improvements in RP-CMJ. This finding is
supported by previous studies, including Orange et al. [11] which compared the effects of
strength and jumping performance of rugby league players with seven-week VBRT and
PBT, and found a likely improvement in CMJ height for both groups, although there were
no significant differences between groups. Another study by Banyard et al. [9] found likely
improvements in the fastest velocity of loaded CMJ (PV-CMJ) in 24 trained men with VBRT.
The systematic review [18] also supports the use of velocity loss metrics as a monitoring
tool in strength training, as it can improve CMJ height to varying degrees.

The present study aimed to assess the effects of resistance training on lower-limb
explosive power output using the relative power output of the CMJ as a direct variable.
The findings suggest that VBRT is more effective than PBRT or different velocity loss inter-
ventions in improving vertical jump performance, including peak velocity and CMJ height.
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This has been observed in various populations, including players, fitness enthusiasts, and
female athletes. The results provide valuable insights for sports that require high jumping
ability, such as basketball and volleyball. The higher load and fewer repetitions mechanism
of VBRT may explain its superior efficacy [19]. Additionally, routine strength training
can lead to a decrease in velocity and power output with an increase in repetitions. High
velocity-loss and high repetition resistance training can result in a significant reduction
in type IIX fibers, which may negatively impact strength development and prolong re-
covery [20]. Velocity-based prescription and monitoring velocity loss can mitigate these
issues by ensuring higher quality completion of each repetition and reducing unnecessary
mechanical stress and fatigue [18]. The present study highlights the importance of heavy
intensity and slightly fewer repetitions in enhancing explosive power.

The results regarding the effects on sprint ability in both groups are inconclusive due
to the lack of plyometrics and linear sprint training in the six-week intervention. Previous
studies have shown mixed results. Banyard et al. study on adult trained males (n = 24)
reported that VBRT improved 10 m and 20 m sprint performance (10 m: ES = 1.24; 20 m:
ES = 1.27). However, a larger study on youth football players over 12 weeks of maximum
velocity (VG) and maximal strength (RMG) training found that only VG improved 30m
sprint performance (p < 0.001; ES = −1.26) [21]. Further research is required to determine
whether VBRT can improve sprint performance.

Currently, most studies on WAnT have focused on the acute effects of non-strength
training interventions. The limited and complex nature of laboratory-based studies has
resulted in a scarcity of research examining the impact of resistance training on anaerobic
performance. In a study by Rønnestad et al. [22], 16 elite cyclists were subjected to 25 weeks
of combined endurance and percentage-based half-squat training (E + S) or endurance
training only (E). Results showed a moderate effect of E + S on relative peak power (PP)
in the WAnT (ES = 0.76). Pallares et al. [23] also demonstrated the effectiveness of VBRT
through improved parallel-squat PP and MP) (ES = 0.15–0.56). While these studies suggest
that VBRT or PBRT may have a positive effect on anaerobic performance, the underlying
mechanism remains unclear. Moreover, there is a lack of direct comparative research in
this field.

The anaerobic metabolic capacity is influenced by several factors including age, gender,
and muscle mass. PP during the WAnT reflects the energy-generating capacity of the ATP-
CP system and is dependent on muscle mass and maximum leg strength [24], particularly
the amount of FFM. MP during the test reflects the energy generated from glycolysis
and represents muscle endurance [25]. Previous research has shown that high velocity-
loss RT can increase muscle cross-sectional area (CSA) and muscle volume, particularly
in the vastus lateralis and intermedius muscles, with the use of higher loads and fewer
repetitions [26]. However, the current study did not observe significant changes in FFM
and muscle mass, which may be due to differences in the number of repetitions and
overall training volume compared to previous studies. Thus, it is inappropriate to draw
conclusions on the relationship between neuromuscular adaptations and muscle mass or
hypertrophy based on the results of this study.

The present study aimed to investigate the relationship between muscle fiber type
and anaerobic capacity, as manifested in the percentage of fast-muscle fibers. Our findings
showed a positive correlation between the high percentage of fast-muscle fibers and high
anaerobic power output during contraction, as well as maximum knee extension force, con-
traction force, and velocity. The dominance of fast muscle fibers in maximum instantaneous
power output and short-duration anaerobic power was also observed. In exercises that
heavily rely on anaerobic metabolic energy, faster muscle fibers or larger cross-sectional
area can sustain maximal power output for a relatively longer period. Lahti et al. [27]
demonstrated that high-intensity training, such as the VBRT employed in this study, can
induce a shift in fiber type towards type IIa fast muscle fibers and enhance explosive power
in athletes. Therefore, athletes can increase the proportion of fast fibers through training
and thereby shift the force-velocity curve toward the right and upward. In the overview of
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the literature and theory, the higher intensity and lower volume prescription observed in
this study during VBRT group may explain the observed increase in PP and V-max, as well
as RP and peak velocity of the CMJ were also considered. It seemed possible that these
results were also due to the feedback during RT that inspired the athletes to accomplish
concentric velocity in VBRT [28], which contributed to heavier lifting weights, as well as
faster and fewer repetitions, thus possibly inducing a shift in type IIa fast muscle fibers
or a positive shift in the force-velocity curve. Myofibrillar subclasses can be converted
rather quickly into a more active type II subclass through RT programs, and high-intensity
exercises appear to facilitate the conversion of myofibrillar subclasses from type IIx to type
IIa. Higher VL allowed for greater volume, thus maximizing muscle hypertrophy, while
the lower VL triggered positive neuromuscular-specific adaptations [26]. Our results also
showed that VBRT induced greater adaptation of faster and less fatigue-resistant muscle
fibers, whereas the PBRT resulted in higher muscle endurance and time to exhaustion but
had less impact on power output. Further studies are needed to examine the differences in
changes in force-velocity relationship between these two strength methods. This research
has practical implications for athletic performance and neuromuscular adaptations, as it
provides novel insights into the differences between VBRT and PBRT from an anaerobic
power capacity perspective.

The finding suggests that the two strength training methods, VBRT and PBRT, induce
distinct neuromuscular adaptations. Both high power anaerobic endurance and instanta-
neous explosive power are key physical fitness factors crucial for basketball performance.
By monitoring real-time muscle contraction velocity during strength training, a method can
be prescribed that utilizes higher intensity loading weights, promotes specific adaptations,
and reduces fatigue. This study sheds light on the underlying mechanisms of action of both
VBRT and PBRT, reducing the potential for subjective bias from physical fitness experts
and athletes. As a result, it provides a basis for choosing the appropriate strength training
method for specific training goals, rather than dismissing previous training approaches.

This study found that VBRT was effective in improving PP, V-max, and RP-CMJ in
basketball players. These results provide new insights into the differential impact of VBRT
and PBRT and could aid in the selection of strength training programs for sports that
require high jumping ability. The use of velocity-based prescription and monitoring in
resistance training programs was emphasized by these findings, highlighting their practical
significance in improving athletic performance in sports such as basketball and volleyball.

The limitations of this study include the inability to determine changes in muscle fiber
type or percentage distributions and a small sample size. These limitations highlight the
need for future research with a larger sample size to confirm the transformation of fiber
types. Despite these limitations, the study should be acknowledged for its contribution to
the field of sports science by exploring the influence of VBRT on female basketball players,
which is an understudied area [29]. Further research is needed to expand upon the results
and address the limitations of the study.

5. Conclusions

The results of this study demonstrate that after six weeks of back squat training with
different load prescription protocols, VBRT and PBRT are different as regards improving
physical parameters related to basketball performance. Specifically, VBRT was effective
in improving PP, V-max, and RP-CMJ, while PBRT was more beneficial in improving MP
and TW. These findings suggest that PBRT might target high power velocity endurance,
whereas VBRT might primarily induce greater instantaneous mechanical power for explo-
sive adaptations.

Author Contributions: M.Z., D.L. (Duanying Li), J.H., X.S. and J.S. (Jian Sun) designed the study.
M.Z., X.L., J.H., J.S. (Jie Shu) and D.L. (Dongyu Li) involved in baseline test, experimental preparation,
and data collection. M.Z., W.S., S.D., J.S. (Jie Shu) and D.L. (Duanying Li) contributed to the statistical
analyses and interpretation. M.Z., X.S. and J.S. (Jian Sun) wrote the original draft and revised it.
All authors provided comments, approved the final version of the manuscript and agreed to be

115



Healthcare 2023, 11, 623

accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved. All persons designated as
authors qualify for authorship, and all those who qualify for authorship are listed. All authors have
read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Social Science Foundation of China and Ex-
cellent Doctoral dissertation Project. Project name: Research on systematic biological principles of
performance training in competitive sports (Grant No. 20FTYB008).

Institutional Review Board Statement: The studies involving human participants were reviewed
and approved by the Ethics Committee of Guangzhou Sport University (2022LCLL-02). The trial
was registered at www.chictr.org.cn (accessed on 21 December 2022). The participants provided their
written informed consent to participate in this study.

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

Data Availability Statement: The original contributions presented in the study can be directed to
the corresponding authors. Written informed consent has been obtained from the patients to publish
this paper.

Acknowledgments: The authors would like to thank all of the participants for providing their
valuable time in volunteering for this study, and Guangzhou Sport University, which provided all
testing equipment. We confirm that the experiments comply with the current laws of the country in
which they were performed and there is no conflict of interest to declare.

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

References
1. Dorrell, H.F.; Smith, M.F.; Gee, T.I. Comparison of Velocity-Based and Traditional Percentage-Based Loading Methods on Maximal

Strength and Power Adaptations. J. Strength Cond. Res. 2020, 34, 46–53. [CrossRef] [PubMed]
2. Weakley, J.; Mann, B.; Banyard, H.; Mclaren, S.; Garcia-Ramos, A. Velocity-Based Training: From Theory to Application.

Strength Cond. J. 2020, 43, 31–49. [CrossRef]
3. Zhang, M.; Tan, Q.; Sun, J.; Ding, S.; Yang, Q.; Zhang, Z.; Lu, J.; Liang, X.; Li, D. Comparison of Velocity and Percentage-based

Training on Maximal Strength: Meta-analysis. Int. J. Sport. Med. 2022, 43, 981–995. [CrossRef] [PubMed]
4. Nevin, J. Autoregulated Resistance Training: Does Velocity-Based Training Represent the Future? Strength Cond. J. 2019, 41, 34–39.

[CrossRef]
5. Hickmott, L.M.; Chilibeck, P.D.; Shaw, K.A.; Butcher, S.J. The Effect of Load and Volume Autoregulation on Muscular Strength

and Hypertrophy: A Systematic Review and Meta-Analysis. Sport. Med.-Open 2022, 8, 1–35. [CrossRef]
6. González-Badillo, J.J.; Marques, M.C.; Sánchez-Medina, L. The importance of movement velocity as a measure to control resistance

training intensity. J. Hum. Kinet. 2011, 29, 15–19. [CrossRef]
7. González-Badillo, J.J.; Sánchez-Medina, L. Movement velocity as a measure of loading intensity in resistance training. Int. J.

Sports Med. 2010, 31, 347–352. [CrossRef]
8. Montalvo-Perez, A.; Alejo, L.B.; Valenzuela, P.L.; Gil-Cabrera, J.; Talavera, E.; Luia, A.; Barranco-Gil, D. Traditional Versus

Velocity-Based Resistance Training in Competitive Female Cyclists: A Randomized Controlled Trial. Front. Physiol. 2021,
12, 586113. [CrossRef]

9. Banyard, H.G.; Tufano, J.J.; Weakley, J.J.S.; Wu, S.; Jukic, I.; Nosaka, K. Superior Changes in Jump, Sprint, and Change-of-Direction
Performance but Not Maximal Strength Following 6 Weeks of Velocity-Based Training Compared With 1-Repetition-Maximum
Percentage-Based Training. Int. J. Sports Physiol. Perform. 2020, 16, 232–242. [CrossRef]

10. Zhang, M.; Liang, X.; Huang, W.; Ding, S.; Li, G.; Cui, X.; Li, C.; Zhou, Y.; Sun, J.; Li, D. The Effects of Velocity-based Versus
Percentage-based Resistance Training on Athletic Performances in Sport-Collegiate Female Basketball Players. Front. Physiol.
2023, 13, 2739. [CrossRef]

11. Orange, S.T.; Metcalfe, J.W.; Robinson, A.; Applegarth, M.J.; Liefeith, A. Effects of In-Season Velocity- Versus Percentage-Based
Training in Academy Rugby League Players. Int. J. Sports Physiol. Perform. 2020, 15, 554–561. [CrossRef]

12. Ziv, G.; Lidor, R. Physical attributes, physiological characteristics, on-court performances and nutritional strategies of female and
male basketball players. Sports Med. 2009, 39, 547–568. [CrossRef] [PubMed]

13. Apostolidis, N.; Nassis, G.; Bolatoglou, T.; Geladas, N. Physiological and technical characteristics of elite young basketball players.
J. Sports Med. Phys. Fit. 2004, 44, 157–163.

14. Hoare, D.G. Predicting success in junior elite basketball players–the contribution of anthropometic and physiological attributes.
J. Sci. Med. Sport 2000, 3, 391–405. [CrossRef] [PubMed]

116



Healthcare 2023, 11, 623

15. Campa, F.; Toselli, S.; Mazzilli, M.; Gobbo, L.A.; Coratella, G. Assessment of body composition in athletes: A narrative review
of available methods with special reference to quantitative and qualitative bioimpedance analysis. Nutrients 2021, 13, 1620.
[CrossRef] [PubMed]

16. Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine and exercise
science. Med. Sci. Sports Exerc. 2009, 41, 3–13. [CrossRef]

17. Hopkins, W.G. Spreadsheets for analysis of controlled trials, with adjustment for a subject characteristic. Sport Sci. 2006, 10, 46–50.
18. Pareja-Blanco, F.; Rodriguez-Rosell, D.; Sanchez-Medina, L.; Sanchis-Moysi, J.; Dorado, C.; Mora-Custodio, R.; Yanez-Garcia, J.M.;

Morales-Alamo, D.; Perez-Suarez, I.; Calbet, J.A.L.; et al. Effects of velocity loss during resistance training on athletic performance,
strength gains and muscle adaptations. Scand. J. Med. Sci. Sports 2017, 27, 724–735. [CrossRef]

19. Sanchez-Medina, L.; González-Badillo, J.J. Velocity loss as an indicator of neuromuscular fatigue during resistance training.
Med. Sci. Sports Exerc. 2011, 43, 1725–1734.

20. Enoka, R.M.; Duchateau, J. Muscle fatigue: What, why and how it influences muscle function. J. Physiol. 2008, 586, 11–23.
21. Ortega, J.A.F.; Reyes, Y.G.D.l.; Peña, F.R.G. Effects of strength training based on velocity versus traditional training on muscle

mass, neuromuscular activation, and indicators of maximal power and strength in girls soccer players. Apunt. Sports Med. 2020,
55, 53–61. [CrossRef]

22. Rønnestad, B.R.; Hansen, J.; Hollan, I.; Ellefsen, S. Strength training improves performance and pedaling characteristics in elite
cyclists. Scand. J. Med. Sci. Sports 2015, 25, e89–e98. [CrossRef] [PubMed]

23. Pallares, J.G.; Cava, A.M.; Courel-Ibanez, J.; Gonzalez-Badillo, J.J.; Moran-Navarro, R. Full squat produces greater neuromuscular
and functional adaptations and lower pain than partial squats after prolonged resistance training. Eur. J. Sport Sci. 2020,
20, 115–124. [CrossRef] [PubMed]

24. Izquierdo, M.; Ibanez, J.; Hakkinen, K.; Kraemer, W.J.; Ruesta, M.; Gorostiaga, E.M. Maximal strength and power, muscle mass,
endurance and serum hormones in weightlifters and road cyclists. J. Sports Sci. 2004, 22, 465–478. [CrossRef]

25. Wilmore, J.H.; Costill, D.L.; Gleim, G.W. Physiology of sport and exercise. Med. Sci. Sports Exerc. 1995, 27, 792. [CrossRef]
26. Pareja-Blanco, F.; Alcazar, J.; Cornejo-Daza, P.J.; Sanchez-Valdepenas, J.; Rodriguez-Lopez, C.; Hidalgo-de Mora, J.;

Sanchez-Moreno, M.; Bachero-Mena, B.; Alegre, L.M.; Ortega-Becerra, M. Effects of velocity loss in the bench press exer-
cise on strength gains, neuromuscular adaptations, and muscle hypertrophy. Scand. J. Med. Sci. Sports 2020, 30, 2154–2166.
[CrossRef]

27. Lahti, J.; Jimenez-Reyes, P.; Cross, M.R.; Samozino, P.; Chassaing, P.; Simond-Cote, B.; Ahtiainen, J.; Morin, J.B. Individual Sprint
Force-Velocity Profile Adaptations to In-Season Assisted and Resisted Velocity-Based Training in Professional Rugby. Sports 2020,
8, 74. [CrossRef]

28. Randell, A.D.; Cronin, J.B.; Keogh, J.W.; Gill, N.D.; Pedersen, M.C. Effect of instantaneous performance feedback during 6 weeks
of velocity-based resistance training on sport-specific performance tests. J. Strength Cond. Res. 2011, 25, 87–93. [CrossRef]

29. Gantois, P.; Nakamura, F.; Alcazar, J.; Fortes, L.; Pareja-Blanco, F.; Fonseca, F. The effects of different intra-set velocity loss
thresholds on lower-limb adaptations to resistance training in young adults: A systematic review and meta-analysis. SportRXiv
2021. [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.

117



Citation: Querido, A.; Costa, M.J.;

Araújo, D.; Sampaio, A.R.; Vilas-Boas,

J.P.; Corredeira, R.; Daly, D.J.;

Fernandes, R.J. Swimmers with

Down Syndrome Are Healthier and

Physically Fit than Their Untrained

Peers. Healthcare 2023, 11, 482.

https://doi.org/10.3390/

healthcare11040482

Academic Editors: Herbert Löllgen

and João Paulo Brito

Received: 27 December 2022

Revised: 3 February 2023

Accepted: 4 February 2023

Published: 7 February 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/).

healthcare

Article

Swimmers with Down Syndrome Are Healthier and Physically
Fit than Their Untrained Peers
Ana Querido 1,2,3,*, Mário J. Costa 2,3 , Dália Araújo 2,3, António R. Sampaio 1,2,3 , João P. Vilas-Boas 2,3 ,
Rui Corredeira 4, Daniel J. Daly 5 and Ricardo J. Fernandes 2,3

1 N2i, Polytechnic Institute of Maia, 4475-690 Maia, Portugal
2 Centre of Research, Education, Innovation and Intervention in Sport, CIFI2D, Faculty of Sport,

University of Porto, 4200-450 Porto, Portugal
3 Porto Biomechanics Laboratory, LABIOMEP-UP, Faculty of Sport, University of Porto,

4200-450 Porto, Portugal
4 Research Centre in Physical Activity, Health and Leisure, CIAFEL, Faculty of Sport, University of Porto,

4200-450 Porto, Portugal
5 Faculty of Movement and Rehabilitation Sciences, Katholiek Universiteit Leuven, 3001 Leuven, Belgium
* Correspondence: d012072@umaia.pt

Abstract: While there are positive benefits from physical activity participation for individuals with
Down syndrome, little is known about the effects of swimming training. The aim of this study was to
compare the body composition and physical fitness profile of competitive swimmers and moderately
active (untrained) individuals with Down syndrome. The Eurofit Special test was applied to a group
of competitive swimmers (n = 18) and a group of untrained individuals (n = 19), all with Down
syndrome. In addition, measurements were taken to determine body composition characteristics.
The results showed differences between swimmers and untrained subjects in height, sum of the
four skinfolds, body fat %, fat mass index and all items of the Eurofit Special test. Swimmers with
Down syndrome exhibited physical fitness levels near to the Eurofit standards, although lower fitness
levels were attained by these persons when compared to athletes with intellectual disability. It can be
concluded that the practice of competitive swimming seems to counteract the tendency for obesity in
persons with Down syndrome and also helps to increase strength, speed and balance.

Keywords: physical fitness; body composition; health; measurement; Down syndrome

1. Introduction

Down syndrome, a form of intellectual disability, is a genetic disorder caused by the
presence of the whole (or part) of an extra copy of chromosome 21, with a global incidence
estimation of 1 in 1000 to 1 in 1200 live births [1]. These individuals, present distinctive
physical features, are predisposed to a higher incidence of cardiovascular disease [2],
diabetes [3], osteoporosis and obesity, and more susceptible to a premature and significant
decline in function with age [4]. Despite this, the infant Down syndrome survival rate, as
well as life expectancy in general, continues to increase [5,6].

Lack of regular physical activity has been identified as one of the most significant
health risks and people living with chronic conditions or disability are now being given
recommendations for the first time [7]. This inactivity results in an increased threat of
chronic conditions (e.g., cardiovascular disease and type 2 diabetes) [8] and is considered
as a predictor of mortality in the Down syndrome population [9]. Literature indicates low
fitness levels in these individuals [10–12], which may be related to sedentary lifestyles [13],
limited social and recreational opportunities [14] and/or low motivation to be physically
active [15]. Nevertheless, several studies have indicated positive benefits from physical
activity participation for these individuals [16–18] and evidence suggests that physical
activity can increase their physical fitness [19]. Specifically, aquatic exercise has been
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shown to offer benefits for people with intellectual disabilities in terms of cardiorespiratory
endurance, muscular endurance, speed, static balance and agility [20,21].

There has been an increasing interest from people with Down syndrome in competitive
swimming, with the participation of ~200 swimmers at the 2022 World Championships held
in Portugal. Even if physical activity and sport are meaningful to many people, including
those with intellectual disabilities, research in this topic has focused mainly on inactive
participants [22], while trained individuals are scarcely studied [23]. In the specific case
of competitive swimming, one study showed that an 18 week training intervention did
not promote clear changes in jumping performance or body composition in swimmers
with Down syndrome [24]. In a contrasting study, 33 weeks of swimming training lead to
improved health status and swimming skills [25]. So, some mixed findings exist on how
swimmers with Down syndrome may react to swimming training and exhibit improved
physical form in comparison to their non-swimmer peers. This lack of evidence makes
us question if swimmers with Down syndrome, even those at the top level, still remain
healthier, or show better physical condition than their peers who are not involved in any
intensive sport participation.

Thus, the aim of this study was to assess the body composition and the physical fitness
profile of competitive swimmers with Down syndrome and to compare them to untrained
peers. It was hypothesized that: (i) swimmers would present lower values than untrained
individuals for Body Mass Index (BMI), percentage of total body fat (fat%) and Fat Mass
Index (FMI), and higher values for Lean Body Mass (LBM); and (ii) swimmers would also
present higher physical fitness values than untrained counterparts.

2. Materials and Methods
2.1. Participants

To be elegible for this study, trained participants had to be, as minimum, national
competitive swimmers, being involved in a minimum of 6 h of swimming training per
week, for at least 3 years. To be a part of the control group, participants could not be
involved in any kind of competitive sport practice for the last 3 years.

Thirty-three individuals with Down syndrome participated in this study: 18 were
national or international level trained swimmers and 19 were untrained persons with Down
syndrome. Trained swimmers were 22.2 ± 5.4 years, practiced 7.4 ± 0.8 h per week over the
entire year and had been involved in swimming training for several years. More than half
of the participants were part of the National Federation Swimming Team and participated
in DSISO International Championships. Untrained individuals were 26.6 ± 8.2 years and
were involved in two 45 min sessions a week of general physical activity. All individuals,
or their parents, gave written informed consent to participate in this study, which was
approved by the local ethics committee (under the code: CEFAD 19.2020) and carried out
according to the Declaration of Helsinki.

2.2. Procedures and Measures

The body measurements included height, weight and four skinfolds (triceps, biceps,
subscapular and supra-iliac, using a Harpender skinfold caliper). BMI (in kg/m2) was
defined as body mass (in kg, measured using an electronic weighing scale) divided by
height squared (in m). The fat% and LBM were derived from the measured skinfolds, using
the equation proposed by Durnin & Wommersley [26] and the FMI was calculated as fat
mass/height2. All measurements were made on the right side of the body by the same
evaluator and were repeated three times, with the mean values being used [27]. The classi-
fication of obesity was made according to the World Health Organization technical report
as follows [28]: underweight if BMI ≤ 18.4, normal weight if BMI 18.5–24.9, overweight if
BMI 25–29.9, obesity if BMI 30–39.9 and morbid obesity if BMI ≥ 40.

To evaluate physical fitness, the Eurofit Special test was used, as follows [29]: (i) ex-
plosive lower limb strength was determined with a standing broad jump; (ii) upper limb
strength was determined using a 2 kg medicine ball push performed with the preferred
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arm—from a standing position, the ball was placed in the palm, supported by the second
hand and pushed forward in a shot put like action; (iii) local muscle endurance was deter-
mined by the number of correctly completed sit-ups in 30 s; (iv) speed was measured for a
25 m run from a standing start measured to 0.1 s using a manual stopwatch; (v) flexibility
was measured with the sit-and-reach test; and (vi) balance was determined by walking
on a bench. Two test trials (Test A and Test B) were performed without shoes. In test A,
the participant approached the bench, stepped onto it and walked forward. If Test A was
successful, Test B is attempted. For test B the same process applies, with the bench in the
upside-down position. Each test had to be completed in 30 s, with points recorded on
the following scale: 1 point if the participant responds to the instructions; 2 points if the
participant approaches the bench; 3 points if the participant walks 2 m without support or
the entire bench with support (Test A); 4 points if the participant walks along the entire
bench without support (Test A); 5 points if the participant walks 2 m without support or the
entire bench with support (Test B); 6 points if the participant walks along the entire bench
without support (Test B). A familiarization for all tests was allowed two weeks before the
data collection to guarantee that the physical fitness tests were fully understood by the
subjects and could therefore be carried out properly.

The results from the body mass, height and all the Eurofit items were then converted
to percentile scores. This facilitated merging of gender groups for this study (14 males
and four females swimmers and nine males and 10 females untrained). The norm scales
for severe intellectual disabled individuals of 20 years old (top off age for the scale) were
used [30]. This table was chosen for two main reasons: (i) most raw scores measured
fit this table, particularly the control group, and (ii) 20 years was the closest age to the
sample studied. Scores outside the scale were given the maximum or minimum points, as
appropriate.

2.3. Statistical Analysis

Descriptive statistics were calculated for all the variables (raw values as well as
percentile scores) and all data were checked for normality and homogeneity of variance
using Shapiro-wilk and Levene tests, respectively. Mean and SD for all variables are
presented. An independent sample t-test was used to verify if there were differences
between groups on performance and body composition (independently of the sex). Cohen’s
d was calculated for effect size and interpreted as: small if d ≤ 0.2, moderate if d between
0.2 and 0.5, and large if d ≥ 0.5). The statistical significance was set at p ≤ 0.05. Procedures
were performed with SPSS Statistics (v. 27, IBM, SPSS Inc., Chicago, IL, USA).

3. Results

Table 1 presents the comparison of body composition and all variables of the Eurofit
Special Test between trained swimmers and untrained subjects. The swimmers presented
higher values for height and lower values for the sum of the skinfolds, BMI, fat% and
FMI, all with large effect sizes. Concerning sex differences, male swimmers and untrained
individuals were taller and had higher values for LBM and lower values for fat% than
female counterparts. In the swimmers group, 10 persons were of normal weight, six were
overweight, and two were obese whereas in the untrained group, seven were of normal
weight, four were overweight, six were obese, and two were morbid obese. Thus, 44.4 and
52.6% of the participants were overweight or obese in swimmers and untrained individuals,
respectively and 10.5% of the untrained group showed morbid obesity.
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Table 1. Mean (± SD) and effect size values for the body composition and all variables of the Eurofit
Special Test for trained swimmers and untrained subjects.

Variables Swimmers Untrained Subjects Effect Size

Males (n = 14) Females
(n = 4) Total (n = 18) Males (n = 9) Females

(n = 10) Total (n = 19) Cohen’s d

BM (kg) 63.8 ± 11.3 53.8 ± 10.4 61.6 ± 11.6 67.5 ± 11.4 62.1 ± 12.8 64.7 ± 12.1 −0.26

Height (cm) 158.4 ± 5.7 a 145.8 ± 6.4 155.6 ± 7.8 c 155.1 ± 5.1 b 141.3 ± 6.7 147.9 ± 9.2 0.91

SS (mm) 47.9 ± 13.4 64.1 ± 22.1 51.5 ± 16.5 c 70.9 ± 23.4 91.8 ± 28.9 81.9 ± 27.9 −1.32

BMI 25.3 ± 3.1 25.9 ± 6.2 25.4 ± 3.8 c 28.3 ± 4.6 32.9 ± 13.3 30.7 ± 10.2 −0.76

Fat% 18.8 ± 3.7 a 29.7 ± 4.7 21.2 ± 6.0 c 24.2 ± 4.2 b 34.7 ± 5.3 29.8 ± 7.1 −1.30

LBM 23.5 ± 3.5 a 17.1 ± 2.6 22.1 ± 4.2 23.1 ± 2.8 b 18.1 ± 2.8 20.5 ± 3.7 0.40

FMI 9.3 ± 3.5 c 13.6 ± 6.1 −0.86

LJ (cm) 123.3 ± 40.7 91.0 ± 10.6 116.1 ± 9.1 c 89.6 ± 45.2 b 56.5 ± 32.6 72.1 ± 41.6 1.10

MB (cm) 384.8 ± 142.3 a 252.0 ± 102.9 355.3 ± 143.4 c 289.5 ± 139.1 b 200.8 ± 74.7 242.8 ± 116.0 0.86

Sit-ups 17.4 ± 3.8 16.0 ± 2.8 17.1 ± 3.6 c 8.7 ± 8.4 7.5 ± 6.7 8.1 ± 7.4 1.56

Speed (s) 5.2 ± 0.5 a 6.4 ± 0.7 5.5 ± 0.7 c 6.7 ± 1.7 b 8.6 ± 1.7 7.7 ± 1.9 −1.53

Flex (cm) 39.0 ± 8.3 42.9 ± 4.4 39.8 ± 7.7 c 29.8 ± 11.7 32.8 ± 10.1 31.4 ± 10.7 0.57

Bal (pts) 5.5 ± 0.7 5.4 ± 0.6 c 4.4 ± 1.1 3.6 ± 1.0 4.0 ± 1.1 1.55

BM = body mass, SS = skinfolds sum, BMI = body mass index, Fat % = percentage of total body fat, LBM = lean
body mass, FMI = fat mass index, LJ = long jump, MB = medicine ball, Flex = flexibility, Bal = balance. Differences
between genders in swimmers are identified by a, differences between genders in untrained individuals are
identified by b and differences between swimmers and untrained individuals are identified by c (p ≤ 0.05).

Swimmers with Down syndrome also scored better with large effect for long jump,
medicine ball, sit-ups, speed and balance, while for flexibility there was a moderate effect.

Table 2 presents the percentile scores that are based on norms for severe intellectual
disability without Down syndrome. Swimmers presented higher scores for all variables
(groups were not different in body mass), with large effect sizes, except for the medicine
ball throw with a moderate effect. Despite those differences, both swimmers and untrained
subjects showed low percentile scores for height (28.8 ± 14.5 for swimmers), and medicine
ball (36.7 ± 25.3 for swimmers) on the scale used.

Table 2. Mean (± SD) and effect size percentile values for all variables of the Eurofit Special Test,
body mass and height for trained swimmers and untrained subjects.

Variables
(Points)

Swimmers
(n = 18)

Untrained Subjects
(n = 19)

Mean
Difference Effect Size (d)

Body mass 51.2 ± 21.0 59.8 ± 22.3 −8.7
Height 28.8 ± 14.5 a 16.0 ± 12.5 12.8 0.95

Long jump 55.9 ± 22.6 a 27.3 ± 27.3 28.6 1.14
Medicine ball 36.7 ± 25.3 a 20.5 ± 22.0 16.2 0.68

Sit-up 83.8 ± 18.8 a 39.6 ± 41.7 44.2 1.37
Speed 83.4 ± 9.0 a 50.2 ± 29.0 33.2 1.81

Flexibility 53.7 ± 13.8 a 33.0 ± 20.2 20.7 1.20
Balance 91.1 ± 9.9 a 53.9 ± 34.1 37.1 1.48

Differences between groups are identified by a (p ≤ 0.05).

4. Discussion

The purpose of this study was to assess the body composition and the physical
fitness profile of competitive swimmers with Down syndrome and to compare them with
untrained individuals with the same condition. It was found that swimmers with Down
syndrome present a healthier body composition and a higher physical fitness score than
untrained individuals with Down syndrome.
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4.1. Body Composition

Epidemiological studies often use BMI as a measure of weight status [31] since it is a
good indicator of body fatness and easily calculated [32]. Nevertheless, several authors
reported that BMI is not sufficient to describe the body composition of individuals [33–35].
Taking this into consideration, the fat mass index was also calculated here, due to the fact
that fat mass is in part related to height [36]. Pitetti et al. [37] pointed out that ambiguous
evidence exists regarding body composition in persons with Down syndrome and that the
lack of consistency may involve methodological issues in measuring body composition or
in the comparison of the weight status using different methods. Therefore, caution is urged
when interpreting global statements on body composition in Down syndrome.

Numerous studies have reported that the prevalence of overweight and obesity are
substantially higher in individuals with Down syndrome compared to their age-matched
peers without disability, as well as those with intellectual disability but not related to Down
syndrome [37]. Prasher [38] reported that ~48% of adults with Down syndrome were obese
with ~27% being overweight and Rubin et al. [39] found ~48% of men and ~56% of women
to be overweight or obese. In the present study, according to the BMI criteria, 55.6% of the
swimmers and 36.8% of the untrained were normal weight, 33.3% of the swimmers and
21.1% of the untrained were overweight, 11.1% of the swimmers and 31.6% of the untrained
were obese and 10.5% of the untrained were on the morbid obesity range. According to the
fat% criteria, a much larger percentage of swimmers (83.3%) and a smaller percentage of
untrained (31.6%) were considered normal. A much smaller percentage of swimmers were
considered overweight (11.1%), while for the untrained the percentage rose to 63.2%, while
5.6% of the swimmers and 5.2% of the untrained were on the borderline range.

Although the equation described by Durnin & Womersley [26] to estimate body fat
is not specific for Down syndrome, it was nevertheless previously used with this popu-
lation [40]. These authors calculated the fat% in male adolescents with Down syndrome
before and after a 12-week moderate aerobic training program. These adolescents decreased
their fat mass percentage after the program (31.8 ± 3.7% pretest and 26.0 ± 2.3% posttest).
We should note that male swimmers from our study presented much lower fat% than these
adolescents (18.8 ± 3.7%).

In the current study, swimmers presented higher values for height and lower values
for the sum of skinfolds, BMI, fat% and fat mass index than untrained peers. There
was a large effect for all of the variables above, indicating that, not only swimmers are
different from untrained, but that those differences are great. Gonzalez-Aguero et al. [19]
stated that body composition in this specific population is, in general, poorer than what is
observed in their peers without Down syndrome, as proven by higher BMI, lower levels
of lean mass and reduced bone mass-related parameters. Bertapelli et al. [41] reported
several causes for the augmented obesity in persons with Down syndrome, such as genetic,
physiological, and environmental factors. However, as mentioned previously, the common
term “obesity” used to describe physical characteristics in individuals with this condition
might not always be valid [42]. For instance, a review by Gonzalez-Aguero et al. [19]
reported mixed results and, if some studies indicate higher fatness values for people with
Down syndrome [41,43–46], others present similar levels for persons with Down syndrome
relative to persons without [42,43,47]. Despite these uncertainties, people with Down
syndrome seem capable of improving their body composition values with training [40,44].

In athletes with Down syndrome or intellectual disability, systematic training seems
to lead to healthier body composition, and, consequently, a better quality of life [19]. In a
study from Aleixo et al. [48], with a small number of individuals with Down syndrome,
differences in BMI between swimmers (24.3 ± 4.1) and untrained (36.8 ± 5.3) were observed,
with swimmers being placed on the normal weight range and the untrained individuals at
the obesity level. On the other hand, Balic et al. [16] analyzed 13 trained individuals who
participated at the Special Olympics Games and seven sedentary adults, all with Down
syndrome, and found no differences between both groups in BMI, height, weight and fat%.
We may argue that, at the time of the study of Balic et al. [16] (approximately 20 years
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ago), the training for the Special Olympics started to be more demanding and not such an
oriented and occupational practice. This training effect may also be the deciding factor
for the differences between swimmers from our study and Climstein et al. [49]. These
authors evaluated one group of 15 individuals with Down syndrome and one group of
17 non-Down syndrome and most of the subjects were actively involved in the Special
Olympics program. When compared to the present study, Down syndrome individuals
from Climstein et al. [49] presented higher values for fat% (26.1 ± 5.3%).

4.2. Physical Fitness

Swimmers presented better results for all the test items, indicating their better physical
fitness profile. This higher score was confirmed when examining the percentile scores
(Table 2) as swimmers with Down syndrome are more fit than untrained counterparts,
presenting higher levels of strength, balance and flexibility.

Despite the fact that physical fitness is an important contributor to health in adults and
youth, less is known in persons with disabilities, such as Down syndrome [42]. In a review
on physical fitness and physical activity in children and adolescents with Down syndrome,
Pitetti et al. [37] point out that peak aerobic capacity (VO2peak) in both youth and adults
with Down syndrome is reduced in comparison to their peers without disability and with
other intellectual disabilities. The same authors highlight the fact that these persons can be
responsive to aerobic endurance training, particularly with improvements in work capacity.
Muscular strength is also lower in persons with Down syndrome when compared to
their peers with normal development or with other intellectual disabilities [11,17,37,50–53].
According to Shields et al. [54], an improved strength in persons with Down syndrome has
been associated with higher levels of physical activity. Muscular strength is a fundamental
ability needed by persons with disabilities (with Down syndrome included) especially
because: (i) their workplace activities typically emphasize physical rather than cognitive
skills [54]; (ii) muscle weakness can impact their ability to perform everyday activities,
including walking, eating, dressing and rising from a chair [17,51]; (iii) life expectancy is
increasing for persons with Down syndrome [55] and maintenance of muscle strength is
important to lead productive lives [56]; (iv) improving muscle strength may be important
in controlling the high tendency for osteoporosis that persons with Down syndrome often
demonstrate [50].

Hypotonia and hyper-flexibility, two characteristics of Down syndrome [57,58], have
an impact on bone mass, muscular strength and power, gait and motor development [59].
All of these factors lead to the lower strength levels of persons with Down syndrome, but at
the same time accent the importance of physical activity. For instance, Daly et al. [60] found
that the strength differences between athletes with and without intellectual disabilities
are in the range of 4–14% for male and 11–27% for female, being inferior for the athletes
with intellectual disabilities. Despite this, much more specific data is needed on high-
performance athletes with intellectual disability [23].

Swimming can be one of the activities that can make such a difference. According
to Ylmaz et al. [21], aquatic exercises can be a good way of developing physical fitness
and motor skill development for children with intellectual disabilities, as aquatics provide
a very unique environment for these children. Perán et al. [61] stated that participating
in competition is fundamental for individuals with Down syndrome. Although there
is research on the effects of aquatic exercises on persons without disabilities, little has
been done on persons with intellectual disabilities [62] and more specifically concerning
competitive swimming for persons with Down syndrome, so the present study adds new
evidence on what physical aspects may distinguish the Down syndrome subjects who are
engaged in swimming programs from those who are not.

Comparing the results from the present study with those of Daly et al. [60] with high-
performance athletes with intellectual disability, male swimmers with Down syndrome
only scored better in the sit-and-reach test (cm) (39.0 ± 8.3 versus 34.0 ± 15.8 finalists and
35.7 ± 7.4 non-finalists) while low scores for the long jump (cm) and sit-ups were obtained
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(123.3 ± 40.7 for long jump and 17.4 ± 3.8 for sit-ups versus 197.3 ± 26.3 and 23.0 ± 6.8
finalists and 181.9 ± 39.5 and 20.7 ± 4.7 non-finalists). Flexibility was slightly higher for
female swimmers with Down syndrome (42.9 ± 4.4 versus 41.0 ± 8.9 finalists and 38.5 ± 8.0
non-finalists) but for the long jump and the sit-ups low scores can be observed (91.0 ± 10.6
and 16.0 ± 2.8 versus 154.6 ± 20.2 and 21.5 ± 6.1 finalists and 157.1 ± 24.9 and 18.2 ± 4.3
non-finalists).

As swimmers with Down syndrome from our study present higher levels of strength
than untrained individuals with Down syndrome, we are led to conclude that swimmers
have increased muscular hypertrophy, which in turn can reduce hypotonicity and balance
dysfunctions and increase bone-mass related parameters [19]. Little is known about the
effect of specific strength training in this population. Until recently, swimmers with Down
syndrome rarely participated in specific dryland strength training. Van de Vliet et al. [23]
studied elite athletes with intellectual disability and pointed out that good levels of fitness
seem to be possible for these athletes, and it is likely that the training effect influenced
the data. Likewise with athletes, Balic et al. [16] found that the active group of Special
Olympians with Down syndrome exhibited significantly higher isometric strength than
the sedentary group, also with Down syndrome. They suggested that long term exercise
training may enhance physical fitness in individuals with Down syndrome.

Balance in people with Down syndrome is also a component of physical fitness that is
usually inferior to the general population or individuals with intellectual disability without
Down syndrome [18,63]. Muscle hypotonia may be responsible for balance problems that
individuals with Down syndrome usually demonstrate [64]. The delay of maturation of
the cerebellum and the relatively small size of cerebellum and brain stem in persons with
Down syndrome may also be responsible for the disturbance of balance [65]. Despite these
characteristics, individuals with Down syndrome seem capable of improving their balance
through physical activity participation, and with this improve their well-being and the
quality of life [18]. The swimmers from the current study presented good balance scores
and were exceedingly better than the non-swimmers group.

As this was not a training study it is hard to conclude that differences in physical fitness
are an outcome of the swimming training. Nevertheless, a study from Querido et al. [66]
with six swimmers with Down syndrome evaluated for body composition and physical
fitness in 2011 and 2014, found that in 3 years of training, swimmers with Down syndrome
improved their physical fitness profile (especially strength) and their body composition
characteristics.

In summary, it can be said that: (i) swimmers with Down syndrome present a healthier
body composition than untrained individuals with Down syndrome, confirming the first
hypothesis; (ii) swimmers with Down syndrome present higher physical fitness values
than untrained individuals with Down syndrome, confirming the second hypothesis. This
means that swimming educators, parents and/or institutions should see swimming as a
sport that can take body composition and physical fitness of Down syndrome subjects to
acceptable standards.

4.3. Limitations and Suggestions for the Future

We may point out several limitations to the present study. Larger sample sizes are
needed (multi-center), if possible. Information about training characteristics should be
more specific (volume, intensity, dry land training), and food intake characterized. Due to
the lack of specific equations to estimate fat% and LBM for persons with Down syndrome,
general equations were used. Although the participants had previous familiarizations with
the tests, future studies should be carried with a test–retest procedure, to ensure that the
physical fitness tests are completely understood. In the future it would also be important to
perform an intervention program so it would be possible to conclude the effectiveness of
swimming training on physical fitness, body composition and other complementary tests.
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Fizycznego: Warsaw, Poland, 2007.

31. Melville, C.A.; Cooper, S.A.; McGrother, C.W.; Thorp, C.F.; Collacott, R. Obesity in adults with Down syndrome: A case-control
study. J. Intellect. Disabil. Res. 2005, 49, 125–133. [CrossRef]

32. Husain, M. Body mass index for Saudi children with Down’s syndrome. Acta Pædiatr. 2003, 92, 1482–1485. [CrossRef]
33. Hall, D.M.B.; Cole, T.J. What use is the BMI. Arch. Dis. Child 2000, 91, 283–286. [CrossRef]
34. Wells, J.C.K. A critique of the expression of paediatric body composition data. Arch. Dis. Child 2001, 85, 67–72. [CrossRef]

[PubMed]
35. Wells, J.C.K.; Fewtrell, M.S. Measuring body composition. Arch. Dis. Child 2006, 91, 612–617. [CrossRef] [PubMed]
36. Magge, S.N.; O’Neill, K.L.; Shults, J.; Stallings, V.A.; Stettler, N. Leptin levels among prepubertal children with Down syndrome

compared with their siblings. J. Pediatr. 2008, 152, 321–326. [CrossRef] [PubMed]
37. Pitetti, K.; Baynard, T.; Agiovlasitis, S. Children and adolescents with Down syndrome, physical fitness and physical activity.

J. Sport Health Sci. 2013, 2, 47–57. [CrossRef]
38. Prasher, V.P. Overweight and obesity amongst Down’s syndrome adults. J. Intellect. Disabil. Res. 1995, 39, 437–441. [CrossRef]
39. Rubin, S.S.; Rimmer, J.H.; Chicoine, B.; Bradock, D.; McGuire, D.E. Overweight prevalence in persons with Down syndrome.

Mental. Retard. 1998, 36, 175–181. [CrossRef]
40. Ordoñez, F.; Rosety, M.; Rosety-Rodriguez, M. Influence of 12-week exercise training on fat mass percentage in adolescents with

Down syndrome. Med. Sci. Monit. 2006, 12, CR416–CR419.
41. Bertapelli, F.; Gorla, J.I.; da Silva, F.F.; Costa, L.T. Prevalence of obesity and the body fat topography in children and teenagers

with Down syndrome. J. Hum. Growth Develop. 2013, 23, 65–70. [CrossRef]
42. Izquierdo-Gomez, R.; Martínez-Gómez, D.; Tejero-Gonzalez, C.M.; Cabanas-Sánchez, V.; Ruiz Ruiz, J.; Veiga, Ó.L. Are poor

physical fitness and obesity two features of the adolescent with Down syndrome? Nutr. Hospital 2013, 28, 1348–1351. [CrossRef]
43. Baptista, F.; Varela, A.; Sardinha, L.B. Bone mineral mass in males and females with and without Down syndrome. Osteoporos. Int.

2005, 16, 380–388. [CrossRef]
44. González-Agüero, A.; Ara, I.; Moreno, L.A.; Vicente-Rodríguez, G.; Casajús, J.A. Fat and lean masses in youths with Down

syndrome: Gender differences. Res. Develop. Disabil. 2011, 32, 1685–1693. [CrossRef] [PubMed]
45. Mercer, V.S.; Lewis, C.L. Hip abductor and knee extensor muscle strength of children with and without Down syndrome. Pediat.

Phys. Ther. 2001, 13, 18–26. [CrossRef]
46. Pitetti, K.H.; Fernhall, B. Comparing run performance of adolescents with mental retardation, with and without Down syndrome.

Adapt. Phys. Act. Q. 2004, 21, 219–228.
47. Luke, A.; Sutton, M.; Schoeller, D.A.; Roizen, N.J. Nutrient intake and obesity in prepubescent children with Down syndrome.

J. Am. Diet. Assoc. 1996, 96, 1262–1267. [CrossRef]
48. Aleixo, I.; Vale, S.; Figueiredo, P.; Corredeira, R.; Silva, A.; Fernandes, R.J. Comparison of body mass index between swimmers

and non-trained individuals with Down syndrome. J. Sport. Sci. Med. 2009, 8, 194–195.
49. Climstein, M.; Pitetti, K.H.; Barrett, P.J.; Campbell, K.D. The accuracy of predicting treadmill VO2max for adults with mental

retardation, with and without Downs’s syndrome, using ACSM gender- and activity-specific regression equations. J. Intell.
Disabil. Res. 1993, 37 Pt 6, 521–531. [CrossRef]

50. Angelopoulou, N.; Tsimaras, V.; Christoulas, K.; Kokaridas, D.; Mandroukas, K. Isokinetic knee strength of individuals with
mental retardation, a comparative study. Percept. Motor. Ski. 1999, 88, 849–855. [CrossRef]

51. Cowley, P.M.; Ploutz-Snyder, L.L.; Baynard, T.; Heffernan, K.; Jae, S.Y.; Hsu, S.; Lee, M.; Pitetti, K.H.; Reiman, M.P.; Fernhall, B.
Physical fitness predicts functional tasks in individuals with Down syndrome. Med. Sci. Sport. Exerc. 2010, 42, 388–393. [CrossRef]

52. Horvat, M.; Pitetti, K.H.; Croce, R. Isokinetic torque, average power, and flexion/extension ratios in nondisabled adults and
adults with mental retardation. J. Orthop. Sport. Phys. Ther. 1997, 25, 395–399. [CrossRef]

53. Shields, N.; Taylor, N. A student-led progressive resistance training program increases lower limb muscle strength in adolescents
with Down syndrome: A randomized controlled trial. J. Physiother. 2010, 56, 187–193. [CrossRef]

126



Healthcare 2023, 11, 482

54. Shields, N.; Taylor, N.; Fernhall, B. A study protocol of a randomized controlled trial to investigate if a community based
strength training programme improves work task performance in young adults with Down syndrome. BMC Pediatr. 2010, 10, 17.
[CrossRef] [PubMed]

55. Glasson, E.J.; Sullivan, S.G.; Hussain, R.; Petterson, B.A.; Montgomery, P.D.; Bittles, A.H. The changing survival profile of people
with Down’s syndrome: Implications for genetic counseling. Clinic. Genet. 2002, 62, 390–393. [CrossRef] [PubMed]

56. Croce, R.; Pitetti, K.H.; Horvat, M.; Miller, J. Peak-torque at average power, and hamstrings/quadriceps ratios in nondisabled
adults and adults with mental retardation. Arch. Phys. Med. Rehab. 1996, 77, 369–372. [CrossRef] [PubMed]

57. Hawly, Y.; Nasrallah, M.; Fulelhan, G.E.H. Endocrine and musculoskeletal abnormalities in patients with Down syndrome. Nat.
Rev. Endocrinol. 2009, 5, 327–334. [CrossRef]

58. Shields, N.; Dodd, K.J.; Abblitt, C. Do children with Down syndrome perform sufficient physical activity to maintain a good
health? A pilot study. Adapt. Phys. Act. Q. 2009, 26, 307–320. [CrossRef]

59. Cissik, J.M. Down syndrome: An introduction for the strength and conditioning professional. Strength Cond. J. 2012, 34, 76–81.
[CrossRef]

60. Daly, D.; Einarssson, I.; Vanlandewijck, Y. Race success in swimmers with intellectual disability. In Proceedings of the AETN 2014
XXXIV Congreso Interncional de la Associación Española de Técnicos de Natación: Swimming Science Seminar II, Facultad de
Ciencias del Deporte, Universidad de Granada, Granada, Spain, 10–12 October 2014; pp. 55–60.

61. Peran, S.; Gil, J.; Ruiz, F.; Fernandez-Paster, V. Development of physical response after athletics training in adolescents with
Down’s syndrome. Adapt. Phys. Activ. Q. 1997, 7, 283–288. [CrossRef]

62. Einarsson, I.; Ólafsson, Á.; Hinriksdóttir, G.; Jóhannsson, E.; Daly, D.; Arngrímsson, S.Á. Differences in Physical activity among
youth with and without intellectual disability. Med. Sci. Sport. Exerc. 2015, 47, 411–418. [CrossRef]

63. Connoly, B.; Michael, B. Performance of retarded children, with and without Down syndrome, on the Bruikinks-Oseretsky Test of
Motor Proficiency. Phys. Ther. 1986, 66, 344–348. [CrossRef]

64. Connoly, B.; Morgan, S.; Russel, F. Evaluation of children with Down syndrome who participated in an early intervention
program: Second follow-up study. Phys. Ther. 1984, 64, 1515–1519. [CrossRef]

65. Cowie, V. A Study of the Early Development of Mongols; Pergamon Press: Oxford, UK, 1970.
66. Querido, A.; Cardoso, C.; Vilas-Boas, J.P.; Corredeira, R.; Daly, D.; Fernandes, R.J. The added value of water for swimmers with

Down syndrome. In Book of Abstracts of the Aqua-Leuven; Daly, D., Ed.; Faculty of Kinesiology and Rehabilitation Sciences, KU
Leuven: Leuven, Belgium, 2015; p. 55.

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.

127



Citation: Puce, L.; Trabelsi, K.;

Trompetto, C.; Mori, L.; Marinelli, L.;

Currà, A.; Faelli, E.; Ferrando, V.;

Okwen, P.; Kong, J.D.; et al. A

Bibliometrics-Enhanced,

PAGER-Compliant Scoping Review

of the Literature on Paralympic

Powerlifting: Insights for Practices

and Future Research. Healthcare 2022,

10, 2319. https://doi.org/10.3390/

healthcare10112319

Academic Editor: Felipe Aidar

Received: 24 October 2022

Accepted: 17 November 2022

Published: 19 November 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 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/).

healthcare

Review

A Bibliometrics-Enhanced, PAGER-Compliant Scoping Review
of the Literature on Paralympic Powerlifting: Insights for
Practices and Future Research
Luca Puce 1 , Khaled Trabelsi 2,3 , Carlo Trompetto 1,4 , Laura Mori 1,4, Lucio Marinelli 1,4 , Antonio Currà 5 ,
Emanuela Faelli 6,7 , Vittoria Ferrando 6,7 , Patrick Okwen 8 , Jude Dzevela Kong 9 , Achraf Ammar 10

and Nicola Luigi Bragazzi 9,*

1 Department of Neuroscience, Rehabilitation, Ophthalmology, Genetics,
Maternal and Child Health (DINOGMI), University of Genoa, 16132 Genoa, Italy

2 Research Laboratory: Education, Motricity, Sport and Health, EM2S, LR19JS01, University of Sfax,
Sfax 3000, Tunisia

3 High Institute of Sport and Physical Education of Sfax, University of Sfax, Sfax 3000, Tunisia
4 Istituto di Ricovero e Cura a Carattere Scientifico (IRCCS) Ospedale Policlinico San Martino,

16132 Genova, Italy
5 Academic Neurology Unit, A. Fiorini Hospital, 04019 Terracina, Italy
6 Department of Experimental Medicine (DIMES), Section of Human Physiology, University of Genoa,

16132 Genoa, Italy
7 Centro Polifunzionale di Scienze Motorie, University of Genoa, 16132 Genoa, Italy
8 Effective Basic Services (eBASE), Bamenda 5175, Cameroon
9 Laboratory for Industrial and Applied Mathematics (LIAM), Department of Mathematics and Statistics,

York University, Toronto, ON M3J 1P3, Canada
10 Academic Institute of Sport Sciences, Otto-von-Guericke University, 39104 Magdeburg, Germany
* Correspondence: bragazzi@yorku.ca

Abstract: Paralympic powerlifting (PP), formerly known as “International Paralympic Committee”
(IPC) powerlifting, is the format of powerlifting adapted for athletes with disabilities, and it differs
from the version for able-bodied athletes in that it consists of bench press only. According to the
mandate of the IPC, PP athletes should be enabled to achieve sporting excellence. As such, rigorous
evidence is needed. However, to the best of our knowledge, there exists no systematic assessment
of the body of scholarly evidence in the field of PP. Therefore, the present study was conducted
to fill in this gap of knowledge, by conducting a scoping review of the literature enhanced by a
bibliometrics analysis and by mining two major scholarly databases (MEDLINE via PubMed and
Scopus). The aim was to provide a review/summary of the findings to date to help practitioners
and athletes. Thirty-seven studies were retained in the present study. These covered the following
thematic areas: (i) warm-up strategies (n = 2); (ii) aspects of training (n = 2); (iii) physiological
aspects and responses (n = 2); (iv) psychological aspects and responses (n = 2); (v) biomechanics of
bench press (n = 8); (vi) recovery strategy (n = 5); (vii) impact of the disability and type of disability
(n = 4); (viii) epidemiology of PP (n = 6); and (ix) new analytical/statistical approaches for kinematics
assessments, internal load monitoring, and predictions of mechanical outputs in strength exercises
and in PP (n = 6). Bibliometrics analysis of the PP-related scientific output revealed that, despite
having already become a paralympic sports discipline in 1984, only in the last few years, PP has been
attracting a lot of interest from the community of researchers, with the first scholarly contribution
dating back to 2012, and with more than one-third of the scientific output being published this year
(2022). As such, this scholarly discipline is quite recent and young. Moreover, the community dealing
with this topic is poorly interconnected, with most authors contributing to just one article, and with
one single author being a hub node of the author network. Distributions of the number of articles and
the authors/co-authors were found to be highly asymmetrical, indicating that this research is still
in its infancy and has great room as well as great potential to grow. Reflecting this, many research
topics are also overlooked and underdeveloped, with the currently available evidence being based
on a few studies.
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1. Introduction

Powerlifting, formerly known as “International Powerlifting Federation” (IPF) power-
lifting, is a strength sport in which the maximum possible performance is sought in terms
of kilos lifted on a single repetition over three barbell disciplines: namely, back squat (BS),
bench press (BP), and deadlift. Each athlete has three attempts for each discipline and must
perform at least one successful lift in each of them, otherwise, the athlete does not get a
“total” and is disqualified from the competition. The sum or total of the best lift in each
discipline determines the winner [1–3].

Paralympic powerlifting (PP), formerly known as “International Paralympic Commit-
tee” (IPC) powerlifting, is the format adapted for athletes with disabilities, and it differs
from the version for able-bodied athletes in that it consists of BP only [4]. Another difference
is disability-specific: whilst athletes competing in IPF powerlifting are required to place
their feet on the floor, IPC para-athletes execute the lift with their torso, legs, and heels
extended over a bench. To make this accessible and safe, the lower center section of the
bench is wider than its IPF counterpart and is equipped with straps to stabilize the athlete.
Additionally, IPC powerlifting requires an IPC license and appropriate classification status
for all athletes. This system does not apply to IPF powerlifting [4].

According to the rules of the IPC, the PP discipline is open to male and female athletes
aged at least 14 years, characterized by impairments in muscle and joint functions (i.e.,
strength, or range of motion, ROM), movement deficiencies (athetosis/hypertonia/ataxia),
differences in physical structure (lower limb deficiency/amputation, leg length discrepancy,
and short stature/dwarfism), and/or a range of physical disabilities (cerebral palsy, spinal
cord injury, or poliomyelitis). Moreover, to be eligible, an athlete should be able to fully grip
the bar without aids or prostheses, extending the arms with no more than a 20-degree loss
of full extension on each elbow joint during the lift. All athletes compete in a single sports
class, stratified into ten different weight categories per gender [4], specifically ranging from
“49 kg” to “+107 kg” for men, and from “41 kg” to “+86 kg” for women [4]. In this para
sport, the athletes can achieve world and Paralympic records equal to or, often, exceeding
equivalent able-bodied BP records. Top PP athletes can lift more than three times their
body weight. For example, during the Tokyo 2020 Games, a Malaysian male lifter weighing
in at the “under 72 kg class” successfully lifted 228 kg. Para-athletes can generally reach
these performance-related outcomes between their early- and mid-thirties, after many
years of high-intensity daily training (5–6 times per week), and are very similar in terms
of load parameters (volume, intensity, and recovery) as their able-bodied counterparts.
Besides, para powerlifters dedicate all of their training time to the BP only, differently from
able-bodied athletes who also have to dedicate their time to the other two powerlifting
disciplines (BS and deadlift).

According to the mandate of the IPC, PP athletes should be enabled to achieve sporting
excellence. As such, rigorous evidence is needed to effectively protect and promote PP
athletes. This implies the design and implementation of studies aimed at the develop-
ment and validation of an array of measures and indicators that can monitor and predict
performance-related outcomes, the reliability of which has to be tested on large, representa-
tive samples [5].

However, to the best of our knowledge, there exists no systematic assessment of the
body of scholarly evidence in the field of PP. Therefore, the present study was conducted to
fill in this gap of knowledge and to provide a review/summary of the findings to date to
help practitioners and athletes.
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2. Materials and Methods
2.1. Study Design and Theoretical Framework

A literature review is aimed at collecting and appraising the body of evidence from the
available scholarly literature, describing the state-of-the-art in terms of the latest advancements,
consolidated current knowledge, and gaps in knowledge to address, and guiding future
research in the field. Utilizing the “Search, AppraisaL, Synthesis and Analysis” (SALSA)
framework, Grant and Booth have identified [6] 14 types of literature reviews based on the
research needs, the depth and breadth of the research question(s), and the aims. According to
the authors, a scoping review can be defined as a “preliminary assessment of potential size
and scope of available research literature” with the “aims to identify nature and extent of
research evidence (usually including ongoing research)” [6]. The research question is generally
broad, and the researcher’s aims include (i) providing the scholarly community with a (quick
and rapid) scoping of the research area(s), (ii) understanding whether the research area(s)
is/are worthy of carrying out a more systematic/systematized synthesis approach (i.e., a
systematic/systematized review and/or a meta-analysis), (iii) summarizing/synthesizing
the literature in terms of major findings, and (iv) identifying critical aspects and gaps in
knowledge [6,7].

A scoping review is generally conducted when there exists a significantly heteroge-
neous body of literature and when no previous systematic review can be detected [8,9].
Here, we leveraged Arksey and O’Malley’s five-step methodology (and subsequent the-
oretical refinements) [10,11], which consists of (i) identifying the research question(s),
(ii) identifying the body of relevant studies, (iii) selecting the studies to include, (iv) chart-
ing the data, and (v) collating, summarizing, and reporting the results.

Moreover, the “Patterns-Advances-Gaps-Evidence for Practice-Recommendations”
(PAGER) framework developed by Bradbury-Jones et al. [12] was here exploited. P enables
the synthesis of the major findings in terms of unique key themes/thematic areas. A allows
scholars to discover the dynamic unfolding of these themes. G enables the identification of
under-developed/overlooked themes that should be explored and investigated in future
research. E can provide relevant actors and stakeholders (athletes, coaches, instructors)
with practical information that can be translated into relevant practices (i.e., training
methodologies, conditioning strategies, etc.). Based on G, R can guide future research.

2.2. Research Question(s)

We aimed to summarize the body of existing research on PP by (i) appraising the
available evidence, (ii) identifying the existing knowledge and practice shortcomings and
gaps, (iii) translating evidence into training recommendations and policies, if possible, and
(iv) outlining future prospects and directions in the field.

2.3. Identification of Relevant Studies

The following keywords were used: “paralympic powerlifting”, “para powerlifting”,
“paralympic powerlifter”, and “para powerlifter”. These keywords were properly com-
bined in a search string using the “OR” Boolean connector. Two major electronic, scholarly
databases were searched from inception: namely, MEDLINE (via its freely available inter-
face PubMed) and Scopus, without language filters/restrictions. The search was conducted
from inception up to 1 October 2022.

2.4. Study Selection and Inclusion/Exclusion Criteria

Inclusion and exclusion criteria were devised according to the PICOS mnemonic: P
(population), paralympic powerlifters; I (intervention), any kind of interventional strategy
(warm-up or training/condition program, nutritional supplementation, pharmacological
intervention, recovery strategy, etc.); C (comparison/comparator), any kind of comparison
(between disabled and able-bodied athletes, the impact of age, sex/gender, weight category,
years of experience and training, competing level—regional, national, international—the
type of disability/impairment, and if congenital/acquired); O (outcome/outcomes), any
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outcome relevant to PP (kinematic, biomechanical, physiological, psychological or psy-
chophysiological, epidemiological, methodological, etc.); S (study design), any original
study with sufficient details. Reviews were not included but were scanned to increase the
chance of getting any relevant study, whilst commentaries, letters to the editor, editorials,
expert opinions, or technical notes without sufficient details were discarded. Articles were
also excluded if focusing on other paralympic disciplines or reporting data in such a way
that it was not possible to disaggregate them and extract data related to PP only.

2.5. Charting the Data

Data were abstracted utilizing an ad hoc designed and customized Excel spreadsheet.

2.6. Collating, Summarizing, and Reporting the Results

Abstracted data were presented in a narrative fashion, using tables and figures. Fi-
nally, findings were also visualized by means of bibliometrics/scientometrics, which is
an emerging, highly specialized branch of information science that allows the rigorous,
quantitative assessment of emerging research, in terms of topics, patterns, trends, and hot
spots in the scientific literature [13].

2.7. Bibliometrics Analysis

Using VOSviewer version 1.6.18 [14], Gephi [15], and Cytoscape [16], data extracted
from MEDLINE via PubMed and RIS reference manager files were mapped and visu-
alized as graphs/networks of scholars (authors/co-authors, known as bibliographic—
authorship/co-authorship—graphs/networks) and organizations/institutions. Moreover,
the topology of these graphs/networks was investigated in-depth from a quantitative
standpoint, by computing a range of several graph theory/network-related indicators,
including (i) the number of scholars (authors/co-authors, in the case of a bibliographic
graph/network), (ii) the number of countries, (iii) the number of items per author/research
organization (both as absolute and relative (%) figures), (iv) the number of connected
components (as a proxy for the connectivity of a network), (v) the average number of
neighbors, (vi) the number of links, (vii) the total link strength (known also as total edge
weight), (viii) the length of paths, such as the shortest paths (known as distance), the
average shortest path length (known as the characteristic path length), and other related
parameters, (ix) the network diameter and the network radius, (x) the network density,
(xi) the network heterogeneity, (xii) the network centralization, (xiii) the number of scholar
(author/co-author) clusters (also known as communities), (xiv) the number of research
organization/institution clusters/communities, and finally, (xv) the clustering coefficient.

More specifically, graphs/networks were treated, modeled, and analyzed as “undi-
rected networks”. In graph/network theory, undirected networks can be defined as sets
of objects (called nodes or vertices) that are connected/linked together, in which all the
edges (known also as links) are bidirectional. In undirected networks, two nodes (scholars
–authors/–coauthors, organizations, or institutions) are defined as connected if there is
a path of edges between them. In addition, between any pair of nodes, there can be no
more than one coupling link, even though each link has its own strength, represented by a
positive figure, that is assigned in such a way that the higher (lower) this value, the stronger
(weaker) the link. The strength of the link may vary, indicating, for instance, the number of
quotations shared by two publications, the number of publications two researchers have
co-authored, or the number of publications in which two terms/keywords occur together.

Within an undirected graph/network, all nodes that are pairwise connected form a
connected component. The number of connected components is an indicator of paramount
importance, in that it indicates the connectivity of a network—a lower (higher) number
of connected components suggests stronger (weaker) connectivity. The length of a path
is computed as the number of edges forming it. There may be multiple paths connecting
two given nodes. The shortest path length, also called the distance between two nodes
(node n and node m), is denoted by L(n,m). The network diameter is the maximum distance
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between two nodes. If a network is disconnected, its diameter is the maximum of all
diameters of its connected components, whilst the network radius can be defined as the
minimum distance between two nodes.

Concerning graph/network paths and path lengths, the average shortest path length,
also known as the characteristic path length, gives the expected distance between two
connected nodes. Parameters related to the neighborhood include the neighborhood of a
given node n, which is defined as the set of its neighbors. The connectivity of n, denoted by
kn, is the size of its neighborhood. The average number of neighbors indicates the average
connectivity of a node in the network. A normalized version of this parameter is known
as the network density. The density is a value between 0 and 1. It shows how densely the
network is populated with edges (self-loops and duplicated edges are removed and ignored
from the computation). A graph/network that contains no edges and solely isolated nodes
has a density of 0. In contrast, the density of a clique is 1. The number of isolated nodes
may provide insight into how the network density is distributed.

Another conceptually/theoretically related parameter is known as network centraliza-
tion [17]. Graphs/networks, the topologies of which resemble a star, have a centralization
close to 1, whereas decentralized networks are characterized by having a centralization
close to 0. The network heterogeneity as a topological parameter reflects the tendency of
a network to contain hub nodes [18]. In addition, the number of multi-edge node pairs
indicates how often neighboring nodes are linked by more than one edge.

Finally, in undirected networks, items can be grouped into non-overlapping clusters,
with a cluster being a unique set of items sharing common features included in a map [14].
The clustering coefficient Cn of a node n is defined as:

Cn =
2en

kn(kn − 1)

where kn is the number of neighbors of the node n, and en is the number of connected
pairs between all the neighbors of the node n. The clustering coefficient is a ratio (namely,
N/M), where N is the number of edges between the neighbors of the given node n, and
M is the maximum number of edges that could possibly exist between the neighbors of
the given node n. The clustering coefficient of a node is always a number between 0 and 1.
The network clustering coefficient is defined as the average of the clustering coefficients
for all nodes in the network. Nodes with less than two neighbors are assumed to have a
clustering coefficient of 0.

Finally, the number of papers per year was also visualized as a time series.

3. Results
3.1. Literature Search

The initial literature search yielded a pool of 65 items (n = 37 from MEDLINE via
PubMed and n = 28 from Scopus). A total of 21 items were duplicated and were, as
such, removed, and 44 items were inspected. Seven studies [19–25] were excluded with
reason (n = 2, not reporting sufficient details; n = 5, not disaggregating data according to
para-sports discipline). Finally, 37 studies [26–62] were retained in the present scoping
review. We found that the included studies focused on a range of aspects involving health,
classification, the etiology of injuries, and performance.

3.2. Warm-Up Strategies in Paralympic Powerlifting

Two randomized, cross-over studies [26,27] in a sample of 12 elite Brazilian male PP ath-
letes (aged 24.14 ± 6.21 years, body weight 81.67 ± 17.36 kg, experience 4.45 ± 0.31 years) [26]
and in a sample of 15 elite Brazilian male PP athletes (aged 28.47 ± 5.79 years, body weight
81.75 ± 17.33 kg, experience 2.43 ± 1.03 years) [27] investigated the impact of three different
warm-up conditions (no warm-up, traditional warm-up consisting of dynamic resistance
exercises, and stretching warm-up) on a set of PP performance-related outcomes and variables.
These included dynamic (1-RM and mean propulsive velocity) and isometric strength (rate of
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force development, maximum isometric force, time to maximum isometric force, fatigue index,
impulse, variability, peak torque) and skin temperature. The authors found no differences
among the experimental conditions with the exception of skin temperature over pectoral
muscles (overall p = 0.038), in particular during the traditional warm-up vs. without a warm-
up (p = 0.049), whereas the difference between stretching warm-up and without warm-up
was borderline significant (p = 0.064). Finally, no differences could be detected between
traditional and stretching warm-ups (p = 0.934). In addition, differences could be computed
between the “after” condition without warm-up and stretch warm-up. Without warm-up
demonstrated a difference in relation to a traditional warm-up in the “10 min later” condition.
Another difference could be described for the maximum isometric force (p = 0.005), which was
the highest in the without-warm-up condition. Overall, despite these differences, different
types of warm-up methods do not seem to influence performance-related outcomes in elite
PP athletes.

3.3. Aspects of Training in Paralympic Powerlifting

Aidar et al. [28] compared the effect of two different three-week training sessions (elas-
tic bands vs. fixed resistance) conducted in randomized order, through static (maximum
isometric force, peak torque, rate of force development, and time to maximum isometric
force), dynamic indicators of force (1 repetition maximum, 1RM), and fatigue in a sample
of 12 PP athletes (aged 28.60 ± 7.60 years). The authors found an increase in force between
pre- and post-training for 1RM (p = 0.018, effect size (ES) = 0.412), maximum isometric force
(p = 0.011, ES = 0.415), peak torque (p = 0.012, ES = 0.413), and the rate of force development
(p = 0.0002, ES = 0.761), suggesting that training with the use of elastic bands has more
detrimental effects compared to the method with fixed resistance, promoting overload,
increasing fatigue, and decreasing strength.

Lopes Silva et al. [29] considered 4676 results (1683 achieved by female PP athletes,
and 2993 achieved by male PP athletes) in the World Para Powerlifting events (Regional
Games/Championships, World Cup, World Championships, and Paralympic Games) be-
tween 2014 and 2020, to determine the optimal preparation interval for success. The authors
found that there were no significant sex-/gender-specific differences (p = 0.37). In addition,
no differences could be computed in terms of weight categories (p = 0.95). Furthermore, the
authors found that the longer intervals corresponded to the most important events. Specifi-
cally, the odds of winning a medal at the Paralympic Games were 2.17 (p = 0.011) times
greater when preparation was ≥40 weeks than when preparation was less than 23 weeks.
Considering the World Championships, the odds of winning a medal were 2.34 times
greater (p = 0.002) when the interval varied from 23 to 31 weeks compared to a preparation
interval of <23 weeks. World cup races, on the other hand, are generally career stages
that are useful for the athlete to achieve physical fitness or qualification for higher-level
competitions. In fact, athletes competing in these events were 1.69 times more likely to
win a medal with preparation ranging from 22 to 30 weeks compared with preparation
lasting < 11 weeks (p = 0.004). Finally, there were no significant differences between the
interval of preparation for the Regional Games/Championships.

3.4. Physiological Aspects and Responses in Paralympic Powerlifting

Two studies [30,31] investigated the physiological responses in PP. Paz et al. [30]
conducted a randomized cross-over trial to explore post-exercise hypotension after two
high-intensity resistance-training sessions in a sample of ten national-level PP athletes (aged
26.1 ± 6.9 years; body weight 76.8 ± 17.4 kg). The authors found a decrease in systolic
blood pressure by 5–9% after 90% and 95% of 1RM at 20–50 min post-exercise. Moreover,
an increase in myocardial oxygen volume and the double product could be described
immediately after and 5 min post-exercise, with the heart rate elevating post-exercise but
returning to baseline values by 50 min after training sessions for both training conditions.

Aidar et al. [31] compared hemodynamic responses (systolic, diastolic, and mean
blood pressure, heart rate, heart pressure product, and myocardial oxygen volume) in
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PP vs. powerlifting before and after training and up to 60 min after training in a sample
of 20 athletes. The systolic blood pressure increased after training (p < 0.001), and there
were differences in the post-training and 30, 40, and 60 min later (p = 0.021), between
10 and 40 min after training (p = 0.031), and between the two samples (p = 0.028), with PP
having a stronger and more persistent hypotensive effect, which remained present even
after 50 min. Mean blood pressure showed a similar trend, with statistically significant
differences between before and after (p = 0.016) and 40 min later (p = 0.040), and with
lower values in PP athletes. Diastolic blood pressure, on the contrary, did not show any
difference between powerlifters and PP athletes. Heart rate exhibited differences between
before and after, and 5 and 10 min later (p = 0.002), and between after and 10, 20, 30, 40,
50, and 60 min later (p < 0.001). Heart pressure product and myocardial oxygen volume
showed differences between before and after (p = 0.006) and between after and 5, 10, 20, 30,
40, 50, and 60 min later (p < 0.001). Overall, no risk of hemodynamic overload could be
found in PP athletes as well as in their able-bodied counterparts, who exhibited clinically
comparable responses to high-intensity resistance training [30,31].

3.5. Psychological Aspects and Responses in Paralympic Powerlifting

Only two studies [32,33] explored the psychophysiological responses in PP. Da
Silva et al. [32] found that, in a sample of seven male athletes (aged 41.0 ± 10.1 years;
body weight 84.7 ± 21.1 kg) undergoing a 4-week program of strength training, the in-
crease in maximum dynamic strength (p < 0.001; ES = 0.50) was paralleled by an increase in
stress as measured by means of the “Recovery Stress Questionnaire for Athletes” (RESTQ-
Sport) scales, with significant increases in the lack of energy (p < 0.022; ES = 1.30), success
(p < 0.035; ES = 0.33), and sleep quality (p < 0.007; ES = 0.62). Conversely, there was a
post-training decrease in the scores of general well-being (p < 0.012; ES = 2.18), interval
disturbances (p < 0.021; ES = 3.14), personal acceptance, and self-regulation (p < 0.006;
ES = 2.21). The domains of tension (p < 0.003; ES = 1.32), fatigue (p < 0.002; ES = 0.72), men-
tal confusion (p < 0.002; ES = 2.09), depression (p < 0.001; ES = 5.00), and anger (p < 0.001;
ES = 4.75) reported significantly increased scores. Besides, the vigor domain score was
found to be significantly reduced (p < 0.001; ES = 0.87). These negative changes in a set
of psychophysiological indicators were potentially induced by overload. They can be
utilized by coaches to monitor and control the internal training load, ideally customizing
the prescription of training loads for PP athletes based on their individual responses.

The other study [33] is a qualitative case study highlighting the experiences and coping
functions of a 35-year-old PP female athlete named Niza, from the socio-cultural context of
an Islamic state in Malaysia. The author coupled Foucauldian theory with feminist post-
structuralism, narrative inquiry, and a Gestalt phenomenological approach to identify the
main discourses embedded within the narrative of the athlete, in an attempt to disentangle
the complex dynamics of disability, athleticism, culture, ethnicity, and gender. Several
themes emerged, including the initial negative reactions from her family members at the
communication of the decision to pursue a career as an athlete, the barriers of society’s
conservative and exclusive attitudes toward women, and the lack of encouragement and
support. Gradually, Niza was able to challenge this misconception through anticipatory
and proactive coping functions, self-consciousness, and strong positive beliefs and be-
came a confident, successful, and inspirational figure for other Muslim female athletes
with disabilities.

3.6. Biomechanics of Bench Press in Paralympic Powerlifting

Eight studies [34–41] investigated the biomechanics of BP in PP, including the per-
formance of PP under two different BP conditions (namely, with the legs tied and un-
tied [34,35]), the impact of the choice of a specific grip width [36,37], the effects of arched
and flat techniques [38], the impact of a partial vs. full range of movement (ROM) train-
ing [39], the evaluation of strength and muscle activation indicators in sticking point
region [40], and the force output during different phases of the PP BP movement [41].
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Guerra et al. [34] analyzed the variations in sEMG (muscle activity of triceps brachii—
long head, anterior deltoid, and pectoralis major—sternal and clavicular portions), the
velocity of the barbell displacement (maximum velocity and mean propulsive velocity),
and power in the BP at various relative loads (40%, 60%, 80%, and 100% of 1RM) in a
sample of 15 PP male athletes (aged 22.27 ± 10.30 years). The authors found no statistical
differences in muscle activity in both BP conditions but indicated some intra-individual
variability. Specifically, higher muscle activation values were found in the pectoral (sternal
portion) than in the anterior deltoid (p = 0.035), with a 40% 1RM load in the tied condition.
In the untied condition with a load of 60% of 1RM, on the other hand, muscle activation
showed higher values in the pectoral (clavicular portion) than in the anterior deltoid
(p = 0.018) and triceps brachii (p = 0.046). In the same condition but with a maximum load
(100% 1RM), the brachial triceps had higher values than the anterior deltoid (p = 0.047).
Comparing the velocity variables, significant differences were found (p < 0.001) between
all loads (% 1RM) in both BP conditions, indicating a reduction in velocity due to the
increase in the relative load. As for power, similar results were found. However, for the
relative load of 40% of 1RM in the untied condition, power was lower than in the 60%
and 80% of 1RM. Furthermore, power with a load of 100% of 1 RM differed from all other
relative loads (p < 0.001) in both BP conditions. In conclusion, the findings showed the
predominance of activation of the pectoralis major clavicular portion in the tied condition
and pectoralis major sternal portion in the untied condition in loads of 40% to 60% 1RM,
with greater muscle activation of the triceps in loads of 100% 1RM. Furthermore, a strong
load–velocity relationship and, to a lesser extent, a strong load–power relationship were
found. Mota et al. [35] recruited a sample of 16 male PPs, 8 of whom were trained (aged
26.25 ± 6.96 years) and 8 of whom were beginners (aged 30.29 ± 7.34 years), who conducted
40%, 45%, and 50% of 1RM in tied and untied conditions. No differences between those
trained and beginners, as well as between the tied and untied conditions, in terms of
average propulsive speed and average speed could be found. However, power at 40% of
1RM resulted in significantly higher values for the aforementioned variables in trained
PP athletes across both conditions, tied (p = 0.033) and untied (p = 0.024), since it can be
hypothesized that those trained develop more power than beginners. On the other hand,
being tied does not create a performance advantage.

Dos Santos et al. [36,37] conducted two randomized controlled studies consisting of
a sample of 15 elite Brazilian male PP athletes (aged 25.40 ± 3.30 years), which aimed
at exploring the effects of using different grip widths on BP performance. In the first
study, Dos Santos et al. [36] evaluated isometric (time and force spent to reach 30%, 50%,
and 100% of the maximal isometric strength) and dynamic (mean propulsive velocity,
and force production using 25%, 50%, and 100% of 1RM load) strength. In addition,
an electromyographic evaluation was performed during the evaluation of the maximal
isometric strength. All evaluations have been carried out with different grip widths in
random order (bi-acromial distance: BAD, 1.3 BAD, 1.5 BAD, and 81 cm). Moderate and
small effects were described for force production, with 25% (p = 0.08), 50% (p = 0.41), and
100% (p = 0.66) of 1RM load between the grip widths used, respectively. Large and moderate
differences were computed between the mean propulsive velocity when performed with
different grip widths using 25% (p = 0.02), 50% (p = 0.15), and 100% (p = 0.18) of the maximal
dynamic strength load. The highest values for both force generation and mean propulsive
velocity were obtained with the 1.5 BAD grip width. Greater lift distances were carried out
during BP with 25% (p = 0.05) and 50% (p = 0.02) of 1RM in BAD conditions. No statistical
difference was described in the force values at 30% (p = 0.96), 50% (p = 0.91), and 100%
(p = 0.91) of maximal isometric strength between the different grip widths, with the 1.5 BAD
grip width condition exhibiting the greatest force generation. Furthermore, statistically
significant differences could be computed in time to achieve 30% (p = 0.03), 50% (p = 0.03),
and 100% (p = 0.03) of the maximal isometric strength. Finally, sEMG showed moderate,
although not statistically significant, effects in terms of muscle activation and the different
amplitudes of the grip.
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In the second study, Dos Santos et al. [37] analyzed variables related to the velocity of
the barbell displacement (average velocity, average velocity propulsive, and velocity peak)
carried out with loads of 30% and 50% of 1 RM with different grip widths in random order
(BAD 1.3 × BAD, 1.5 × BAD). The authors found only a significant variable in this study.
Specifically, the average velocity was higher with 1 × BAD at 30% of 1RM compared to the
1.3 × BAD. There was also an inverse relationship between load and velocity as the average
velocity generated for 50% of the 1RM load was less than that applied for 30% of 1RM.
Overall, the findings of these two studies [36,37] indicated the importance of choosing the
proper grip width and its impact on muscle activation and performance-related outcomes.

The arched technique (or the arch bridge technique) is when the athlete performs a
marked hyperlordosis in the spine, along with scapular retraction. Neto et al. [38] compared
the arched and flat techniques in 23 experienced PP athletes vs. 20 beginners. The total
load, the trajectory of the barbell in the sagittal plane, and the mean velocity of the barbell
in eccentric and concentric phases were computed. No statistically significant differences
between the arched and flat techniques for the total load could be found in terms of all
analyzed outcomes, with trivial and moderate ESs for experienced and beginner PP athletes,
respectively, and with higher values reported for the arched technique in experienced
individuals and greater improvements reported for the arched technique in beginner
subjects. During the eccentric phase of the BP, all outcome differences presented trivial-to-
moderate ESs. The vertical displacement was lower in the arched technique compared with
the flat technique for both experienced and beginner athletes, in eccentric and concentric
phases. Finally, the root mean square error (RMSE) and the horizontal displacement
exhibited nonsignificantly lower values in the arched technique in experienced athletes
compared with beginner individuals during the eccentric and concentric phases of the BP.
As such, according to this study [38], instead of imposing the arched technique, the most
effective technique for experienced and beginner PP athletes should be identified by sports
trainers and coaches, based on variables such as the injury level and its characteristics (i.e.,
structured severe scoliosis or high levels of spinal cord injury).

In training, partial movements are considered a variation of the BP and are generally
used to improve control in particular areas of the trajectory or to stimulate the central
nervous system without putting stress on it. Mendonça et al. [39] compared the fatigue
index, the force production (maximum isometric force, time to maximum isometric force,
and rate of strength development), the muscle thickness (clavicular and sternal portions
of pectoralis major), and the variations in sEMG (muscle activity of the anterior portion of
the deltoid muscle, the clavicular portion of the pectoralis major, and the sternal portion of
the pectoralis major) involved in partial vs. full ROM before and after training in a sample
of 12 athletes (aged 28.60 ± 7.60 years). In both exercise conditions, time in the rate of
force development (p < 0.001, ES = 0.720) and time in the rate of strength development
(p = 0.014, ES = 0.437) exhibited decreased values post-training. Moreover, the maximal
isometric force decreased in post-training as well to a greater extent in full ROM (p < 0.001,
ES = 3.53) than in partial ROM (p < 0.001; ES = 1.85), while the fatigue index increased
solely in the partial ROM (p < 0.001; ES = 1.65). Regarding the other variables, the clavicular
portion of the pectoralis major muscle thickness from pre- to post-training increased more
in full ROM (p < 0.001; ES = 3.33) than in partial ROM (p < 0.001; ES = 2.34). Further,
similar increases were found in the sternal portion of the pectoralis major muscle thickness
between full ROM (p < 0.001; ES = 1.71) and partial ROM (p < 0.001; ES = 2.36). Finally, both
portions of the pectoralis major were more active in full ROM (p < 0.05), while the triceps
muscle was more active with partial ROM (p < 0.05). In conclusion, compared to a full lift,
partial ROM training allows the management of higher workloads with fewer losses in
muscle functions.

The concentric phase in the BP exercise is conventionally divided into three different
regions: (i) pre-sticking: time from the lowest point of the bar to the maximum velocity of
the bar, (ii) sticking: from the maximum velocity of the bar to the first minimum velocity of
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the bar, and (iii) post-sticking: from the moment the acceleration of the bar has returned
positive up to the second peak of maximal velocity.

Aidar et al. [40], in a sample of 12 PP athletes (aged 26.56 ± 5.55 years), evaluated
changes in strength indicators (maximum isometric force, rate of force development, and
time to maximum isometric force), kinematic parameters (velocity and dynamics time), and
sEMG muscle activity (pectoral, sternal and clavicular parts, deltoid and triceps) at different
distances from the bar to the chest (5.0; 10.0; 15.0 and 25 cm). Furthermore, the velocity
and dynamic time in the eccentric and concentric phases (pre-sticking, sticking, and post-
sticking) were assessed. The authors found changes in velocity at the various points in the
sticking region. Specifically, at 5.0 cm, velocity reaches its highest value (0.699 m/s), whilst
at 10.0 cm, it tends to fall (0.198 m/s) (p < 0.001), and then increases at 15 cm (0.423 m/s)
(p < 0.04) and at 25.0 cm (1.137 m/s) (p < 0.001). There were also differences in velocity
between the pre-sticking region and the sticking region (1.98 ± 0.32 vs. 1.30 ± 0.43, p = 0.039)
and in the dynamic time between the pre-sticking and the sticking region (0.40 ± 0.16 vs.
0.97 ± 0.37, p = 0.021). Regarding the strength indicators, the maximum isometric force
showed an increase after the sticking point (10 cm) with significant differences between
5.0 and 15.0 cm (p = 0.001), 5.0 and 25.0 cm (p < 0.001), and 10.0 and 15.0 cm (p = 0.012).
The rate of force development was higher at 25.0 cm than at 5 cm (p = 0.004) and 10.0 cm
(p < 0.001). Finally, in the time to maximum isometric force, there were differences between
5.0 cm and 15.0 cm (p < 0.001), 5.0 cm and 25.0 cm (p = 0.001), 10.0 cm and 15.0 cm
(p < 0.05), and 15.0 cm and 25.0 cm (p < 0.05). The electromyographic results did not
indicate significant differences between the muscles and between the different distances
studied. However, greater activation of the brachial triceps was found compared to the
other muscles, mainly at 10.0 cm and 15.0 cm. In conclusion, in the sticking region, the
strength and kinematic parameters tend to be altered despite the greater contribution of the
triceps muscle. These findings have practical implications in that coaches should determine
the sticking point and focus on it, devising proper and effective training and conditioning
strategies for the point at which the failure occurs. This is anticipated to significantly
improve PP outcomes.

Da Silva et al. [41] recruited six male (aged 26.5 ± 8.0 years) and four female (aged
39.8 ± 11.2 years) PP athletes who underwent 1 repetition at 95% intensity of 1RM three
times with 5 min of rest between attempts. Electromyographic variables (root mean square
(RMS), mean frequency, and median frequency) and kinematics (velocity of movement of
the barbell) were evaluated in different sub-phases of the BP movement (sub-phases I and
II for the eccentric phase and pre-sticking, sticking, and post-sticking for the concentric
phase). There was no significant difference between the total velocity values of the eccentric
and concentric phases. However, the eccentric phase was shorter than the concentric
one. In the eccentric phase, differences in velocity were found between sub-phases I
and II (149.36 ± 53.39 vs. 181.97 ± 47.01). In the concentric phase, on the other hand, the
barbell velocity decreased during the sticking sub-phase compared to the pre-sticking phase
(122.95 ± 35.92 vs. 179.39 ± 54.68), and the velocity increased again in the post-sticking
phase (160.36 ± 65.09). Finally, the barbell velocity in sub-phase II and pre-sticking was
significantly higher than in the sticking phase (p < 0.05). Regarding the electromyographic
results, the RMS values obtained for the triceps were significantly lower than those of the
pectoral and deltoid muscles for all the sub-phases studied (p < 0.05). Except for sub-phase
I, where there were no differences in muscle activation, the deltoid had the maximum RMS
values for all sub-phases (p < 0.05). The behavior common to all the muscles studied was
that they had their maximum activation in the pre-sticking phase. In the mean and median
frequency, on the other hand, the triceps brachii showed the highest values, followed by the
deltoid and pectoral muscles. Furthermore, in the triceps brachii, statistically different values
were found in all the movement sub-phases (p < 0.05). In both frequency parameters, all
muscles showed significant differences in the post-sticking phase (p < 0.05). These results
have practical implications in that sports trainers and coaches should develop resistance-
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training programs in such a way as to include variations in the BP execution and optimize
PP performance-related outcomes.

3.7. Recovery Strategy in Paralympic Powerlifting

Five studies [42–46] explored the impact of post-exercise recovery in PP through
physiological and biochemical assessments using different strategies. Aidar et al. [42]
conducted a randomized, placebo-controlled trial and recruited 10 PP athletes at the
national level, aged 27.13 ± 5.57 years. They underwent a warm-up and 5 × 5 at 80–90% of
1RM, ingesting ibuprofen 15 min before and 5 h after training. Ibuprofen ingestion resulted
in positive effects, with greater peak torque values (p = 0.04, at 24 h) and a lower fatigue
index (p = 0.01, at 24 h), even though there was no impact on oxidative stress markers.
Blood indicators, including leukocytes, with the use of ibuprofen were higher than with
the placebo (p < 0.001).

In another work, Aidar et al. [43] conducted a randomized, placebo-controlled trial
and recruited a sample of 20 PP athletes (10 at the national level, aged 32.50 ± 3 years,
and 10 at the regional level, aged 30.75 ± 5.32 years). Athletes underwent a warm-up
and 5 × 5 at 80% of 1RM, with half of the sample ingesting ibuprofen 15 min before the
commencement of the training. Ibuprofen ingestion resulted in greater peak torque values
(p = 0.007) and a lower fatigue index (p = 0.002) in the national level group. Leukocytes,
with the use of ibuprofen in the national level group, were greater than in the regional
level group (p = 0.001). Similarly, neutrophils levels in the national-level group treated
with ibuprofen were greater than those in the regional-level group treated with ibuprofen
and a placebo (p = 0.025). Lymphocytes levels in the national-level group treated with
ibuprofen were lower than those in the regional-level group treated with ibuprofen and
a placebo (p = 0.001). Monocytes levels in the national level group with ibuprofen and a
placebo were lower than those in the regional level with ibuprofen (p = 0.049). Hemoglobin,
hematocrit, and erythrocyte values were higher at the national level with ibuprofen and
the placebo than those at the regional level with ibuprofen and a placebo (p-value < 0.05).
Ammonia levels were higher in the national level group with ibuprofen (p = 0.007) and a
placebo (p = 0.038), with respect to the regional-level group with ibuprofen and a placebo,
respectively.

Fraga et al. [44] recruited eight PP athletes (aged 27.0 ± 5.3 years) competing at
the national level, who underwent a warm-up and 5 × 5 at 85–90% of 1RM. Ingestion of
ibuprofen or a placebo occurred 15 min before and 5 h after training. The maximal isometric
force only decreased in the placebo condition, with a significant increase between 24 and
48 h in the ibuprofen condition, whilst the post-exercise rate of force development decreased
significantly for both conditions. Muscle temperature decreased significantly at 48 h post-
exercise in the placebo condition, while deltoid muscle temperature at 48 h post-exercise
was higher in the ibuprofen condition. Finally, creatine kinase levels were higher with
the placebo than with ibuprofen 48 h after exercise, whilst alanine aminotransferase levels
were lower 24 h after the training, with ibuprofen. Immediately after training, aspartate
aminotransferase levels increase with the placebo, while with ibuprofen, they increase
after 24 h. These findings, taken together, seem to indicate that the ingestion of ibuprofen
exerts positive effects, in that it appears able to counteract, reduce, or at least partially delay
the increases in the levels of creatine kinase and alanine/aspartate aminotransferases—an
increase partly induced by the exercise and partly by the underlying disability in this
population.

Sampaio et al. [45] investigated the impact of creatine supplementation on the recovery
in a sample of 8 PP athletes aged 25.40 ± 3.30 years, undergoing training consisting of
5 × 5 at 85–90% of 1RM. There was no significant variation in the peak torque, rate of force
development, time to maximum isometric force, and force with creatine supplementation,
whilst the fatigue index after 7 days decreased (p = 0.02), making this supplementation a
viable nutritional strategy for PP athletes.
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dos Santos et al. [46] investigated how different post-workout recovery strategies
(passive recovery, dry needling, and cold-water immersion) can impact homeostasis in a
sample of twelve male PP athletes (aged 25.4 ± 3.3 years) undergoing strength training
consisting of 5 × 5 at 120% of 1RM in the eccentric phase and 80% of 1RM in the concentric
phase + 3 × 5 at 40% of 1RM. The maximal isometric force differed significantly among
the three post-workout recovery strategies (p = 0.046). In particular, with passive recovery
and dry needling, the maximal isometric force was found to decrease compared with the
pretest value at 15 min and 2 h. Similarly, in cold-water immersion, it increased from 2 to
24 h and reached 20% more force after 24 h than at the baseline level. Biochemical blood
indicators differed as well among the three post-workout recovery methods (p = 0.006). In
more detail, cold-water immersion and dry needling led to increased levels of interleukin-2
(IL-2) from 24 to 48 h compared to that from 2 h to 24 h. On the other hand, interleukin-4
(IL-4) and interferon-gamma (IFN-γ) levels did not change significantly over time. These
molecules, with the exception of IL-4, have a pro-inflammatory activity, which may be
detrimental, but if finely regulated and controlled, they can play a key role in muscle repair
and regeneration. Muscle thickness was another variable that differed according to the
type of recovery strategy (p = 0.002). More specifically, with passive recovery, it increased
and remained elevated, whilst with cryotherapy, it increased after 15 min and 2 h, whilst
after dry needling, muscle thickness did not increase in any of the muscles analyzed, and
after 2 h, muscle thickness was found to significantly decrease again in the major pectoralis
muscle. Finally, pain pressure differed based on the post-workout recovery strategy in a
muscle-specific way: differences could be described for acromial pectoralis (p = 0.003), but
not for the deltoid muscle (p = 0.085). The pain pressure threshold was found to increase
significantly immediately after all recovery methods (15 min). Then, it decreased for all
muscles, with the lowest measurement computed 24 h after passive recovery, after which
it started increasing again. A similar trend could be found for dry needling, even though
the decrease was lower. Finally, after cold-water immersion, pain pressure stabilized after
15 min and increased after 2 h for acromial pectoralis. In conclusion, the various recovery
strategies had differential effects in terms of the return to homeostasis in PP athletes,
impacting edema, pain, and local and systemic recovery to varying degrees and with
different, precise timing, with the dry needling method being effective in shorter-term
recoveries, and with cold-water immersion being effective in shorter and longer recoveries.

3.8. Impact of the Disability and Type of Disability in Paralympic Powerlifting

Four studies [47–50] explored the impact of the disability and the type of disability
in PP. Gołaś et al. [47] compared two elite flat BP athletes—an elite able-bodied athlete
(aged 34 years, body weight 103 kg) and an athlete with a lower limb disability (aged
31 years, body weight 92 kg)—in terms of the activity of four muscles (pectoralis major,
anterior deltoid, lateral and long heads of the triceps brachii). The peak activity of all the
considered muscles significantly differed between the two athletes (p = 0.001, p = 0.001,
p = 0.0021, and p = 0.002, respectively). Differences depended on the load: 60% to 100%
1RM (p = 0.007), 70% to 100% 1RM (p = 0.016), and 80% to 100% 1RM (p = 0.032). These
findings can be explained by considering that keeping the feet on the bench leads to an
increased engagement of upper body muscles and to their greater activation.

Szafraniec et al. [48] quantitatively assessed the impacts of a 6-week high-velocity
strength training program on movement velocity and strength endurance measured one
week before and one week after in eleven experienced powerlifting athletes with cerebral
palsy vs. seven control subjects. While movement velocity increased in the cerebral palsy
group only (p = 0.016), strength endurance increased in both groups (p < 0.001 and p = 0.049,
respectively).

Teles et al. [49] compared PP athletes with (aged 30.57 ± 4.20 years) and without (aged
25.67 ± 4.52 years) spinal cord injuries in terms of the impact of dynamic (mean propulsive
velocity, maximum velocity, and power) and static (maximum isometric force, time to
maximum isometric force, rate of force development, impulse, variability and fatigue
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index) force and associated parameters at different intensities on performance-related
outcomes. The two groups differed in terms of dynamic (p < 0.05) but not static force
indicators. Concerning EMG, individuals with injured spinal cords exhibited differences
between the triceps in relation to the previous deltoid (p = 0.012).

Aidar et al. [50] compared 10 PP athletes with spinal cord injuries (aged 30.00 ± 4.27 years)
and 10 with other disabilities (aged 28.30 ± 4.92 years) in terms of the impact of a dynamic
force (mean propulsive velocity, maximum velocity, and power), with loads of 40%, 60%,
and 80% of 1RM in tied and untied conditions Athletes were also assessed in terms of static
force (maximum isometric force, time to maximum isometric force, rate of force development,
impulse, variability, and fatigue index). The authors found no differences between spinal
cord injuries vs. other disabilities in dynamic and isometric strength indicators. However,
spinal cord injuries at 80% of 1RM showed a higher mean propulsive velocity in the untied
than in the tied condition (p = 0.041). Similarly, at 40% (p = 0.004) and 80% (p = 0.023) of 1RM,
spinal cord injuries had a higher maximum velocity in the untied than in the tied condition.
These studies [47–50], taken together, show that PP is a viable strategy in people living with
disabilities, in that persons with injuries, such as cerebral palsy or spinal cord dysfunction,
still have adequate neuromuscular control after proper training.

3.9. Epidemiology of Paralympic Powerlifting

Six studies [51–56] explored the epidemiological aspects of PP.
Lopes Silva et al. [51] retrospectively assessed 3107 athletes (1985 males and 1122 fe-

males) who took part in the last eight World Championships and six Paralympic Games in
terms of sex/gender, chronological age, weight category, and competition achievements.
The authors found that male athletes were older (33.2 ± 8.6 vs. 32.2 ± 7.5 years, p = 0.001,
ES = 1.21, large) and stronger. Regarding the age of male athletes, there was a main effect of
events (p = 0.018, ES = 0.001, small), even though no differences between those competing at
Paralympic Games and World Championships (p = 0.098) could be found. Moreover, there
was a main effect of competition achievement (p = 0.001, ES 0.009, small), with medalists
being younger compared to non-medalists. Further, there was a main effect of the weight
category (p = 0.001, ES = 0.014, small). Considering the age of female athletes, there was
only a main effect for competition achievement (p = 0.001, ES 0.017, small), with medalists
being younger when compared to non-medalists (p = 0.001), and a main effect for weight
category (p = 0.001, ES = 0.031, moderate). Male athletes were able to lift heavier loads
than females (168.0 ± 35.9 vs. 96.8 ± 24.4 kg, p < 0.001, ES = 2.20, large). A similar trend
was reported for the relative load (2.06 ± 0.90 kg/body mass (BM) vs. 1.49 ± 0.61 kg/BM,
p < 0.001, ES 0.71, small). The main effects of competition (p = 0.001, ES = 0.017, small), with
higher values in the Paralympic Games compared to the World Championships, and of
weight category (p = 0.001, ES = 0.215, moderate), were computed. Finally, an event and
weight category interaction (p = 0.045, ES = 0.00, small) was found; for relative load, there
was an event and ranking interaction (p = 0.046, ES = 0.002, small). Concerning the absolute
load of female athletes, there was a main effect of events (p = 0.001, ES = 0.024, small), with
higher values in Paralympic Games compared to World Championships. Furthermore,
there was a main effect from the weight category (p = 0.001, ES = 0.344, large), also in terms
of the relative load (p = 0.001, ES 0.124, large). Finally, in males, chronological age and body
mass significantly correlated with the absolute and relative load, whilst in females, age was
associated with the relative load as well as body mass with the absolute and relative load.
In conclusion, the performances of both groups were better at the Paralympics than at the
world championships. The medalists were younger. The lighter weight categories included
participants of a younger age and with a greater relative load than the heavier competitors.

Willick et al. [52] analyzed the injury incidence rate and the injury incidence proportion
in PP athletes during the London 2012 Paralympic Games (7 days). Out of 163 athletes
participating in the competition, 38 injuries were reported by 38 different athletes. The
injury incidence rate and the injury incidence proportion were 33.3 and 23.3, respectively.
Lighter weight classes had fewer injuries than heavier weight classes. No significant

140



Healthcare 2022, 10, 2319

differences between male and female athletes or age-specific effects could be found. In
terms of the onset of injury, chronic-overuse injuries were the most frequent, followed
by acute-on-chronic and acute traumatic injuries. Concerning the anatomical location of
injuries, the shoulder/clavicle was the most injured area, followed by the chest and elbow.

Jarraya et al. [53] computed the injury frequency in PP athletes undergoing imaging
(X-rays, ultrasound, and magnetic resonance imaging (MRI)) during the Rio 2016 Summer
Paralympic Games. Of the 182 athletes participating in the competition, 20 underwent
imaging. Of the 33 examinations performed, 18 injuries were reported affecting the up-
per extremities. The injuries mainly involved the tendons followed by the muscles and
bone bruises.

Hamid et al. [54] determined the sociodemographic, clinical, and anthropometric
physical parameters of Malaysian PP athletes during a Powerlifting Workshop and National
Championship. Fifty-two athletes representing 13 different Malaysian states were recruited.
Most of the participants were men (82.7%), and the mean age was about twenty years
(24.50 ± 8.25 years). A spinal cord injury and lower limb amputation were the most
frequent pathologies, with a percentage of 34.6% and 26.9%, respectively. About half of
the powerlifters (42.3%) competed in international competitions, more than half (76.9%)
had at least 1 year or more of experience, a minority (5.8%) also practiced other sports
(athletics, basketball, and wheelchair tennis), and nearly all (97%) have completed basic
education. The workouts generally had a frequency of two to four sessions per week
with a duration of 90 min per session. Regarding the anthropometric characteristics,
the authors found that women had a lower lean body mass (54.90, interquartile range
(IQR) 14.32 kg, vs. 43.50, IQR 9.78 kg, p = 0.031) and higher percentages (19.80 ± 10.56%
vs. 35.61 ± 6.08%, p ≤ 0.001) and a greater amount of body fat (14.10 ± 11.55 kg vs.
26.50 ± 10.80 kg, p = 0.003) than men. Furthermore, males had significantly longer arm and
forearm lengths compared with females (30.10, IQR 3.00 cm vs. 23.00, IQR2.13 cm; p = 0.020).
In the analyses based on weight categories, body mass index (BMI) was significantly
highest (p < 0.001) among the heavyweight class (42.08 ± 11.39 kg/m2) followed by the
middleweight (31.33 ± 5.46 kg/m2) and lightweight (25.55 ± 7.05 kg/m2) classses. The
lean body mass among the lightweight, middleweight, and heavyweight classes was
45.90 ± 9.13 kg, 63.41 ± 8.29 kg, and 71.70 ± 10.16 kg, respectively, with significant
differences between the middleweight and heavyweight (p < 0.001) and between the
lightweight and middleweight (p-value < 0.001) classes. Significant differences could also
be found in the body fat between the lightweight and heavyweight (30.71 ± 12.31 kg
vs. 9.88 ± 6.04 kg, p < 0.001) classes and between the lightweight and middleweight
(9.88 ± 6.04 vs. 17.41 ± 8.40, p < 0.001) classes. Similarly, in hip circumference, significant
differences were found between the lightweight and middleweight (81.98 ± 20.51 cm
vs. 108.72 ± 7.62 cm, p < 0.001) classes and between the middleweight and heavyweight
(108.72 ± 7.62 vs. 118.38 ± 8.03, p < 0.001) classes. Both dominant and non-dominant
arm girths during relaxation and tension were significantly greater in the heavier weight
classes (p-value < 0.001). Finally, variables were found that have a significant correlation
with the powerlifters’ best lift. Specifically, strongly correlated variables were arm girth (r
ranging from 0.549 to 0.694, p-value < 0.0001) and experience (r = 0.724, p-value < 0.0001).
Weight and BMI, on the other hand, showed moderate correlations (r = 0.418, p = 0.009 and
r = 0.462, p = 0.008), while lean body mass and age only showed weak correlations (r = 0.389,
p = 0.019 and r = 0.352, p = 0.030).

van den Hoek et al. [55] compared world BP records of different weight classes in
terms of absolute and relative strength (strength-to-weight ratio [kg·kgbw

−1]) between
powerlifters with disabilities and powerlifters without disabilities. Surprisingly, the authors
found similar results between the two athlete populations and, in some cases, higher world
records for powerlifters with disabilities than their counterparts. Specifically, powerlifting
world record holders without disabilities showed an absolute strength greater than those
with a disability in 5 of 8 weight classes for women (47 kg, 52 kg, 57 kg, 76 kg, and
84 kg) and 6 of 8 weight classes for men (59 kg, 66 kg, 74 kg, 83 kg, 93 kg and +120 kg).
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Regarding the relative strength, the values ranged, respectively, from 1.83 to 3.88 kg·kgbw
−1

for powerlifters with disabilities and from 1.49 to 3.35 kg·kgbw
−1 for powerlifters without

disabilities (p = 0.118). For women, on the other hand, relative strength values ranged
from 1.19–2.72 kg·kgbw

−1 for powerlifters with disabilities and from 1.14–2.22 kg·kgbw
−1

for powerlifters without disabilities, respectively (p = 0.432). Finally, among powerlifters
with disabilities, the greatest relative strength was observed in the 49 kg weight class for
males (3.88 kg·kgbw

−1) and in the 50 kg weight class for women (2.72 kg·kgbw
−1). Among

powerlifters without disabilities, on the other hand, the greatest relative strength was
observed in the under-66-kg weight class for males (3.35 kg·kgbw

−1) and in the under-63-kg
weight class for females (2.29 kg·kgbw

−1).
Severin et al. [56] conducted a retrospective study with a dual aim: (1) to determine

the average age of and weight lifted by 2079 athletes who participated in the Paralympic
Games and World Championships, stratified by gender and body weight category and
(2) to establish the age-related trajectory of the performance and derive estimates of the age
at peak performance. Regarding the first aim, the authors found that the mean age for men
and women in the heaviest body weight categories was 36 and 43 years, respectively. In
addition, the average age of athletes in the heavier bodyweight categories was higher than
that of athletes in the lighter bodyweight categories (p < 0.001). Particularly in men, age
increases between 49 and 65 kg (3.9 ± 0.1 years, p = 0.002), 65 and 80 kg (2.5 ± 0.8 years,
p = 0.03), and for the body weight categories 80 kg and >107 kg (3.3 ± 1.1 years, p = 0.07). For
women, on the other hand, there were age increases ranging from 41 to 50 kg (4.4 ± 1.0 years,
p < 0.001), 50 and 67 kg (5.6 ± 1.0 years, p < 0.001), 67 and 86 kg (3.6 ± 1.0, p = 0.02), and
for body weight categories 86 and >86 kg (4.6 ± 1.1 years, p < 0.001). For the second
aim, it was found that peak performance in men occurs at a younger age than in women
(36.3 ± 0.5 years vs. 40.5 ± 0.7 years, p < 0.001). Furthermore, higher-level powerlifters
achieved their peak performance earlier than their lower-level peers (37.1 ± 0.7 years vs.
39.7 ± 0.5 years, p = 0.003). Finally, the age at which athletes were most likely to reach their
full potential (between 31 and 35 years of age) was lower than that measured (36 years for
males and 41 years for females) using individual age-related trajectories.

3.10. New Analytical/Statistical Approaches for Kinematics Assessments, Internal Load
Monitoring, and Predictions of Mechanical Outputs in Strength Exercises and in Paralympic
Powerlifting

Six studies [57–62] developed new analytical/statistical approaches for kinematics
assessments and predictions of mechanical outputs in strength exercises. The Functional
ANOVA (FANOVA) model is a generalized regression model, with logistic, probit, and
Poisson regression as special cases. FANOVA enables the modeling of multivariate pre-
dictor functions as specified sums of constant terms, main effects, and interaction terms.
Ramos Dalla Bernardina et al. [57] recruited eight male and two female PP athletes aged
35.00 ± 7.01 years undergoing a set of five repetitions at intensities of 50% and 90% of
1RM. Mean velocity in the concentric and eccentric phases was assessed using ANOVA and
FANOVA approaches to quantify asymmetries at different submaximal intensities In both
analyses, a higher average velocity was found at an intensity of 50% compared to 90% of
1RM, specifically for the range of movement from 70% to 100% (p = 0.005). Whilst the two
methodologies yielded similar results for the eccentric phase (no interaction between limb
and intensity, and no main effect of limb, p = 0.801), the FANOVA approach enabled the au-
thors to find an asymmetrical pattern in the concentric phase, in favor of the preferred limb,
at the maximum intensity of the exercise. ANOVA failed to capture a significant interaction
between limb and intensity (p = 0.999), as well as the main effect of asymmetry (p = 0.526),
while the main effect of intensity could be found (p = 0.001), identifying higher mean
velocities at an intensity of 50% compared to that of 90% of 1RM. When compared with
ANOVA, FANOVA analyzes the entire profile of the velocity curve in the concentric and
eccentric phases, allowing for a better understanding of the biomechanical characteristics
of the movement with respect to the classical approach.
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Bellitto et al. [58] conducted a case series analysis of one able-bodied athlete (male,
22 years) andthree PP athletes (one female and two female individuals, aged 20–40 years),
undergoing three repetitions at intensities of 90% of 1RM with 3 min of rest. By means of
kinematics, the authors evaluated the movements in the sagittal, frontal, and transverse
planes. sEMG showed that PP athletes had high symmetry and low variability in the
three movements of the bench. The able-bodied athlete had a lower level of repeatability
and symmetry. Techniques of execution and muscle patterns were different for each
athlete. The instrumental evaluation used allowed for the identification of similar kinematic
performance patterns and specific muscle strategies for each athlete.

Loturco et al. [59] analyzed the relationship between load and barbell velocity (av-
erage velocity, average propulsive velocity, and peak velocity) to accurately predict dis-
tinct loading intensities (%1RM) during maximum contraction in a sample of eight males
(aged 28.3 ± 3.6 years), five females (aged 25.4 ± 5.2 years), and four dwarfs (aged
29.4 ± 3.6 years). Associations between bar velocities and %1RM were strong for all
the loading intensities (R2 values ranging from 0.80–0.91), but the precision of the predic-
tive modeling equations was lower (~5%) and higher (~20%) at lighter and heavier loading
intensities (≤70% 1RM, and ≥70%1RM), respectively. Finally, very strong athletes perform
BP 1RM assessments at lower velocities than reported in the scholarly literature.

Aidar et al. [60] assessed different methodologies (two-, and four-point methods
with distal loads, and six-point methods with proximal loads) to evaluate BP maximum
repetitions and their impacts on the measurement of the minimum velocity limit, load
at zero velocity, and force velocity (FV) in a sample of 15 elite male PP athletes (aged
27.7 ± 5.7 years). The authors found that all methods exhibited a good ability to predict BP
1RM in PP.

Aidar et al. [61] compared dynamic (mean propulsive velocity, maximum velocity,
power, and prediction of one maximum repeat) and static (maximum isometric strength,
time to maximum isometric strength, rate of force development, impulse, variability, and
fatigue index) indicators at different intensities in 11 national level PP athletes (aged
26.13 ± 7.22 years) vs. 12 regional level PP athletes (aged 29.25 ± 4.50 years). The authors
found higher velocity values in PP at the regional level compared with the national level.
Notably, there were differences for the mean propulsive velocity at 45% (p = 0.041), 55%
(p = 0.047), and 75% (p = 0.020) of 1RM and for the maximum velocity at 50% (p = 0.041),
55% (p = 0.0049), 75% (p = 0.013), and 95% (p = 0.040) of 1RM. However, the national level
has developed higher power rates than the regional level at 40% (p = 0.004), 45% (p = 0.004),
50% (p = 0.023), and 60% (p = 0.032) of 1RM and the maximum of the predicted repetition.
Regarding static indicators, the national level developed a higher maximum isometric force
(p = 0.001), impulse (p = 0.001) and variability (p = 0.049), whilst there were no differences
in the time to maximum isometric strength (p = 0.262), rate of force development (p = 0.276),
and fatigue index (p = 0.180). In conclusion, national-level athletes rely more on strength
than velocity.

While the “Rating of Perceived Exertion” (RPE) scale can be used for internal load
monitoring in athletes undergoing aerobic training, and it has been demonstrated to not
be a useful and clinically meaningful tool to capture the strength training load intensity,
a possible alternative in PP is given by a scale based on the repetitions in reserve (RIR),
which examines how many repetitions the athlete estimates they can perform after the end
of the set. Based on this perception, the athlete stipulates a score from 1–10 (1 corresponds
to little-to-no effort and 10 to maximum effort). Specifically, the RIR-based scale values are
10, 9.5, 9, 8.5, 8, 7.5, 7, 5–6, 3–4, and 1–2 and are associated with 0, 0.5, 1, 1, 5, 2, 2.5, 3, 5, 6,
and 7 repetitions (repetition estimate), respectively. Neto et al. [62] validated the RIR-based
scale in a sample of 20 PP. In this study, participants were asked to perform a minimum of
one repetition and up to a maximum of 4 for each different intensity (100%, 90%, 85%, 80%,
and 75% of 1RM), and after each test, the RIR-based scale was evaluated. Subsequently,
the number of repetitions performed was added to the estimate of repetitions provided by
the RIR-based scale (estimate of total repetitions). Finally, the estimated total repetitions
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were compared with a maximal strength test (1RM) and a maximum repetitions test at
different intensities (90, 85, 80, and 75% of 1RM). There were no significant differences
between the repetitions of the maximum strength test and the estimated total repetition.
Similarly, no significant differences were found between the estimated total repetition and
the repetitions of the maximum strength test for 100%, 90%, 85%, and 80% of 1RM. However,
repetitions performed at 75% of 1RM were significantly higher than the total estimated
repetitions (median = 9.0 vs. 7.0 repetitions, ∆ = 13.8%, SE = 0.4). To demonstrate the
reliability of the scale, the correlation of the estimated total repetitions with the repetitions
of the maximum strength tests for all load intensities was very high (intraclass correlation
coefficient (ICC) = 0.91, p-value < 0.01). Using the Bland and Altman method, the difference
between means was 0.9 repetitions, and the interval around differences was 6.4 repetitions.
In terms of construct validity, the RIR-based scale exhibited a high correlation value with
1RM intensities (rho = 0.86, p-value < 0.05).

3.11. Bibliometrics-Based Analysis of Paralympic Powerlifting Scientific Output

Our bibliometrics analysis enabled us to identify 164 researchers (nodes), 103 (62.8%)
of whom were interconnected (Figure 1). The resulting graph (Figure 2) consisted of
1229 links (edges), with a total link strength of 2065, and 19 clusters. The most prolific
author (topologically speaking, the hub node) was Aidar, F. J., with 22 items/documents
(representing 59.5% of the scientific output overviewed in the present scoping review). The
list of the ten most productive scholars can be found in Table 1.

As can be seen from Figure 3, the distribution of documents is highly asymmetrical
(median = 1, coefficient of skewness = 3.76, p < 0.0001, coefficient of kurtosis = 15.92,
p < 0.0001). A total of 68.3% of scholars have authored one document, whilst one single
author is responsible for about 60% of the PP-related scientific production. The main
topological features of the scholarly community of authors on PP are shown in Table 2.

Table 1. The ten most productive authors on Paralympic powerlifting.

Author Country Number of Items (%) Number of
Links

Total Link
Strength Author Cluster

Aidar, F.J. Brazil 22 (59.5%) 94 264 7
Cabral, B.G. Brazil 15 (40.5%) 76 209 2

de Almeida-Neto, P.F. Brazil 15 (40.5%) 74 207 2
de Matos, D.G. Brazil/Canada 14 (37.8%) 63 188 1

Marçal, A.C. Brazil 13 (35.1%) 62 182 1
Reis, V.M. Portugal 11 (29.7%) 56 150 1

Clemente, F.M. Portugal 11 (29.7%) 54 148 6
de Souza, R.F. Brazil 11 (29.7%) 54 145 1
Garrido, N.D. Portugal 10 (27.0%) 52 145 3

dos Santos, J.L. Brazil 7 (18.9%) 46 98 3
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Table 2. The main topological features of the scholarly community of authors on Paralympic powerlifting.

Topological Feature Value

Average number of neighbors 20.78
Network diameter 4

Network radius 2
Characteristic path length 1.91

Clustering coefficient 0.84
Network density 0.20

Network heterogeneity 0.79
Network centralization 0.73
Connected components 11

Similar highly asymmetrical distributions can be found for other topological param-
eters, for instance, for neighborhood connectivity (Figure 4) and topological coefficients
(Figure 5).
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Finally, in terms of publication years, 13 articles (35.1%) were published in 2022.
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4. Discussion

Despite having already become a paralympic sports discipline in 1984 [63], only in the
last few years has PP been attracting a lot of interest from the community of researchers,
with the first scholarly contribution dating back to 2012 and with more than one-third of
the scientific output being published this year (2022). As such, the scholarly discipline
is quite recent and young. Moreover, the community dealing with this topic is poorly
interconnected, with most authors contributing to just one article, and with one single
author being a hub node of the author network. Distributions of the number of articles and
authors/co-authors were found to be highly asymmetrical, indicating that this research
is still in its infancy and has great room as well as great potential to grow. Reflecting this,
many research topics are also overlooked and underdeveloped, with the currently available
evidence being based on a few studies.

4.1. Physiological and Psychological Responses to Warm-up, Training, Exercise, and Recovery in
Paralympic Powerlifting

Warm-ups have been acknowledged as instrumental in enhancing athletes’ performance-
related outcomes in different sports disciplines and in a wide range of exercises and physical
activities, by increasing body temperature and thus decreasing stiffness, improving nerve
conduction velocity, and optimizing metabolic efficiency [64]. However, disabled people may
have impaired thermoregulatory responses to exercise and could benefit less from warm-
ups. In PP, the warm-up, regardless of its design and format (in terms of type, intensity,
and volume), has been shown by two studies [26,27] to improve performance (type, inten-
sity, volume), even though the body of evidence is limited (being based on two studies
only), and more research should be conducted to explore the effects of other designs of
warm-up strategies.

Concerning training, the use of elastic bands (vs. the fixed-resistance methodology) in
PP seems to promote overload, increase fatigue, and decrease strength, whilst it appears to be
an effective and common practice in powerlifting [65]. However, this conclusion is drawn
from one study only [28], warranting further research in the field. As well, the determinants
of training in terms of the optimal preparation interval should be further investigated: the
only study available [29] failed to detect any age-, sex-, and gender-specific differences.

In addition, disabled people have impaired cardiovascular, respiratory, neuromuscular,
and thermoregulatory responses to exercise. However, regular training can compensate for
these impairments and derangements [30,31], helping this specific population overcome
their underlying limitations [47–50], reaching levels of relative and absolute strength some-
times greater than able-bodied athletes [55]. PP athletes experience unique stressors [32],
even though, through anticipatory and proactive coping functions, self-consciousness, and
strong positive beliefs, PP athletes can become confident, successful, and inspirational
figures for other people with disabilities [33].

These results are in line with studies evaluating physiological responses in para-
athletics athletes [66,67], providing further evidence that high-level and long-term training
can overcome the difficulties associated with the disability [68].

Evidence drawn from the studies overviewed in the present review confirms that
PP is a safe sports discipline that can be practiced by people with disabilities [51–56].
However, the data revealed a high rate of chronic overuse injuries of the upper limbs
among PP athletes, with the highest injury incidence rate among all other sports, second
only to 5-a-side football [69]. These injuries, if not treated promptly, could have functional
consequences in everyday activities.

Concerning recovery strategies, pharmacological interventions (such as ibuprofen)
were found to impact the immune and muscular systems, proving to be an important
recovery strategy to reduce fatigue and improve performance, albeit without any ef-
fect on oxidative and anti-inflammatory stress markers, as shown in the two studies
by Aidar et al. [42,43], whilst the results were mixed in the study by Fraga et al. [44], in
which ibuprofen seemed to delay the anti-inflammatory response post-exercise. Another
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study [45] investigated the impact of creatine supplementation on recovery, which was
found to impact one parameter only, showing a decrease in fatigue index values. Finally,
another study [46] explored different post-workout recovery strategies (namely, passive
recovery, dry needling, and cold-water immersion), finding that recovery strategies differ-
entially contributed in terms of outcomes measured and timing of the return to baseline
values of altered homeostasis induced by the training session.

4.2. Methodological and Statistical Advancements

Methodological and statistical advancements [57–62] have enabled a better assessment
of performance outcomes, for which classical approaches relying on the null-hypothesis
significant statistic may be misleading. A few studies have utilized the magnitude-based
inference (MBI) model, which seems to be a promising and better statistical proposition
compared with conventional inferential statistics to quantitatively analyze and interpret
sports performance outcomes. FANOVA, as well, has been very recently introduced in
the field of biomechanics and neuromechanics and has enabled the uncovering of specific
patterns that classical methodologies failed to discover. Biomechanical studies conducted
in PP failed to detect significant differences or found only slight differences in terms
of the performance of PP under different BP conditions (such as with the legs tied and
untied [34,35], using different grip widths [36,37], with the arched and flat techniques [38],
at different distances from the bar to the chest [40], and in different sub-phases of the BP
movement [41]). The use of novel, cutting-edge techniques could potentially result in the
discovery of subtle differences. Moreover, studies on paralympic athletes could further
benefit from big data analytics (BDA) and artificial intelligence (AI)-based techniques.

The 1RM test is the gold standard for defining and controlling athlete strength and
can be used to track strength progress and calculate percentage loads. However, it is
not a practical test, requires special attention, presents a high risk of injury, and could
compromise the prescribed training session of the day. The study that examined the
relationships between different loading intensities and movement velocities was able
to accurately predict the maximum of one repetition. Furthermore, another practicable
alternative for regular load monitoring was the RIR-based scale [62].

4.3. Gaps in Knowledge and Future Directions

Moreover, we identified some gaps in the knowledge concerning PP: namely, (1)
psychological, (2) nutritional aspects, and (3) doping. The latter topic is particularly
paramount, in that doping substances and methods/practices, including the intentional
activation of autonomic dysreflexia, also called “boosting” [70], are well known to be
widespread among PP athletes and other para-athletes [22,71]. Furthermore, there is
a significant lack of studies that have stratified data and outcomes based on the type,
cause, and severity of the disability and how these clinical features affect sports and
physical performance. For example, it is known that super-compensation processes and
fatigue responses are different among Paralympic athletes, and tailor-made programming
is required for correct and safe psychophysical preparation [72,73].

While kinematics assessments have been widely investigated, the methodology of
training and periodization theory related to peak performance represent research areas
relatively under-explored and overlooked in the extant scholarly literature. For example,
most studies attribute changes in performance only to the effectiveness of short-term
programs rather than long-term training programs. In addition, there are no follow-up
studies. However, it is possible that a training methodology carried out over longer periods
of time leads to longer-lasting physiological adaptations and that acquired gains in strength,
velocity, and endurance may fade away with training cessation [74].

Besides, despite the increasing presence of female athletes in the discipline of PP, very
few studies have recruited women. In these studies, it emerges that the woman para-
athletes are less strong and powerful, but little information is present on the differences in
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response to exercise, on the recovery times, and on the correct parameters of the load to be
used compared to equally trained men.

Finally, there is a tremendous paucity of information about how the still ongoing
“Coronavirus Disease 2019” (COVID-19) pandemic has impacted PP. Information and
recommendations and the highlighting of potential strategies and approaches would be
crucial as it is possible to predict that new emerging/re-emerging infectious outbreaks can
be anticipated to occur in the next future.

Although there are studies that provide recommendations for endurance and team-
sport para-athletes to maintain general and sport-specific conditioning [75–77], these meth-
ods of home-based training may not be valid for strength para-athletes due to the need to
use specific pieces of bulky, heavy, and expensive equipment [78].
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Abstract: Training above 1800 m causes increases in hemoglobin, erythropoietin and VO2max
values in the bodies of athletes. The purpose of this study is to prove that living at an altitude
of 1850 m and training at 2200 m (LHTH+) is more effective than living and training at 2000 m
(LHTH). Ten endurance athletes (age 21.2 ± 1.5 years, body mass 55.8 ± 4.3 kg, height 169 ± 6 cm,
performance 3000 m 8:35 ± 0:30 min) performed three training sessions of 30 days, in three different
situations: [1] living and training at 2000 m altitude (LHTH), [2] living at 1850 m and training
at 2200 m (LHTH+), and [3] living and training at 300 m (LLTL). The differences in erythropoi-
etin (EPO), hemoglobin (Hb) concentration, and VO2max values were compared before and at the
end of each training session. Data analysis indicated that LHTH training caused an increase in
EPO values (by 1.0 ± 0.8 mU/mL, p = 0.002 < 0.05.); Hb (by 1.1 ± 0.3 g/dL, p < 0.001); VO2max
(by 0.9 ± 0.23 mL/kg/min, p < 0.001). LHTH+ training caused an increase in EPO values (by
1.9 ± 0.5 mU/ML, p < 0.001); Hb (by 1.4 ± 0.5 g/dL, p < 0.001); VO2max (by 1.7 ± 0.3 mL/kg/min,
p < 0.001). At the LLTL training, EPO values do not have a significant increase (p = 0.678 > 0.050;
1 ± 0.1 mU/mL, 0.1 ± 0.9%.), Hb (0.1 ± 0.0 g/dL, 0.3 ± 0.3%), VO2max (0.1 ± 0.1, 0.2 ± 0.2%,
p = 0.013 < 0.05). Living and training at altitudes of 2000 m (LHTH) and living at 1850 m training
at 2200 m (LHTH+) resulted in significant improvements in EPO, Hb, and VO2max that exceeded
the changes in these parameters, following traditional training at 300 m (LLTL). LHTH+ training has
significantly greater changes than LHTH training, favorable to increasing sports performance. The
results of this study can serve as guidelines for athletic trainers in their future work, in the complete
structure of multi-year planning and programming, and thus improve the process of development
and performance training.

Keywords: altitude; hemoglobin; erythropoietin; hypoxia; maximum volume of oxygen

1. Introduction

For maximum training efficiency, the best solutions are sought to produce physio-
logical changes favorable to performance. One method studied in performance sports is
altitude training [1]. A series of studies show that the amount of oxygen in the breathed air
decreases along with the increase in altitude, and the human body adapts to the conditions
of reduced oxygenation [2,3]. These changes take place at the hematological level and
result in easier transport of oxygen [4,5]. The hematological change which leads to easier
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transport of oxygen is the increase in hemoglobin mass [1,4,5]. All hematological and non-
hematological changes result in increasing sports performance [6–8]. Numerous studies
show the beneficial effect of altitude training on sports performance [9–11]. Wilber, R.L.A.
demonstrated that living high (2500 m) and training low (1250 m) for 28 days increases
the hemoglobin mass by 5% and VO2max by 4% [12]. Rodriguez, F.A. et al. showed that
classical training of 45 swimmers at an altitude of 2320 m led to an increase in hemoglobin
mass by 7.2 ± 3% after a 4-week training course at altitude [13]. Specialists’ opinions
are divided, with some studies stating that exposure to altitude does not bring major
changes [14]. Gore, C.J. et al. highlighted the fact that athletes exposed to 4 weeks of
intermittent exposure to hypobaric hypoxia (3 hours/day, 5 days/week at 4000–5500 m)
had increased their erythrocyte volume index by 2.3% and hemoglobin mass by 1%, and the
EPO concentration doubled in the first 6 hours. With all these changes, the conclusion was
that intermittent exposure to hyperbaric hypoxia did not accelerate erythropoiesis despite
the increase in serum EPO [14]. Some studies show physiological changes similar to those
produced by altitude training [15–17]. Man, M.C. et al. present an alternative, although
less explored, that has the potential to positively influence performance while avoiding
some of the negative physiological consequences of hypoxia being sand training. Increases
in VO2max and VMA after sand training were high (1.3 ± 0.1%; p < 0.001 and 1.2 ± 0.1%;
p < 0.001), and the hemoglobin values also increased (3.3 ± 1.1%; p = 0.035) [15].

It is scientifically proven that physiological changes favorable to performance are
triggered in the athletes’ bodies after 21 days [2,4,12]. As a result, it is very difficult to
complete a training session in a hyperbaric chamber [18], and for this reason, specialists are
looking for the best conditions for living and training at an altitude that produce favorable
effects for increasing sports performance [11].

Therefore, were compared the differences in hemoglobin (Hb), erythropoietin (EPO)
concentrations, and running capacity (VO2max) in highly trained runners after 30-day
training cycles at 2000 m (LHTH), high-altitude living (1850 m), training at 2200 m (LHTH+)
and traditional low-altitude training at 300 m (LLTL). It was hypothesized that training
at LHTL and LHTH+ would significantly increase blood parameters and physical perfor-
mance compared to training at LLTL and greater improvement will be seen after LHTH+
training over time.

2. Materials and Methods
2.1. Participants and Study Design

Participants were 10 male athletes (age 21.2 ± 1.5; 1 athlete 19 years and 7 months;
9 athletes 22 years ± 7 months, body mass 55.8 ± 4.3 kg, height 169 ± 6 cm) who specialized
in half-distance and long-distance races, with 3000 m 8:35.00 ± 0:30. The athletes went
through the same training program for 30 days, in three separate training cycles. The
difference between the training cycles was six months. The main inclusion criteria were
competition in a national level event and that the participants were free from musculoskele-
tal injuries for at least 6 months before each training cycle of the study.

In total, 15 athletes were selected for the study, but in the end, only 10 could participate,
by observing the training and health protocol in all three training sessions. The athletes
went through the same training program for 30 days across three training cycles, separated
by one year.

2.2. Sample Dimension

The G*Power software V 3.0.10 (Dusseldorf, Germany) was used to determine the
sample size (the minimum number of subjects).

155



Healthcare 2022, 10, 2296

Analysis Of Variance (ANOVA) with repeated measurements was chosen to determine
the sample size (see the image above), with the following input parameters:

1. Effect size f (ES = 0.58);
2. Error probability α = 0.05;
3. Power (1-β err prob) = 0.8;
4. No. conditions = 3 (no. groups in the image);
5. No. of repetitions = 2 (before and after);
6. Correlation for repeated measurements = 0.5;
7. Non-sphericity correction = 1.

The result indicates a minimum sample size of 9 subjects to ensure a test power
of 82.46%.

Standard meals were offered to the athletes at each training camp. In addition, all the
athletes adhered to the same regimen of vitamin and mineral supplements. Anthropometric
measurements, blood draws, and running performance tests were taken the day before and
on the first day after each 30-day training program to determine changes in hemoglobin
concentration and running performance. Blood samples were collected after 12-h fasting at
the same time of day (±1 h), at each moment. Samples were stored < 48 h at 2–8 ◦C before
analyses.

2.3. Training Schedule

The athletes completed three training courses, as follows:
In the first stage, the athletes performed a training cycle for 30 days at Piatra Arsă,

(G1) at an altitude of 2000 m (LHTH). In the second stage, the same group of athletes
performed another training that took place in Font Romeu, where they lived at the National
Altitude Training Centre (1850 m) and trained at an altitude of 2200 m (LHTH+). Finally,
the third training cycle took place at an altitude of 300 m (LLTL).

An example of a training program is detailed in Table 1. The training program was
repeated in all three training cycles.

Each training stage had 50 training sessions. A total of 520 ± 20 km was covered.

2.4. Maximum Speed and Aerobic Capacity

The five-minute test required the athletes to run at full capacity for five minutes.
VMA = distance achieved (in km) × 12. The five-minute test was used to determine the
VMA and the formula VMA × 3.5 was used to predict the VO2max because all subjects
were over 18 years of age [19]. A previous study confirms that it is a reliable and practical
indirect method of estimating individual aerobic fitness in a trained population [20].

Chamoux et al. 1996 [20–22] state that VMA determined on the field depends on
the duration of the effort and therefore on the used protocol. Examining the relationship
between running speed and the running time log set from the world race record pace shows
a significant point at 4.97 min, suggested as the reference time for the VMA. By convention,
VMA could be measured on the field by a 5-minute test, regardless of sport.

2.5. Hemoglobin Concentration

Hb was determined from venous blood collected before and after each 30-day train-
ing session using a Diagon D-Cell 60 automated hematologyanalyzer (Diagon Ltd., Bu-
dapest, Hungary).

2.6. Erythropoietin Concentration

Serum EPO concentration was determined by the commercially available Human EPO
Quantikine™ IVD ELISA kit (R&D Systems, Minneapolis, MN, USA).
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Table 1. Example of a training program.

Day Piatra Arsă-2000 m Altitude Total
Km-Running

1 S.T.1 4 km walking 4

2 S.T.2 6 km walking 6

3 S.T.3 6 km e.r.50% VMA/S.T.4 6 km e.r., segment strength-50% VMA 12

4 S.T.5 6 km e.r.50% VMA/S.T.6 8 km e.r., segment strength-60% VMA 14

5 S.T.7 8 km e.r.50% VMA/S.T.8 8 km e.r., segment strength-60% VMA 16

6 S.T.9 12 km r. uniform tempo, 60% VMA, segment. Strength 12

7 S.T.10 11 km e.r.50% VMA/S.T.11 6 km e.r. and 3 complete strength series-65% VMA 17

8 S.T.12 12 km r. uniform tempo, 65% VMA, segment. Strength/S.T.13 8 km r. uniform tempo,
10 × 100 m a.l.-65% VMA 20

9 S.T.14 14 km r. various land, segment strength and r.l.-70% VMA 14

10 S.T.15 14 km r. various land-75% VMA/S.T.16 8 km e.r., 3 series of ex. for strength 22

11 S.T.17 12 km r. uniform tempo, 70% VMA/S.T.18 10 km r. uniform tempo, 10 × 100 m
r.l.-70% VMA 22

12 S.T.19 14 km r. uniform tempo, 75% VMA 14

13 S.T.20 12 km r. progressive various land 75–83% VMA/S.T.21 10 km r. uniform tempo, 70%
VMA and 3 series of ex. for strength 22

14 S.T.22 6 km r. uniform tempo, 65% VMA, 30 × 100 m r. accelerated (100% VMA) with
connection 100 m e.r. 4 km/S.T.23 10 km r. uniform tempo, stretching 24

15 S.T.24 8 km e.r., stretching 75% VMA/S.T.25 40 min r. (2min r. tempo sustained + 1 min conn.
+ 1 min r. tempo sustained + 1 min. connection) × 8 series (90% VMA) 24

16 S.T.26 14 km r. various land (75–80% VMA) 14

17 S.T.27 10 km r. various land and 10 × 100 m r.l. with 100 m e.r. 80% VMA/S.T.28 8 km r.
uniform tempo, (75% VMA) 22

18 S.T.29 12 km r. tempo progressive-88–93% VMA/S.T.30 10 km e.r. (75% VMA) 22

19 S.T.31 14 km r. various land 80% VMA/S.T.32 10 km r. uniform tempo, (75% VMA) 24

20 S.T.33 12 km r. various tempo 92–94%VMA, 1 km e.r. 13

21 S.T.34 10 km e.r., 75% VMA/S.T.35 12 km e.r. segment strength (60% VMA) 22

22 S.T.36 16 km r. various land (65% VMA) 16

23 S.T.37 6 km e.r., 15 × 100 m with 100 m (95% VMA), 3 km e.r./S.T.38 10 km r. uniform tempo,
70% VMA 22

24 S.T.39 8 km e.r. 75%VMA/S.T.40 3 km e.r, 20 × 300 m with connection 100 m e.r. (30 s) 100% 20

25 S.T.41 2 h’ walk-forest 0

26 S.T.42 12 km r. 80% VMA/S.T.43 10 km r. uniform tempo, 75% VMA 22

27 S.T.44 12 km r. progressive various land 75–83% VMA/S.T.45 10 km r. uniform tempo, 70%
VMA and 3 series of ex. for strength 22

28 S.T.46 6 km r. uniform tempo, 65% VMA, 30 × 100 m r. accelerated (100% VMA) with
connection 100 m e.r. 4 km/S.T.47 10 km r. uniform tempo, stretching 24

29 S.T.48 8 km e.r., stretching 75% VMA/S.T.49 40 min r. (2min r. tempo sustained + 1 min conn.
+ 1 min r. tempo sustained + 1 min. connection) × 8 series (90% VMA) 24

30 S.T.50 16 km r. various land (65% VMA) 16

Abbreviations: r.—running; e.r.—easy running; r.l.—running launched; S.T. 1—session of training no. 1;
VMA—maximum aerobic velocity.
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2.7. Statistical Analyses

Statistical analyses were performed using SPSS software (v.26, IBM, Armonk, NY,
USA). ANOVA for repeated measurements was used to determine whether characteristics
(for example, body weight, Hb, EPO, VO2max) remained similar before each 30-day
training session. Changes in these characteristics within each training session were detected
using one-way ANOVA. ANOVA repeated measurements were further used to determine
differences in relative change (the percentage difference from pre-training) in characteristics
across training camps. A Bonferroni correction was used for multiple comparisons on pairs,
and the Greenhouse–Geisser correction was used when sphericity was violated. Normality
was assessed using the Shapiro–Wilk test. Statistical significance was set a priori at p < 0.05.

2.8. Sample Size

Statistical analysis was performed using SPSS v.26 software. The one-way ANOVA
test with repeated measurements was used to analyze the evolution of the values of the
characteristics EPO, Hb, and VO2max, whose values were measured at the beginning
and end of each 30-day training period. The athletes trained in training stages of 30 days
at different altitudes: at 2000 m (LHTH)-G1, living at 1850 m and training at 2200 m
(LHTH+)-G2, and 300 m (LLTL)-G3.

One-way ANOVA with repeated measurements was also used to determine the evolu-
tion of each characteristic mentioned above, as well as the differences between the average
values of each characteristic, at the end of each training period, in which the athletes trained
at altitudes LHTH, LHTH+, namely LLTL.

The Bonferroni correction was used to compare multiple pairs of values. Mauchly’s
test was also used for sphericity, and the Greenhouse–Geisser test was used for correction
when it was violated.

The data normality was checked using the Shapiro–Wilk test.

3. Results
3.1. Maximum Volume of Oxygen (VO2max-mL/kg/min)

LHTH resulted in a significant increase in the maximum volume of oxygen. It in-
creased by 0.9 ± 0.23 mL/kg/min to 56.1 ± 2.2 mL/kg/min at the initial assessment
and to 57.0 ± 2.2 g mL/kg/min at the final assessment, the percentage progress being
1.6 ± 0.5 mL/kg/min The increase is statistically significant, p < 0.001.

The maximal oxygen volume increased during LHTH+ by 1.7 ± 0.3 mL/kg/min, from
56.7 ± 2.0 mL/kg/min to 58.4 ± 2.1 mL/kg/min at the end of the training period. The
percentage of increase is 2.9 ± 0.5%. The value p < 0.001 shows a statistically significant
increase in the mean.

At LLTL, the average maximum volume of oxygen increased by 0.1 ± 0.1 mL/kg/min,
from 56.9 ± 1.9 mL/kg/min to 57.0 ± 1.8 mL/kg/min after the end of the training period.
In percentages, the increase is 0.2 ± 0.2%. The difference between the two means is
statistically significant, p = 0.013 < 0.05.

The average values of the maximum oxygen volume recorded at the end of each
training period at the three altitudes were compared with the one-way ANOVA test for
repeated measurements. It turned out that there is at least one pair of average values with
significant differences, p = 0.004.

There are statistically significant differences noticeable between the average values
of the maximum oxygen volume between all pairs of values: LHTH vs. LHTH+, the
difference of 1310 mL/kg/min, p = 0.047 < 0.05 and LHTH+ vs. LLTL, the difference of
1380 mL/kg/min, p = 0.001 < 0.05. Bonferroni adjustment was used for multiple comparisons.

It was determined that the highest average increase in maximum oxygen volume at the end
of the training period occurred in the cohort living at 1850 m and training at 2200 m. The graph in
Figure 1 shows the average relative (percentage) increases in the maximum oxygen volume
for the preparation periods at the three altitudes.
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3.2. Hemoglobin Concentration (Hb-g/dL)

Hb measured before the start of each training camp were similar (p = 0.145).
Each training session resulted in increases in hemoglobin values as follows.
LHTH increased by 1.1 ± 0.3 g/dL from 13.6 ± 0.4 mL/kg/min at the assessment

before the training stage to 14.7 ± 0.5 g/dL at the assessment after the training stage, the
percentage progress being 8.0 ± 1.8%. The increase is statistically significant, p < 0.001.

The average hemoglobin concentration LHTH+ increased by 1.4 ± 0.5 g/dL, from
13.6 ± 0.5 to 15.0 ± 0.7 g/dL at the end of the 30 days of training. The percentage increase
is 10.9 ± 2.1%. The value p < 0.001 shows a statistically significant increase.

LLTH shows an increase in the average hemoglobin concentration of 0.1 ± 0.0 g/dL,
from 13.7 ± 0.5 to 13.8 ± 0.5 in percentage, the increase being 0.3 ± 0.3%. The difference
between the two means is statistically significant, p = 0.015 < 0.05.

The mean hemoglobin values recorded at the end of each training period at the
three altitudes were compared with the one-way ANOVA test for repeated measurements.
It turned out that there is at least one pair of mean values with significant differences,
p ≤ 0.001.

Statistically significant differences were noticed between the average hemoglobin
concentrations among all pairs of values: LHTH vs. LHTH+, a difference of 0.35 g/dL,
p = 0.045 < 0.05, LHTH, vs. LLTL, a difference of 0.87 g/dL, p = 0.002 < 0.05, LHTH+, vs.
LLTL, a difference of 1.22 g/dL, p < 0.001 < 0.05. Bonferroni adjustment was used for
multiple comparisons.

It was also noted that the greatest increase in Hb concentration was achieved at
the end of the training period at LHTH+. The graph in Figure 2 highlights the average
relative (percentage) increases in hemoglobin concentration for the training periods at the
three altitudes.
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3.3. Erythropoietin Concentration

Differences in the erythropoietin (EPO) concentration before and after each training
cycle were compared.

LHTH resulted in a significant increase in the average concentration of erythropoietin.
This increased by 1.0 ± 0.8 mU/mL from 6.2 ± 1.9 at the initial assessment to 7.2 ± 2.5 at
the final assessment, the percentage progress being 15.8 ± 8.4%. The increase is statistically
significant, p = 0.002 < 0.05.

Following LHTH+, the mean erythropoietin concentration increased by 1.9 ± 0.5 mU/mL
from 6.4 ± 1.8 to 8.3 ± 2.2 after 30 days of training. The percentage increase is 30.0 ± 5.6%.
The value p < 0.001 shows a statistically significant increase.

LLTL does not bring a significant increase in the average concentration of erythropoi-
etin, p = 0.678 > 0.05. In this situation, the average increase tends to be zero (0.1 ± 0.1 mU/mL),
the average value measured before the beginning of the period is 8.9 ± 1.7 and the one at
the end of the period is 9.0 ± 1.7. The percentage progress is 0.1 ± 0.9%.

Comparing the erythropoietin values recorded at the end of each training period, at
the three altitudes, with the one-way ANOVA test for repeated measurements, it turned
out that there is at least one pair of mean values with significant differences, p < 0.001.

There is only one statistically significant difference noticeable between mean erythro-
poietin concentrations in LHTH vs. LHTH+, p < 0.001, with Bonferroni adjustment for
multiple comparisons.

It was also observed that the highest increase in erythropoietin concentration was achieved
at the end of the training period living at 1850 m and training at 2200 m. This can also be seen
from the graph in Figure 3, which shows the average percentage (relative) increases in
erythropoietin concentration for the training periods at the three altitudes.
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4. Discussion

This study aimed to assess changes in EPO, Hb concentrations, and running perfor-
mance (VO2max) after 30 days, at a high altitude (2000 m), living at 1850 m and training
at 2200 m, and the traditional training cycle at a 300 m altitude. Our main findings are
that both high-altitude training and living at 1850 m and training at 2200 m resulted in
significant improvements in EPO, Hb, and VO2max that exceeded changes in these pa-
rameters following traditional sea-level training. While training at high altitude caused
greater relative increases in EPO and VO2max, living at 1850 m and training at 2200 m
also resulted in greater increases in Hb, EPO, as well as sports performance (VO2max).
The main findings of this study confirmed our initial hypothesis and suggest that the
physiological changes triggered by 30 days of either high-altitude training or living at 1850
m and training at 2200 m are greater than those achieved by traditional training methods at
the sea level.

The effect of training at high altitudes has been extensively researched [23–29]. Few
studies have focused on high-altitude alternation [30]. Sharma, A.P. conducted research
on running speed during training sessions wherein athletes lived at 2100 m and trained
at 1400–2700 m, exercising over a range of intensities relevant to middle-distance run-
ning performance.

Movement speed in elite middle athletes is negatively affected at 2100 m natural
altitude, with levels of impairment dependent on training intensity. Maintaining walk-
ing speed at certain intensities during altitude training may lead to greater perceived
exertion [31].

The ten performance athletes in our study had a one-year training program individ-
ualized according to VMA values. Respecting the altitude adaptation period, at the end
of the 30-day training period, the VO2max values increased by 1.6 ± 0.5% for LHTH and
2.9 ± 0.5% for LHTH+, which shows that the training burden incurred by a lack of oxygen
leads to significant increases in sports performance.

Sports training at altitude can generally show an increase in aerobic capacity by 14%
[32–34]. The acclimatization response to altitude depends on the individual physiological
parameters, as is the case for the correlation between red blood cell mass that increases
while the partial pressure of oxygen (PaO2) decreases [35]. This is why the “threshold
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altitude” for many people is 2200 to 2500 m [36]. For this reason, in this study was chosen
the alternation of altitude; thus, living at 1850 m altitude, the altitude at which the hypoxia
phenomenon appears [23], and training at 2200 m altitude, where the need for oxygen is
bigger [36], were chosen for study. Acclimatization to environmental hypoxia generates
cardiorespiratory adaptations reflected in the transport and use of oxygen [37], increases
the concentration of hemoglobin in the blood, results in a high buffering capacity against
the homeostasis of acid and basic elements of the body, has benefits for the structural and
biochemical properties of skeletal muscle [37], and increases pulmonary ventilation.

In our study, hemoglobin and erythropoietin concentrations at the end of the LHTH
preparation period increased by 8.0 ± 1.8% and 15.8 ± 8.4% for LHTH+, the increases being
higher: LHTH hemoglobin increases by 10.9 ± 2.1% and erythropoietin by 30.0 ± 5.6%,
which supports the previous statements. On the other hand, maximal aerobic power is
reduced as the variable changes; hematology compensates for this loss [38]. As mentioned
above, altitude training may not be beneficial for everyone, as it initially depends on the
handling and exposure time, which must be controlled according to the age, physical
condition level, iron status, and energy requirements of each individual [33,39].

Stefan de Smet et al. [29] proved that gradual exposure to hypoxia in a normobaric
chamber from 2000 m to 3250 m increased the total Hb mass by ~2.6% on average. Moreover,
this increase was strongly correlated with the mean increase in sEPO, over the 5-week
study intervention (r = 0.78, p < 0.05). In fact, the correlations between EPO and Hb mass
gradually increased from the beginning (week 1, r = 0.54) to the end (week 5, r = 0.81) of
the intervention period. This supports the rationality that maintaining high EPO levels
during prolonged “living high” is crucial for increasing Hb mass at altitude. The current
hypoxic protocol consistently increased sEPO concentrations from week 1 to week 5 in all
subjects. This is likely due at least in part to the gradual increase in hypoxia from 16.4 to
14.0% FiO2 (~2000 to 3250 m), which resulted in even lower arterial oxygen saturations at
week 5 than at week 1.

According to a recent meta-analysis, “living high” is expected to increase Hb mass by
∼1.08% for every 100 h of exposure to altitude above 2100 m [40]. This algorithm predicts
a ∼4% increase in Hb mass over 350–400 h at >2100 m. Consequently, a hypoxic dose
expressed as “hour-kilometers” predicts a ∼3.4% increase in Hb mass—linear model [41].
However, another study reported a 6.7% increase in Hb mass for only ~230 h of intermittent
normobaric hypoxia, but at a constant altitude of 3000 m [42]. This could indicate that
intermittent hypoxia may become more effective for increasing Hb mass at higher degrees
of hypoxia.

All these studies support the fact that living and training at altitude causes hematolog-
ical changes that lead to increased sports performance.

Our study showed that there are different hematological changes influenced by the
altitude at which the athlete lives and trains, changes that must be taken into account when
planning training courses at altitude.

Our study is not without limitations. Although the study was conducted on elite
runners, the sample size was small. Furthermore, it was measured the Hb concentration
rather than Hb mass. Additionally, differences in weather and higher ambient temperatures
at LHTH+ could have led to changes in Hb mass (with heat training).Another limitation
would be the assumption that the physiological changes in the two parameters EPO and HB
acquired in the first stage LHTH positively influence the changes produced in the second
stage LHTH+, even if there is a period of six months between the two races, in which the
athletes have trained at an altitude of 300 m. This remains to be studied in future research.

5. Conclusions

The results of this study can serve as guidelines for athletic trainers in their future work,
in the complete structure of multi-year planning and programming, and thus improve the
process of development and performance training.
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Both alternatives of training at altitude are beneficial for increasing sports performance.
Coaches and technical teams of athletes can introduce them to training plans according to
geographical and financial possibilities.

The alternative of living at 1850 m and training at 2200 m is more expensive from a
financial point of view as it involves daily ascent and descent to and from altitude; however,
it produces greater changes and is therefore more beneficial for increasing sports performance.

In conclusion, this study shows that living at an altitude of 1850 m and training at
2200 m is more effective for performance athletes, due to several factors that remain to be
studied, than living and training at an altitude of 2000 m.
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Abstract: Participation in leisure time physical activity (LTPA) has considerable health-related,
psychological, and social benefits. However, the involvement of individuals with disabilities is
considerably less than that of their peers without disabilities. A higher rate of participation of
individuals with disabilities in LTPA may be achieved by the active involvement of volunteers.
This study aimed to describe the importance of volunteer involvement in a swimming organization
focused on individuals with disabilities, as perceived by all participants, including swimmers with
disabilities, their parents, volunteers, and coaches. The organization uses volunteers as swimming
instructors who work individually with swimmers with disabilities. The data were obtained through
11 semi-structured interviews with swimmers with disabilities and their parents, volunteers, and
coaches. The interviews were transcribed verbatim and analyzed using a five-step inductive thematic
analysis. As a result of the cooperation with the volunteer swimming instructors, swimmers with
disabilities felt an improved range of movement, greater independence, and higher self-esteem than
before they started using the services of the swimming organization. Consequently, even individuals
with severe disabilities can participate in LTPA. Membership to the organization also provided
space for the establishment of new social relations, and the instructors described them accepting
persons with disabilities as their equals. More importantly, the involvement of volunteers enables
organizations to provide respite care for parents.

Keywords: leisure time physical activity; volunteering; swimming; social inclusion; disability;
adapted physical activity; respite care

1. Introduction

The full and effective participation of an individual in society includes involvement
in leisure time physical activity (LTPA). In addition to the proven health-related benefits,
there are significant psychosocial implications.

LTPA has the potential to increase self-esteem and independence in daily life activities
for persons with disabilities, leading to an improved quality of life [1]. It also creates
a natural space for the socialization of individuals [2] and families with children with
disabilities, especially those with severe forms of disability [3]. Physical activity can also
lead to improvements in mental health and well-being at any age [4,5]. On the other hand,
a lack of movement is a risk factor for declining skills with increasing age [6].

The participation of children with disabilities in leisure time activities may also be ben-
eficial for their parents and other caregivers. Being a caregiver is very mentally demanding
and is associated with a high degree of fatigue. Respite care provides caregivers with a
short relief period and has the potential to improve their mental health and decrease the
extent of long-term fatigue [7]. However, the offer is very limited, and caregivers tend to
have concerns about the quality of the service or, by using the service, may have a feeling
of failure in their role as a carer [8]. Respite care can also include camps or other types of
organized LTPA, which have an added value not only for parents but also for their children
with disabilities [9].
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A suitable type of physical activity for persons with disabilities, often recommended
by physicians, is swimming [10]. In addition to many other health benefits, movement in
water allows people with disabilities to be free of the need to use compensatory devices
and, to a large extent, the need for assistance [11].

Despite the considerable benefits that have been identified, persons with disabilities
participate in LTPA significantly less often than their peers without disabilities [12,13].
This may be influenced by several external barriers such as structural barriers [14–17],
insufficient financing, and low awareness of the possibility of participation [18–21], as well
as internal factors, including, for example, a lack of motivation [22,23], personality factors
of the individuals [24–26], and the presence of pain [27].

Volunteers represent an important element in increasing the involvement of people
with disabilities in LTPA. The involvement of volunteers in LTPA has the potential to
increase community-like feelings. Conversely, the absence of volunteers is considered a
barrier to the participation in LTPA of persons with disabilities [28]. The quality of volunteer
participation involves their feeling of meaningfulness of the perceived benefits [29]. These
benefits include the opportunity to improve their organizational and communication skills,
acquire new contacts, and learn to work in a team [30]. Student volunteering is perceived as
having an added value by society. Thus, it increases the social status of volunteers, thereby
increasing their chances of finding jobs and securing admission in universities owing to it
being perceived as an asset [31].

Although the involvement of volunteers can be beneficial for all participants, few
studies have considered it a factor in facilitating the involvement of persons with disabilities
in LTPA. The present study aimed to describe the importance of volunteer involvement
in a swimming organization focused on individuals with disabilities as perceived by all
participants, including swimmers with disabilities, their parents, volunteers, and coaches.

2. Materials and Methods
2.1. Research Sample
2.1.1. Settings

This study involved a swimming sports club that focused on individuals with dis-
abilities. This particular sports club was chosen because of organizational factors and the
size of the club, which made it able to address enough participants. The swimming club
was a nonprofit organization founded in 1995. It focused on leisure time activities, sports,
rehabilitation, and swimming lessons for persons with disabilities. In addition to the swim-
ming lessons, the club participates in para-swimming competitions and organizes summer
swimming camps. The target group includes persons with disabilities from all age groups.
Swimmers were divided according to their skills into groups of competitive, recreational,
and rehabilitation swimmers. Recreational and rehabilitation swimmers were individually
led by volunteer instructors who were in the pool with them during the swimming lesson.
Volunteers and coaches in the organization not only participated as swimming instructors
but also provided persons with disabilities assistance or other additional support, especially
during swimming camps. The club had few paid staff; therefore, its operation was largely
based on volunteers.

2.1.2. Recruitment

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of the Faculty of Physical Culture, Palacký University, Olomouc.
Informed consent was obtained from all the participants involved in the study.

For the purposes of the qualitative research, participants from each of the following
groups were selected: (a) swimmers, (b) parents, (c) volunteers or coaches (referred to as
instructors), and (d) one female participant who was both a swimmer and an instructor.
Eleven interviews were conducted (three swimmers, three parents, four instructors, and
one swimmer or instructor were interviewed). The interviewees were not parents of the
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interviewed swimmers. The description of the participants is presented in Table 1. To
preserve anonymity, the names of the participants were replaced with pseudonyms.

Table 1. Descriptions of the participants.

Swimmers (n = 4) * Instructors (n = 5) * Parents (n = 3)

Age (years), (M ± SD) 21 ± 2.6 24.8 ± 6.2 58.7 ± 5.9
Sex (n) Male 1 2 2

Female 3 3 1
Occupation (n) Student 4 3 -

Employed - 2 2
Unemployed - - -
Retired - - 1

Diagnosis (n) Cerebral palsy 3 1 -
Muscular dystrophy 1 - -

Type of mobility device used None 2 5 3
(n) Manual wheelchair 1 - -

Power wheelchair 1 - -
Participation (years), (M ± SD) 12.5 ± 8.2 5.8 ± 5.1 13.7 ± 4.6

* One participant provided two interviews, one in the role of a swimmer and another as an instructor; thus, her
data was included in both groups. M, mean; SD, standard deviation.

The sample was established through deliberate sampling. The swimmers were con-
tacted via their coaches. The inclusion criterion was an age of 15 years or older, and the
exclusion criterion was an intellectual disability to provide relevant information. The first
three swimmers who responded to the call were included in the study. The study sample
also comprised parents who accompanied their children to the training sessions. Interviews
with these parents were conducted during their children’s swimming sessions and included
parents of individuals with severe disability who needed all-day care. We assumed that the
impact of the presence of volunteers in the organization on these parents would be more
significant than in the case of parents of swimmers with mild or moderate disabilities. The
instructors were chosen according to their length of experience and included new instruc-
tors with <5 years of experience in the organization, as well as experienced instructors with
a history of >5 years, to ensure that various views and experiences were collected.

2.2. Procedures and Techniques
2.2.1. Data Collection

Data collection was performed through semi-structured interviews conducted by
the first author. The interviews with swimmers and instructors had similarly structured
questions and lasted for approximately 30 min. The interviews with parents lasted for ap-
proximately 20 min. The interviews were recorded, transcribed verbatim, and anonymized.
The semi-structured interviews with all respondents were thematically divided into three
parts. The first part was related to the characteristics of the individual, his or her inter-
ests, and previous experiences with LTPA. The second part focused specifically on the
course of the training sessions, their interactions with their instructor, and the motivation
for swimming, whereas the third part focused on the relationships with the organization
and other events held by the organization, especially summer camps. The last part also
included questions on the subjectively perceived positives and negatives of involvement in
leisure organizations. The questions differed slightly for each group to make them relevant
according to the role of the respondents within the organization. All responses were based
on a retrospective view of the time spent in the organization and their recent feelings.

2.2.2. Data Analysis

The data were analyzed by the first author using a five-step inductive thematic analysis
approach [32]. A thematic analysis method provides flexibility and enables the researcher
to obtain an in-depth view when analyzing and reporting the themes within the data. In
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contrast to grounded theory or interpretive phenomenological analysis, this approach does
not demand deep theoretical and technological expertise; therefore, it is more suitable
for researchers early in their qualitative research careers, a description applicable to the
first author [32]. In the first step, the interviews were transcribed verbatim by the first
author and read repetitively to immerse herself in the data, search for patterns, and make
coding notes. The transcribed interviews were encoded as a second step. Third, the codes
were analyzed into subthemes and themes and combined into relevant overarching themes.
Fourth, the key themes and subthemes were reviewed to ensure their relevance and entered
into the data set [33]. Fifth, the themes were delivered to each group of participants
separately (swimmers, instructors, and parents), after which the first author searched for
relevant intersections between the groups. As a final part of the data analysis, the themes
were reviewed by all the authors to ensure their relevance to the aim of the study.

For clarity, the authors evaluated the frequency of occurrence of the subthemes in each
participant’s group (Table 2). “X” illustrates a high frequency of occurrence, which was set
as >15 mentions among swimmers and instructors and >10 among parents, “x” illustrates
a medium frequency of occurrence, which was set as 10–14 mentions among swimmers
and instructors and 5–9 among parents, and “o” illustrates a low frequency of occurrence,
which was set as 1–9 mentions among swimmers and instructors and 1–4 among parents.

Table 2. Key themes and subthemes mentioned by the participants.

Overarching Themes Key Themes Subthemes
Participants

Swimmers Instructors Parents

Personal enrichment Health and well-being Movement development X a x x
Freedom of movement x b o c o

Enjoyment X X X
Self-esteem Empowerment x X x

Surpassing oneself o x o
Meaningful time spending x X o

Swimming progress o x x
New possibilities New experience o o x

Future work direction o o
Independence o o x

Social interactions Community New friendships X X X
Feeling of belonging X X X

Safe space X x x
Social inclusion Acceptance of disability o X

Mutual trust x x o
Family support Respite care Change of scenery o o o

Time to rest o o o
a X indicates a high frequency of mentions of a particular subtheme of each participant’s group. b x indicates a
medium frequency of mentions of a particular subtheme of each participant’s group. c o indicates a low frequency
of mentions of a particular subtheme of each participant’s group.

3. Results

Three overarching themes were constructed based on the key themes and subthemes
that emerged from the data analysis: (1) “Personal enrichment” described the individual
benefits for all the participants, (2) “Social interactions” illustrated the social impact of
the involvement in the organization, and (3) “Family support” represented the benefits
for all families with children with disabilities. All themes were based on the cooperation
of swimmers with the volunteers in the organization. Table 2 presents each subtheme
reflecting the frequency of mentions of the specific groups of participants in the interviews
(see Data Analysis). There are three tables that present the significant expressions for each
subtheme according to the groups of participants that supported the research outcomes.
Tables 3–5 present quotes from the swimmers, instructors, and parents, respectively.
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Table 3. Swimmers’ quotes according to the mentioned subthemes.

Key Themes Sub-Themes Quotes

Health and well-being

Movement development

“It has had a great impact on my daily life. When I move my body, I am
aware of which muscle I am using at the moment. It also shows in my
dancing skills. Even my coaches tell me I have a bigger range of movement.
It has helped me to be more aware of my body and its
possibilities.”—Elena

Freedom of movement
“I enjoy the movement in the water itself, we do what we want. What we
can do best. I am not sure how to express it, but it gives us a feeling of
freedom.”—Gustav

Enjoyment
“I enjoy the movement in the water itself, we do what we want. What we
can do best. I am not sure how to express it, but it gives us a feeling of
freedom.”—Gustav

Self-esteem

Empowerment

“Once there was an event at the end of the season and there was no one
who would go with me. So I was supposed to go all by myself by bus and I
never go alone by bus because I am too scared. We agreed that someone
would pick me up at the bus station but they forgot about me. After all, I
got there by myself and felt so proud, because I surpassed myself and
stepped up from my comfort zone.” —Elena

Meaningful time spending “It is my free time and thanks to swimming, I feel more self-confident
because I know I am spending my free time in a meaningful way.—Elena

Swimming progress
“The first time they threw me into the water, I could barely hold myself on
the pool edge when I wanted to talk. So I am able to see the
progress.”—Fiona

New possibilities

New experience

“Sometimes it leads to some completely different opportunities. For
example, they were filming some documentary, TV show, or something like
that. And they wanted to film something about our organization, about the
cooperation of swimmers with instructors. They wanted someone who is
physically impaired and talkative, so they chose me (laugh).”—Fiona

Future work direction
“I found out I do not like when people try to motivate me, and that I
would rather motivate others. So I became an instructor.”—Denisa,
swimmer/instructor

Independence
“I found out I do not like when people try to motivate me, and that I
would rather motivate others. So I became an instructor.”—Denisa,
swimmer/instructor

Community

New friendships
“I like the competitions a lot. We are meeting there with our friends from
different sport clubs. One could say it is more of a social event than a
sports event.”—Gustav

Feeling of belonging

“It seems to me that everybody is talking to everybody, and the swimmers
and instructors are at the same level. That is what I like the most.
Sometimes when I see different camps, the program is so childish, like we
were babies! So, I like this approach way better.”—Fiona

Safe space
“I like, that every time we come to the training session you cannot see any
person who works with us or whom you meet there that would not like to
be there.”—Gustav

Social inclusion Mutual trust

“When I am at the training session, I know that someone would jump for
me into the water if anything happens. At the very moment, when
someone appears in front of me and we are swimming together, I feel more
secure. I can relax and enjoy it more.”—Elena

Respite care

Change of scenery
“I say it is a bit of an anti-educational camp (laughing). Because we get
away from our parents and personal assistants and simply spend time with
friends.”—Fiona

Time to rest
“Because when we are there for the whole week [camp] we simply live
there and we get used to going to the restaurants and bakeries, everywhere
we want to. I always feel like I am on vacation.”—Fiona
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Table 4. Instructors’ quotes according to the mentioned subthemes.

Key Themes Sub-Themes Quotes

Health and well-being

Movement development

“ . . . so when you are focusing on the right technique when you stretch
them in the water when you are forcing the swimmers to prolong the
movements, you can help them even from the physiological viewpoint.
You can help them to both stretch the muscles and relax the
joints.”—Denisa

Enjoyment
“I just want the swimmer to enjoy the lesson and I also want to enjoy it
myself. For me, it is a relaxation. I jump into the water to chill. It also gives
me different thoughts.”—Claudie

Self-esteem

Empowerment
“So I tell him: ´Just try to do it two times by yourself, if anything goes
wrong, I am here to catch you.´ That’s how I lead them to be more
independent.”—Boris

Surpassing oneself

“Of course, I was scared during the first years of my volunteering. Well, I
guess I am still a bit scared. Especially, because I am a technician I don´t
know the diagnoses, and I didn´t know what to expect from the swimmers.
After some time I discovered that they are actually grateful that I can
properly stretch their muscles.”—Claudie

Meaningful time spending “I feel like I am doing something meaningful with a part of my free
time.”—Boris

Swimming progress “Of course, I feel happy when I see that the swimmers are improving. That
is probably the thing that fulfills me the most.”—Anna

New possibilities

New experience

“Once I was with her [swimmer] in the Netherlands because she had a
boyfriend there at the time. And he wanted her to visit him and her mum
felt awkward about the idea of going with her. So I gladly accompanied
her.”—Claudie

Future work direction
I started to volunteer in this organization. It opened my eyes and I realized
this could be the right path for me. I still think this could be my future
work direction.”—Anna

Independence

“It is important not to do things instead of them and to trust them, that
they can do it by themselves. It is also important to overcome the inner
need of helping them and just verbally motivate them to try to do it by
themselves.”—Tomas

Community

New friendships

“I feel more like a friend than an instructor to the swimmers. After one and
a half year of volunteering in the organization I found many friends among
the swimmers. With some of them, we also meet outside the swimming
sessions and camps and it just makes me happy that they are more than
just the swimmers for me.”—Anna

Feeling of belonging

“The members of the organization are more open than the mainstream
society. They try to understand one another and be kind to each other. ( . . . )
They always try to find ways to make things possible than looking for
problems. They try to overcome the obstacles together. It is easy to be
accepted.”—Tomas

Safe space “I have never met a bad person in the organization.” —Anna

Social inclusion

Acceptance of disability
“When I see a person with a disability, I don’t close my eyes anymore, I see
it as something normal. I found out that they are normal people, and only
some of them carry a chair with them. “– Claudia

Mutual trust

“No foam board can replace a person. Foam boards can be very unstable.
In our training, there are always hands of the instructor so the swimmers
can lean on them. You cannot even imagine how huge the difference is. A
person gives the swimmer real support.”—Denisa

Respite care
Change of scenery “Parents get time to rest and to go for a trip and the swimmers can have a

beer or French fries without any remorse.”—Claudie

Time to rest “The most important thing for both the parents and swimmers is that they
are apart for half an hour.”—Denisa
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Table 5. Parent’s quotes according to the mentioned subthemes.

Key Themes Sub-Themes Quotes

Health and well-being
Movement development

“ . . . and we see that the range of movement in the shoulder joint is perfect
now. His right arm movement was much worse. Or should I say it was
much worse than the left arm. And thanks to swimming his movements of
both arms are now almost identical.”—Hynek

Enjoyment “He is at the age when he likes girls, naturally. So when he gets to train
with a beautiful female instructor, oh how hard he tries!” (laugh)—Hynek

Self-esteem
Empowerment

“I just wanted him to learn how to swim. And I watched their approach
towards the swimmers. The instructors are often very good swimmers so
they give it their all. And it is visible in the results of the children from the
organization. How far they have got! Because some of them were
competing in European championships and that is incredible. Also, thanks
to the volunteers.”—Hynek

Swimming progress “I have never imagined that my son would be able to swim and now he
can swim a 200 m backstroke, 200 m at once! That is amazing!”—Hynek

New possibilities

New experience
“That they are taken care of for the whole week in a different environment
and she is always full of new experiences and then the whole year draws
from it.”—Iva

Independence
“The swimming progress is great. At first, she was swimming only with
assistance, and now we throw her into the water and she can swim by
herself.”—Iva

Community

New friendships
“She usually swims with the same instructor and she likes her and the
instructor likes my daughter. So this beautiful friendship was created and I
think she attends the training mostly because of the instructor.”—Jan

Feeling of belonging

“Once my nephew drove me and my daughter to the swimming camp and
when he saw the warm-hearted welcome and the atmosphere he was
amazed. Because he was a person who did not know anything about the
organization. He saw it and he told me: ´wow, that is amazing!´”—Jan

Safe space

“Well if I just mention the fact she always talks about the community
where she feels very safe, and when there is a competition ahead, she is
always very excited. She just loves the people there. She does not have
many friends, which is sad. But she feels very safe among the swimmers
and she just loves the whole community.”—Iva

Social inclusion Mutual trust
“I appreciate that they give all their energy to the swimmers and that the
instructors make friendly connections with every single one of them and
that they help the swimmers a lot.”—Jan

Respite care
Change of scenery

“I think that, even though she is sometimes just floundering in the water, at
least we leave the house once a week, and in a way, she looks forward to
swimming, even though she is not achieving any real results.”—Jan

Time to rest “I always find a sightseeing tour on the internet, and we set off with my
wife for a week. And that makes us satisfied for the rest of the year.”—Jan

3.1. Personal Enrichment

The overarching theme of personal enrichment comprised three key themes: health
and well-being, self-esteem, and new possibilities.

Health and well-being: Swimmers often reported the rehabilitation aspect of swim-
ming with an instructor. They experienced an improvement in their range of movement.
Thanks to swimming, Elena reported experiencing not only a larger range of movement
but also a greater awareness of her body (see Table 3).

Instructors mentioned that, thanks to the individual lessons, they could help swimmers
stretch their stiff muscles during the training session and help them reach their body
potential. They described how they liked to observe the improvement in the movement of
the swimmers throughout the swimming lessons (see Table 4).
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The same effect was observed by the parents in their children with disabilities; they re-
ported mostly a greater range of motion, which they attributed to swimming, as mentioned
by Hynek, a father of a 24-year-old man with a severe type of cerebral palsy (see Table 5).

Moreover, the swimmers described how water provided them with possibilities of
movements that they were unable to perform outside water (for example, walking in water
and a more effective relaxation of spasticity).

In addition to the physiological benefits, swimming also produces a psychological
effect, as demonstrated by the reports from swimmers, such as Gustav, where most de-
scribed the freedom they felt during swimming sessions (see Table 3). Parents appreciated
that swimming offered their children a great opportunity to move, and in their opinion, it
compensated for their children having to sit all day in a wheelchair.

Based on descriptions from the swimmers, the feeling of safety while swimming with
an individual instructor was an important factor, which helped the swimmers to relax and
fully enjoy the swimming sessions (see Table 3). The instructors often mentioned that they
were not only focused on the swimming progress but mostly on the positive experiences
of the swimmers and their own enjoyment in assisting the swimmers (see Table 4). They
stressed the individual approaches and communication during this process. The presence
of individual instructors was also an important factor for the parents, who reported that
having an instructor of the opposite sex provided an additional unplanned motivation to
the swimmers (see Table 5).

Self-esteem: Both the swimmers and instructors perceived a feeling of higher self-
esteem due to their participation in the swimming organization. It was not linked only
to the swimming lessons but also to the other events organized by the sports club. For
example, Elena described how she succeeded in traveling all by herself to get to the club’s
event (Table 3). Thanks to the cooperation between the swimmers and instructors, both
groups described how they had to overcome various challenges, which made them feel
more confident in their abilities. In particular, the instructors described that they had to
overcome their own fears during the training sessions, as stated by Claudia (see Table 4).
Involvement in the organization brought a sense of meaningfulness to both instructors and
swimmers. At the same time, they shared a feeling of fulfillment when swimmers made
progress. According to both swimmers and instructors, this feeling of meaningfulness was
important for strengthening their self-esteem (see Tables 3 and 4).

New possibilities arose among swimmers consequent to their becoming more inde-
pendent, thanks to the trust, safe space, and support that they received from the instructors.
Although swimmers with severe disabilities would not be able to participate without an
instructor, some swimmers gradually became independent of their instructors and man-
aged to swim on their own. This kind of progress was described by Iva, a parent of a
25-year-old blind woman with cerebral palsy (see Table 5). The feeling of independence
described by the swimmers, was not only at the physical level but also at the psychological
level when they could experience new life situations unaccompanied by parents, especially
during the camps. Fiona especially enjoyed that they were not taken care of as children,
which was quite common in other organizations based on her experience (see Table 3). The
instructors mentioned having a different perspective on life owing to their involvement in
the organization, and furthermore, this played a role in the instructors’ choices for their
future jobs. As Anna described, it helped her to consider her future path (see Table 4).
Similarly, some swimmers became swimming coaches and, thus, served as models for other
swimmers. A good example was Denisa, who used to be a swimmer at the international
championship level but now participates in the organization as an instructor (see Table 4).

3.2. Social Interactions

The overarching theme of social interactions comprised two key themes: community
and social inclusion.

Community: The organization had a friendly atmosphere and created a community
where everyone felt welcomed. Therefore, it was easy to establish a relationship between the
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swimmers and instructors. Good relationships played a major role in keeping participants
in the organization. Parents often mentioned how their children felt safe and welcomed in
the community. Jan, the father of a 37-year-old woman who experienced traumatic brain
damage, described how good friendships was one of the main reasons why his daughter
attended the swimming sessions. Another parent, Iva, perceived that her daughter felt safe
in the community (see Table 5). Swimmers had the opportunity to establish relationships
with individuals with similar disabilities, as well as with people without disabilities. This
was further confirmed by the fact that the swimmers and instructors often met outside
training sessions and became friends, as Anna described (see Table 4). Participants from
all groups (swimmers, instructors, and parents) often talked about the organization as if it
were a family.

Social inclusion: Participants with disabilities described feeling equal to their instruc-
tors. In the words of Fiona, a swimmer, “swimmers and instructors are at the same level”
(see Table 3). In addition, the instructors gained experience with people with disabilities.
As a result, they accepted them as a normal part of society, and they overcame prejudices.
This phenomenon was expressed by Claudia, an instructor, who said that it changed her
view of people with disabilities (see Table 4).

3.3. Family Support

The last overarching theme was family support, and the main theme that emerged
was respite care and its benefits for both parents and swimmers.

The swimmers benefited mainly from changing their environment and becoming
independent of their parents, with whom they spend much more time than their peers
without disabilities. In this way, they had the opportunity to get to know themselves in
different social roles other than as a daughter or son. Fiona, a swimmer, described the
swimming camp as an “antieducational camp”, where she could be by herself without
parents and personal assistants (see Table 3).

For parents, the swimming organization provided a substitute for respite care. During
training sessions led by instructors, parents had time to rest from their caring responsibil-
ities. An even stronger effect was described in talking about summer swimming camps
where the volunteers worked as both instructors and personal assistants to the swimmers.
These camps were beneficial for swimmers and their parents.

The parents appreciated that their children were taken care of by the instructors and
that they could rest for a week. As Jan stated, he could go on a getaway trip with his wife
to gain some energy for the year (see Table 5). The same benefits were perceived by the
instructors, as Denisa realized even half an hour (the time of the swimming session) of the
parents being apart from their children with disabilities proved to be very refreshing for
both groups (see Table 4).

4. Discussion

All respondents agreed on the benefits stemming from the cooperation between the
swimmers and instructors in the swimming organization. The participants described how
they felt a greater range of movement and that they could perform movement patterns
that they were unable to perform by themselves on the ground, thanks to cooperation with
the instructors. The aquatic environment made the swimmers feel free and independent.
Although the instructors attempted to lead swimmers toward the greatest possible degree of
independence, simultaneously, they provided a safe environment that had the potential to
increase the effect of this development. The development of independence and self-reliance
in persons with disabilities can lead to an improved quality of life [1].

Another positive aspect was the sense of meaningfulness perceived by participants in
the organization. The individuals included in the research described a feeling of freedom,
meaningful fulfilment of free time, and consequently, increased self-esteem. Owing to
sports, individuals with disabilities often feel pride, meaningfulness, and freedom [34].
In the present study, these feelings were described by both the swimmers and volunteers.
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Previous studies have suggested a connection between volunteering and well-being, higher
self-esteem, and a greater sense of belonging [35].

The positive climate in the organization was one of the main reasons why participants
stayed. The swimmers and instructors often became friends, even outside the organization.
Similar results were suggested by a study on participation in a wheelchair basketball
organization, where participants felt welcomed and appreciated among their peers without
disabilities [36]. This is a good step toward the inclusion of persons with disabilities in
mainstream society. The direct experience of instructors with individuals with disabilities
was subjectively correlated with better attitudes towards this group, which is consistent
with the results from other studies [37–39]. The finding that the connection between
individuals with and without disabilities supported a sense of belonging, respect, and
acceptance, especially among persons without disabilities [28], was also supported by the
results of the present study.

Leisure time organizations and sports clubs also play an important role in respite care.
Families often feel a lack of opportunities for leisure, recreation, and social activities for their
children with disabilities. At the same time, these activities give parents a necessary respite
from all-day care [40]. Camps, which, in the present study, were summer swimming camps,
were considered particularly beneficial by parents, as they could go on a holiday knowing
that their child would be taken care of. The children are cared for by the instructors, without
whom these camps would not take place. The findings of the present study cannot be
generalized; however, other studies have confirmed that camp-like events had a positive
impact on caregivers’ mental health [9]. At the same time, it allowed individuals with
disabilities to change their environment and provided an opportunity for recreation and
personal growth [41]. The results of the present study were similar.

These results suggested several benefits of volunteer involvement in providing LTPA
to individuals with disabilities. Despite the small sample size, this study clearly showed
some positive patterns. It appeared that the involvement of volunteers contributed to
improving the conditions for individuals with disabilities and their families. Therefore,
greater attention should be paid to LTPA as a form of respite care, as this is an inspiring idea
that has so far not been optimally used in the Czech Republic and in many other countries.

In contrast to previously published results [8], the parents in our study did not report
any concerns about the quality of the services provided by the organization or that they
felt unsuccessful in their role as carers when using the service. Future studies should
therefore also address parents’ possible negative perceptions about volunteers in leisure
time organizations and sports clubs.

Limitations and Strengths

The first author had her own experience as an instructor in the organization. Despite
her efforts to achieve the highest degree of objectivity, she realized that her experience
could have been reflected in the interpretation of the results of the study. The study showed
positive patterns; however due to the small sample size and specificity of the deliberately
chosen swimming organization, the results cannot be generalized. It is unclear to what
extent the results would be transferable to different sports organizations for people with
disabilities. Therefore, future studies in different sports settings are encouraged to enable
an investigation of other sports, with all the practical implications. Another limitation of
this study was the short duration of the interviews conducted. A strength of the study was
the comprehensive approach to the issue, which was analyzed from the perspectives of all
the actors in the organization.

5. Conclusions

Owing to the cooperation between volunteers and coaches in the role of swimming in-
structors and swimmers with disabilities, the swimmers described a subjectively perceived
improvement in their range of movement, increased independence, and development of
self-esteem. Through their activities, the instructors helped individuals with disabilities
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participate in the organization. Moreover, involvement in the organization brought about
new social relationships that continued to exist outside the organization. Thanks to these
interactions, the instructors reported that it helped them accept people with disabilities
as a normal part of society. The swimmers and volunteers described their involvement in
the organization as a meaningful way of spending free time, which, according to them,
led to a feeling of higher self-esteem. The parents appreciated all of the above benefits,
especially that their child felt welcome and safe in the organization, and they valued that
their children were taken care of during the swimming lessons and camps, which provided
them time to rest from their carer responsibilities.
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Abstract: The purpose of this study was to develop and validate a scale for predicting the intention of
pre-service physical activity instructors for persons with disabilities to participate in pro bono work,
based on the Theory of Planned Behavior. This study analyzed 322 university students majoring
in adapted physical activity in South Korea. To determine the purpose of the study, the EFA using
SPSS 21.0 and CFA using AMOS 21.0 were used to confirm the validity of the measurement tool and
the relationship between latent and observed variables. Further, the Cronbach’s alpha was used to
identify the internal reliability. As a result, first, the questionnaire used in this study was validated
based on the theory. Second, the behavioral belief was influenced by teaching experience about
physical activity for the disabled and knowledge about physical activity for the disabled. Third, the
normative belief was influenced by the parents of people with disabilities, people with disabilities,
family members, friends, and students in my department. Fourth, the control belief was influenced
by the state of mind of physical activity instructors for people with disabilities, the ability to create an
IEP, and the ability to do physical activity.

Keywords: pro bono; intention; pre-service physical activity instructor; people with disabilities;
theory of planned behavior

1. Introduction

The population of persons with disabilities registered in 2021 was about 2,645,000,
which has been maintained at about 5% of the total population of South Korea for 10 years,
since 2010 [1]. An increase in the disabled population is the same as a decrease in the non-
disabled population across the Organization for Economic Cooperation and Development
(OECD) [2]. The number of disabled elderly people is increasing due to the increase in
the elderly population, and the amount of people with birth defects is also increasing [3].
About 60% of disability occurs in old age [1]. As for the status of children with disabilities,
the number of children with disabilities in the total child population in 2008 has been
continuously increasing from 0.73% to 0.89% in 2018 [1]. Although the proportion of
the population with disabilities is maintained or increased, the reality is that the level of
health, which is significant for the daily life of the disabled, is not as good as that of the
non-disabled. For example, 50.2% of the disabled reported the subjective health status of
the disabled as bad [4]. In the case of chronic diseases, the prevalence of hypertension in
the non-disabled adult group was 33.5% and the prevalence of diabetes mellitus was 13.0%.
However, in the case of the disabled, hypertension was 46.9% and diabetes was 21.9%,
which was higher than that of the non-disabled [5].

The importance of exercise is being emphasized to improve the health status of in-
dividuals with disabilities. Exercise maintains and improves physical strength and body
functions through physical training, so it can be effective for health management as well
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as disease prevention [6]. When asked the purpose of physical activity for people with
disabilities, 50.0% answered health promotion and management, and individuals with
disabilities recognized that physical activity is important for the health of the disabled.
However, in the case of the disabled, not only participation in sports but also the will to
participate is shown to be low [7]. In the case of non-disabled people, it can be seen that
52.4% of them participate in physical activity more than twice a week, but for people with
disabilities, that figure is 23.8%. Among those with no experience in physical activity, the
amount of individuals with a view of “I have no intention of doing sports at all” or “I have
no intention of doing it at all” is as high as 50.0% [7]. The reasons for not participating
in physical activity for the disabled include cost, lack of sports facilities for the disabled,
and the need for exercise equipment and auxiliary personnel (help for transportation,
etc.). Although these problems are being improved, persons with disabilities point out the
lack of life sports instructors for the disabled in regard to complementing the diversity of
programs [6,7].

Currently, the Korean government is planning to approximately double the number
of physical activity instructors for the disabled from 577 in 2018 to 1000 in 2022 [7]. This
might be evidence that the current government is seriously aware of the lack of physical
activity instructors for the disabled. However, it has been determined that more physical
activity instructors for the disabled are needed to improve the quality of sports for the
disabled and the continuously increasing proportion of disabled people in South Korea [8].
Therefore, pro bono work has been recently proposed as a method to solve such a problem.
Pro bono, a shortened version of pro bono publico, is a Latin phrase that means “for the
public good”. Experts do not seek compensation based on their expertise, but provide
material and mental help for the benefit of society, either directly or through charitable
organizations [9]. The implementation of pro bono work can solve the shortage of physical
activity instructors for the disabled and can help provide various programs.

The concept of pro bono work started with American lawyers providing legal services
for the socially disadvantaged, and experts providing their knowledge and services free
of charge [10]. Pro bono is an area of volunteer work, and provides services with respect
to individual abilities, knowledge, experience and skills. Along with talent donation, it
has recently established itself as a new trend in social contribution roles [10]. However,
talent donation is short-term skilled volunteering that targets individuals as a form of
volunteer activity or donation that provides one’s professional abilities and skills to society,
whereas pro bono, which also provides professional skills and is defined as a volunteer
activity, offers services not only to individuals but also to organizations such as non-profit
organizations and social enterprises [11]. In particular, pro bono work is not a short-
term activity such as volunteering or talent donation, but a long-term social contribution
activity. Pro bono is currently expanding not only to legal services but also to business, arts,
marketing, education, and medical care across the world [12].

Most of the Korean and international studies related to pro bono work are the estab-
lishment of the concept of pro bono and the study of pro bono activation methods, and
further research is currently being conducted [10–14]. Studies of pro bono related to law,
education, design, and beauty are being conducted, but the reality is that there are no prior
studies related to physical activity for the disabled [10,15,16]. In particular, studies on
physical activity for the disabled through volunteer activities have been conducted, but
there are no studies related to pro bono work, so research is needed to promote physical
activity for the disabled through pro bono work [8,17–21].

In addition, theories based on various factors are being used in relation to physical
activity for the disabled, including Theory of Planned Behavior, Theory of Reasoned Action,
Health Belief Model, and Social Cognitive Theory. The Theory of Planned Behavior is
one of the theories most widely used in relation to physical activity or sports for the
disabled [22–25]. The Theory of Planned Behavior was developed based on the Theory
of Reasoned Action of Fishbein and Ajzen [26], and it states that an individual’s specific
behavior is determined according to the intention to perform. The Theory of Planned
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Behavior is a theory that supplements the problem that the individual’s control over a
specific behavioral intention is excluded from the Theory of Reasoned Action, and it
expresses the factors of an individual’s attitude, subjective norm, and control toward a
specific behavioral intention [26,27]. Thus, the Theory of Planned Behavior can predict
specific behavior according to behavioral intentions [27]. Hence, if the intention of physical
activity experts for the disabled to participate in pro bono work can be analyzed for the
revitalization of physical activity for the disabled, the behavior of pro bono participation
can also be predicted through the Theory of Planned Behavior.

This study intends to provide basic data for the promotion of physical activity for the
disabled by exploring and analyzing factors related to the intention toward participating in
pro bono physical activity work for the disabled by pre-service physical activity instructors
who are currently majoring in adapted physical activity at universities. Therefore, the
purpose of this study is to develop and validate a scale for predicting the behavioral
intention of physical activity instructors for people with disabilities to participate in pro
bono work based on the Theory of Planned Behavior.

2. Materials and Methods
2.1. Participants

The selected participants of the study were 322 students who are currently majoring
in adapted physical activity at universities in South Korea. The reason why university
students were selected as the participants of this study is that they are preliminary physical
activity instructors for the disabled. Furthermore, it is necessary to understand the intention
of pre-service physical activity instructors for the disabled toward participating in pro bono
work because future pro bono plans can be predicted. The demographic characteristics of
participants in this study are outlined in Table 1.

Table 1. Demographic characteristics of participants.

Classification Content N Percentage (%)

Gender
Male 209 64.9

Female 113 35.1

Grade

Freshman 34 10.6
Sophomore 107 33.2

Junior 115 35.7
Senior 66 20.5

2.2. Research Instrument

In order to develop a scale to explore and analyzing the intentions of pre-service
physical activity instructors regarding pro bono participation, a survey which targeted
university students from the department of adapted physical activity was conducted
regarding the intention of participating in pro bono work for the promotion of physical
activity for the disabled. A questionnaire was prepared based on Ajzen’s “Constructing
a theory of planned behavior questionnaire” [28]. In particular, in order to analyze the
intention toward participating in pro bono work as accurately as possible, the question
content and method were established based on the Theory of Planned Behavior and
previous studies, and the final question was validated through consultation with experts.
Based on the variables of the pre-service physical activity instructor’s participation intention
with respect to pro bono work derived through these questionnaires and expert opinions, a
measure of the pre-service physical activity instructor’s pro bono participation intention
for promoting physical activity for the disabled was developed.

The Theory of Planned Behavior used in the questionnaire to develop the measure
of intention for pre-service physical activity instructors to participate in pro bono work is
a total of four variables: intention, behavioral belief, normative belief, and control belief.
Among the variables of the questionnaire, the intention was a measure of “intention
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toward participating in Pro Bono”, and the behavioral belief was a measure of “the degree
of belief that certain outcomes may occur due to behavior in Pro Bono participation”.
The normative belief was a measure of “perceived groups and people with respect to
Pro Bono behavior”, and the control belief was a measure of “helping and hindering the
practice of Pro Bono behaviors” [27,28]. In addition, this questionnaire used a 5-point
Likert scale (e.g., 1 = strongly agree, 2 = agree, 3 = neither disagree or agree, 4 = disagree,
and 5 = strongly disagree).

2.3. Research Process

In order to develop a questionnaire on the intention of pre-service physical activity
instructors toward participating in pro bono work for the promotion of sports for the
disabled, analysis of the literature and prior research were first investigated. Based on
the collected data, modifications were made to fit Ajzen’s sample questionnaire [28], and
the pilot questionnaire was completed after review by 5 experts who study in the field
of adapted physical activity and are faculty members at universities in South Korea. The
completed questionnaire was distributed to 100 pre-service physical activity instructors, the
collected data were used to evaluate the validity and reliability of the questionnaire, and
the results were derived. Another expert meeting was held to discuss the derived results,
and the questionnaire for this study was distributed to the study participants based on the
completed questionnaire. This process was verified through the institutional review board
(IRB) approval of Korea Nazarene University, and the questionnaire scale was developed
for this study through the questionnaire validity and reliability test process based on the
collected data.

2.4. Data Analysis

In this study, the exploratory factor analysis (EFA) was performed using SPSS 21.0
to confirm the validity of the measurement tool. The maximum likelihood method was
used for factor extraction, and square rotation was used for factor rotation. To verify the
relationship between latent and observed variables, confirmatory factor analysis (CFA) was
performed using AMOS 21.0, and the significance level was set to α = 0.05. The maximum
likelihood method was used for the estimation method, and x2, Q, the root mean square
residual (RMR), Tucker–Lewis index (TLI), comparative fit index (CFI), and normed fit
index (NFI) were used for the selection of goodness-of-fit. In addition, conceptual reliability
and mean variance extraction were analyzed in the process of confirming factor analysis
to verify the reliability of internal consistency. Cronbach’s alpha was used for the internal
reliability analysis, and the significance level was set as α = 0.05. Cronbach’s alpha required
0.8 or higher for reliability.

3. Results
3.1. The Results of the EFA of the Pilot Questionnaire

The data of the pilot questionnaire for developing and validating a scale for predicting
the pro bono participation intention of physical activity instructors for people with disabil-
ities were randomly collected from 100 pre-service physical activity instructors in South
Korea. The researchers conducted a series of EFA using SPSS 21.0 to identify the structure
of the pilot questionnaire. The variables, measure of sampling adequacy, correlation matrix,
and adequacy of factor analysis were calculated by the Kaiser-Meyer-Olkin (KMO) and
Bartlett’s Test of Sphericity [29]. In the EFA of the pilot questionnaire, the KMO for the
measure of sampling adequacy was 0.935. A KMO value higher than 0.6 is considered
good [30]. Bartlett’s Test of Sphericity was significant (Bartlett’s χ2 = 6955.134, df = 325,
p < 0.001). In addition, the 68.625% of total variance was totally explained by 4 factors.
The communality of retained questions ranged from 0.234 to 0.856 and the loadings of
retained question ranged from −0.497 to 0.890. The variance of each factor was calculated
as intention (16.534%), behavioral belief (18.636%), normative belief (18.667%), and control
belief (14.788%). As a result, the questions of the communality or loading of less than 0.40
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(e.g., Q1, Q25) and high multicollinearity were eliminated to improve the structure of the
questionnaire. Therefore, the variables, measure of sampling adequacy, correlation matrix,
and adequacy of factor analysis were appropriate to determine the purpose of this study.
However, the final EFA, CFA, and internal reliability were conducted to enhance the factor
structure (e.g., factor loading, internal consistency of factors) of the questionnaire. The
results of the EFA of the pilot questionnaire are in Table 2.

Table 2. The results of the EFA of the pilot questionnaire.

No

Factors

Communality
Intention Behavioral

Belief
Normative

Belief
Control
Belief

Q1 0.199 0.034 0.890 0.131 0.324
Q2 0.103 0.079 0.873 0.176 0.790
Q3 0.180 0.069 0.853 0.163 0.789
Q4 0.148 0.118 0.831 0.167 0.809
Q5 0.208 0.171 0.807 0.236 0.856
Q6 0.219 0.263 0.638 0.302 0.839
Q7 0.269 0.849 0.127 0.194 0.505
Q8 0.252 0.829 0.128 0.234 0.820
Q9 0.166 0.811 0.099 0.330 0.806
Q10 0.256 0.799 0.076 0.331 0.790
Q11 0.312 0.775 0.157 0.258 0.849
Q12 0.286 0.617 0.146 0.143 0.824
Q13 0.805 0.287 0.296 0.191 0.755
Q14 0.803 0.283 0.147 0.203 0.812
Q15 0.775 0.121 0.373 0.232 0.792
Q16 0.770 0.273 0.308 0.159 0.852
Q17 0.761 0.283 0.360 0.221 0.781
Q18 −0.497 −0.271 0.057 −0.018 0.617
Q19 0.149 0.129 0.161 0.710 0.613
Q20 0.234 0.270 0.191 0.696 0.433
Q21 0.266 0.326 0.145 0.660 0.571
Q22 0.278 0.416 0.115 0.641 0.634
Q23 −0.041 0.057 0.234 0.602 0.676
Q24 0.178 0.133 0.208 0.582 0.650
Q25 0.342 0.400 0.216 0.537 0.234
Q26 −0.013 0.270 0.042 0.398 0.423

Total 4.299 4.845 4.853 3.845

%Variance 16.534 18.636 18.667 14.788

%Cumulative 16.534 35.170 53.837 68.625

3.2. The Results of the EFA of the Final Questionnaire

The data in the final questionnaire were collected from 322 pre-service physical activity
instructors in South Korea to develop and validate a scale for predicting the pro bono
participation intention of physical activity instructors for people with disabilities. The
final EFA was conducted to determine the structure of the final questionnaire. In the EFA
of the final questionnaire, the KMO for the measure of sampling adequacy was 0.928.
Bartlett’s Test of Sphericity was significant (Bartlett’s χ2 = 5494.070, df = 153, p < 0.001).
Further, the 80.312% of total variance was totally explained by 4 factors. The communality
of retained questions ranged from 0.612 to 0.880 and the loadings of retained question
ranged from 0.539 to 0.887 in all factors. The variance of each factor was calculated as
intention (18.115%), behavioral belief (24.358%), normative belief (23.271%), and control
belief (14.568%). Cronbach’s alpha coefficients for intention, behavioral belief, normative
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belief, and control belief were 0.940, 0.948, 0.938, and 0.856. Therefore, the variables,
measure of sampling adequacy, correlation matrix, and adequacy of factor analysis were
improved and appropriate to identify the purpose of this study. The results of the EFA of
the final questionnaire are in Table 3.

Table 3. The results of the EFA of the final questionnaire.

No

Factors

Communality
Intention Behavioral

Belief
Normative

Belief
Control
Belief

Q3 0.791 0.314 0.259 0.158 0.818
Q4 0.805 0.160 0.332 0.235 0.841
Q5 0.823 0.314 0.241 0.211 0.880
Q6 0.789 0.307 0.309 0.241 0.871
Q8 0.209 0.815 0.073 0.332 0.825
Q9 0.122 0.825 0.108 0.323 0.812
Q10 0.291 0.791 0.137 0.262 0.800
Q11 0.249 0.878 0.110 0.175 0.877
Q12 0.226 0.869 0.124 0.198 0.862
Q13 0.158 0.136 0.856 0.123 0.793
Q14 0.142 0.089 0.887 0.130 0.832
Q15 0.216 0.082 0.851 0.138 0.798
Q16 0.246 0.054 0.884 0.100 0.856
Q17 0.261 0.174 0.785 0.202 0.757
Q19 0.290 0.423 0.238 0.539 0.612
Q22 0.202 0.318 0.163 0.735 0.710
Q23 0.225 0.393 0.122 0.732 0.758
Q24 0.167 0.252 0.222 0.782 0.754
Total 3.261 4.384 4.189 2.622

%Variance 18.115 24.358 23.271 14.568

%Cumulative 18.115 42.473 65.744 80.312

Cronbach
α

0.940 0.948 0.938 0.856

3.3. The Results of the CFA

A series of CFA were conducted to identify a relationship between the theory of
planned behavior and variables in this study to support the structure of the questionnaire
based on the relevant theory. In addition, the CFA was used to identify the adequacy of
the model fit to the data. In the first CFA, the indexes of RMR, TLI, CFI, and NFI were
calculated as RMR (0.051), TLI (0.912), CFI (0.923), and NFI (0.897). According to the
researchers (30–32), the value of 0.05 or lower for RMR and the value of 0.09 or higher for
TLI, CFI, and NFI were stated as a good model fit. However, the indexes of RMR and NFI
did not meet this standard. As a result, six questions (Q2, Q7, Q18, Q20, Q21, Q26) were
eliminated due to the low values of these questions in the squared multiple correlation
(SMC), high multicollinearity, and modification index. In the final CFA, the indexes of
RMR, TLI, CFI, and NFI were improved as follows: RMR (0.038), TLI (0.929), CFI (0.940),
and NFI (0.919). The results of model fit of the series of CFA are in Table 4. The diagram of
results of the measurement model is in Figure 1. Furthermore, all questions for each factor
were measured to be significant (e.g., p < 0.001) based on the results of CFA. The results of
CFA are in Table 5. Therefore, these index values can be predictable for the adequacy of
validity of scale in the questionnaire and model fit.
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Table 4. The results of model fit index of a series of CFA.

Classification
Goodness of Fit

Results of the First CFA Results of the Final CFA

RMR 0.051 → 0.038
TLI 0.912 → 0.929
CFI 0.923 → 0.940
NFI 0.897 → 0.919

Table 5. The results of CFA.

Classification Estimate S.E. C.R.

Intention→ Q3 0.951 0.040 23.714 ***
Intention→ Q4 0.952 0.039 24.484 ***
Intention→ Q5 0.994 0.035 28.034 ***
Intention→ Q6 1.000

Behavioral Belief→ Q8 0.939 0.038 24.796 ***
Behavioral Belief→ Q9 0.908 0.038 23.654 ***
Behavioral Belief→ Q10 0.963 0.040 23.921 ***
Behavioral Belief→ Q11 1.000
Behavioral Belief→ Q12 0.942 0.034 27.702 ***

Normative Belief→ Q13 0.914 0.042 21.823 ***
Normative Belief→ Q14 0.928 0.040 23.348 ***
Normative Belief→ Q15 0.933 0.039 23.829 ***
Normative Belief→ Q16 1.000
Normative Belief→ Q17 0.847 0.039 21.782 ***

Control Belief→ Q19 0.989 0.074 13.410 ***
Control Belief→ Q22 0.993 0.073 13.511 ***
Control Belief→ Q23 1.083 0.074 14.624 ***
Control Belief→ Q24 1.000

Note. S.E. = standard error, C.R. = construct reliability, *** p < 0.001.
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3.4. The Questions for Each Factor in the Final Questionnaire

The final questionnaire was developed and validated after the series of EFA and
CFA to predict the behavioral intention of physical activity instructors for people with
disabilities to participate in pro bono work based on the Theory of Planned Behavior. The
questions for each factor in the final questionnaire are in Table 6.

Table 6. The questions for each factor in the final questionnaire.

Factor No Question

Intention

Q3 I strongly agree to participate in Pro Bono for the physical
activity of people with disabilities.

Q4 I will definitely participate in Pro Bono for the physical
activity of people with disabilities.

Q5 I will gladly participate in Pro Bono for the physical activity
of people with disabilities.

Q6 I will actively participate in Pro Bono for the physical activity
of people with disabilities.

Behavioral
Belief

Q8
Participating in Pro Bono for the physical activity of people
with disabilities will require the teaching experience about

physical activity for the disabled.

Q9
Participating in Pro Bono for the physical activity of people
with disabilities will require the theoretical learning about
physical activity for the disabled that I have learned so far.

Q10 My time effort to participate in Pro Bono for the physical
activity of people with disabilities will be worthwhile.

Q11
Physical activity coaching experience for people with
disabilities will be valuable to participate in Pro Bono

for physical activity.

Q12
The knowledge of physical activity for people with

disabilities will be valuable to participate in Pro Bono
for physical activity.

Normative
Belief

Q13
Parents of people with disabilities will think that

I should participate in Pro Bono for the physical activity of
people with disabilities.

Q14 People with disabilities will think that I should participate in
Pro Bono for the physical activity of people with disabilities.

Q15 My family members will think that I should participate in Pro
Bono for the physical activity of people with disabilities.

Q16 My friends would think that I should participate in Pro Bono
for the physical activity of people with disabilities.

Q17
Students in my department will think that

I should participate in Pro Bono for the physical activity of
people with disabilities.

Control
Belief

Q19
Physical activity instructors for people with disabilities must
be able to participate in Pro Bono, which provides physical

activity services for people with disabilities.

Q22
Participation in Pro Bono providing physical activity services
for people with disabilities depends on the mind of physical

activity instructors for people with disabilities.

Q23

Physical activity instructors for people with disabilities must
be able to create an IEP (Individualized Education Plan) to
participate in Pro Bono, which provides physical activity

services for people with disabilities.

Q24

Physical activity instructors for people with disabilities must
have the ability to do physical activity to participate

in Pro Bono, which provides physical activity services for
people with disabilities.
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4. Discussion

The purpose of this study was to develop and validate the scale for predicting the pro
bono participation intention of pre-service physical activity instructors for persons with
disabilities based on the Theory of Planned Behavior. Results were obtained relating to
questionnaire scale development and validation for pre-service physical activity instructors
for persons with disabilities participating in pro bono work. First, the questionnaire about
“Intention Toward Participating in Pro Bono of Pre-service Physical Activity Instructors for
the Activation of Physical Activity for the Disabled” was validated based on the Theory
of Planned Behavior. In addition, there were four results based on the questionnaire; first,
most participants in this study agreed to participate in pro bono work for the physical
activity of people with disabilities, and the negative questions about Pro Bono participation
have been eliminated due to disagreement of participants. This may be because the all
participants in this study are majoring in an area closely related to physical activity for
the disabled. Second, the teaching experience about physical activity for the disabled and
the knowledge about physical activity for the disabled were required to participate in
pro bono work for the physical activity of people with disabilities. Third, some people
(e.g., parents of people with disabilities, people with disabilities, family members, friends,
students in my department) may believe that pre-service physical activity instructors for
the disabled should participate in pro bono work for the physical activity of people with
disabilities. Fourth, some elements (e.g., the state of mind of physical activity instructors
for people with disabilities, the ability to create an IEP, the ability to do physical activity)
can be encouraged to control pro bono participation. The discussion based on the results is
as follows:

First, it suggested that this questionnaire based on the Theory of Planned Behavior
was appropriate to identify pre-service physical activity instructors’ intention toward par-
ticipating in pro bono work for people with disabilities. This questionnaire was categorized
by Ajzen’s “Constructing a theory of planned behavior questionnaire” [28–32]. Ajzen’s
guideline made it appropriate and valid to create the questionnaire. Furthermore, many
studies related to physical activity instructors for persons with disabilities based on the
Theory of Planned Behavior were conducted for development and validity of a scale mea-
suring their behavioral intention. For instance, Jeong and Block [33] investigated general
physical education teachers’ intentions to teach students with disabilities. Lee, Yun, So [25],
Rizzo, So, and Tripp [34], and Tripp and Rizzo [35] determined physical education teachers’
intentions to teach people with disabilities. These researchers reported that the question-
naire used in their studies had an applicable and valid scale to determine the purpose of
their studies. Eventually, it was possible to confirm their valid and reliable results, even
though the purpose of the study was different, as stated by the previous studies related to
this study.

Second, in regard to behavioral belief, teaching experience and knowledge about
people with disabilities can help instructors participate in pro bono work for the physical
activity of people with disabilities. It can be correlated to the results of a study [35] which
found that physical education teachers who had teaching experience with students with
disabilities had higher intentions to teach disabled students than those with no teaching
experience in an inclusive physical education environment. In particular, many researchers
reported that experiences with students with disabilities are significant for successful
physical activity [36,37]. In addition, one study stated that pre-service physical education
teachers with more education (e.g., undergraduate courses about children with disability)
and information about students with disabilities had a positive attitude toward teaching
students with disabilities [36]. Hence, it is deduced that experience with and knowledge of
teaching the disabled are important factors in behavioral belief toward participating in pro
bono work regarding physical activity of the disabled. Furthermore, it is determined that a
study on whether these factors lead to actual behavior is needed.

Third, parents of people with disabilities, people with disabilities, family members,
friends, and students in my department were the people who had a lot of influence on my
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participation in pro bono work for the physical activity of people with disabilities. The
participants of this study were all university students studying as pre-service physical
activity instructors. University students show high interest in human rights and social
issues such as topics around persons with disabilities. [38]. In particular, one study [39]
reported that many university students argue that equal opportunities should be provided
to persons with disabilities, and this argument is evidence that students are sensitive to
social pressures (i.e., demand of parents of people with disabilities or people with disabil-
ities). In addition, some researchers [40] reported that parents and friends of university
students play the most important roles in determining the behavior of university students
who are in early adulthood, as they understand and help university students. Thus, these
factors (i.e., parents of people with disabilities, people with disabilities, family members,
friends, students in my department) must have had a lot of influence on the behavior of the
pre-service physical activity instructors to participate in pro bono work, and it is necessary
to find out what kind of influence they had.

Fourth, the state of mind of physical activity instructors for people with disabilities,
the ability to create the IEP, and the ability to do physical activity can help to control the pro
bono participation of physical activity instructors for people with disabilities. In the Theory
of Planned Behavior, there is a correlation between each factor, and control belief and
intention also have a correlation [26–28]. A willingness to do something can be interpreted
as a person’s state of mind and determination. Consequently, the control belief may be
different depending on the person’s mindset. The IEP is an educational program that
comprises all areas of education, including educational goals, teaching, and evaluation for
the education of students with disabilities based on the abilities of individual students with
disabilities [41,42]. Furthermore, physical activity instructors can teach well if they know
how to perform the physical activity they need to teach. These abilities (e.g., the ability to
create the IEP and to perform physical activity) can increase the self-efficacy of instructors,
and self-efficacy can improve self-confidence and control their behavior [43]. Then, it is
necessary to find ways to improve these elements (e.g., the state of mind of physical activity
instructors for people with disabilities, the ability to create an IEP, and the ability to do
physical activity) to control successful behavior.

5. Research Limitations

There are some limitations. First, this study was conducted only by university students
majoring in adapted physical activity, so it may be difficult to apply it in the actual field.
Thus, future research should be conducted for physical activity instructors in the actual
field. Second, this study was conducted only with participants in South Korea, so there may
be cultural differences. Hence, it is necessary to expand the criteria for participants in future
studies. Third, this study was conducted targeting pre-service physical activity instructors.
It was not possible to know the actual participation in pro bono work. Consequently,
in future studies, it is necessary to check whether the behavior was actually performed
through a longitudinal study.

6. Conclusions

This study developed and validated a scale for predicting the pro bono participation
intention of physical activity instructors for people with disabilities based on the Theory
of Planned Behavior. The conclusions are as follows: first, the questionnaire developed in
this study was validated based on the Theory of Planned Behavior. Second, the behavioral
belief of participants was influenced by their teaching experience in physical activity for
the disabled and knowledge about physical activity for the disabled. Third, the normative
belief was influenced by the parents of people with disabilities, people with disabilities,
family members, friends, and students in my department. Fourth, the control belief was
influenced by the state of mind of physical activity instructors for people with disabilities,
the ability to create an IEP, and the ability to do physical activity.
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Abstract: The purpose of this study was to analyze the relative importance and priority of what
factors should be reflected in the administration to efficiently consider the needs of people with
disabilities for the physical activity (PA) environment in South Korea. To achieve the purpose of the
study, 32 experts (e.g., faculty members, administrators) with more than 5 years of experience with
PA for people with disabilities were asked to prioritize the factors that should be reflected in the PA
environment. The questionnaire consisted of 4 factors in the upper-layer (H2), 8 factors in the middle-
layer (H3), and 38 items in the low-layer (H4). The research instrument was composed of a pairwise
comparison of decision elements to analyze the priority. For the analysis of the questionnaire data,
the relative importance and priority were analyzed using Expert Choice 2000, a solution dedicated
to priority analysis. The results are as follows. The relative importance of H2 was determined by
programs, instructors, facilities, and information. In the relative importance among H3, the program
type was determined as the highest factor in the program, and instructor expertise was determined
as the highest factor in the instructor. The type of facility was determined as the highest factor in the
facility, and the information provider was determined as the highest factor in the information. As a
result of analyzing the priority of H4, it was found that the program within the sports facilities had
the highest priority.

Keywords: physical activity environment; people with disabilities; South Korea; relative importance;
priority

1. Introduction

Physical activity (PA) can be defined as any body movement generated by skeletal
muscle that necessitates power expenditure [1]. According to the latest PA guidelines of
the World Health Organization (WHO), adults around the world, including individuals
with disabilities, benefit from health advantages and reduce health risks when they do
more then 150 minutes of aerobic exercise per week with moderate intensity or vigorous
intensity [1]. However, most adults around the world do not meet the PA guidelines
of WHO [2]. On average, people with disabilities participate less in PA and are more
sedentary than people without disabilities [3]. For instance, only about 50% of individuals
with disabilities are active, compared to about 75% of people without disabilities in the
United States [2]. In addition, only one-third of people with disabilities participate in
sports, while two-thirds of individuals without disabilities participate in sports in the
United States [4]. Only 12% of adults with physical disabilities participated in PA with
moderate intensity or vigorous intensity [5].

According to data from the 2020 National Survey on the Current Status of Participa-
tion of Lifetime Sports for Persons with Disabilities, conducted by the Korea Ministry of
Culture, Sports, and Tourism [6], the participation rate of PA for people with disabilities
in South Korea was 24.9%, which is more than three times higher than 17.9% 10 years
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ago. Even though the participation rate of PA in 2021 has been lowered to 20.2% due
to the Coronavirus Disease-19 (COVID-19) pandemic, this rate is expected to increase
in the future [6]. The reason why PA is encouraged around the world is that engaging
in PA immediately produces positive results for adults with disabilities [7]. It has been
found that being provided opportunities to engage in PA can improve the quality of life
for individuals with disabilities both physically and psychologically [8]. Moreover, PA
participation among people with disabilities can prevent diseases and help to save the
national health insurance finance [9].

Although the participation in PA of individuals with disabilities has many advantages,
it is very low compared to the 60.8% participation rate of people without disabilities in
South Korea [6]. Many people with disabilities participate in PA near or at home rather
than at public PA-related facilities or social sports clubs for persons with disabilities [10].
However, as for the place of PA for people with disabilities in South Korea, the highest
percentage was in a park or hiking trail near their home (61.5%), followed by their home
(31.8%) [6]. Many people with disabilities participate in PA near or at home rather than
at public PA-related facilities or social sports clubs for persons with disabilities, but there
is little service support for individuals. The reason for this issue is that the analysis
of the PA environment was insufficient and the needs of people with disabilities were
not reflected [11].

In South Korea, studies are continuing to identify the needs of people with disabilities
to facilitate their participation in PA or to investigate factors that make it difficult for them
to actively participate in PA [11–15]. Summarizing the results of these studies, it is argued
that, for the people with disabilities to participate more actively than previously in PA,
their inner will to participate is significant, but rather than that, they demanded that the
environment for participation in PA should be improved. Among the demands of persons
with disabilities, the problems related to the expansion of public PA-related facilities and
movement were found to be the biggest [6]. However, it cannot be concluded that there
is not enough public PA-related facilities for people with disabilities to exercise at home
and around the house. Participation in PA at home or around the house may be due to
the characteristics of the type of disability, or it may be because the average age of the
persons with disabilities has increased, or it may be because they simply enjoy taking
a walk around the house. Thus, it is necessary to understand the cause from various
angles and viewpoints from the perspective of individuals with disabilities, beyond the
simple structure of expanding the public PA-related facilities for people with disabilities.
In addition, creating an environment required by persons with disabilities will increase the
satisfaction of people with disabilities and will continue to participate in PA.

Since the 1990s, the Australian Government has launched several policies to increase
the participation of people with disabilities in recreation and sports [16]. Based on nu-
merous research results, the Australian Government has made efforts to improve the
environment and accessibility of open spaces, sports facilities, leisure, and swimming
pools [17]. In the studies of the United States and the Netherlands, lack of motivation and
experience of participating in PA or sports were individual barriers to participation in PA,
such as environmental barriers, transportation and access to public PA-related facilities and
cost were problems [18–21]. In addition, Moran, Taliaferro, and Pate [22] stated barriers
to participation in PA for people with disabilities include lack of training knowledge and
lack of programs for persons with disabilities. These studies include a long research period
and the PA environment of persons with disabilities. Though, studies in South Korea that
actively reflect the needs of people with disabilities and PA services have not yet been pro-
vided. Therefore, the purpose of this study was to determine the relative importance and
priority for establishing the PA environment based on the opinions on the PA of persons
with disabilities presented in a pilot study [23] and to introduce methods for successful
access to the PA of people with disabilities in South Korea.
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2. Materials and Methods
2.1. Participants

The purpose of this study was to identify the priority for establishment of the PA
environment for persons with disabilities by reflecting the needs of people with disabil-
ities. The participants of this study selected 32 disabled PA experts who understood the
purpose of the study and agreed to participate in this study. The participants consisted
of 12 faculty members who majored in PA with more than 5 years of research experience
and 20 administrators who had worked at the Korea Paralympic Committee for more than
5 years. The reasons why the participants of this study were selected as faculty members
and administrators of the Korean Paralympic Committee were that they were key experts in
planning and implementing the administration of PA for people with disabilities in South
Korea. The purpose of the study was explained to the participants of this research, and the
PA environment for people with disabilities that should be developed first to reflect the
needs of individuals with disabilities was investigated. The demographic characteristics of
experts participating in this study are in Table 1.

Table 1. Demographic characteristics of participants.

No. Classification Gender Years of Experience Age

1 Faculty Female 11 34
2 Faculty Male 10 41
3 Faculty Male 14 54
4 Faculty Male 5 32
5 Faculty Male 5 39
6 Faculty Female 5 33
7 Faculty Male 17 51
8 Faculty Male 8 48
9 Faculty Male 8 39
10 Faculty Male 5 40
11 Faculty Male 6 32
12 Faculty Male 5 46
13 Administrator Male 13 48
14 Administrator Male 21 40
15 Administrator Female 11 45
16 Administrator Male 14 39
17 Administrator Male 21 48
18 Administrator Male 10 42
19 Administrator Male 6 42
20 Administrator Male 11 40
21 Administrator Male 14 42
22 Administrator Male 12 41
23 Administrator Female 5 29
24 Administrator Female 5 25
25 Administrator Male 7 35
26 Administrator Female 8 36
27 Administrator Female 13 42
28 Administrator Male 10 41
29 Administrator Female 5 29
30 Administrator Male 5 30
31 Administrator Male 24 49
32 Administrator Female 9 36

2.2. Research Instrument

The study extracted the relative importance and priority using the priority analysis
method (i.e., analytic hierarchy process (AHP)) to investigate which needs of the people
with disabilities in the field of PA and experts’ thoughts should be reflected in the adminis-
tration for PA environment for persons with disabilities. The questionnaire was constructed
in the form of a pairwise comparison questionnaire for priority analysis [24]. The AHP is
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an analysis method that is often used in the process of collecting the opinions of experts. It
is one of the decision-making methodologies that utilize the knowledge, experience, and
intuition of respondents through binary comparison between factors forming a hierarchical
structure of decision-making [25]. In other words, it is used as a scientific method for the
decision-making method to reach final decision-making by dividing the entire decision-
making process into stages and then analyzing and interpreting them step-by-step [26,27].

The research instrument of this study was based on the results of a focus group inter-
view (e.g., 35 persons with disabilities in South Korea) conducted by the pilot study [23] on
the needs of people with disabilities for PA in South Korea. A total of 38 key factors were
extracted, and a questionnaire was prepared. The hierarchical structure of the questionnaire
was shown in Figure 1. A group of experts (e.g., 3 faculties specializing in PA and 3 PA
administrators for people with disabilities) checked the facial validity and composition
of the questions for the questionnaire. As a result, there was hierarchy (H)1 for the estab-
lishment of the PA environment for persons with disabilities. The questionnaire consisted
of 4 factors (e.g., program, instructor, facility, information: H2) in the upper-layer and
8 sup-factors (e.g., type of program, content of program, expertise of instructor, competency
of instructor, type of facility, operation of facility, provider of information and content of
information: H3) in the middle-layer. In the case of pairwise comparison, the response
score of participants was ‘equivalent’ from 1 and ‘average’ to ‘very important’ from 2 to 7,
so the factors of both poles were compared and selected.
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2.3. Research Process

For the investigation of the study, the researchers first found two faculties based on PA
for people with disabilities and two PA administrators in Korean Paralympic Committee.
After that, the participants were secured by a snowball sampling method in which experts
were introduced to other faculty members and PA administrators in Korean Paralympic
Committee. A schedule was set with experts, and the purpose and contents of the study
were explained to them. Since the pairwise comparison questionnaire is not a familiar
questionnaire, the response method of the pairwise comparison was explained in detail.
Participants in the study were asked to participate in the questionnaire, and the researchers
collected it immediately after the questionnaire. In addition, the period of this study was
3 months from December 2021 to February 2022.
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2.4. Data Analysis

The AHP was applied to analyze priorities for establishing the PA environment for
people with disabilities. A hierarchical analysis is a method of calculating the relative
importance between factors, and after identifying the hierarchical structure, priorities are
selected through the analysis process [26,28]. The consistency index (CI) was verified to
evaluate the logical contradiction of responses. The consistency is greater as the criterion of
CI is closer to 0. In this study, consistency evaluation was conducted based on a value of 0.1
or less, which was generally accepted by previous studies [29,30]. As for the CI, when 0.1 or
less appeared, it was confirmed that the consistency of the expert group for each question
was high. The Expert Choice 2000 program was used to analyze priorities in this study.

3. Results
3.1. The Results of the Relative Importance of H2

In the relative importance of H2, the program showed the highest ranking as follows,
followed by the instructor, facility, and information. The weight of the program was
derived 38.9%, instructor (34.5%), facility (17.7%), and information (8.8%). The CI of the
experts’ responses was 0.07, indicating that the respondents’ perceptions of the questions
met consistency. The results of the relative importance of H2 for the establishment of the
PA environment for people with disabilities are in Table 2.

Table 2. Results of the relative importance of H2 for the establishment of the PA environment for
persons with disabilities.

Classification Factor CI Order

The establishment of PA
environment for persons

with disabilities

Program 0.389 1
Instructor 0.345 2

Facility 0.177 3
Information 0.088 4

Note: CI = 0.07.

3.1.1. The Results of the Relative Importance of the Program in H3

As for the relative importance of the program in H3, the type of program was the
highest factor, followed by the content of the program. As for the degree of importance
perception of priority, the weight for the type of program was analyzed as 79.6%, and the
content of the program (20.4%). The CI of the experts’ responses was 0.001, indicating that
the respondents’ perceptions of the questions met consistency. The results of the relative
importance of the program among H3 are in Table 3.

Table 3. Results of the relative importance of the program in H3.

Classification Factor CI Order

Program Type of program 0.796 1
Content of program 0.204 2

Note: CI = 0.001.

3.1.2. The Results of the Relative Importance of the Instructor in H3

As for the relative importance of the instructor in H3, the expertise of the instructor
was the highest factor, followed by the competency of the instructor. As for the degree
of importance perception of priority, the weight for the expertise of the instructor was
analyzed as 73.1%, and the competency of the instructor (26.9%). The CI of the experts’
responses was 0.001. The results of the relative importance of the instructor among H3 are
in Table 4.
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Table 4. Results of the relative importance of the instructor in H3.

Classification Factor CI Order

Instructor
Expertise of instructor 0.731 1

Competency of instructor 0.269 2
Note: CI = 0.001.

3.1.3. The Results of the Relative Importance of the Facility in H3

As for the relative importance of the facility in H3, the type of facility was the highest
factor, followed by the operation of the facility. As for the degree of importance perception
of priority, the weight for the type of facility was analyzed as 76.1%, and the operation of
the facility (23.9%). The CI of the experts’ responses was 0.001. The results of the relative
importance of the facility among H3 are in Table 5.

Table 5. Results of the relative importance of the facility in H3.

Classification Factor CI Order

Facility Type of facility 0.761 1
Operation of facility 0.239 2

Note: CI = 0.001.

3.1.4. The Results of the Relative Importance of the Information in H3

As for the relative importance of the information in H3, the provider of information
was the highest factor, followed by the content of information. As for the degree of
importance perception of priority, the weight for the provider of information was analyzed
as 74.1%, and the content of information (25.9%). The CI of the experts’ responses was
0.001. The results of the relative importance of the information among H3 are in Table 6.

Table 6. Results of the relative importance of the information in H3.

Classification Factor CI Order

Information
Provider of information 0.741 1
Content of information 0.259 2

Note: CI = 0.001.

3.2. The Results of the Relative Importance of H4 by H3

The results of the relative importance of low-layer (H4: e.g., programs within sports
facility, sports or exercise clubs, programs of public outdoor facility, non-face-to-face pro-
grams, programs by type of disability, inclusive programs, rehabilitation exercise programs,
programs by sport event, programs by age group, home training programs, instructor who
has 2 or more certificates, instructor for persons with disabilities, instructor who has a
disability, instructor for each sport event, instructor for all, understanding disability and
human rights education, teaching method education by type of disability, safety education
for PA, practical education for each sport event, public sports facilities for persons with
disabilities, dedicated sports facilities for persons with disabilities, private sports facilities
for persons with disabilities, sports facilities by sport events for persons with disabilities,
public sports facilities, use of school sports facilities, neighborhood simple sports facilities,
education on understanding of disability for all employees and users, promotion of facilities
and programs, participation in sports program vouchers, accept and correct complaints,
operation of health counseling office, city and province sports association for people with
disabilities, government, community, sports facilities for people with disabilities in the local
community, welfare center for people with disabilities, information about the location and
program of the sports facilities, health information to motivate PA participation, sports club
information about people with disabilities, information about the center for physical fitness
and health measurement) by H3 were analyzed for the establishment of PA environment
for persons with disabilities.
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3.2.1. The Results of the Relative Importance of H4 by the Program in H3

As shown in Table 7, the results of the relative importance of H4 by the program in H3
included the composition of H4 by H3, weight, ranking, and CI. As a result of the analysis,
first, as the relative importance of H4 in the type of program in H3, the weight for programs
within sports facilities was 40.7%, sports or exercise clubs for individuals with disabilities
(25.3%), programs of public outdoor facilities (24.7%), and non-face-to-face (e.g., YouTube, etc.)
programs (9.3%). The CI of responses of the experts in this study was 0.01.

Table 7. Results of the relative importance of H4 by the program in H3.

Highest Factor Sub-Factor Sub-Item Weight Order CI

Program

Type of program

Programs within sports facility 0.407 1

0.01
Sports or exercise clubs 0.253 2

Programs of public outdoor facility 0.247 3

Non-face-to-face programs 0.093 4

Content of program

Programs by type of disability 0.302 1

0.01

Inclusive programs 0.168 2

Rehabilitation exercise programs 0.164 3

Programs by sport event 0.162 4

Programs by age group 0.125 5

Home training programs 0.080 6

Note: CI = 0.001.

As for the results of the relative importance of H4 by the content of the program in H3,
the weight for programs by type of disability was 30.2%, inclusive (i.e., persons with and
without disability) programs (16.8%), rehabilitation exercise programs (16.4%), program by
sports events (16.2%), programs by age group (12.5%), and home training programs (8.0%).
The CI of responses of the experts in this study was 0.01. The explanation of H4 by the
program in H3 is in Table 8.

Table 8. Explanation of H4 by the program in H3.

Sub-Factor Sub-Item Explanation of Item

Type of program

Programs within sports facility PA programs for people with disabilities in public and private sports facilities

Sports or exercise clubs PA programs in sports or exercise clubs for people with disabilities

Programs of public outdoor facility PA programs using public sports facilities in local parks

Non-face-to-face programs Non-face-to-face PA programs that can be performed at home

Content of program

Programs by type of disability PA programs by type of disability

Inclusive programs PA programs for people with and without disabilities

Rehabilitation exercise programs Rehabilitation exercise programs that serve as a bridge to PA

Programs by sport event PA programs by each sport event

Programs by age group PA programs by age group

Home training programs PA programs that can be performed at home alone or with your family member

Note: CI = 0.001.

3.2.2. The Results of the Relative Importance of H4 by the Instructor in H3

As shown in Table 9, the results of the relative importance of H4 by the instructor
in H3 included the composition of H4 by H3, weight, ranking, and CI. As a result of the
analysis of instructor, first, as the relative importance of H4 in the expertise of instructor
in H3, the weight for an instructor who has 2 or more certificates related to PA was 32.7%,
instructor for persons with disabilities (29.2%), an instructor who has a disability (16.5%),
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instructor for each sport event (12.3%), and instructor for all (9.3%). The CI of responses of
the experts in this study was 0.02.

Table 9. Results of the relative importance of H4 by the instructor in H3.

Highest Factor Sub-Factor Sub-Item Weight Order CI

Instructor

Expertise of instructor

Instructor who has 2 or more certificates 0.327 1

0.02

Instructor for persons with disabilities 0.292 2

Instructor who has a disability 0.165 3

Instructor for each sport event 0.123 4

Instructor for all 0.093 5

Competency of instructor

Understanding disability and human rights education 0.362 1

0.02
Teaching method education by type of disability 0.334 2

Safety education for PA 0.154 3

Practical education for each sport event 0.151 4

Note: CI = 0.001.

As for the results of the relative importance of H4 by the competency of instructor
in H3, the weight for understanding disability and human rights education were 36.2%,
teaching method education by type of disability (33.4%), safety education for PA (15.4%),
and practical education for each sport event (15.1%). The CI of responses of the experts in
this study was 0.02. The explanation of H4 by the instructor in H3 is in Table 10.

Table 10. Explanation of H4 by the instructor in H3.

Sub-Factor Sub-Item Explanation of Item

Expertise of
instructor

Instructor who has 2 or more certificates An instructor who has 2 or more certificates related to PA for all,
people with disabilities, or athletes

Instructor for persons with disabilities An instructor who has a PA certificate for persons with disabilities

Instructor who has a disability An instructor who has a disability

Instructor for each sport event An instructor for each sport event

Instructor for all A PA instructor for all

Competency of
instructor

Understanding disability and human
rights education

Understanding the types of disability and reduce derogatory
comments and discrimination through education on the human

rights of persons with disabilities

Teaching method education by type
of disability

Teaching instructional methods suitable for the type of disability
and teach communication methods (sign language, etc.)

Safety education for PA Improving the ability to cope with accidents that may occur during
PA (ex. emergency rescue, etc.)

Practical education for each sport event Upgrading skills and knowledge about each sport event

Note: CI = 0.001.

3.2.3. The Results of the Relative Importance of H4 by the Facility in H3

As shown in Table 11, the results of the relative importance of H4 by the facility in
H3 included the composition of H4 by H3, weight, ranking, and CI. As a result of the
analysis, first, as the relative importance of H4 in the type of facility in H3, the weight for
public sports facilities for persons with disabilities was 27.8%, dedicated sports facilities
for persons with disabilities (22.3%), private sports facilities for persons with disabilities
(14.8%), sports facilities by sports events for persons with disabilities (13.7%), public sports
facilities (8.5%), use of school sports facilities (7.7%), and neighborhood simple sports
facilities (5.3%). The CI of responses of the experts in this study was 0.01.
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Table 11. Results of the relative importance of H4 by the facility in H3.

Highest Factor Sub-Factor Sub-Item Weight Order CI

Facility

Type of facility

Public sports facilities for persons with disabilities 0.278 1

0.01

Dedicated sports facilities for persons with disabilities 0.223 2

Private sports facilities for persons with disabilities 0.148 3

Sports facilities by sport events for persons with disabilities 0.137 4

Public sports facilities 0.085 5

Use of school sports facilities 0.077 6

Neighborhood simple sports facilities 0.053 7

Operation of facility

Education on understanding of disability for all
employees and users 0.264 1

0.01
Promotion of facilities and programs 0.261 2

Participation in sports program vouchers 0.199 3

Accept and correct complaints 0.154 4

Operation of health counseling office 0.123 5

Note: CI = 0.001.

As for the results of the relative importance of H4 by the operation of facility in H3, the
weight for education on understanding of disability for all employees and users was 26.4%,
promotion of facilities and programs (26.1%), participation in sports program vouchers
(19.9%), accept and correct complaints (15.4%), and operation of health counseling office
(12.3%). The CI of responses of the experts in this study was 0.01. The explanation of H4 by
the facility in H3 is in Table 12.

Table 12. Explanation of H4 by the facility in H3.

Sub-Factor Sub-Item Explanation of Item

Type of
facility

Public sports facilities for persons
with disabilities

A sports facility that people with disabilities prefer to use but can use together with
people without disabilities

Dedicated sports facilities for persons
with disabilities Sports facilities mainly used by people with disabilities

Private sports facilities for persons
with disabilities

A private sports facility that installs convenient facilities for people with disabilities
and recruit members with disabilities

Sports facilities by sport events for persons
with disabilities Sports facilities for people with disabilities specializing in sports

Public sports facilities Sports facilities created for residents

Use of school sports facilities School sports facilities opened as sports facilities for people with disabilities

Neighborhood simple sports facilities Sports equipment and facilities simply installed in community parks

Operation of
facility

Education on understanding of disability
for all employees and users

It is necessary to make it compulsory for employees and users to understand
disability education so that users with disabilities can use it without discrimination

Promotion of facilities and programs Promotion of facility and program recruitment through text messages, SNS, website,
etc. should be actively promoted

Participation in sports program vouchers It is necessary to prepare an environment in which sports program vouchers can be used.

Accept and correct complaints Efforts should be made to actively respond to and accept complaints when they are filed

Operation of health counseling office
There is a need for a counseling office that can conduct and manage consultations on
the health status of people with disabilities and how to maintain and improve their

health in the future

Note: CI = 0.001.
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3.2.4. The Results of the Relative Importance of the Information in H3

As shown in Table 13, the results of the relative importance of H4 by the information
in H3 included the composition of H4 by H3, weight, ranking, and CI. As a result of the
analysis of information, first, as the relative importance of H4 in the provider of information
in H3, the weight for city and province sports association for people with disabilities was
26.1%, government (25.4%), community (19.7%), sports facilities for people with disabilities
in the local community (15.4%), and welfare center for people with disabilities (13.4%). The
CI of responses of the experts in this study was 0.01.

Table 13. Results of the relative importance of H4 by the information in H3.

Highest Factor Sub-Factor Sub-Item Weight Order CI

Information

Provider of
information

City and province sports association for people
with disabilities 0.261 1

0.01
Government 0.254 2

Community 0.197 3

Sports facilities for people with disabilities in the
local community 0.154 4

Welfare center for people with disabilities 0.134 5

Content of
information

Information about the location and program of the sports
facilities 0.376 1

0.01
Health information to motivate PA participation 0.232 2

Sports club information about people with disabilities 0.220 3

Information about the center for physical fitness and
health measurement 0.171 4

Note: CI = 0.001.

As for the results of the relative importance of H4 by the content of information in
H3, the weight for information about the location and program of the sports facilities was
37.6%, health information to motivate PA participation (23.2%), sports club information
about people with disabilities (22.0%), and information about the center for physical fitness
and health measurement (17.1%). The CI of responses of the experts in this study was 0.01.
The explanation of H4 by the information in H3 is in Table 14.

Table 14. Explanation of H4 by the information in H3.

Sub-Factor Sub-Item Explanation of Item

Provider of
information

City and province sports association for people
with disabilities

At the level of city and province sports associations for people with
disabilities, health information should be provided to individuals with

disabilities in the local community by text message or mail

Government The government should provide health information for people with
disabilities through the mass media

Community Health information should be provided by text message or mail at the
city hall or community center in the local community

Sports facilities for people with disabilities in the
local community

Health information should be provided to users with disabilities and
their families in sports facilities

Welfare centers for people with disabilities Welfare centers should provide health information to users with
disabilities and their families

Content of
information

Information about the location and program of the
sports facilities

Information on where and what programs are available for people with
disabilities in the community

Health information to motivate PA participation Motivation of PA by providing information on PA and eating habits

Sports club information about people
with disabilities

Location and related information about sports clubs for people with
disabilities and PA

Information about the center for physical fitness
and health measurement

Information on physical fitness certification center for people
with disabilities

Note: CI = 0.001.
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3.3. The Results of the Priority of H4

The results of the priority of H4 were analyzed for the establishment of the PA envi-
ronment for individuals with disabilities. There was the priority of 1st to 40th of all H4.
The priority of 1st to 40th of all H4 is in Table 15. The priority was as follows: programs
within sports facilities (12.6%), instructor who has 2 or more certificates related to PA
(8.2%), sports or exercise clubs for individuals with disabilities (7.9%), programs of public
outdoor facilities (7.7%), instructor for persons with disabilities (7.4%), instructor who has
a disability (4.2%), public sports facility for persons with disabilities (3.7%), education
on understanding of disabilities and human rights (3.4%), instructor for each sport event
(3.1%), teaching method education by type of disability (3.1%) and etc. The CI of responses
of the experts in this study was 0.04.

Table 15. Results of the priority of H4.

Item Weight Order Item Weight Order

Programs within sports facilities 0.126 1 Programs by sport event 0.013 21

Instructor who has 2 or more certificates
related to PA 0.082 2 Inclusive programs 0.013 22

Sports or exercise clubs for individuals
with disabilities 0.079 3 Rehabilitation exercise programs 0.013 23

Programs of public outdoor facilities 0.077 4 Community 0.013 24

Instructor for persons with disabilities 0.074 5 General public sports facilities 0.011 25

Instructor who has a disability 0.042 6 Promotion of facilities and programs 0.011 26

Public sports facility for persons
with disabilities 0.037 7 Education on understanding of disability

for all employees and users 0.011 27

Education on understanding of
disabilities and human rights 0.034 8 Programs by age group 0.010 28

Instructor for each sport event 0.031 9 Use of school sports facilities 0.010 29

Teaching method education by type
of disability 0.031 10 Sports facilities for people with

disabilities in the local community 0.010 30

Public sports facility for persons
with disabilities 0.030 11 Welfare centers for people

with disabilities 0.009 31

Non-face-to-face programs 0.029 12 Information about the location and
program of the sports facilities 0.009 32

Programs by type of disability 0.024 13 Participation in sports program vouchers 0.008 33

Instructor for all 0.024 14 Neighborhood simple sports facilities 0.007 34

Private sports facilities for persons
with disabilities 0.020 15 Accept and correct complaints 0.007 35

Sports facilities by sport events for
persons with disabilities 0.018 16 Home training programs 0.006 36

Government 0.017 17 Operation of health counseling office 0.005 37

City and province sports association for
people with disabilities 0.017 18 Health information to motivate

PA participation 0.005 38

Practical education for each sport event 0.014 19 Sports club information about people
with disabilities 0.005 39

Safety education for PA 0.014 20 Information about the center for physical
fitness and health measurement 0.004 40

Note: CI = 0.04.
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4. Discussion

The aim of the study was to determine the relative importance and priority for the
establishment of the PA environment for persons with disabilities by 32 experts with more
than 5 years of experience with PA for people with disabilities. This study analyzed the
relative importance and priority of establishing the PA environment based on the opinions
on the PA of persons with disabilities offered in the pilot study. The relative importance
and priority of establishing the PA environment for people with disabilities were analyzed
by AHP. The discussion based on the results of the study was as follows; first, the results of
the relative importance of H2 for the establishment of the PA environment for persons with
disabilities was the rankings of program, instructor, facility, and information. The program
was chosen as the highest factor in H2 to establish the PA environment for individuals with
disabilities. However, there are no various PA programs for people with disabilities in South
Korea. It may be helpful to motivate people with disabilities for participating in PA [23].
In both school and community settings, the PA programs for persons with disabilities are
limited and require professional work [31]. For example, people with visual impairment
cannot play regular baseball, but they can play it if they modify the game a little or modify
the tool to put beads in the ball. Hence, modifying the program can be a successful key to
participation in PA for people with disabilities [32]. After the program, it was found that the
instructor was a key factor in establishing the PA environment. It was reported that learners’
behavior or attitudes were affected by instructors’ beliefs and values [33]. People with
disabilities tend to rely on instructors due to various restrictions. This causes interference
with the participation of persons with disabilities when the instructors negatively affect the
participation of individuals with disabilities in PA [34]. The following factors included the
facility and information. According to McGrath [8], it is important to provide playgrounds,
leisure facilities, and swimming facilities to participate in sports and recreation for people
with disabilities. In addition, the awareness of PA programs and sports facilities is essential
for activating the PA of persons with disabilities [35]. The facilities should be built at the
government level, and information can be obtained through individual efforts, so it is
considered that the priority was lower than the factors of programs and instructors.

Second, the results of the relative importance of the program in H3 were the type of
program and content of the program. The results of rankings of the relative importance
of H4 by the type of program in H3 were programs within sports facilities, sports or
exercise clubs, programs of public outdoor facilities, and non-face-to-face programs. The
results of rankings of the relative importance of H4 by the content of the program in H3
were programs by type of disability, inclusive programs, rehabilitation exercise programs,
programs by sports event, programs by age group, and home training programs. The
highest item of H4 by the type of program in H3 was the programs within a sports facility.
There are various PA programs (e.g., aqua aerobics, badminton, basketball, football, golf,
table tennis, squash, swimming, volleyball, and weight training) for individuals without
disabilities in more than 1070 facilities and swimming facilities in South Korea. However,
the PA programs (e.g., badminton, boccia, goalball, swimming, table tennis, weight training)
for people with disabilities are only played at about 70 sports facilities in South Korea [36].
These programs limit the participation in the PA for persons with disabilities and cannot
satisfy their needs. Furthermore, the highest item of H4 by the content of the program in
H2 was the programs by type of disability because it is necessary to modify the PA program
according to the characteristics of the type of disability as in the baseball example of people
with visual impairment. According to Disability Rights in the United Kingdom, inclusive
PA programs should be provided for persons with and without disabilities to participate in
PA [23]. Additionally, when providing PA programs reflecting the needs of people with
disabilities, voluntary participation of individuals with disabilities is expected to increase
and satisfaction might increase [37].

Third, the results of the relative importance of the instructor in H3 were the expertise
of the instructor and competency of the instructor. The results of rankings of the relative
importance of H4 by the expertise of instructor in H3 were instructor who has 2 or more
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certificates, instructor for persons with disabilities, instructor who has a disability, instructor
for each sport event, instructor for all. The results of rankings of the relative importance
of H4 by the competency of instructor in H3 were understanding disability and human
rights education, teaching method education by type of disability, safety education for
PA, practical education for each sport event. The highest item of H4 by the expertise of
instructor and competency of instructor in H3 were the instructor who has 2 or more
certificates related to PA and understanding disability and human rights education. The
professionalism (i.e., formal training, knowledge, resources) of PA instructors who know
the characteristics of people with disabilities and PA is very important due to the activation
of PA for individuals with disabilities [38]. A study [39] found the teaching of an instructor
with expertise has an important influence on the effectiveness of PA, and the results of
only 6% of the experience of PA with a professional instructor indicate what the future
direction is. In addition, the professionalism of the instructor can increase the satisfaction
of the participants by providing high-quality classes to people with disabilities [38]. Finally,
PA instructors should have expertise and knowledge about people with disabilities to
effectively teach them.

Fourth, the results of the relative importance of the facility in H3 were the type of
facility and operation of the facility. The results of rankings of the relative importance of
H4 by the type of facility in H3 were public sports facilities for persons with disabilities,
dedicated sports facilities for persons with disabilities, private sports facilities for persons
with disabilities, sports facilities by sports events for persons with disabilities, public sports
facilities, use of school sports facilities, and neighborhood simple sports facilities. The
results of rankings of the relative importance of H4 by the operation of the facility in H3
were education on the understanding of disability for all employees and users, promotion
of facilities and programs, participation in sports program vouchers, accept and correct
complaints, and operation of a health counseling office. The highest item of H4 by the type
of facility and operation of the facility in H3 was the public sports facilities for persons
with disabilities and education on the understanding of disability for all employees and
users. As mentioned earlier, sports facilities for persons with disabilities in South Korea
are insufficient compared to sports facilities for people without disabilities [36]. Several
studies [40,41] reported that environmental factors such as accessibility and convenience
of sports facilities are very significant for PA and securing of sports facilities is essential
in relation to PA of people with disabilities. Conclusively, the lack of sports facilities for
people with disabilities indicates that they are not even provided with opportunities to
participate in PA, and the lack of understanding about the disability of the employees can
even destroy their reliance to participate in PA.

Fifth, the results of the relative importance of the information in H3 were the provider
of information and content of information. The results of rankings of the relative impor-
tance of H4 by the provider of information in H3 were city and province sports association
for people with disabilities, government, community, sports facilities for people with dis-
abilities in the local community, and welfare center for people with disabilities. The results
of rankings of the relative importance of H4 by the content of information in H3 were
information about the location and program of the sports facilities, health information to
motivate PA participation, sports club information about people with disabilities, and infor-
mation about the center for physical fitness and health measurement. The highest relative
importance of H4 by the provider of information and content of information in H3 was
the city and province sports association for people with disabilities and information about
the location and program of the sports facilities. The studies of Pia [42] and Lyusyena [43]
stated that the right to know about persons with disabilities is very important, and the
PA of individuals with disabilities has a positive effect on reducing medical expenses
and improving the quality of life. An efficient method for transmitting information is
needed so that the city and province sports associations for people with disabilities oversee
administrative work on PA for individuals with disabilities in South Korea and can know
best about the information about the location and program of the sports facilities. Thus, the
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role of the city and province sports associations for people with disabilities is critical for
effective information delivery to persons with disabilities.

Sixth, the results of the priority of H4 (i.e., the priority of 1st to 40th) were the programs
within sports facilities, instructor who has 2 or more certificates related to PA, sports
or exercise clubs for individuals with disabilities, programs of public outdoor facilities,
instructor for persons with disabilities, instructor who has a disability, public sports facility
for persons with disabilities, education on understanding of disabilities and human rights,
instructor for each sport event, teaching method education by type of disability and so on.
The highest priority of H4 for the establishment of the PA environment for persons with
disabilities was the programs within sports facilities because there was a lack of sports
facilities for people with disabilities, but also programs for individuals with disabilities
in South Korea [36]. According to Brenda and Deborah [40], sports facilities are essential
for individuals with disabilities to participate in sports and recreation, and the various
programs provided by the sports facilities provide positive effects on the participation of
persons with disabilities in PA. In addition, the next priority of H4 was the instructor who
has 2 or more certificates related to PA. As stated earlier, instructors have an influence on
the PA of people with disabilities; for instance, an instructor with expertise can effectively
teach people with disabilities and provide high-quality teaching [38]. On the other hand, a
small number of people with disabilities are provided with PA by professional instructors
in South Korea [39]. The results of the relative importance and priority presented above
showed similar results. Consequently, if the relative importance and priority are taken
into consideration and the PA environment for persons with disabilities is established,
successful PA can be provided for individuals with disabilities.

Therefore, these findings demonstrated that the programs, instructors, facilities, and
information are all necessary for the successful establishment of the PA environment for
individuals with disabilities. However, it will be possible to save time and to establish an
effective PA environment for persons with disabilities based on the results of the relative
importance and priority presented in this study.

5. Research Limitations

There are several limitations. First, this study is difficult to generalize because it
was limited to specific participants (e.g., faculty members researching PA for people with
disabilities, administrators in the Korean Paralympic Committee) in South Korea. Therefore,
future studies should be conducted using data from various participants (e.g., persons
with disabilities, administrators in the city and province sports association for people
with disabilities). Second, the participants of this study were only Korean people with
disabilities. Therefore, the establishment of the PA environment for people with disabilities
according to cultural differences was not considered. Therefore, future research should
be conducted in consideration of the PA environment for individuals with disabilities
recommended by the world association for adapted PA or WHO. Third, this study analyzed
the priority that should be reflected in the administration for the establishment of the PA
environment for persons with disabilities, but there are no specific administrative plans
presented in this study. Therefore, there is a need for a study that specifically suggests
administrative plans that reflect the needs of individuals with disabilities and the opinions
of experts.

6. Conclusions

The purpose of this study was to analyze the priority of what factors should be
reflected in the administration to efficiently consider the needs of persons with disabilities
for the PA environment in South Korea. To achieve the purpose of the study, 32 PA
experts were asked about the factors that should be reflected in the PA environment first
through the questionnaire in the pairwise comparison format. The conclusions shown
through the hierarchical analysis are as follows; first, the relative importance between H2
was determined by program, instructor, facility, and information. Second, in the relative
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importance among H3, the type of program was determined as the highest factor in the
program, and the expertise of the instructor was determined as the highest factor in the
instructor. The type of facility was determined as the highest factor in the facility, and the
provider of information was determined as the highest factor in the information. Third,
the results of analyzing the priority of H4, it was decided as the program within a sports
facility had the highest priority.
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Abstract: This study investigates the effects of a visual reaction training system (VRTS) in improving
the footwork of badminton players. The participants comprised 20 high school male badminton
players (mean age, 17.83 ± 1.57 years; mean height, 171.4 ± 11.52 cm; mean weight, 58.76 ± 9.32 kg)
who first underwent a badminton footwork agility training program and subsequently, a fixed or
random six-point footwork test and an agility t-test. A one-way repeated-measures analysis of
variance with Bonferroni correction was performed to identify differences in terms of response
time, movement time, and total shift time. The results measured at midtest and posttest after
the training intervention revealed significant improvements in reaction (p ≤ 0.01) and movement
(p ≤ 0.05) time for the fixed six-point footwork test (p ≤ 0.01). The total time results for the fixed or
random six-point footwork test and agility t-test at midtest and posttest after the training intervention
revealed significant improvement (p ≤ 0.05). Badminton footwork agility training conducted through
the VRTS enhances the ability and agility of badminton players. Therefore, researchers and coaches
should evaluate the footwork of badminton players by precisely measuring and quantify their ability.

Keywords: footwork; reaction time; agility; performance

1. Introduction

The initial speed of a shuttlecock following a badminton smash is faster relative
to similar movements used in other sports. In international badminton tournaments,
the fastest speeds ever recorded for singles and doubles matches are 417 and 426 km/h,
indicating that badminton is a fast-paced sports in which players must react to each hit with
rapid movements that require agility and strategy. Numerous studies have investigated the
footwork and movements of badminton players, and their findings have been combined
with sports science and technology in recent years and widely applied in badminton
training. In one study, accelerators were used to obtain the step-related data of players
during step training, and a quantitative analysis of average and maximum speeds was
performed to effectively assess the speed and state of their movements to adequately
improve their agility and overall athletic performance [1–4]. Badminton involves shots
that require speed and explosive strength combined with agile footwork and movements
that are applied tactically, and it has become a popular racket sport that is extensively
developed worldwide [5].

Research has revealed a significant correlation between athletic performance and the
agility of footwork movements [1–4,6]. Traditionally, agility was simply defined as the
speed with directional changes [7]. Currently, agility is considered an open skill, and it
was recently defined as a change in velocity or direction in response to a stimulus that
cannot be preplanned [8]. Agility is defined as a rapid whole-body movement with a
change of direction or speed in response to a stimulus. However, traditional agility tests
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do not address this definition and are preplanned with no stimulus. Compared to tra-
ditional agility testing, reactive agility testing is an effective and reliable agility testing
method. Reactive agility tests can also be used as training exercises to improve skills by
using sport-specific stimuli that preplanned agility exercises may not have. Players who
can perform rapid movements are likely to dominate in badminton tournaments [9,10].
Therefore, the footwork of badminton players during rapid movements is a crucial basis for
defining agility [11–13]. Although agility is a key ability required in sports, its definition
has remained divergent until recently. Young et al. proposed that agility involves cognitive
skills, physical qualities, and technical aspects. Cognitive skills comprise the time taken by
an individual to make judgments and decisions as well as the reaction time of that individ-
ual [14]. Physical qualities refer to the linear sprint velocity of an individual (depending on
the muscular, explosive, and reactive strength of their leg muscles) and their core muscular
strength. Technical aspects comprise two indicators, namely, cognitive skills and physical
qualities, which are applied strategically to perform sports techniques [15].

A badminton court comprises two halves that each measure 6.7 m in length and
6.1 m in width. The six primary directions of movement on the court are leftward and
rightward in the forecourt, midcourt, and rear court. The strategies for reacting to an
opponent and executing footwork vary depending on the movements made in these six
directions, which include the cross-step in the forecourt and rear court and the lunge in the
midcourt. Badminton players who are able to complete their footwork faster show greater
average and maximum acceleration. Players deploy movement strategies with the center
of the court as the starting and ending points for shifting and returning. Steps, lunges,
and other types of footwork movements are performed to receive the shuttlecock and to
return to a defensive position after each attack and defense as soon as possible to correctly
per-form efficient (direction and distance) and high-quality (strength and intensity) shots.
Immediately returning to the central position after performing a shot and following up
with another shot is an efficient technique that increases a badminton player’s probability
of winning [1,2].

In recent years, numerous studies have analyzed the movements of badminton player
by employing kinesiological research methods, and they revealed that footwork during
badminton movements is a key indicator of a badminton player’s athletic performance and
a basis for evaluating their injury risk. Findings in the literature have also indicated that a
higher percentage of the injuries sustained in badminton occur in the lower limbs than in
other parts of the body [16,17]. Therefore, an appropriate examination of the quantitative
data on agile reactions (of badminton players) can enable researchers to understand the
variability of a player’s overall trend, and overtraining and an unnecessary training load
can be avoided by referring to these data and focusing on incidence statistics. Badminton
movements are characterized by rapid changes in direction, which are required to achieve
tournament-winning performance. A study investigated the plantar pressure variations
in players with varying skill levels when they were performing lunges for net shots. Its
results revealed that plantar pressure was distributed across the inner side of the feet
among skilled players and across the outer side of the feet among average players; they
also indicated that the difference in the distribution of pressure affected the motions of the
players’ lower limb joints [18].

Lower limb joint loading affects the athletic performance of badminton players. Stud-
ies have revealed that incorrect footwork movements have a negative effect on the state
of lower limb joints and cause injuries [19–21]. For inappropriate footwork movements
involving lunges, the body compensates by shifting the trunk inclination angle of the lower
limb joints, which in turn affects the efficiency of shots and causes injuries [19,20,22]. In
recent years, neuromuscular theories and research results have been widely applied in
various types of sports training to enhance muscular strength while correctly and effectively
reducing the correlation between injury risk and muscle-controlling nerves [23,24]. There-
fore, the enhancement of footwork and movement is an essential training component for
badminton players. The agility t-test proposed by the National Strength and Conditioning
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Association of the United States is an effective method for measuring speed, explosive
strength, and agility [25].

In recent years, the focus has shifted to training methods that are based on simulation
of competition and the accurate monitoring of training outcomes through the process-
ing of training results using quantitative methods (e.g., data collection). At present, few
sport-specific scientific electronic devices with both training and testing features have been
developed. Scientific quantitative training methods allow for the specific and effective mod-
ification and improvement of training programs for players with respect to their movement
characteristics, advantages, and disadvantages. Numerous studies have used biomechani-
cal methods to explore footwork movements. Although three-dimensional biomechanical
motion capture systems enable researchers to effectively measure parameters of kinematics,
dynamics, and athletic performance in the context of human activities, data collection is
subject to environmental constraints that prevent the use of large research samples. The
present study aimed to conduct intervention training and examine its outcomes with a
self-developed visual reaction training system (VRTS) to test the system’s effectiveness in
routine badminton training. The training system was designed to provide coaches and
players with various types of quantitative data on badminton agility and specific skills,
allowing them to clearly modify their subsequent training programs based on the collected
data and results and to improve the tournament performance of players.

2. Methods
2.1. Participants

This study assessed the agility and specific abilities of high school badminton players
after they underwent 12 weeks of specific physical training that was based on the VRTS.
Twenty male high school badminton players who received regular training were recruited
as the participants of the present study; the 20 participants were all members of local high
school badminton teams (mean age = 17.83 ± 1.57 years; mean height = 171.4 ± 11.52 cm;
mean weight = 58.76 ± 9.32 kg; the right hand is the dominant hand for all participants).
To prevent research participant effects from affecting the research results of the present
study during the intervention phase, participants were only included if they (1) underwent
at least 6 h of specialized badminton training spread across at least three sessions per
week, (2) did not participate in any neuromuscular stimulation program during the first
6 months of training, (3) had no history of neuromuscular injury in the bones of their lower
extremity within 1 year, and (4) understood the experimental procedure and provided
informed consent (i.e., the participants’ and their guardians’ consent). Students were
directly excluded if they had a relationship with the researcher. The present study was
approved by the institutional review board of Antai Tian-Sheng Memorial Hospital, Antai
Medical Care Cooperation (IRB approval number: 19-034-B, Pingtung, Taiwan).

2.2. Research Tools
VRTS

In accordance with the methodology of another study [3], the VRTS used in the present
study mainly comprised a programmable logic controller and a human–machine interface.
The RS232 communication protocol was used for data transmission, image conversion
was conducted through the HMI, and a sequential function chart was used to write the
internal syntax. The hardware devices comprised an infrared sensor module, light-emitting
diode (LED) lights equipped with multicore control cables, and wireless I/O modules
with a maximum transmission range of 100 m. Radio signals were transmitted through
globally shared frequency bands between 2400 and 2480 MHz to send various types of data
(e.g., trend analysis charts and time parameters) as feedback for coaches and players. The
devices were tested using interclass correlation coefficients (ICCs) and demonstrated to
exhibit high reliability and validity (ICC = 0.95) [3].
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3. Research Procedures

Prior to the commencement of the study intervention, the purpose, methods, and
procedures of the present study were explained to the participants. They then underwent
a trial VRTS-based training session that enabled them to adapt to the study environment
and familiarize themselves with the training equipment and methods, and the instruments
were carefully inspected to ensure that they could record data. Before the formal training
intervention, participants practiced familiarization with VTRS, and a rest period of at
least 48 h was implemented between the end of the exercise and the start of the formal
experiment to prevent participant fatigue and potential build-up. Additionally, the study
was conducted for a total of 15 weeks, with participants completing the training period
pretest (week 1), Phase 1 (weeks 2–7), and Phase 2 (weeks 9–14), and posttest (week 15).
The pretest, midtest, and posttest were evaluated twice, and the best score was used as the
experimental data (Figure 1).
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Figure 1. Research procedures.

For the pretest, midtest, and posttest of the present study, the 20 participants under-
went a fixed-light-mode six-point footwork test, a random-light-mode six-point footwork
test, and an agility t-test. The test procedures were as follows. A visual stimulus light signal
panel that indicates movement direction was placed in front of the court near the center
of the net. Optical sensors were installed on the left and right sides of the front court and
rear court (4 m from the central position) and on the left and right sides of the midcourt
(2.6 m from the central position). Each participant moved quickly from the central position
(30 cm × 30 cm) according to the direction indicated by the indicator light. Figure 2 illus-
trates the six-point footwork test venue layout. However, the lights indicated movement
directions through two modes. In the fixed mode, the indicator lights lighted up in a
specific order (i.e., Corners 1, 2, 3, 4, 5, and 6), and the participants performed the footwork
movement test in accordance with the light indications. In the random mode, the LED
lights lighted up in a random order to simulate a game situation.
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Figure 2. Six-point footwork test venue layout.

A participant performed the agility t-test by running straight from the starting position
to Point A (4.7 m), moving laterally from Point A to Point B (2.6 m), moving laterally from
Point B (pass Point A) to Point C (the distance between Points A and C = 2.6 m), moving
laterally from Point C to Point A, and then running back to the starting position. The entire
sequence from the starting position was as follows: starting position→ A→ B→ A→
C→ A→ starting position. The total distance covered was 19.8 m. Figure 3 illustrates the
agility t-test venue layout.
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Figure 3. Agility t-test venue layout.

Prior to the pretest, midtest, and posttest as well as each training session, each player
was asked to perform static stretching of a specific intensity followed by a dynamic warm
up to ensure that they effectively warmed up their neuromuscular system and to minimize
the risk of neuromuscular injury. The present study developed a training schedule by
revising the training schedule used by Kuo et al. [3]. The content of the agility training for
the footwork movements is presented in Table 1.
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Table 1. Training content.

Week 1 Pretest T-Footwork Movement: 2n × 2N
Six-Point Footwork 2C × 2n × 1N & 2R × 2n × 1N

Week/Item and assignment Fixed direction Random direction

Weeks 2 and 3
2C × 2n × 2N 2C × 3n × 1N

Rest interval between sets = 30 s Rest interval between sets = 30 s

Weeks 4 and 5
2C × 2n × 2N 2C × 3n × 2N

Rest interval between sets = 30 s Rest interval between sets = 30 s

Weeks 6 and 7
2C × 2n × 2N 2C × 3n × 2N

Rest interval between sets = 20 s Rest interval between sets = 20 s

Week 8 Midtest T-footwork movement: 2n × 2N
Six-point footwork: 2C × 2n × 1N & 2R × 2n × 1N

Weeks 9 and 10
2C × 3n × 2N 2C × 3n × 2N

Rest interval between sets = 20 s Rest interval between sets = 20 s

Weeks 11 and 12
2C × 3n × 2N 3C × 2n × 2N

Rest interval between sets = 20 s Rest interval between sets = 20 s

Weeks 13 and 14
2C × 3n × 2N 1C × 5n × 2N

Rest interval between sets = 20 s Rest interval between sets = 10 s

Week 15 Posttest T-footwork movement: 2n × 2N
Six-point footwork: 2C × 2n × 1N & 2R × 2n × 1N

C = completion of fixed-mode six-point positions; R = completion of random-mode six-point positions;
n = repetitions per set; N = number of sets.

4. Statistical Analysis

In the present study, a VRTS-based training intervention was conducted to enhance
the agility of male high school badminton players. The system tested the players’ agility
and analyzed variabilities in their reaction time, action time, and the time taken to per-
form movements; the outcomes of the intervention were also examined. Data from the
pretest, midtest, and posttest were collected using a computer, and a difference analy-
sis was conducted using the SPSS 20.0 statistical software package (Version 20.0; SPSS,
Chicago, IL, USA). The reaction and action time data collected during the fixed- and
random-light-mode six-point footwork tests and the agility t-test were evaluated through
a one-way repeated-measures analysis of variance (ANOVA). Training outcomes were
assessed by performing a Bonferroni post hoc test, and the significance level α for the
present study was 0.05.

5. Results
5.1. Differences in Fixed-Light-Mode Six-Point Footwork Test Results

Significant differences in the reaction times recorded during the fixed-light-mode
six-point footwork test were observed for all six positions at 12 weeks after the start of
the VRTS-based training (Corner 1, F = 93.298, p ≤ 0.01; Corner 2, F = 62.714, p ≤ 0.01;
Corner 3, F = 38.633, p≤ 0.01; Corner 4, F = 123.514, p≤ 0.01; Corner 5, F = 317.821, p ≤ 0.01;
Corner 6, F = 33.673, p ≤ 0.01). Additionally, the post hoc test results pertaining to the
reaction times for the six positions indicated a significantly superior performance for the
midtest and posttest compared to the pretest. Table 2 presents the reaction time results for
the fixed-light six-point footwork test with respect to these positions.
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Table 2. Reaction times for footwork movements in six-point positions in fixed and random modes.

Pretest Midtest Posttest F Power

Fixed-mode six-point reaction time_Corner 1 0.715 ± 0.118 0.191 ± 0.072 0.209 ± 0.081 93.298 ** 1.000
Fixed-mode six-point reaction time_Corner 2 0.739 ± 0.332 0.201 ± 0.065 0.139 ± 0.067 62.714 ** 1.000
Fixed-mode six-point reaction time_Corner 3 0.679 ± 0.385 0.112 ± 0.074 0.151 ± 0.102 38.633 ** 1.000
Fixed-mode six-point reaction time_Corner 4 0.758 ± 0.221 0.167 ± 0.238 0.131 ± 0.066 123.514 ** 1.000
Fixed-mode six-point reaction time_Corner 5 0.684 ± 0.115 0.146 ± 0.083 0.119 ± 0.060 317.821 ** 1.000
Fixed-mode six-point reaction time_Corner 6 0.686 ± 0.201 0.174 ± 0.087 0.148 ± 0.215 33.673 ** 1.000

Random-mode six-point reaction time_Corner 1 0.778 ± 0.174 0.617 ± 0.452 0.636 ± 0.098 3.729 * 0.593
Random-mode six-point reaction time_Corner 2 0.952 ± 0.166 0.729 ± 0.352 0.659 ± 0.318 4.296 * 0.694
Random-mode six-point reaction time_Corner 3 0.901 ± 0.211 0.716 ± 0.179 0.563 ± 0.149 8.997 * 0.962
Random-mode six-point reaction time_Corner 4 0.981 ± 0.167 0.686 ± 0.277 0.665 ± 0.273 9.386 * 0.961
Random-mode six-point reaction time_Corner 5 0.830 ± 0.124 0.755 ± 0.178 0.659 ± 0.175 4.771 * 0.724
Random-mode six-point reaction time_Corner 6 0.858 ± 0.224 0.863 ± 0.253 0.769 ± 0.162 2.291 0.319

*: p < 0.05; **: p < 0.01.

Significant differences in the total movement times recorded during the fixed-light-mode
six-point footwork test were observed for all six positions (Corner 1, F = 38.117, p ≤ 0.01;
Corner 2, F = 56.915, p ≤ 0.01; Corner 3, F = 8.620, p = 0.035; Corner 4, F = 26.625, p ≤ 0.01;
Corner 5, F = 11.181, p = 0.05; Corner 6, F = 14.628, p = 0.01). The post hoc test results pertaining
to the total action times at Corners 1, 2, 4, and 6 indicated a significantly superior performance
for the midtest and posttest compared to the pretest; by contrast, a superior performance was
achieved at Corner 3 for the midtest compared to the pretest and at Corner 5 for the posttest
compared to the pretest. Table 3 presents the total action time results obtained through the
fixed-light six-point footwork test.

Table 3. Time taken for footwork movements in six-point positions in fixed and random modes.

Pretest Midtest Posttest F Power

Time for fixed-mode six-point footwork_Corner 1 3.485 ± 0.582 2.296 ± 0.335 2.279 ± 0.271 38.117 ** 1.000
Time for fixed-mode six-point footwork_Corner 2 3.318 ± 0.132 2.654 ± 0.354 2.401 ± 0.108 56.915 ** 1.000
Time for fixed-mode six-point footwork_Corner 3 3.701 ± 0.718 2.699 ± 0.261 3.127 ± 0.586 8.620 ** 0.798
Time for fixed-mode six-point footwork_Corner 4 3.317 ± 0.294 2.892 ± 0.419 2.662 ± 0.245 26.625 ** 1.000
Time for fixed-mode six-point footwork_Corner 5 2.568 ± 0.553 1.916 ± 0.248 1.799 ± 0.239 11.181 * 0.889
Time for fixed-mode six-point footwork_Corner 6 2.397 ± 0.571 1.701 ± 0.295 1.875 ± 0.166 14.628 ** 0.993

Time for random-mode six-point footwork_Corner 1 3.778 ± 0.832 2.921 ± 0.619 2.801 ± 0.408 7.828 * 0.919
Time for random-mode six-point footwork_Corner 2 3.117 ± 0.199 2.729 ± 0.357 2.457 ± 0.112 21.033 ** 1.000
Time for random-mode six-point footwork_Corner 3 3.369 ± 0.352 3.201 ± 0.292 3.152 ± 0.284 4.389 * 0.708
Time for random-mode six-point footwork_Corner 4 3.355 ± 0.296 2.822 ± 0.486 2.708 ± 0.321 13.995 ** 0.996
Time for random-mode six-point footwork_Corner 5 2.509 ± 0.338 2.110 ± 0.371 1.993 ± 0.237 13.427 ** 0.993
Time for random-mode six-point footwork_Corner 6 2.415 ± 0.372 1.836 ± 0.235 1.659 ± 0.226 20.016 ** 1.000

*: p < 0.05; **: p < 0.01.

5.2. Differences in Random-Light-Mode Six-Point Footwork Test Results

Significant differences in the reaction times recorded during the random-light-mode six-
point footwork test were observed for the following positions: Corner 1, F = 3.729, p = 0.047;
Corner 2, F = 4.296, p = 0.043; Corner 3, F = 8.997, p = 0.001; Corner 4, F = 9.386, p = 0.001;
Corner 5, F = 4.771, p = 0.021. Additionally, the post hoc test results indicated that the random-
light-mode reaction times recorded at Corners 2, 3, and 5 were significantly superior for the
posttest compared to the pretest. For Corner 4, a significantly superior performance was
obtained for the midtest and posttest compared to the pretest. Table 2 presents the results of
the random-light-mode six-point footwork test.

Significant differences in the total action times recorded during the random-light-mode
six-point footwork tests were observed for all six positions (Corner 1, F = 7.828, p = 0.003;

212



Healthcare 2022, 10, 1454

Corner 2, F = 21.033, p ≤ 0.01; Corner 3, F = 4.389, p = 0.036; Corner 4, F = 13.995, p ≤ 0.01;
Corner 5, F = 13.427, p ≤ 0.01; Corner 6, F = 20.016, p ≤ 0.01). The post hoc test results for
action time indicated a significantly superior performance at Corners 2, 4, 5, and 6 for the
midtest and posttest compared to the pretest. The post hoc test also revealed a superior
performance at Corner 1 for the posttest compared to the pretest. Table 3 presents the total
action time results for the random-light-mode six-point footwork test.

5.3. Differences in Agility t-Test Results

The results of the one-way repeated measures ANOVA revealed significant differences
in the total movement times obtained through the fixed-light-mode test (F = 29.469, p ≤ 0.01),
random-light-mode test (F = 22.381, p ≤ 0.01), and agility t-test (F = 48.229, p ≤ 0.01). The
Bonferroni post hoc test indicated a significantly superior performance for total movement
time during the midtest and posttest compared to during the pretest. Table 4 presents the
results of the agility tests.

Table 4. Movement time obtained through agility test.

Pretest Midtest Posttest F Power

Total movement time for fixed-mode six-point footwork 19.010 ± 2.1721 14.208 ± 1.328 13.989 ± 1.436 29.469 ** 0.999
Total movement time for random-mode six-point footwork 18.162 ± 1.917 16.663 ± 1.277 14.927 ± 1.259 22.381 ** 1.000

Total movement time for T agility running 17.558 ± 1.443 14.594 ± 1.315 14.356 ± 1.108 48.229 ** 1.000

**: p < 0.01.

6. Discussion

The self-developed VRTS tested in the present study was used to develop training
schedules. The system provided data feedback that contributed to improving training
outcomes. An electronic device was developed to facilitate the training of an essential
badminton-specific skill (i.e., footwork during quick attacking and defensive movements)
to improve the agility of players.

The participants underwent a 12-week agility training intervention that was based
on the VRTS and comprised two types of badminton-specific footwork movements
(i.e., six-point footwork and T-footwork). The results reveal significant differences in the
reaction and action times recorded for the fixed-light-mode six-point footwork test. For the
random-light-mode six-point footwork test, only the reaction times recorded at Corner 6
were not significantly different because the Corner 6 direction was to the left of the players,
and in badminton footwork, only one step was required to complete the action at Corner 6.
Therefore, the time taken was short, and the variability in action time was small. By contrast,
the variability in reaction and action times was greater at other positions, and the results
revealed significant differences when changes occurred in these positions. Furthermore, the
results indicated that the VRTS-based training, which focused on the agility of players during
movements, enabled them to improve their time performance from the pretest to the midtest.
Additionally, their performance in the posttest was superior to their performance in the
pretest and midtest, indicating that the VRTS-based training of footwork during movements
allows high school players to effectively improve their reaction and action time performance.

The training of badminton-specific footwork is a major component of agility training.
Additional information was obtained through scientific quantitative results regarding the
training, and it served as further feedback for coaches and players. In contrast to inaccurate
measurement methods (e.g., using stopwatches), the VRTS was designed based on exercise
science, and it is light, portable, and straightforward to set up. When used with a com-
puter and a sensor, the VRTS can precisely record various types of information regarding
the agility of players; in addition, laboratory space constraints and other limitations are
addressed through the system’s accurate quantitative measurements such that the agile
reactions of players can be monitored during training. The experimental results indicated
that the system can effectively contribute to monitoring, recording, and analytical tasks
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during training and collect relevant quantitative data. The quantitative data that the system
delivers to coaches and players can further facilitate the planning of subsequent training.

Studies have compared badminton players with varying skill levels by conducting
badminton-specific speed and sprint tests. Their results indicated that badminton-specific
speed tests are superior to general sprint tests for assessing agility performance because
of their closer correlation with athletic performance in the context of badminton; precise
training allows for effective player selection and training course design [26]. The findings
of the present study indicated that both the reaction times and the action times of the
participants adequately improved following VRTS-based training. The action time results
of the participants revealed superior posttest results for the backhand side relative to the
forehand side. For random-light reaction time, the results revealed a shorter reaction time
for the forehand side than for the backhand side. The players moved by shifting their center
of gravity after receiving stimulating information; this principle conforms with the theory of
perception and decision-making in agility [2,18,19], indicating a crucial association between
agility and specific athletic performance. Similarly, the results of the present study revealed
significant improvements in the reaction time performance of its participants.

Studies have also indicated that the state of a player’s central nervous system can be
improved by enhancing their agility during routine training to facilitate their processing
and decision-making regarding stimulating information, and their reaction speed also
increased [27]. During the VRTS-based training of agility for footwork movements, indi-
cator lights produced rapid and changing stimulating information that served as cues for
the participants; this method effectively trained the players to reduce their reaction time,
thereby improving their agility.

Ooi et al. tested the agility of elite and sub-elite Malaysian badminton players and
reported the absence of significant differences between the two groups [28]. The training
results obtained through tests conducted in other studies were similar because these tests
focused only on fixed and specific directions. Through the implementation of a tournament
simulation mode, the VRTS-based training provides increased variety. The random-light
tournament mode stimulated the participants to react agilely, and significant differences were
observed between pretest results and midtest and posttest results, indicating that the system
substantially contributed to the training of the participants and improved their performance.

Studies have used the six-point position model to test the agility of players in var-
ious areas. The results indicated that, although agility is an ability required in various
sports events, the six-point position agility test is more suitable for assessing the agility of
badminton players than for assessing the agility of players of other sports; this is because
badminton players perform agile movements within a smaller space relative to players of
other sports. Moreover, sports science researchers should focus on simultaneous training
and testing of badminton-specific abilities to enable badminton players to apply their skills
and improve their athletic performance during tournaments more efficiently [29]. Based on
the findings, the six-point footwork test is recommended for assessing the movements of
badminton players during training sessions and tournaments. Based on six-point footwork
tests that are conducted in fixed and random light modes, the VRTS measures a player’s
reaction time and action time. It provides effective feedback that further enhances the train-
ing and strategy of players with respect to their footwork movements, thereby enhancing
their agility while reinforcing their shifting and running within a badminton court.

The results of a Taiwan-based retrospective study on badminton footwork suggested
that the routine training of badminton players should involve visual stimulation training
followed by motor control training. This training method can improve the perceptual
and decision-making abilities of badminton players [30]. Accordingly, the present study
obtained test data through simulated tournament scenarios and examined the changes in
direction on the left and right sides of the forecourt, midcourt, and rear court. The ability
to change direction was tested, participants were randomly provided with stimulating
information, and their ability to move in various directions was measured. The training
module used in the present study corresponds to theories regarding the definition of
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agility, and it covers information reception, reactions and actions, the ability to change
direction, and other mechanisms. Another study recruited 43 badminton players (29 men
and 14 women) and conducted an agility test that was similar to the one conducted in the
present study. Its results indicated that specific tests are necessary for badminton players.
Meanwhile, a wide range of data can be obtained through specific quantitative data-based
tests, and athletic performance can be further improved with the aid of technology [31].

After a badminton player executes a shot, they must return to the center of the
court and react to their opponent’s returning shot by performing rapid six-point footwork
or T-footwork movements to move to the forecourt, the rear court, or the sides of the
court. Therefore, by determining the correct direction and rapidly moving to the correct
position through the execution of appropriate footwork movements, players can correctly
and effectively apply their skills and return shots [4]. In the present study, significant
differences in agility t-test results were observed, indicating that the VRTS-based training
can adequately improve the ability of badminton players to move rapidly in straight and
lateral directions, enabling them to perform highly efficient shots.

7. Conclusions

The present study used a VRTS to train 20 male high school badminton players and
demonstrated that the system substantially improved their reaction and action time perfor-
mance, thereby enhancing their abilities and agility. The VRTS can provide quantitative
data on badminton-specific training. A wide range of information is made available to
coaches and players for testing, enabling them to facilitate specific training precisely and
effectively and, thus, improve training outcomes and athletic performance.

During the training conducted for the present experiment, the test data pertaining
to specific abilities and agility were collected only from male high school badminton
players who received regular training; no VRTS-based test was conducted to collect data
from female players. Future studies should recruit female players and players of varying
technical levels, incorporate hitting actions, or simulate various tournament scenarios
and include other evaluation indicators (e.g., electromyography, and photography-based
motion analysis.). As an electronic training system, the VRTS is arranged according to
different training methods and intensities, and research has proved that it can effectively
improve an athlete’s agility and mobility, and effectively improve training and performance
in the context of badminton (or other sports). Therefore, the VTRS is a scientific instrument
with both training function and detection and evaluation ability.
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Abstract: The Paralympic Games (PG) are considered one of the biggest events in the world, with
increasing coverage by media and participation. The present study aimed to investigate the variation
in the number of gold, silver, bronze, and totals medals in the Summer PG from 1992 to 2016. Data
related to the results were extracted from the International Paralympic Committee to an SPSS database.
Descriptive statistics and Friedman’s two-way analysis of variance by ranks were used to check the
differences across medals in seven editions of the Summer PG, with the correspondent effect sizes.
There was a peak in the maximum number of any type of medal between the 1996 and 2000 Summer
PG and a decrease until 2008. After that, the number of any kind of medals has been increasing again.
There were also significant differences with intermediate to large effect sizes when comparing more
distant PG with more recent events. Several external factors can influence performance indicators
(e.g., the number of medals) in a negative or positive way. An increase in the number of participants
and a greater and better investment by the countries may explain part of our results. The preparation
of an athlete must be based on a multidisciplinary team, and future organizing countries must take
into account reports of previous events.

Keywords: athletes; disability; Paralympic Games; performance indicators; sports

1. Introduction

The Paralympic Games (PG), considering both the Summer and Winter PG, are a
movement that was initiated during the Second World War in rehabilitation centres [1]. In
these centres, where soldiers returned with various types of injuries, doctors used sport
as a means of rehabilitating the body and mind and of contributing to reintegration into
society [2–4]. In the space around the rehabilitation centres where small competitions were
practiced, they quickly evolved into regional, national, and international events with the
format that is now known worldwide as the PG [5,6]. The first PG took place in Rome
in 1960 and involved 400 athletes from 23 different countries who competed in 57 medal
events across eight sports [7].

On 22 September 1989, the International Paralympic Committee (IPC) was founded,
being responsible for directing the Paralympic Movement, with the mission of guaranteeing
and supervising its organization [8]. According to the IPC, the main objectives of the PG
are: (i) to allow Paralympic athletes to achieve their best performance at the highest level of
competition through adequate and adapted conditions and services in a solid environment;
(ii) to provide visibility, differentiation, and opportunities that promote and demonstrate
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the spirit and values of the Paralympic Movement (courage, de-termination, inspiration,
and equality); and (iii) to promote social development and leave a positive framework that
benefits communities in the host country and around the world [8].

The PG take place every four years, immediately after the respective Olympic Games,
in the same city that hosts them [8] and represent an opportunity to convey messages
of peace, justice, integration, resilience, values, culture, resistance to the adverse effects
of events, inclusion, change in attitudes, stereotyped behaviours, an environment free of
urban and architectural barriers, and the greatest achievement for an athlete [4,9], with the
number of participants increasing from event to event [10].

The 1992 Barcelona PG represented a turning point, as they presented a new classi-
fication concept [11], taking into account their health and functioning (according to the
International Classification of Functioning, Disability, and Health) and sport participation,
in contrast to a purely medical model [12,13]. This model is based on three steps: (i) deter-
mining if an athlete has an eligible impairment; (ii) determining if the athlete meets the
minimum impairment criteria for a sport; and (iii) deciding an athlete’s sports class [14].
This allows the athlete to participate on equal terms with other athletes [11]. These athletes
go through an evidence-based classification process and are grouped into classes, depend-
ing on the degree of limitation and the modality practiced [11,14,15]. Nowadays, according
to the IPC [14], the PG involve athletes with a series of deficiencies, namely, impaired
muscle power, impaired passive range of movement, limb deficiency, leg length difference,
short stature, hypertonia, ataxia, athetosis, vision impairment, and intellectual impairment.

There are currently 22 Paralympic sports held in the Summer PG [16]. Due to the
different modalities, there are sports with only one class and others with up to 50 [14], with
a high number of events. Subsequently, the first, second, and third place in each class are
awarded gold, silver, and bronze medals, respectively.

During the first editions of the Summer PG (between 1960 and 1984), we saw an
increase in the number of medals (from 113 to 975), mainly caused by the increase in classes
and sporting events. Subsequently, there was a decrease in the number of medals between
the 1984 and 1992 Summer PG (from 975 to 489) that was caused by a reduction in the
number of sporting events. After this phase of decline, the number of medal events and
sporting events remained stable. This number of medals remained stable, despite a slight
increase in classes, due to the fact that some sports combined classes in the same event,
while others excluded classes from certain events [17].

Previous studies mention that there is a clear advantage at the country level (p < 0.05)
when it plays at home in the PG [18]. However, the causes are not clear, and further
investigation is recommended. More recently, when investigating the Summer PG us-
ing a standardized measure of success, some authors confirmed that home advantage is
predominant for countries (p < 0.01) and in some specific sports (p < 0.05) [19].

Knowing that the Paralympic Movement has grown and the number of athletes has
increased and that the number of medals is related to the number of sporting events (stable
since 1992) and to the number of classes (a slight increase), as far as we know, no study has
analysed how the performance has evolved over the events. Therefore, the present study
intends to investigate the variation in gold, silver, bronze, and total medals by event in the
summer games from 1992 to 2016.

2. Materials and Methods

The results of each edition of the Summer PG between 1992 and 2016 were obtained
by experienced researchers (M.J., R.A., and D.M.) through the results history file of the
IPC [20] and downloaded to the software SPSS. For our analysis, we considered only the
countries that were awarded gold in each of the seven selected editions (n = 28).

Statistical Analysis

Descriptive statistics, including the median, mean, standard deviation, and interquar-
tile range, were calculated for all variables. The Shapiro–Wilk (n < 50) test was used to

218



Healthcare 2022, 10, 1289

verify data normality. In addition, a Friedman’s two-way analysis of variance by ranks was
used (since the normality was not verified) to check the differences across gold, silver, and
bronze medals in seven editions of the Summer PG (i.e., 1992 to 2016), with the correspon-
dent effect sizes for nonparametric tests (Eta squared, η2) [21]. The interpretation of the
effect size using η2 was based on the following criteria: <0.01, no effect; 0.01–0.04, small
effect: 0.06–0.11, intermediate effect: and 0.14–0.20, large effect [22]. The significance level
to reject the null hypothesis was set at 5% [23]. The analyses were conducted using IBM
SPSS, version 27.0.

3. Results

Table 1 presents the descriptive statistics of the Summer PG (1992–1996), with means,
standard deviations, medians, interquartile ranges, and total medals values.

Table 1. Descriptive statistics of Summer PG (1992–2016).

Variables Mean SD Median IQ S_W Total Medals

Gold 1992 15.68 3.48 9.0 18

p ≤ 0.05

439
Gold 1996 15.79 2.63 9.5 16 442
Gold 2000 15.96 2.97 8.5 22 447
Gold 2004 13.04 2.53 8.0 15 365
Gold 2008 12.96 3.42 5.0 12 365
Gold 2012 13.04 3.49 8.0 9 365
Gold 2016 14.00 4.29 8.0 11 392

Silver 1992 15.11 2.98 9.5 19

p ≤ 0.05

423
Silver 1996 15.29 2.85 9.5 16 428
Silver 2000 14.75 2.61 8.0 22 413
Silver 2004 13.61 2.32 9.5 21 381
Silver 2008 11.89 2.85 5.0 16 333
Silver 2012 13.04 2.85 7.5 13 365
Silver 2016 14.04 3.35 7.0 17 393

Bronze 1992 15.39 3.00 10.5 19

p ≤ 0.05

431
Bronze 1996 15.75 3.05 10.5 18 441
Bronze 2000 15.46 2.56 10.0 17 433
Bronze 2004 13.29 2.29 7.0 22 372
Bronze 2008 11.79 2.28 6.0 17 330
Bronze 2012 13.04 2.79 7.5 14 365
Bronze 2016 12.93 2.50 7.5 13 362

Total Medals 1992 46.14 9.26 32.5 58

p ≤ 0.05

1292
Total Medals 1996 46.82 8.30 30.0 46 1311
Total Medals 2000 46.18 7.81 27.5 65 1293
Total Medals 2004 39.93 6.75 22.5 59 1118
Total Medals 2008 36.64 8.35 16.0 42 1026
Total Medals 2012 38.46 8.99 20.5 31 1077
Total Medals 2016 38.14 9.79 19.5 29 1068

Legend: SD—standard deviation; IQ—interquartile range; S_W—Shapiro-Wilk.

We can verify that the peak of each of the analysed variables occurred in 1996, except
for the gold medals, which had their peak in the year 2000 (Table 1 and Figures 1–4). After
that, there was a decrease until the PG of 2008, as the number of gold and silver medals has
been increasing since then, although far from the values previously achieved (Table 1 and
Figures 1–4).
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The figures show some stabilization in the number of medals across the seven analysed
editions.

Table 2 presents the differences across gold, silver, and bronze medals in seven editions
of Summer PG (i.e., 1992 to 2016) with the corresponding effect sizes for nonparametric tests.

Table 2. Variation in medals for the Summer PG (1992–2016).

Medals Fr Value Z p η2

Gold

1992–1996

Fr = 17.98; p ≤ 0.01

−0.91 0.12 -
1992–2000 −0.29 0.62 -
1992–2004 0.34 0.54 -
1992–2008 1.01 0.07 -
1992–2012 0.70 0.23 -
1992–2016 0.09 0.12 -
1996–2000 0.63 0.28 -
1996–2004 1.25 0.03 0.06
1996–2008 1.93 ≤0.01 0.13
1996–2012 1.60 0.01 0.09
1996–2016 1.80 ≤0.01 0.12
2000–2004 0.63 0.28 -
2000–2008 1.30 0.02 0.06
2000–2012 0.98 0.09 -
2000–2016 1.18 0.04 0.05
2004–2008 0.68 0.24 -
2004–2012 0.36 0.54 -
2004–2016 0.55 0.34 -
2008–2012 −0.32 0.58 -
2008–2016 −0.13 0.83 -
2012–2016 0.20 0.73 -

Silver

1992–1996

Fr = 13.66; p = 0.03

0.46 0.42 -
1992–2000 −0.09 0.88 -
1992–2004 0.02 0.98 -
1992–2008 1.36 0.02 0.07
1992–2012 0.52 0.37 -
1992–2016 0.66 0.25 -
1996–2000 0.38 0.52 -
1996–2004 0.48 0.40 -
1996–2008 1.82 ≤0.01 0.12
1996–2012 0.98 0.09 -
1996–2016 1.13 0.05 0.05
2000–2004 0.11 0.85 -
2000–2008 1.45 0.01 0.08
2000–2012 0.61 0.29 -
2000–2016 0.75 0.19 -
2004–2008 1.34 0.02 0.06
2004–2012 0.50 0.39 -
2004–2016 0.14 0.81 -
2008–2012 −0.84 0.15 -
2008–2016 −0.70 0.23 -
2012–2016 0.14 0.81 -
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Table 2. Cont.

Medals Fr Value Z p η2

Bronze

1992–1996

Fr = 14.53; p = 0.02

−0.16 0.78 -
1992–2000 −0.75 0.19 -
1992–2004 0.23 0.69 -
1992–2008 1.23 0.03 0.05
1992–2012 0.52 0.37 -
1992–2016 0.55 0.34 -
1996–2000 −0.59 0.31 -
1996–2004 0.39 0.50 -
1996–2008 1.40 0.02 0.07
1996–2012 0.68 0.24 -
1996–2016 0.71 0.21 -
2000–2004 0.98 0.09 -
2000–2008 1.98 ≤0.01 0.14
2000–2012 1.27 0.03 0.06
2000–2016 1.30 0.02 0.06
2004–2008 1.10 0.08 -
2004–2012 0.29 0.62 -
2004–2016 0.32 0.58 -
2008–2012 −0.71 0.22 -
2008–2016 −0.68 0.24 -
2012–2016 0.04 0.95 -

Total Medals

1992–1996

Fr = 19.23; p ≤ 0.01

−0.27 0.64 -
1992–2000 −0.66 0.25 -
1992–2004 0.36 0.54 -
1992–2008 1.41 0.02 0.07
1992–2012 0.77 0.18 -
1992–2016 0.77 0.18 -
1996–2000 −0.39 0.50 -
1996–2004 0.63 0.28 -
1996–2008 1.68 ≤0.01 0.1
1996–2012 1.03 0.08 -
1996–2016 1.04 0.07 -
2000–2004 1.01 0.08 -
2000–2008 2.07 ≤0.01 0.15
2000–2012 1.43 0.01 0.07
2000–2016 1.50 0.01 0.08
2004–2008 1.05 0.06 -
2004–2012 0.39 0.47 -
2004–2016 0.41 0.48 -
2008–2012 −0.64 0.27 -
2008–2016 −0.64 0.26 -
2012–2016 0.01 0.55 -

Legend: Fr—Friedman test; Z—Z-Score; p—p-value; η2—Eta squared.

For gold medals, there were differences with intermediate effect sizes, essentially for
the 1996 Summer PG compared to the 2004 to 2016 Summer PG. Likewise, there were
differences with intermediates effect sizes when comparing the 2000 Summer PG with 2008
and 2016. Knowing that gold medals have a greater “weight”, 1996 was the edition with a
greater preponderance compared to the last four editions.

Regarding silver medals, there were differences with intermediate effect sizes when
comparing the results of the 1992–2008, 1996–2008, 1996–2016, 2000–2008, and 2004–2008
Summer PG.

Considering bronze medals, there were differences with intermediate effect sizes when
comparing the 1992–2008, 1996–2008, and 2000 Summer PG and the last three events.

222



Healthcare 2022, 10, 1289

Likewise, when analysing the total number of medals, differences with intermediate
to large effect sizes were verified for the same events as the bronze medals.

4. Discussion

The present study aims to investigate the variation in gold, silver, bronze, and total
medals in the Summer PG from 1992 to 2016 in a selected sample (countries that were
awarded gold in each of the seven selected editions).

Through the performed analyses, there was a peak in the number of any type of medal
between the 1996 and 2000 Summer PG and a decrease until the year 2008. Apparently, this
number of any type of medal has been increasing again. Likewise, the differences were
significant when comparing more distant PG with more recent ones.

Given that the number of events, countries, and participants has increased, a greater
distribution of medals may justify the results obtained in this study. However, the literature
had already shown that the various indicators (e.g., medals) were stable [16], which is
something we confirmed in Figures 1–4. If we analyse the editions separately, we see that
there was a slight decrease in the number of medals from 2004, which can be interpreted
in light of several factors that will be discussed below. Several reports, which are mostly
unofficial, reveal the existence of various problems with doping and fraud in sport (classi-
fication) at the PG [24]. Since 2004, these issues have been overseen by the IPC [25] with
greater rigor and control [26,27]. This fact may have a decreasing effect on the analysed
variables (medals won).

Another factor to consider is the prevalence of various injuries and illnesses between
the 2000 and 2008 PG [28,29]. The sample of countries selected for the analysis in our
study may have been affected by these issues in the period in which there was a decrease
in medals.

People with disabilities were rarely seen in the media and in public spaces before the
PG. The Paralympic Movement acted as a showcase for its participants, giving visibility and
helping to challenge stereotypes and stigmas as well as opening new doors [30]. However,
the media can promote both positive and negative/stigmatizing images about people
with disabilities [31–34], and they should be aware of their importance for the Paralympic
Movement. Some athletes might not be prepared for such exposure, and their performance
may be affected.

This increase in media exposure, greater interest and expectations for sports results
(pressure), a high-intensity training environment, and below-average performances lead
athletes to exhaustion, physical and psychological injuries, and lower incomes [35–37]. As
the intensity of training and the number of sporting events increase (qualifications for the
PG), life beyond sport is impaired, and this can be another destabilizing factor for sporting
performance [38–40].

In the same sense, the effects of continuous support for athletes, together with the
expectations of institutions/organizations/countries, parents, media scrutiny, and the
thought that employment will depend on sports results, can lead to coach exhaustion,
which impairs the quality of training and, subsequently, the athletes’ performance [41–44].

Likewise, several factors may be contributing to the decrease in the number of barriers
to the practice of physical activity [45] and the increase in the number of people enrolled in
this practice [46], which positively impacts the number of people participating in the PG and
performance indicators. Although the interest in the psychological skills of athletes started
in the 1980s [47], the development of psychological skills training programs in Paralympic
sports is recent [48–50]. It is a systematic and consistent practice of mental or psychological
skills aimed at improving performance and increasing pleasure and physical activity self-
satisfaction and includes training in arousal regulation, imagery, self-talk, goal setting, and
concentration [50]. A multidisciplinary team is important before the competition, during
the competition, and after the competition, controlling all the issues that can negatively
influence an athlete and providing the ideal conditions for the Paralympic athlete to be able
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to be at the fullest of their performance indicators in the events of the PG. As an example,
Israel only started providing psychological support to its athletes in 2000 [51].

Currently, we observe an increase in the social and scientific interest in the athlete’s
personality, preparation, and sports results [5,52,53], and the training of psychological skills
must be integrated with physical training, enhancing both variables [50,54]. This fact may
be one of the reasons why the values of the number of medals won are increasing again.

Another issue that may justify the fact that the value seems to be increasing again is
the existence of previously published literature that assesses the risk and identifies critical
success factors (public health, surveillance, assessment and control, safety, environmental
health, outbreaks of infectious diseases, weather conditions, travel information—public
transport, economic assessment, and allergies, among others) that will help to formulate
recommendations and organizational plans that manage the identified risks [55–59]. This
aspect is essential, not only for the organizing country but also for the entourage that
will participate in the PG, since the knowledge of the conditions they will encounter is
complete and allows them to prepare accordingly [58–60]. A simple example is the fact
that weather conditions, namely, temperature and humidity, can influence the performance
of athletes [61–63]. A prior knowledge of these issues allows adjusting and adapting the
structure of the training plan to the conditions that the athlete will find in the competition
and the reorganization of future events.

An individual’s eating strategies can significantly influence their physical perfor-
mance [64]. A nutritional plan for athletes should be differentiated according to their
disability, sport, frequency and intensity of exercise, and occupation [65–68]. Correct
nutrition guarantees energy needs and recovery during and after exercise [37], while insuf-
ficient nutrition can increase the risk of injury and illness and decrease performance [69].
Despite being scarce, studies on the nutritional knowledge of athletes with disabilities
and its relationship with sport have increased [37,70–72], as this is also a key element for
performance indicators.

There are still some studies that address that the game/modality itself has evolved
in technical, tactical, and physical terms over the years, a fact that has been proven in the
PG [73–75], which is currently considered a high-performance sport. The use of technology
in Paralympic sport created tools capable of eliminating disadvantages or measuring them
and compensating for performance [76] as well as the development of more, better adapted,
and more accurate tools to assess physical [77] and physiological [78] responses and may
justify an increase in the number of medals.

Reducing the number of medals may not mean a decrease in performance. The
study by Hassani et al. [79] did not find differences in the performance of amputees
from 2004 to 2012. Since Paralympic sport has increased interest, increased participation
(more athletes and new participating countries) and a greater commitment by countries
make the distribution of medals among the countries greater [80]. In this way, the usual
winners, namely, the countries analysed in this study, are faced with greater and better
competitiveness, and the reduction in the number of medals is not necessarily negative
when analysing the PG events.

This document is aligned with the studies on different performance indicators in the
PG, where the variation in medals over the last seven editions of the event was studied.
Our results point to variations in the number of medals by the sample we selected for
analysis. There are several factors (independent variables) that can justify it. However, after
the starting point of our study, this conclusion will have to be reached by future studies
that study the countries’ individual paths. Likewise, more qualitative studies, focusing on
athletes, are needed to understand all the issues around preparation, competition, and the
experience after participation in the PG.

In addition, future studies should analyse the moderating effect of the organizing
country or continent on the number of participants compared to the number of medals.
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5. Conclusions

Considering the seven editions of the Summer PG from 1992 to 2016, the present study
intends to investigate the variation in gold, silver, bronze, and total medals. There was a
variation, with the 1996 and 2000 editions having the highest number of medals won by
the sample of this study. A decrease followed. However, it is possible to verify an increase
in the last editions.

Faced with high-performance events, the number of participants increasing in the PG,
and a greater commitment by countries, we will witness greater competitiveness among
athletes, which could lead to a greater distribution of medals, depending on countries,
reducing the number of those who can always earn one or more.

Pre- and post-PG reports are also essential to create knowledge that can help in the
development of strategies to be adopted during preparations and in future events and to
minimize external factors that can negatively affect athletes’ performance.
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Abstract: The importance of practicing sports and its impact on the quality of life of people with
disabilities is fundamental. Characterizing subjective well-being, resilience, and social influence in
the practice of adapted sports, namely in those who participate in elite sport in Portugal, is truly
important to support a set of initiatives to promote higher levels of practice. Thus, this study describes
the Portuguese delegation at the Tokyo 2020 Paralympic Games through sociodemographic and
psychosocial (positive and negative affect, life satisfaction, resilience, and social support) variables.
The study involved 31 of the 33 athletes of the Portuguese Paralympic team aged between 15 and
58 years (34.45 ± 11.7 years), with 21 men and 10 women. Individual-level sociodemographic data
gave us a clear insight into the reality of adapted sport in Portugal. The high values of life satisfaction,
high positive affect and low negative affect, as well as high levels of resilience and social support
seem to be important variables for these athletes. The data from the present study highlighted the
importance of understanding the characteristics of Paralympic athletes, in order to better understand
the reality of Paralympic sport in Portugal.

Keywords: Paralympic Games; Tokyo 2020; sociodemographic; well-being; resilience; social support

1. Introduction

One of the problems for people with disabilities is that from childhood they are
not encouraged to have active lives, ending up living sedentary lives with significant
health problems and barriers to physical activity [1]. Therefore, the physical inactivity
of this population could increase the risk of developing secondary conditions, such as
loneliness, fatigue, obesity [2]. A healthy lifestyle is as essential for promoting health
and well-being and disease prevention for people without disabilities as for people with
disabilities. Therefore, several authors [3,4] showed the importance of sports practice in
people with disabilities.

In this regard, well-being has been one of the most studied variables. It gives people
a better feeling of self-confidence, enthusiasm, leadership skills, and sociability. Happy
people tend to be healthier, more efficient, successful, and they tend to volunteer in soci-
ety [5,6].

Subjective well-being emerges as a subjective approach to quality of life [7,8]. People
evaluate their life based on important domains (e.g., work, marriage, and health) or the
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affections and emotions they feel (e.g., joy, anxiety, and depression) [7,9–12]. Subjective
well-being of the hedonic premise has a complex and multifaceted nature, and is divided
into three components: satisfaction with life (cognitive), positive affect, and negative
affect [10,13,14]. Cognitive assessments are characterized by life satisfaction and a sense of
personal achievement, and affective appraisals assume the presence of positive affect (i.e.,
positive emotions and moods) and the absence of negative affect (i.e., negative emotions and
moods) [6,7,15–17]. Positive affect is characterized by hedonic contentment experienced at
a given moment, based on the description of an emotional state rather than on a cognitive
judgment. In contrast, negative affect is characterized by a transitory state that includes
negative experiences. In its turn, life satisfaction is a cognitive assessment that the person
makes of certain areas of their life, depending on the comparison of real-life circumstances
with what they define as a model [8,13].

Studies [18–21] revealed the positive associations between the practice of physical
activity and increased well-being [12,22–25]. Some authors [26–28] showed the positive
relationship between sports practice and subjective well-being in the disabled population.
Well-being has been studied because of its role in actively coping with adversity [29].
Personal growth often involves experiences with obstacles, failure, and disappointment.
Incidents such as these are necessary to find internal strengths and reintroduce resources
while at the same time allowing one to become aware of one’s own limitations and vul-
nerabilities. This theme leads us to the study of resilience. In line with that, Fletcher and
Sarkar [30] define resilience as “The role of mental and behavioral processes in promoting personal
assets and protecting the individual from the potential negative effect of stress” (p. 675). Reacting
positively to adversity depends on the hardships they have been subjected to and their
respective adaptation [31]. Resilience is characterized as a dynamic process influenced by
the environment and how the person relates to it, which allows for identifying the best
attitude in each context [32].

With the increasing development and importance of the concept of resilience, many re-
cent investigations have emerged within the scope of regular and adapted sports [30,33–41].
Participation in sports by people with disabilities has implications for resilience, access to
social support, opportunities, and meaningful social experiences for people who faced trau-
matic injuries [42]. Athletes with disabilities show significant levels of resilience [42–44].

Due to inherent characteristics and problems, people with disabilities seem to be a
vulnerable risk group for mental disorders such as depression, anxiety, stress, frustration,
lack of motivation, and social impairment [45,46]. Many of the sports initiated during
rehabilitation can be continued for pleasure throughout the life of the person with a
disability. Pleasure is the primary motivational factor in the willingness to continue in
sport [47]. People with physical disabilities who have participated in adapted sports
have higher life satisfaction compared to people with physical disabilities who do not
participate in any adapted sport [48–50]. People with disabilities who try to have an active
lifestyle accept their disability better than inactive people; sport presents itself as a tool that
promotes health, quality of life, social integration, self-confidence [48,49,51], satisfaction,
quality of life, and self-esteem [48,49,51,52]. Sport decreases the suicidal tendencies of
people with disabilities and promotes a more independent and motivated attitude [48,49].

Despite all the benefits mentioned, access to sports for people with disabilities is
difficult due to the various barriers, which include a lack of understanding and aware-
ness about inclusion, few opportunities and limited programs, inaccessibility of facilities,
transportation difficulties, and lack of information and resources [51]. The support given
to people with disabilities influences the promotion and maintenance of physical exercise
in sports facilities [52]. Social support shows the person that they are loved, cared for,
esteemed, and an integral part of a network of mutual obligations [53]. The origin of social
support can be considered informal from family, friends, neighbors or social groups that
accompany them daily, or formal when it comes from social institutions such as hospitals,
doctors, social workers, and other specialists [54].
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In studies that have been carried out on this topic, especially among young people,
social support has been considered to be a positive influence in the sporting context [54].
Sheridan et al. [55] conducted a systematic review of social support in youth sports. They
concluded that coaches, parents, and peers impact the development of youth sports through
their positive influence on several factors. They also found that social support, over time,
changed negatively, which can harm the athlete in both elite sport and physical activity [55].
This makes us aware of this need, properly in adjusting the athlete’s support pattern
throughout the career.

More recently, Ascione et al. [56] referred to sport as a fundamental context in support-
ing the person with disabilities, contributing to enhancing and helping psychological issues
that allow the development of their abilities. Through the practice of sports, the person
with a disability and the others around them experience and assess their limits, using them
positively as resources and qualities, accepting the difficulties.

In this regard, Martin [57] said that there are more studies with elite athletes, namely
in adapted sports, since there is a significant difference between the number of studies pub-
lished in regular sport than adapted sport. In addition, the variables under analysis in the
present study (e.g., social support, well-being, and resilience) are important variables, par-
ticularly for this type of population, due to encouraging the participation and involvement
of athletes using the strategies presented by Hellison [58]. This highlights the following:
provide options for the activity to be performed (including the possibility of temporarily
stopping the task/activity); allow the choice of the pace of participation, intensity and
number of attempts; individualize and optimize the coach–athlete relationship through
feedback, challenges and proposed activities. Moreover, Martin and Wheeler [59] stated
that sport is an appropriate environment for these subjects to develop their own mecha-
nisms in terms of resilience, since sometimes they are not accepted in other domains, and
through sport they have the possibility to promote and develop their own skills, abilities,
and personal resources, and consequently improve their coping strategies.

Thus, the present study aimed to characterize the Portuguese delegation at the Tokyo
2020 Paralympic Games through sociodemographic (age, gender, profession, education, and
sports practice) and psychosocial variables (positive and negative affect, life satisfaction,
resilience, and social support).

2. Materials and Methods
2.1. Study Design and Procedures

With the approval of the study by the ethics committee of the University of Beira
Interior (CE-UBI-Pj-2018-076), there was initial contact with the Paralympic Committee
of Portugal, to whom the study purpose was explained. Authorization was requested to
carry it out with the Paralympic athletes who participated in the Tokyo 2020 Paralympic
Games. Data were collected from questionnaires just after participation in the Tokyo 2020
Paralympic Games, between October and November 2021. The procedure explains the
study’s objectives, and guarantees the principle of confidentiality. Informed consent was
given by the participants, prior to data collection. Therefore, each athlete was provided
with a link to access a Google Form, in which authorization was requested to carry out the
study. The use of an online questionnaire was intended to facilitate the participation of all
Portuguese Paralympic athletes, including athletes with visual impairments and athletes
with intellectual disabilities, who in turn had the collaboration of coaches for this pur-
pose. Regarding the completion of the questionnaires by the participants with intellectual
disabilities (n = 4), the clubs were contacted in order to provide support in reading and
understanding them, namely through specialists with training for the application of the
questionnaires.

2.2. Participants

A total of 31 out of 33 athletes of the Portuguese Paralympic team aged between 15
and 58 years, with a mean age of 34.45 ± 11.7 years, with 21 men (36.29 ± 11.49 years) and
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10 women (30.60 ± 11.84 years). Respondents were fully informed about the aim of the
study. They were also told that they could stop at any time. Participants did not receive
compensation for their participation.

2.3. Variables/Instruments

The sociodemographic questions were developed specifically for this study, having
been reviewed by four experts. The other four questionnaires are validated instruments
for the Portuguese population, evaluating four domains: sociodemographic data, life
satisfaction, positive and negative affections, resilience, and social influence. To access
information regarding the number of clubs in which there are sports modalities adapted
for practice in Portugal, we accessed the website of the Portuguese Paralympic Committee,
which contains a platform (Sport Inclusion Map) that allows us to find this information by
searching by sport or geographical area [60].

To assess the Social Support perceived by athletes with disabilities, a scale based on
the recommendations of Jago et al. [61], adapted with the objective assessment of children’s
perceptions of friends and parental influences on physical activity, was divided into four
dimensions: coach, parents, friends, and best friend. When asked about the support
that the athlete has from their coach/parents/friends/best friend regarding exercise and
sport (“encourages”, “practices”, “accompanies”, and “talks”), athletes responded on a
Likert-type scale, with five levels, ranging from 1 (“rarely”) to 5 (“often”).

Subjective well-being was assessed through Satisfaction with Life Scale [62]. For the
present study, the Portuguese version was used [63]. This scale presents five items (1. “In
most ways my life is close to my ideal”, 2. “ The conditions of my life are excellent”, 3. “I
am satisfied with my life”, 4. “ So far I have gotten the important things I want in life”
and 5. “If I could live my life over again I would change almost nothing”), which are
answered on a seven-point Likert scale, with 7 levels, ranging from 1 (“Strongly disagree”)
to 7 (“Strongly agree”).

Positive and negative affect were evaluated through PANAS—The Positive and Neg-
ative Affect Schedule [64]. The Portuguese version of PANAS (PANAS-VRP) [65] was
used in the present study. The PANAS-VRP presents 10 items (five items for positive
affect: “inspired”, “alert”, “excited”, “enthusiastic” and “determined” and five items for
negative affect: “fear”, “worried”, “nervous”, “scared” and “perturbed”) that are answered
on a five-point Likert scale which varies between 1 (“Not at all or very slightly”) and 5
(“Extremely”).

To assess resilience, the Brief Resilience Scale (BRS) [66], in the Portuguese version [67],
was used. This scale is composed of six items that are answered on a five-point Likert scale,
as follows: (“1. I tend to recover quickly after difficult situations”, “2. I find it difficult
to cope with stressful situations”, “3. I do not take much time to recover from a stressful
situation”, “4. I find it difficult to recover quickly when something bad happens”, “5. I
usually cope with difficult times without much worry” and “6. I tend to take a long time to
overcome problems in my life”), with five levels, ranging from 1 (“I totally disagree”) to 5
(“I totally agree”).

2.4. Data Analysis

Considering the aim of the present study, a descriptive analysis was employed via
SPPS v.27 (IBM, Armonk, NY, USA). Based on the central limit theorem, a sample greater
than or equal to 30 approximates a normal distribution and therefore is often considered
enough for the central limit theorem to hold [68]. In this regard, a descriptive analysis
of location and central tendency measures (mean) and dispersion measures (standard
deviation) were performed.

In addition, in order to measure the associations across studied variables, a Pearson
bivariate correlation was performed. Cohen’s (1988) criterion was considered to interpret
the magnitude of the correlation coefficients (r < 0.3 = low, r > 0.3 and <0.5 = medium, and
r > 0.5 = high) [69] and the significance level to reject the null hypothesis was set at 5% [70].
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3. Results

The sample’s sociodemographic characteristics that focus on the characterization of
age, gender, disability, academic qualification, professional situation, type of sport, years of
practice, weekly practice frequency, and training hours per week are presented in Table 1.

Table 1. Summary of the descriptive statistics for the sample’s sociodemographic characteristics
(n = 31).

Variables n (%) Mean ± SD

31
Age (Years) 34.45 ± 11.7

Gender
Male 21 (67.7%)

Female 10 (32.3%)
Disability

Motor 24 (77.4%)
Visual 3 (9.7%)

Intellectual 4 (12.9%)
Academic qualification

1st Cycle of Basic Education 1 (3.2%)
2nd Cycle of Basic Education 1 (3.2%)
3rd Cycle of Basic Education 5 (16.1%)
Upper Secondary Education 17 (54.8%)

Bachelor’s degree 4 (12.9%)
Undergraduate degree 1 (3.2%)

Master’s degree 2 (6.5%)
Ph.D. degree 0 (0%)

Professional situation
Student 9 (29%)

Public service 5 (16.1%)
Outsourced account 4 (12.9%)

Personal account 3 (9.7%)
Unemployed 1 (3.2%)

Retired 3 (9.7%)
Other 6 (19.4%)

Type of Sport
Para Athletics 9 (29%)

Para Badminton 1 (3.2%)
Boccia 9 (29%)

Para Canoe 2 (6.5%)
Para Cycling 2 (6.5%)
Equestrian 1 (3.2%)

Judo 1 (3.2%)
Para Swimming 6 (19.4%)
Years of practice

4 to 7 years 4 (12.9%)
8 to 11 years 11 (35.5%)
12 or more 16 (51.6%)

Weekly training frequency
3 per week 4 (12.9%)
4 per week 3 (9.7%)
5 per week 3 (9.7%)

More than 5 per week 21 (67.7%)
Training hours per week

2 to 6 h 6 (19.4%)
7 to 10 h 3 (9.7%)
11 to 14 h 8 (25.8%)
15 to 18 h 7 (22.6%)
19 to 22 h 4 (12.4%)

More than 22 h 3 (9.7%)
Note: SD, standard deviation.
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As can be seen in Table 1, the results are based on 31 athletes from eight Paralympic
sports. Most athletes had motor disabilities.

The most common academic qualification is secondary education, followed by the
third cycle of basic education. The first cycle is usually from between 6 and 9 years old,
the second cycle is usually from between 10 and 12 years old and the third cycle is usually
from between 13 and 15 years old.

Regarding the professional situation, the distribution is more varied. Most are em-
ployed or students and a small percentage are unemployed.

In relation to years of practice, it can be noted that about half of the sample has been
practicing for more than 12 years. In relation to the number of training sessions per week
the majority, they train more than five times per week and the number of hours of training
per week is quite variable.

Figure 1 shows the distribution of athletes according to their residence districts. Thus,
the majority of athletes reside in the districts of Lisbon and Porto.

Healthcare 2022, 10, x  6 of 14 
 

 

8 to 11 years 11 (35.5%)  
12 or more 16 (51.6%)  

Weekly training frequency   
3 per week 4 (12.9%)  
4 per week 3 (9.7%)  
5 per week 3 (9.7%)  

More than 5 per week 21 (67.7%)  
Training hours per week   

2 to 6 h 6 (19.4%)  
7 to 10 h 3 (9.7%)  

11 to 14 h 8 (25.8%)  
15 to 18 h 7 (22.6%)  
19 to 22 h 4 (12.4%)  

More than 22 h 3 (9.7%)  
Note: SD, standard deviation. 

As can be seen in Table 1, the results are based on 31 athletes from eight Paralympic 
sports. Most athletes had motor disabilities. 

The most common academic qualification is secondary education, followed by the 
third cycle of basic education. The first cycle is usually from between 6 and 9 years old, 
the second cycle is usually from between 10 and 12 years old and the third cycle is usually 
from between 13 and 15 years old. 

Regarding the professional situation, the distribution is more varied. Most are em-
ployed or students and a small percentage are unemployed. 

In relation to years of practice, it can be noted that about half of the sample has been 
practicing for more than 12 years. In relation to the number of training sessions per week 
the majority, they train more than five times per week and the number of hours of training 
per week is quite variable. 

Figure 1 shows the distribution of athletes according to their residence districts. Thus, 
the majority of athletes reside in the districts of Lisbon and Porto. 

 
Figure 1. Distribution of athletes according to their districts in Portugal (light gray districts with 
athletes in the Tokyo 2020 Paralympic Games, dark gray districts without Paralympic athletes). 
Figure 1. Distribution of athletes according to their districts in Portugal (light gray districts with
athletes in the Tokyo 2020 Paralympic Games, dark gray districts without Paralympic athletes).

On the Portuguese Paralympic Committee website platform, we found 204 clubs with
sports adapted to practice in Portugal [60]. With this data, Lisbon and Porto are the districts
with the most clubs (Figure 2). Still regarding the geographical distribution, it is worth
noting the asymmetry between the coast and interior of Portugal, where most clubs are
located in the coastal area of the country.
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The variables of satisfaction with life, positive affect, negative affect, resilience, and
social influence were analyzed and are presented in Table 2. Our results show that ath-
letes perceive a positive affect superior to negative affect. Regarding social support, the
perception of support by the coach is the one with the highest value.

Table 2. Summary of the descriptive statistics for the sample variables (n = 31).

Variables
Mean

Mean ± SD (95% CI) Median (IQR)

Life Satisfaction 5.24 ± 0.97 4.88–5.59 5.00 (1.00)
Positive affect 3.96 ± 0.64 3.73–4.20 4.00 (0.60)
Negative affect 1.72 ± 0.64 1.48–1.95 1.60 (1.00)

Resilience 3.73 ± 0.77 3.45–4.01 3.80 (1.00)
Social Support

Coach 3.48 ± 0.58 3.26–3.69 3.50 (0.75)
Parents 2.55 ± 0.89 2.22–2.88 2.50 (1.25)
Friends 3.00 ± 0.76 2.72–3.28 3.00 (1.00)

Best Friend 2.83 ± 0.94 2.49–3.18 3.00 (1.75)
Notes: SD, standard deviation; 95% CI, confidence interval 95%; IQR, interquartile range.

Results for the association between different variables are summarized in Table 3.

Table 3. Bivariate correlations between variables.

1 2 3 4 5 6 7 8

1. Life Satisfaction 1 - - - - - - -
2. Positive affect 0.47 ** 1 - - - - - -
3. Negative affect −0.18 −0.05 1 - - - - -

4. Resilience 0.28 0.08 −0.53 ** 1 - - - -
5. Social Support—Coach 0.08 0.37 0.06 0.01 1 - - -

6. Social Support—Parents 0.13 0.51 ** −0.19 0.18 0.34 1 - -
7. Social Support—Friends 0.26 0.43 * 0.12 0.22 0.34 0.27 1 -

8. Social Support—Best Friend 0.06 0.26 −0.15 0.12 0.30 0.23 0.62 ** 1

**. p < 0.001; *. p < 0.05.
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The bivariate correlation was observed between life satisfaction and positive affect
(medium), between positive affect with social support by the parents (high) and between
positive affect with social support by the friends (medium). Resilience displayed a negative
and significant association with the negative affect (high).

4. Discussion

The purpose of the present study was to describe the Portuguese delegation at the
Tokyo 2020 Paralympic Games through sociodemographic (age, gender, disability, academic
qualification, professional situation, type of sport, years of practice, weekly frequency, and
training hours per week) and psychosocial variables (positive and negative affect, life
satisfaction, resilience, and social support).

Thirty-three Portuguese athletes competing in eight sports participated in the 2020
Paralympics Games [71]. We found that 32.3% are female athletes and 67.7% are male
athletes regarding sociodemographic data. This difference must, however, be analyzed
considering that the number of women who practice sport or exercise regularly is lower
than that of men [72]. On the other hand, there are no significant differences between the
number of men and women with disabilities in the world [73].

While the 2020 Olympics were near gender parity for the first time, there are still deeply
rooted gender stereotypes in Paralympic sport. Indeed, there has been a gradual increase
in female participation in the Olympic Games, from 11% in Rome 1960 to around 45% in
London 2012. However, in the Paralympic Games, it has increased much more slowly from
a higher base of 21% in the Heidelberg 1972 Paralympics to 35% compared in London
2012 [74]. As early as 1995, Olenik et al. [75] noted that women with disabilities who aspire
to reach the highest levels of sports performance face double discrimination—disability
and gender discrimination.

When we analyze the weekly training hours of these athletes, the answers are pretty
variable. Interestingly, the three athletes who train the most hours per week (more than
22 h) are in the same sport: swimming. Similarly, athletes who train the fewest hours per
week (between 2 and 6 h) are boccia players. In a study conducted by Fagher et al. [76]
with the Swedish Paralympic team, the average hours trained is 9 h per week.

As a suggestion for a future study, it would be interesting to analyze data on the
number of weekly training hours of the other Paralympic teams for comparison.

Our results showed another important fact: only one athlete presents himself in the
condition of unemployed. Few studies have been conducted on the elite athlete with a
disability to the best of our knowledge. It is interesting how Bundon et al. [77] address this
topic, noting that the research that has been done to understand how and why elite athletes
with disabilities end their sporting careers. The research was conducted in the 1990s and
is already outdated since the context has changed. There was concern about losing their
income from the sport and there was little certainty about professional integration post-
career in sport, mainly due to lack of work experience. These authors also found that the
progression of certain types of disability may force some to leave the sport earlier than
anticipated [77]. They discuss how previous generations of Paralympians struggled to find
time to train while working or studying, paying the costs of their participation in sport.
Currently, they have access to funding but face the difficulty of professional integration
post-sports career [77–79]. The report of the Disability and Human Rights Observatory [80]
showed a trend of growth of workers with disabilities in the public and private sectors.

We also noticed that seven districts do not present any athletes and, as we can see in
the image in darker gray, they are primarily inland districts (Viana do Castelo, Bragança,
Guarda, Castelo Branco, Portalegre, Évora and Beja). This may reflect the scarce supply and
accessibility of adapted sports in the interior area at a national level. With the presented
data, we can see that the districts that have more clubs with adapted sports disciplines are
the districts with more athletes in the Paralympic Games: Porto and Lisbon. The islands
are represented by the Azores with one athlete, and Madeira had no athletes participating
in the Tokyo 2020 Games. Darcy [74] noted that resource-rich nations dominate medal-
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winning nations; he concluded that a more concerted effort must be made to help resource-
poor governments strategically improve their participation rates in adapted sport. We
can perceive our country’s needs at the level of the most resource-poor districts, be they
structural or human. This is a robust practical implication of this work: knowing and
identifying where the athletes are coming from and comparing this with the number
of clubs is another contribution to the implementation of policies to promote adapted
sports practice in our country. A competitive environment requires the elaboration of
strategic actions that allow the achievement of pre-established objectives. It would be
interesting to understand this reality by applying the model of Bosscher et al. [81] who
designed the SPLISS (Sports Policies Leading to Sports Success) model, which compares
and measures the effectiveness of national sports policies by training. They defined the
critical factors that must be carried out for a country to increase the chances of international
sports success. As we have seen, the most common academic qualification is secondary
education, followed by the third cycle of primary education. Although the study conducted
by the Directorate-General for Education and Science Statistics (DGEEC) [80] showed that
in Portugal, the number of students with disabilities attending higher education increased
by 57% compared with 2017/18, in our sample, the number of athletes with a university
education is still far from the desired values. These results help us reflect on the need to
encourage academic careers, making it possible to reconcile them with the dual career of
sports training. The dual career aims to give the high-performance athlete the possibility to
combine, in a fair way, a sporting career with an academic career [82].

Saphiro and Pitts [83], in their research, concluded that sports management scholars
and practitioners do not identify sport, leisure, recreation and physical activity for the
disabled as part of the business of the sport industry. Less than one-tenth of all published
articles address sport for disability. There is a lack of information across the curriculum
areas of sports management and in sport for people with disabilities. These authors suggest
scholarship and advancement of studies in disability sport in sport business management.

It is important to increase the opportunities for disabled people through education,
training, employment, transport, sports, and recreational activities. Therefore, investing in
education centers in order to promote the practice of sports and its prolonged practice in
these people are key issues not only in sports policy, but must be the position of sports in
social policy in general [84].

The overall sample verified that athletes have high values of satisfaction with life,
high positive affect, and low negative affect. These results seem to align with previous
studies, which concluded that Paralympic athletes have interactions with others, disabled
and non-disabled athletes, that give them opportunities to establish new relationships and
friendships, increasing life satisfaction [85].

These results for subjective well-being are interesting; studies point to the fact that
affect and life satisfaction allow for a significant increase in health, longevity, work, earnings,
social relationships, and benefits to society [6]. Côté-Leclerc et al. [86], in their study, found
that the positive effect of adapted sport on the quality of their lives acts mainly through
personal factors (behavior and health), social participation (interpersonal relationships)
and the environment (societal perception and support of the environment). Well-being
gives people higher self-confidence, enthusiasm, leadership skills and sociability. Happy
people tend to be healthier, more efficient, successful and they tend to volunteer more in
society, businesses, and other organizations, individual and governmental, enabling them
to increase performance [6,7]. Similar results were found by Hammond’s study [87] which
analyzed these variables in Paralympic athletes and concluded that they represent a very
high functioning group within the population, with high levels of subjective wellbeing. In
other study, Silva et al. [88] showed that the subjective well-being are positively affected by
sport participation of athletes with disabilities.

We also found a high value for resilience. This data reinforces the literature that
states athletes with disabilities show significant levels of resilience [42–44,86]. Hariharan
et al. [89] found that resilient people with disabilities had higher emotional intelligence and
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more positive perceptions of their environment. These positive perceptions of emotional
resources allow people with disabilities to overcome barriers and difficulties. In their
experiences, athletes face countless hours of training, often repetitive and with implications
for stress levels, time to recover from injuries that prevent them from performing, and
competitive anxiety with the agony of failure. For these reasons, athletes need physical
stamina, talent, and mental toughness [21,90,91]. Thus, they must possess a greater ability
to cope with challenges and adversity.

In what concerns social support for physical activity or sport’s practice, we verified
that the coach has the highest value of the most influence on the athlete, followed by
friends, best friends and, lastly, parents. In recent years, studies on social support have
increased considerably; from family, friends, and coaches [92,93] to a variety of support
staff in a multidisciplinary team [94,95], social support is essential for well-being, allows
better integration in society and better achievement of goals. Banack et al. [96], reinforce the
importance of the relationship of the Paralympic athlete with the coach in the support of
autonomy. Many of the athletes, depending on the disability, need the coach as an assistant
in basic activities in training and in competition. Although in our study parental support
appears last in degree of importance, Shapiro and Malone [97] refer to family support as
extremely important, especially in younger athletes. This result may have to do with the
fact that the athletes are older than 16. Social support relationships are all important for
access to sport by people with disabilities however, the higher the competitive level, the
greater the social support relationships [98].

Our results showed that there is an association between life satisfaction and positive
affect, which is in line with the conceptual framework of subjective well-being [7,11,13,62]
and with some studies conducted recently [99,100]. The association between the positive
effect and the social support of parents and friends reinforces the importance that this
support seems to have in the emotional states of the athletes, confirming some of the
evidence in the literature [97,98].

Regarding resilience and its negative association with negative affect seems to indicate
a possible buffer effect of resilience for negative emotional experiences [101–103]. Although
these associations are interesting, they need to be clarified in future studies.

Despite the importance of the present study, some limitations must be acknowledged
and should be addressed in future studies. This study was conducted in Portugal, thus
results cannot be generalized to other countries and contexts. It will also be very interesting
to relate, in future studies, the psychological variables (e.g., well-being, resilience, social
support) with demographic variables and with the variables of sports practice (e.g., years
of practice). However, this work may have an important contribution to understanding the
reality of Paralympic sport in Portugal.

5. Conclusions

The sociodemographic (age, gender, profession, education, sports practice) and psy-
chosocial (positive and negative affect, life satisfaction, resilience, and social support)
variables could characterize the Tokyo 2020 Paralympic team. The disparity between the
team’s total number of men and women is still a reality. Training hours per week are pretty
heterogeneous among athletes. The offer and accessibility to adapted sports at the national
level are considerably lower in the inner part of the country.

In the sample, we found that Portuguese Paralympic athletes have high values of
life satisfaction, high positive affect, low negative affect, and good levels of resilience.
Additionally, our results showed that the coach has the most decisive influence on the
athlete, followed by friends, best friends, and parents. The coach is indeed the most critical
figure in this social influence.

These findings are important and could be considered for further analysis and eval-
uation of the reality of adapted sport in Portugal, supporting the idea that more public
development policies are needed for people with disabilities to access adapted physical
activity and sport.
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Abstract: This study’s objective was to understand the physical activities and sports-related needs of
people with disabilities in South Korea and how those needs should be reflected in policy and practice
to improve these people’s quality of life. Accordingly, focus group interviews were conducted with
35 people with disabilities who had participated in physical activities. Interviews were conducted
one-on-one or in small groups of three or four. The interview questions related to their participation
experiences in physical activities and sports, their difficulties with such participation, and their
thoughts on what was needed to improve their participation. For data analysis, the interviews were
transcribed and the content analyzed, with content triangulation performed for validity. From this, a
total of 307 meaningful references were derived, comprising four categories, eight theme clusters,
and 40 themes. The current physical activities and sports programs for people with disabilities in
South Korea are led by the government to provide an environment for them to participate; however,
to improve the quality of life for these people, these must be transformed into consumer-centric
programs. To provide an opportunity for people with disabilities to choose the exercise program of
their choice, it is necessary to research in advance what kind of exercise program these people want,
centering on the local community. To strengthen the professionalism of disabled sports instructors,
it is necessary to provide a stable environment for them in sports facilities and continue training
them to build capacity. In terms of facilities, the expansion of sports facilities that can be used by
people with disabilities is an urgent priority, and the opinions of users with disabilities must be
actively collected and addressed in the operation of these facilities. Additionally, at the national level,
information should be continuously provided through mass media and the Internet so that people
with disabilities can know the importance of physical activity and sports and manage their own
health. To that end, it would be helpful to conduct an in-depth analysis of countries with effective
participation policies for people with disabilities and consider how these could be adapted to the
situation in Korea.

Keywords: people with disabilities; physical activities; South Korea; social determinants of health;
focus group interviews

1. Introduction

Since the 1988 Seoul Paralympic Games, there has been a growth in South Korea
(henceforth “Korea”) of sports and physical activities for people with disabilities, with
the full support of the Korean government [1]. Since then, the government launched has
its first and now its third “Plan for the Promotion of Sports for People with Disabilities”
covering 2008 to 2022, and continues to develop these plans [2].

In 2019, the Ministry of Culture, Sports and Tourism, which is in charge of sports
administration in Korea, received a budget increase of 145% “to stimulate physical activities
and sports” in the country [3]. In addition, this government agency is responsible for
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promoting projects such as the building of 150 sports facilities for people with disabilities
by 2025, arranging for 1200 adapted instructors for the disabled by 2022, and introducing
free sports lessons for the disabled [4]. The enlarged budget called for the expansion
of these established sports programs and the recruitment of adapted sports instructors
(instructors for the disabled people with disabilities) for existing sports facilities [5].

In a study by Sá, Maria Manuel, and four others, the reason that people with disabilities
in Portugal did not participate in physical activity and sports was primarily because of
a lack of suitable sports facilities. Such people also experience various problems, such as
in relation to their financial situation [6]. In the United States, depending on the region,
people with disabilities continue to experience various barriers to accessing sports facilities,
and according to a survey of 50 sports facilities for people with disabilities in Oregon, major
barriers included the entrance, customer service, and shower facilities [7]. Studies that
investigated accessibility to most sports facilities for people with disabilities reflected the
opinions of people with disabilities in the study [8–10].

Unfortunately, according to 2018 survey data on where people with disabilities partici-
pate in physical activities and sports, most (61.5%) respondents indicated that they exercised
in a park or used a hiking trail near their homes, with 31.8% exercising at home [4]. In
other words, although the government is investing heavily in sports centers for people
with disabilities, 87.1% of the people with disabilities surveyed indicated that they were not
using these facilities, but instead pursuing such activities either at home or in nearby parks.

When the Korean government established a quantitative target for the stimulation of
physical activities and sports, local governments made efforts to achieve this target [11].
As a result, the plan has not effectively supported physical activities and sports for people
with disabilities based on their needs [12].

For the Korean government’s administration of sports and physical activities for
people with disabilities to become effective, it needs to be centered on the concerns of the
disabled. This means that the government needs to focus on how to “empower” people
with disabilities and create an environment where they can make decisions about their own
lives [13]. This is in accordance with the right to self-determination, which is frequently
emphasized in the field of sports and physical activity for people with disabilities [14]. In
so doing, the Korean government’s supplier-centric administrative system for sports for
people with disabilities can be transformed into a consumer-centric system.

Early consumer-centric studies that focused on performance [15–19] reported that
a consumer-centric service delivery system not only affects the quality of life of people
with disabilities positively but also helps to improve their social participation and em-
powerment [20–27]. To that end, the needs of people with disabilities should be assessed.
Subsequently, based on this assessment, an environment can be provided in which they can
easily participate in the sports they choose, increase their physical activity, and enhance
their quality of life. Many studies have confirmed that the psychological and physiological
health and quality of life of people with disabilities improve through participation in sports
and physical activity [28–32].

Disability Rights United Kingdom, the United Kingdom’s leading charitable organiza-
tion for persons with disabilities, is funded by Sports England and runs a program called
Get Yourself Active. This program enhances the general understanding of the benefits of
physical activity for disabled persons and provides the environment and opportunities
for people with disabilities to participate voluntarily [33]. Similarly, the Netherlands and
Canada have improved the quality of life for people with disabilities by providing national
support that independently promotes sports, recreation, and physical activity for these
individuals [34].

The Korean government has conducted the “Physical Activities and Sports for People
with Disabilities Survey” every year since 2006. However, there are only two multiple-
choice questions that ask about their needs in the context of facilities for physical activities
and sports [3]. Thus, there are no customer data on whether such facilities are required, as
the questions do not touch on the diverse and in-depth needs of people with disabilities
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in terms of the programs and exclude any reference to aspects such the facilities, leaders,
or facility management. Thus, to provide effective consumer-centric services, an in-depth
analysis of the needs of people with disabilities in Korea in terms of physical activities and
sports is necessary. To that end, we use a focus group interview (FGI) approach to gather
data to analyze the needs of people with disabilities in Korea in depth.

For qualitative studies, the FGI method, which utilizes an interview guide of open-
ended questions, supports a detailed examination of participant experiences, perceptions,
opinions, emotions, and knowledge [35]. In addition, by sharing opinions on a topic freely,
the participants and interviewers can interact, understanding not only each individual’s
thoughts, but also gaining ideas from the group as a whole [36]. Accordingly, many
scholars in social science, health science, and evaluation research use FGIs to obtain detailed
information that cannot be readily obtained through quantitative surveys [37–40]. In this
study, by using FGIs, we are able to assess the needs of Korean consumers with disabilities
in terms of their requirements for participation in physical activities and sports, and identify
the underlying environmental issues driving these needs. Ultimately, our objective is to
understand the physical activities and sports-related needs of people with disabilities in
Korea and how those needs should be reflected in policy and practice to improve their
quality of life.

2. Materials and Methods
2.1. Participants

The purpose of the FGIs was to collect qualitative data from people who had expe-
rienced “a specific situation” consistent with our objective [41]. The groups comprised
35 people with disabilities who had participated in physical activities and sports in Korea.
When recruiting focus groups in social science research, a mixed group is more effective
than a homogeneous group to obtain various viewpoints and experiences [42]. In similar
studies, participants in FGIs represented various ages, environments, and disabilities and
included subjects with various experiences in physical education to cover both negative
and positive experiences, as well as physical activity and quality of life [43–45].

In our study, to obtain abundant data in the recruitment process, we considered two
factors when screening for people with disabilities who had experience participating in
physical education. The first factor was the size of the participant’s city. For the study, we
tried to consider needs based on the size of the city by recruiting from both small and large
cities in Korea. The second factor was employment status. We deemed that needs would
differ based on employment status, since there could be a difference in leisure time between
those who were and were not employed.

Regarding the type of disability, in the FGIs, we included a family member who could
communicate the opinions of participants with intellectual disabilities, as well as those
with physical and visual impairments. The characteristics of the participants are shown
in Table 1.

2.2. Procedure

To design the focus group guide, we first conducted a literature review on the status
of physical activities and sports for people with disabilities in Korea and other countries.
The questions for the FGIs were based on what we discovered in this process. Next, we
collected data through one-on-one and small-group interviews. These data were coded,
and subsequently, through further analysis of the coded data, we derived the participants’
physical activities and sports environment-related needs that could improve their quality
of life.

2.3. Data Collection

In the first stage of data collection, the current situation was analyzed by collecting
domestic and overseas research on physical activities and sports for people with disabilities.
The literature review included data between 2018 and 2020 from the “Physical Activities and
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Sports for People with Disabilities Survey” [3,46,47]—conducted annually in Korea—and
data from the United Kingdom’s “Get Yourself Active” [48] and Germany’s “Survey Among
People with Disabilities in Leipzig on Participation in Sport” [49]. A summary of the review
is presented in Table 2.

Table 1. Participant characteristics.

Name Gender Age Type City
Size Job Name Gender Age Types City

Size Job

P1 Male 62 CP Small No P18 Male 23 ID Small No

P2 Male 45 SCI Small Yes P19 Female 27 ID Small No

P3 Female 22 SCI Small Yes P20 Female 63 CP Small No

P4 Male 50 MD Small No P21 Male 43 SCI Small Yes

P5 Male 26 ID Large Yes P22 Female 48 VD Large Yes

P6 Male 24 CP Large Yes P23 Male 47 VD Large Yes

P7 Female 60 SCI Small No P24 Male 61 CD Large No

P8 Male 36 SCI Large Yes P25 Male 24 CP Small Yes

P9 Female 29 CP Large Yes P26 Female 50 VD Large No

P10 Male 48 CD Large Yes P27 Female 43 VD Large Yes

P11 Male 25 CP Small No P28 Male 59 CD Large No

P12 Male 34 CP Large No P29 Male 60 CD Large No

P13 Male 35 VD Large Yes P30 Male 66 VD Large Yes

P14 Male 30 VD Large Yes P31 Female 31 SCI Small Yes

P15 Female 53 SCI Small No P32 Female 54 VD Small Yes

P16 Male 56 SCI Small No P33 Male 61 VD Large No

P17 Female 48 CD Large No P34 Male 37 SCI Small Yes

P35 Male 21 SCI Small Yes

ID: intellectual disability, VD: vision disability, SCI: spinal cord injury, CP: cerebral palsy, CD: cerebrovascular
disease, MD: muscular dystrophy.

In the second stage, the FGI questions were based on the content of the literature
review. The questions were completed and reviewed by two associates with PhDs in sports
for disabled persons. In the third stage, 35 people with disabilities who had experience in
physical activity and sports were recruited.

We recruited these individuals by reaching out to welfare centers and gyms that could
identify people with disabilities who would be willing to participate. Subsequently, via
e-mail or telephone, we explained the purpose of the study, the interview method, and
the time required. Twelve people agreed to participate via email, and twenty-three people
agreed to participate via phone. The interview content was also explained, giving the
individuals time to contemplate the topic. In the fourth stage, interviews were conducted
with small groups of three or four people.

The interview questions were framed according to the method suggested by Krueger
and Casey [35], comprising an opening question, an introductory question, a transition ques-
tion, a key question, and an ending question. The questions are presented in Appendix A.

At the time of the interviews, general information about the interview was provided,
consent was obtained for voluntary participation, and a consent form was completed. The
content of the consent form included information about the recording of the interview, the
destruction of recorded material after the study was completed, the protection of personal
information and confidentiality, the participant’s freedom to stop participating in the study,
and the fee for participation in the study. Field notes were made during the interviews, and
the one-on-one interviews took, on average, 40 min; the small-group interviews lasted, on
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average, one hour and 30 min. All interviews were conducted in Korean and subsequently
translated into English for the study.

Table 2. Review summary.

Item Survey on the Participation in Sports for People with
Disabilities in Korea

Survey on the Participation in Sports for People with Disabilities in
the United Kingdom and Germany

Reference 2018–2020 Physical Activities and Sports for People with
Disabilities Survey

United Kingdom: http://www.activityalliance.org.uk/ (accessed on 21
June 2021).
Germany: http://www.dguv-forum.de/files/594/09-36-126_DGUV_
Forum_9-2009.pdf (accessed on 21 June 2021)

Review Summary

Participation

� Sports facilities you want to use near
your home: “Parks” in 2018, “Public
sports facilities for disabled people” in
2019 and 2020. (However, “Parks”
were excluded from the selection in
2019 and 2020.)
� Current sports facilities: From 2018
to 2020, the first priority was the park
and the second was the home.
� Participation type: “Walking and
jogging” ranked first in both 2018
and 2020.
� Needs for participating in physical
education: “Support for participation
fee” was required in 2018–2020.

� Club-centric: The United Kingdom operates 2711 sports clubs for
people with disabilities, centered on 27 sports organizations. In
Germany, 1 in 10 people with disabilities join a sports club.
� Inclusive facilities and programs: In the United Kingdom, under the
“Inclusive Design” policy, Inclusive Fitness Initiative (IFI) sports
facilities and sports facilities for people with disabilities coexist
together. There are about 400 such facilities across the United Kingdom.
� In Germany, when building sports facilities, the regulation of “indoor
gym without obstacles” is applied (wheelchair sports, sports for the
visually impaired, rehabilitation sports, swimming pools, etc.).
� Legal basis: In the United Kingdom, whether the “Inclusive Design”
was reflected was determined by how faithfully the Disability
Discrimination Act (DDA) obligations were fulfilled. In Germany,
according to the German Industrial Standards Association (18040-1),
public sports facilities and leisure facilities must be built so that they
are not inconvenient.

Non-participation

� Reason for non-participation: Poor
health ranked first.
� Events you want to participate in in
the future: Walking ranked first.

2.4. Data Analysis and Research Rigor

We analyzed our data according to the FGI content analysis method suggested by
Krueger and Casey [35]. First, to exclude any research bias, a research assistant unaffiliated
with the study transcribed the FGI content in the form of verbatim records. Second, the
transcribed content was compared with the audio files again, and based on the field notes
written during the interview process, we added the results of our observations into the
transcripts. Third, to analyze the content of the raw data, data were transcribed into
Microsoft® Office Word 2019 (Microsoft Corporation, Redmond, WA, USA) and read
repeatedly. Subsequently, to extract the themes, meaningful words were entered into
Microsoft® Office Excel 2019 (Microsoft Corporation, Redmond, WA, USA). We classified
and then reclassified common characteristics of the themes. By repeating the classification
process, we were able to identify and analyze common attributes in the responses in terms
of frequency, specificity, emotion, and richness. Finally, we determined the categories by
extracting themes and theme clusters through this process [48].

We verified the rigor of the study according to the quality assurance criteria of Sande-
lowski [50]. First, to check reliability, immediately after each interview, the interview
was summarized and explained to confirm that the participant and interviewer were in
agreement on what had been posited and discussed. Second, we checked the accuracy of
the recordings by collating the transcript and audio files several times. All the interviews
were transcribed verbatim to ensure data reliability. In particular, the participants with
experience participating in physical activity and sports were asked open-ended questions
regarding their experiences to enable us to collect sufficient data to reflect their perspectives
accurately. After the interviews, the participants’ actions and reactions were recorded in
interview logs. These were transcribed within one week of the interviews to ensure that
there were no omissions or distortions of the data. In addition, by applying the pause
in judgment approach, we were able to avoid any preconceived notions or prejudice in
the interview and analysis processes. To ensure suitability, data collection and analysis
continued until theoretical saturation was reached. This meant that we were able to cap-
ture all the requirements of people with disabilities in terms of physical activities and the
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sports environment. The validity of the method suggested by Guba and Lincoln [51] was
determined as follows: the results were reviewed by a qualitative analysis expert and two
sports doctors for people with disabilities; additionally, one professor in sports for people
with disabilities reviewed the content that reflected their feedback. The final results were
shared with the 35 participants in writing or by e-mail so that they could review these and
provide feedback as to any content that needed to be corrected or deleted. As a result, we
were able to confirm the accuracy of our final research results.

3. Results

A total of 307 meaningful references were derived from the FGIs. Conversations
judged to be outside the purpose of the study were deleted, and only meaningful words
that fit the purpose were extracted. As captured in the data, the requirements for improving
physical activities and sports participation among people with disabilities were classified
into programs, facilities, instructors, and health-related information. The themes and theme
clusters are listed in Table 3.

3.1. Program Needs

The study participants asked for greater support for the facilities where the pro-
grams were held, as well as for greater diversification in the programs available in the
sports centers.

3.1.1. Equal Support

Participants requested programs that allowed them to exercise in an environment
similar to one for people without disabilities.

“People without disabilities have many private sports facilities close to home and can
exercise alone in parks, but very few private sports facilities offer exercise programs for
people with disabilities. However, it is too expensive to use. Even the exercise equipment
placed in the park has nothing that wheelchair-bound people can [use].”

Participant 2

“A lot of people are exercising while watching YouTube at home these days, but when I
look at them, most people with disabilities can’t do them. However, there is no movement
channel for people with disabilities, and I thought that the government should operate a
movement channel for people with disabilities.”

Non-participant 8

3.1.2. Availability of Various Programs in Sports Centers

The participants were dissatisfied with the fact that only programs at sports centers
for people with disabilities were open to them, because these were too limited.

“My son is gaining weight and he needs to exercise, but it is difficult to exercise because
he hates moving. I like the ball, so I want to teach basketball or soccer, but the sports center
doesn’t have a ball sports program for the intellectually disabled, so I can’t exercise.”

Non-participant 1

“I have severe disabilities, so I always go to exercise with my parents. When I exercise,
my parents just wait.”

Participant 11
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Table 3. Results of environmental needs of physical activities and sports of people with disabilities.

Category Theme Cluster Theme

Programs

Equivalent support of
the program

Physical activities and sports program for people with disabilities in public and private sports facilities

Non-face-to-face exercise programs that can be done at home

An exercise program conducted by a sports club for people with disabilities

Exercise programs using exercise equipment installed in local parks

Opening of various programs
within the sports center

Physical activities and sports programs according to type of disability

Physical activities and a sports program for each sport

Physical activities and a sports program for people with and without disabilities

Rehabilitation sports programs

Exercise programs that you can do with your family

Exercise programs by age group

Facilities

Strengthening the
professionalism of instructors

A qualified instructor for physical activities and sports for people with disabilities

An instructor with professional qualifications in sports

Sports instructors with disabilities

Qualified as a disabled sports instructor and as an instructor for those without disabilities

Instructors with past exercise specialist qualifications

Improvement of the leadership
skills of instructors

Understanding the types of disabilities; education on human rights for persons with disabilities

Continuous upgrading of skills and knowledge about the sport

Emergency response ability

Education in communication methods with people with disabilities (sign language, etc.)

Instructor

Needs to expand facilities
available to people
with disabilities

Expansion of sports facilities exclusively for people with disabilities

Expansion of universal sports facilities

Expansion of sports facilities created for local residents

Expansion of sports facilities for people with disabilities specializing in sports

School sports facilities for people with disabilities

Installation and expansion of convenience facilities for people with disabilities in private sports facilities

Installation and expansion of sports equipment and facilities in community parks

Improvement of facility
operation aspects

Active acceptance of complaints

Active promotion of facility and program recruitment

An environment where there are free tickets to sports classes

Mandatory education on understanding disabilities for employees and users

Counseling room for health checkups, maintenance, and promotion

Health
information
provision

The needs of the entity providing
health information

Provision of health information for people with disabilities through mass media at the government level

Provision of health information by text message or mail at the city hall or community center level of the
local community

Provision of health information by text message or mail to people with disabilities in the local community
at the level of the Sports Association for People with Disabilities in the local community

Provision of health information to disabled users and their families at the welfare center level

Provision of health information to disabled users and their families at the level of sports facilities

Content of health information

Information that can motivate exercise by providing information on “disability and exercise,” “necessity of
exercise,” “healthy eating habits,”, etc.

Information on where and what programs are available for people with disabilities in the community

Locations and related information on sports clubs for people with disabilities

Related information on physical fitness centers for people with disabilities, etc.

3.2. Leader Needs

Participants asked for the professional improvement of sports instructors responsible
for physical activities for people with disabilities and the enhancement of instructors’
leadership abilities.

3.2.1. Strengthening Instructor Professionalism

Public sports centers or sports centers for people with disabilities are required to
appoint leaders with the correct qualifications, namely, qualified instructors for general
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physical activities and sports for people with disabilities, as well as for adapted elite sports,
universal sports, and rehabilitation sports.

“Even at the sports center for people with disabilities, there are leaders who do not have
qualifications as a sports coach for people with disabilities. A leader who is not qualified
to teach disabled sports is teaching my daughter, and I thought this was wrong. My
daughter has a very poor understanding, so I have to teach it little by little, but if I don’t
do it after a demonstration, I just neglect it for the duration of the activity.”

Non-participant 2

“I learned swimming from someone who was a disabled sports player in the past, and he
definitely teaches me well. I knew exactly how much my disability was, so he taught me
in a way that was easy to understand. Apparently, leaders of people without disabilities,
even if they are qualified, do not have direct experience with disabilities, so I think there is
a limit.”

Participant 3

3.2.2. Improving Instructor Leadership Skills

The participants said that many leaders did not have the basic abilities to teach physical
activities and sports to people with disabilities, emphasizing that improvement in this area
was urgently needed. Such improvement included understanding disabled persons, human
rights education about people with disabilities, continuous training in sports emergencies
and response ability, and improvement in instruction methods.

“I felt like my coach was ignoring me while I was working out. You cannot do this
movement because you are severely disabled. Advanced tactics cannot be used. It hurt
my heart when I talked about things like that.”

Participant 6

“I went to learn to swim. I’m blind, and coach did a demonstration by saying, “Look
at me and follow me . . . ” (laughs). “Coach! I’m blind!” I was very confused. When
we exercise, we need a lot of tactile guidance, but it was very difficult to understand the
movement because he kept explaining it in words.”

Participant 13

3.3. Sports Facility Needs

The participants indicated that existing sports facilities should be expanded and their
operations improved.

3.3.1. Expansion of Facilities for People with Disabilities

Respondents indicated that very few sports facilities were convenient for people with
disabilities people to use. The discussion focused on the need for a specific sports facility for
people with disabilities, a universal sports facility, a public sports facility, a sports facility
for each sport (pool, lawn ball court, etc.), and a school sports facility. Additionally, some
requested the installation and expansion of sports equipment for disabled people in the
local park.

“There are very few gyms or swimming pools that are wheelchair accessible to people with
disabilities. The weight training equipment is placed so closely that it is difficult for a
wheelchair to pass through, and the equipment itself is hardly usable by a wheelchair user.
The swimming pool is also very difficult to get into in a wheelchair, and there are very few
places where the shower or changing rooms are accessible for people with disabilities.”

Participant 10

“Even if a non-disabled sports facility is equipped with facilities for people with disabilities,
people with disabilities and people without disabilities can exercise together, but it is a
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pity that there are so few convenient facilities. So, it is difficult to move while exercising at
a sports facility for people with disabilities, far from our home. Too much time is wasted.”

Participant 4

3.3.2. Improvements at Sports Facilities

Some respondents indicated that the needs of people with disabilities could be accom-
modated quickly, and the environment readily improved in sports facilities. First, they
mentioned the simple need for better publicity regarding the available exercise programs.
Second, the general feeling was that they should be able to use the facilities for free. Third,
other exercisers, together with the facility staff, should be educated on the different types
of disabilities. Finally, several referred to the need for a room for health counseling.

“When I go to the gym to play badminton, the time for people with disabilities to play is
set from 3 to 6 pm. It’s only available on weekends for working people. There are many
people who play badminton even on weekdays, so I spend more time waiting than playing.
So, even if I ask for an increase in time allotment, I don’t think they will increase it, and
they say no. In my opinion, I wish there was no separate time for people with disabilities
and those without disabilities. There are six courts, so it’s frustrating because even if they
suggest that it would be better to leave only one or two of them empty for people with
disabilities, they won’t accept it. They don’t even tell you clearly why you shouldn’t do
that, so I stopped working out because I felt bad.”

Non-participant 7

“I didn’t even know there was a gym for people with disabilities around my house. I wish
they could tell you where the sports center for people with disabilities near my house is
and what kind of exercise programs there are by phone or text message. Blind people like
us can exercise only when they receive information via text message or phone calls.”

Non-participant 15

3.4. Health Information

Participants responded that they had difficulty receiving information about their
health. People with disabilities in Korea receive little information on how to maintain and
improve their health. Such information is difficult to find unless it is personally sought out.
In addition, as the average age of people with disabilities increases, the number of disabled
people who are unable to obtain information on their own through their mobile phones or
via the Internet is increasing.

“Health information for people without disabilities is easy to find on TV or in the mass
media, but we cannot find health information about people with disabilities unless we
search for it ourselves. I am old and I can’t even use a computer. So, if someone doesn’t tell
you, you don’t even know where and what the facilities are. I would like the community to
provide information about sports facilities and programs near the house by text message
or mail.”

Non-participant 13

“I also want to go to a club and exercise with people with disabilities similar to mine. I
want to know if there is a disabled sports club in my neighborhood. If there is, I would
like to know what kind of sports clubs there are, and if there are clubs with people similar
to my age. They said they didn’t know . . . if I asked the welfare center . . . If you don’t
have a club, you can’t help it, but it may be that you have a club and you are not able to
join it. It would be nice if there was a place that would provide such health information.”

Non-participant 11

The respondents were looking for health information that included content on the
importance of exercise programs, as well as information that could motivate them to
participate in exercise programs. In addition, they asked for information on the locations of
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sports facilities, physical fitness measurements, physical activities, and sports programs.
They looked to the government as well as the private sector to provide better health
information for people with disabilities.

4. Discussion

Using FGIs, we were able to analyze in depth the requirements of people with dis-
abilities for their participation in physical activities and sports. As a result, the demands
for physical activities and sports of people with disabilities were largely divided into four
categories: programs, instructor, facilities, and health information provision. We will focus
on these four categories.

Among the first requirements mentioned was equal support for such programs for
people with disabilities as well as their establishment within sports centers. There are
1078 gyms and swimming pools in public sports facilities for people without disabilities in
Korea. These facilities include programs for weight training, badminton, basketball, volley-
ball, kendo, table tennis, futsal, golf, children’s physical education, squash, swimming, and
aqua aerobics—a very diverse list [52]. Meanwhile, there are just 68 public sports facilities
exclusively for people with disabilities, and the programs at these facilities are limited to
weight training, swimming, table tennis, badminton, and goalball [53]. These programs
do not address the needs of people with disabilities. An environment should be provided
that would allow for the self-determination needed to satisfy the three basic psychological
needs of autonomy, competence, and enhancement of one’s internal motivation and posi-
tive experiences [54,55]. In contrast, Disability Rights United Kingdom provides universal
physical activities and sports programs that include both people with and without disabil-
ities, offering many opportunities for people with disabilities to participate in physical
activities and sports [48]. Previous studies have shown that when people with disabilities
are able to voluntarily participate in these programs, their satisfaction and quality of life
increase [24,56]. The Korean and sports organizations for people with disabilities should
also reflect these individuals’ needs in order to provide an environment in which people
with disabilities can manage their own physical activities and sports.

The second requirement concerned instructors. Respondents mentioned the need for
enhancing instructor professionalism and improving leadership abilities. In 2015, Korea
established the National Qualification System for Adapted Sports Instructors. However, it
is still difficult to employ sports instructors at sports facilities for people with disabilities,
as well as at those for people without disabilities [57]. Moreover, in Korea, there is no
legal restriction on hiring unqualified sports instructors at sports facilities for people with
disabilities [58]. Therefore, instructors without leadership certificates may be teaching
people with disabilities. Even instructors licensed to provide sports guidance to people
with disabilities are not clear about their roles in such sports facilities and have difficulties
due to unstable environments [59]. Similar problems are occurring in other countries as
well. The budget for coaches is low, and the job pay is also low [60–62]. Therefore, a law
should be enacted to only allow the employment of licensed instructors at gyms for people
with disabilities, and an environment in which such instructors can work stably should
be provided.

There is also the need to improve the working environment for instructors so that
they can teach and be leaders [63]. In Japan, for people with disabilities, sports instructors
(beginner, intermediate, and advanced), sports coaches, sports trainers, and sports doctors
are subdivided, and their roles are clearly defined [64]. In Ireland, its National Disability
Authority has a coaching program that supports FGIs among people with disabilities,
providing information for physical education teachers, coaches, trainers, managers, and
educators. Through such information, adequate sports programs can be developed and
provided [43]. In addition, a program to develop the leadership capabilities of instructors
should also be provided. Many scholars state that instructors should practice self-reflection
on guidance. For this, an opportunity should be provided for instructors to learn how to
reflect on their coaching through workshops [65–67]. Additionally, coaching networks for
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leaders should be created and nurtured. It is desirable to provide information on coaching
networks to leaders in national sports organizations for people with disabilities [68]. Korea
also needs to improve the roles and development of instructors to be able to provide
programs at a level that can satisfy people with disabilities.

The third requirement concerned the expansion of sports facilities that could support
people with disabilities, along with their improvement. These results also tend to be
consistent with previous studies [6–10]. In Korea, facilities where persons with disabilities
can exercise are exclusive facilities for people with disabilities or simple sports facilities in
local community parks [57]. These facilities are few and far between compared with sports
facilities for people without disabilities. This means, for those who want to participate,
they have no choice but to travel long distances to utilize such facilities [69]. Research on
the causes that prevent persons with disabilities from participating in sports in Korea, as
well as potential solutions, is ongoing [70,71]. Previous studies have found that the biggest
hindrance to exercise participation among people with disabilities is distance from the
exercise facility. In Australia, the perceived barriers to participation in physical activity
among children with disabilities also included the lack of transportation and inadequate
facilities [72]. Due to such problems, the Netherlands provides travel expenses for people
with disabilities to commute to exercise facilities [34]. As a small country, Korea faces
difficulties in expanding its facilities. In line with Dutch policy, if people with disabilities
could be provided with travel expenses to commute to sports facilities, their participation
in physical activities and sports could increase.

Problems related to the operation of sports facilities are often due to a lack of un-
derstanding of people with disabilities by the sports facilities’ staff as well as by other
exercisers. Human rights issues such as this are continuously emerging in the field of sports
for people with disabilities in Korea. Barriers to sports facilities and communication with
persons with disabilities not only restrict access but also threaten the quality of participation
and render participation unsustainable. Even if individuals participate in physical activity
or sports, they have negative stereotypes about the facility operators, which can lead to
cessation of participation [73,74]. To promote continued participation in physical activity
and sports, it is necessary to focus on whether people with disabilities experience the basic
right to use sports facilities [75].

Min and Cho [76] stated that a lack of understanding of people with disabilities’
human rights by the staff at sports facilities for people with disabilities in Korea lowered
the satisfaction of people with disabilities who used these facilities. To address these
problems, many sports experts for people with disabilities in Korea are working hard
to finance the Sports Basic Act, which would give “everyone the right to participate in
sports and physical activities and sports without discrimination” [77]. The European Sports
Charter states that everyone has the right to participate in sports and that sports must be
based on ethics and human dignity [78]. In Australia, the opportunity to participate in
physical activity and leisure is recognized as a “right” by law and is considered an essential
element contributing to quality of life [79]. As one means of improving facility operations,
Korea also needs to enact a Sports Basic Act to legally regulate discrimination against
people with disabilities and support their participation at such facilities.

The fourth requirement concerned health information. From one participant who
referenced health information, various health information provisions were identified. The
health information requested included information that could motivate individuals to par-
ticipate in sports, as well as more information on the location of sports facilities for people
with disabilities. From our interviews, we learned that most people with disabilities do not
receive information related to physical activities and sports program availability. Moreover,
although they search for health-related information, the information is very limited.

People with disabilities face different barriers to participation in sports and physical
activity than people without disabilities [80]. Information about sports and physical
activities needs to be better promoted and provided at both national and local levels [28].
In 2014, the English Federation of Disability Sport published a report called “Talk to Me” to
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encourage people with disabilities to participate in sports. The report set out 10 principles
for reaching people with disabilities and offering them sports programs. The first principle
was to employ various means of publicity such as social media, local broadcasting, posters,
and word of mouth to promote these programs [81]. Ireland has established departments
within government ministries and legal institutions to reach out to citizens and ensure
equal opportunity for participation in physical activity, as people with disabilities do not
have sufficient access to such information. Such actions have created partnerships that
raise awareness of the problem, mobilize support, and disseminate information assistance.
At the same time, appropriate programs for people with disabilities can be organized and
coordinated, primarily within communities and mainstream organizations [43].

In addition, it is very important for health care workers in the community to provide
health information and to encourage participation in sports. People with disabilities have
a greater reliance on health care workers than the general public [82]. Therefore, health
care workers in the community should recommend health information and exercise par-
ticipation to people with disabilities [83]. In previous research, to create an opportunity
to encourage health information and exercise participation, it was necessary to use social
capital especially for people with disabilities [84–86]. In particular, for people with disabili-
ties, social capital is shared among members through trust, such as social acceptance, life
skills, and friendship [85]. In particular, suggestions through social capital for people with
disabilities who are participating in sports can promote interaction and participation in
exercise [87]. Recently, social capital has been utilized through social networks [83].

In Korea, the government needs to take the initiative to support various means of
publicity for such programs, encouraging local communities to pursue these as well so that
people with disabilities can obtain health information more readily. If Korea can effectively
address the physical activity and sports-related needs of people with disabilities, their
quality of life will definitely improve.

5. Conclusions

In this study, we used FGIs to determine the needs of people with disabilities in Korea
to encourage their participation in physical activities and sports. We found that in terms of
programs, more improvement is needed in terms of instructors, facilities, and the provision
of health information. Thus far, the approach to physical activities and sports in Korea
for people with disabilities has been supplier-centric rather than consumer-centric. Thus,
insufficient efforts have been made to listen to the needs of people with disabilities and
reflect these in current plans. To improve the quality of life for people with disabilities in
Korea, their needs should be reflected in terms of support for their physical activities and
engagement in sports.

To provide an opportunity for people with disabilities to choose the exercise program
of their choice, it is necessary to research in advance what kind of exercise program people
with disabilities want, centering on the local community. To strengthen the professionalism
of leaders, it is necessary to provide a stable environment for them in sports facilities
and continue training them for capacity building. In terms of facilities, the expansion
of sports facilities that can be used by people with disabilities is an urgent priority, and
the opinions of users with disabilities must be actively collected and addressed in the
operation of these facilities. Additionally, at the national level, information should be
continuously provided through mass media and the Internet so that people with disabilities
can know the importance of physical activity and sports and manage their own health. To
that end, it would be helpful to conduct an in-depth analysis of countries with effective
participation policies for people with disabilities and consider how these could be adapted
to the situation in Korea.

Some limitations of our study warrant comment and suggest directions for future
research. As we analyzed the needs of people with disabilities in small groups using the
FGI method, it is difficult to generalize these findings. Thus, based on our results, a larger,
quantitative consumer-oriented survey among people with disabilities that could assess
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their needs in the context of physical activities and sports should be conducted to confirm
our results. Additionally, although we identify areas for improvement, further studies
should confirm which areas should be improved first.
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Appendix A

Table A1. Semi-structured focus group interview questions.

Question Classification Question Content

Opening question
Brief introduction

Tell us your name?
When did you become disabled?

Introductory question
Experience participating in physical activities and sports

Do you have experience participating in physical activities and sports?

Participant How did you get involved?

Non-Participant Why did not you participate in physical activities and sports?

Transition question
Difficulty participating in physical activities and sports

Participant What difficulties did you have in participating in physical activities
and sports?

Non-Participant

Have you ever tried to participate in physical activities and sports?

What difficulties did you face when trying to participate in physical
activities and sports?

Key question
Needs for physical activities
and sports

Programs

Participant What needs are there for the physical activities and sports program?
Please explain in detail.

Non-Participant If I participate in physical activities and sports, are there any needs
for the program? Please explain in detail.

Facilities

Participant What needs do you have for physical activities and sports facilities?
Please explain in detail.

Non-Participant If I participate in physical activities and sports, are there any needs
for the facility? Please explain in detail.

Instructor

Participant What needs are there for instructors in physical activities and sports?
Please explain in detail.

Non-Participant Are there any needs for an instructor if you participate in physical
activities and sports? Please explain in detail.

Health information provision
Participant What needs do you have for providing health information? Please

explain in detail.Non-Participant

Ending question
Interview impression

Have you ever talked with people around you about the environment of physical activities
and sports?

Have you tried to change the environment of physical activities and sports yourself?

Have you ever felt that your quality of life has increased or decreased through physical
activities and sports?

How do you feel about the interview?
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Abstract: The playful training method shows positive effects on sports learning, thus the aim of the
present study was to compare the effect of two different swimming learning programs. In an 8-week
intervention with a training frequency of three times per week, 23 healthy primary school-aged
novice swimmers (13 boys, 10 girls) aged 9.0 ± 0.9 participated. They were split into control (CG) and
alternative (AG) groups and evaluated on skills (Start, Sink), backstroke (BK) and breaststroke (BR)
technique, performance (Skills time, Kicks Time), and salivary cortisol concentration. According to
the results, “Start” had a greater percentage of success in AG, at the first (CG = 9.1% vs. AG = 58.3%,
p = 0.027) and third (CG = 63.6% vs. AG = 100%, p = 0.037) measurement. Additionally, greater scores
were found in technique for AG in both BK (p = 0.009, η2 = 0.283) and BR (p = 0.020, η2 = 0.231).
Salivary cortisol concentration was decreased for both groups (p < 0.001) and greater in CG at the
second measurement (p < 0.001). The alternative swimming learning program was found to be more
efficient or equally effective, compared with the standardized method in-water skills, swimming
technique and performance, and in salivary cortisol concentration.

Keywords: backstroke; breaststroke; start; sink; cortisol

1. Introduction

The playful training method for learning a sport or a technique has been used by
coaches on children at various sports and levels. The aim of playful training is to entertain
the children and to make them feel spontaneous, with and without rules, and demand
to succeed via their participation in the training [1]. The benefits of the method are the
faster technique assimilation and pleasure that children show with their participation
in a program that contains organized games for the learning of specific skills [2]. The
background of this learning approach originates from the theory of constructivism, which
makes learning ability more effective when the trainee participates in the understanding
and enjoyment of a movement than when he remains a passive receiver. Additionally, it
is highlighted that with the playful approach, exhausting, boring, and high repeatability
exercises, which are contained in a classic training method and are often used by coaches,
are avoided [3].

In tennis, a six-week intervention study was conducted on 62 children aged 11 years
old, targeted to learn the sport through a playful learning program (Play and Stay) [1].
The sample was divided into an interventional and a control group. The interventional
group used the learning skills via a normal game, whereas the control group used several
exercises that coaches use for the same skills’ methodological teaching. The skills were
assessed, namely service, forehand, and backhand, before the intervention, at the sixth
week, and one week later from the intervention’s end. Study results showed that the
36 children who participated in the intervention group had a greater improvement in the
skills that were taught compared with the 26 children who followed the classic learning [1].
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Another sport in which the effect of playful training method was assessed was table
tennis. In the study 56 students participated and they were divided into control and playful
training groups. The target was to learn the technical elements of table tennis such as
service, attack, and ball guidance. According to the results, after 48 min of training twice a
week during the academic year, there was a greater improvement in attack and service in
the playful training group [4].

Common results about the effectiveness of playful teaching in sports show several
reviews and meta-analyses. Additionally, the authors have reported a disagreement about
the using adult-oriented training on children, due to the monotony which that kind of
training presents, and as a result, the children abandon their activity [5,6]. In another
meta-analysis, a total of 15 studies has shown that a program which contains playful
exercises positively affects the participation of children in training. Specifically, these
exercises motivate them to participate in a sport which is more enjoyable. Moreover, the
playful exercises contribute to the development of motor learning, game and execution
skills, and decision-making in the training.

Back to the interventional studies, Blatsis [2] examined the effect of the International
Amateur Athletic Federation (IAAF) Kids program on 226 children aged 11–12 years old,
102 of whom were trained in a playful manner, while the rest were trained with a classic
learning method on different track and field skills. The study was conducted over a period
of 12 weeks. The results revealed that the playful method was more effective than the
classic one in parameters such as Yo-Yo test, long jump, and agility.

The playful teaching approach was utilized by Miller [7] too, who assessed the effect
of that kind of teaching, compared with a classical method in common skills such as
throwing, handling, and perceptual ability. Intervention’s duration was seven weeks with
the participation of 107 students aged about 10 years old. According to the results, it
was observed that playful training was more effective on performance improvement, in
pleasure questionnaire scores, and perceptual ability, in contrast with the control group.

Similarly, in 40 children aged 12–13 years old it was found that the playful approach
promotes the learning effectiveness of traditional Malaysian games. The duration of the
intervention was eight weeks, with three training sessions of one hour per week. The
content of traditional games included skills such as running, jumping, space perception,
and children’s socialization, since such games do not contain any participation numerical
limitation. Program effects were evaluated through speed, agility, and balance tests.
The results showed that the children who used the playful approach were improved
significantly in the factors that were evaluated [8].

In swimming, the only alternative learning approach, apart from the use of high
repetition standardized exercises, was used for the development of the sense and perception
of the forces exerted from the water on the children’s body during their movement. Thus, in
swimming, the use of an alternative training approach targeting on fun and learning, such
as “Play and Stay” or “IAAF Kids” programs, must be further studied [9]. According to the
literature, the authors show that the target of playful method is to increase: (a) children’s
will to participate, (b) fun, and (c) mood via their participation in a sport [1,2].

Cortisol concentration is a useful indicator for the examination of children’s mood [10].
In a study with 117 children, aged 3 to 6 years old, the cortisol concentration was examined
in the morning and afternoon. The children were divided into three groups depending on
the level of care (low, medium, or high) which was provided by each daycare center, where
they were attending at least three times per week. A reduced cortisol concentration was
found in the daycare centers with high-quality services. In contrast, in the children who
participated in daycare centers with lower care services, a higher cortisol concentration
was observed [10].

In swimming, the cortisol concentration tended to decline after an acute period in
low-intensity exercise as opposed to high-intensity exercise [11]. Similarly, after acute high-
intensity exercise in children aged from 9 to 10 years old, increased cortisol concentration
was found [12].
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Thus, because of the lack of literature about the effect of playful training in swimming,
and the use of an approach that targets mimetic ability, game, and the sensation of the
body in the water, the aim of the present study was to compare the effect of a classic versus
an alternative swimming learning program on skills (Start, Sink), on backstroke (BK) and
breaststroke (BR) technique, on swimming performance (Skills time, Kicks Time), and in
salivary cortisol concentration on primary school ages novice swimmers.

2. Materials and Methods
2.1. Participants

Power analysis indicated that a sample size of 10 participants per group would be
needed to detect significant differences [13]. Participants were recruited via an annual
summer swimming program. Inclusion criteria were (a) healthy participants, (b) aged
between 8–10 years old, (c) novices at swimming, (d) biological maturation (≤ 2) (Tanner’s
scale) [14], and participation in the sport at least after their fifth year of age [15]. Exclusion
criteria were (a) non the inclusion, (b) pharmaceutical treatment, (c) any disorder, or
(d) participation in another sport during the intervantion.

A total of 40 swimmers participated in the intervention. Twenty-three of them com-
pleted all of the measurements and had more than 75% percent attendance, while none of
them continued the follow-up measurements. The 23 novice swimmers (13 boys, 10 girls),
(Median, SD) aged 9.0 ± 0.9, were recorded for their height, weight, training age, atten-
dance, training volume, and Tanner’s scale, which is a five-point scale which defines
physical measurements of development based on external primary and secondary sex
characteristics. Humans’ biological maturation affects learning ability [15] (Table 1).

Table 1. Swimmers’ anthropometrics and intervention details.

Groups Age
(y)

Height
(m)

Weight
(kg)

Tanner
(n)

Training Age
(y)

Attendances
(n)

Training Volume
(m)

CG 9.1 ± 0.8 1.4 ± 0.1 33.8 ± 8.1 1.5 ± 0.7 2.2 ± 1.1 16.3 ± 2.1 400 ± 100
AG 9.0 ± 0.9 1.4 ± 0.1 33.3 ± 5.7 1.5 ± 0.5 3.0 ± 1.9 16.1 ± 2.8 200 ± 100

CG = Control Group, AG = Alternative Group.

Then, the 23 swimmers were randomly split into two groups according to demo-
graphic characteristics (age, height, weight, Tanner’s scale, training age, (p > 0.05)) (Table 1),
the baseline values of the Kicks time (sec) test (p > 0.05), and their preference. These groups
were the control (CG) and alternative (AG), in which 11 and 12 swimmers participated, re-
spectively. Before the intervention all the swimmers and their parents were informed about
the study’s process and the safety of the measurements. Then, a consent form was signed
by parents to ensure swimmers’ participation. The study was planned and conducted
according to the Code of Research Ethics of Aristotle University of Thessaloniki.

2.2. Intervention’s Details

A parallel randomized design was used to compare the effects of two swimming
learning programs (Standardized (CG) vs. Alternative (AG)) in-water skills, swimming
technique and performance, and salivary cortisol concentration. The duration of the
intervention was eight weeks [16], with three training sessions per week [17] and one
day off between each session. The duration of each training session in both groups was
45’ and included 3–4 exercises. The repetitions of each exercise occurred according to
the swimmers’ ability to make it successful. The intervention was conducted in an open
17.5 m pool, 27 degrees Celsius, during the summer months (June to August) at Sohos,
Thessaloniki, Greece. No follow-up period was occurred because it was the summer
holiday period for all the participants.

Groups’ training sessions comprised swimming exercises for the skills of start and sink
and for the styles of backstroke and breaststroke. These skills were chosen because they
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are necessary for those ages. Additionally, the styles of backstroke and breaststroke were
chosen because of the difference in the move’s symmetry, the multiple muscle activation,
and the novelty of their use compared with freestyle, which is usually used in studies.

The main difference between the groups (CG and AG) was the approach that the
skills and styles were taught. The CG followed a usual training approach which contained
standardized exercises that swimming instructors use in high repetitions. On the other
hand, the AG used alternative exercises named Tec Pa, in which the children had to use their
imagination, and during each exercise experience from daily situations was added with the
use of different kinds of objects which helped the children to make a more precise move.

The study was organized with the contribution of five swimming coaches to ensure
the blinded measurements and objectivity. Thus, one coach was used to plan the swimming
sessions, one to train both groups according to the plans, two more to assess the swimmers
in the three measurements during the intervention, and the last one to analyze the variables
by which the swimmers were assessed.

2.3. Alternative vs. Standardized Exercises

Table 2 and Appendix A show some of the exercises that were used between the two
groups. The target of both groups was to instruct the same skills and technique but with a
different approach. Tec Pa’s alternative exercises were targeting to increase the swimmers’
imaginations and the ability to find solutions during an exercise.

Specifically, the swimmers sometimes had to play the role of a soldier, fire worker,
diver, etc., using different objects which helped them to precisely perform the skills or
the styles’ moves. In contrast, the CG had to perform a number of exercises in which the
swimmers should follow the coach’s demands without the use of their imagination or of
some objects that could help the learning process.

Table 2. Exercises between CG and AG.

CG AG Learning Target
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Table 2. Cont.
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2.4. Measurements

The measurements occurred before (June), in the middle (4 weeks) (July) and at the
end (8 weeks) (August) of the intervention (Table 3). At the beginning of each month
and in the same day, the children were evaluated for their technique (Backstroke (BK),
Breaststroke (BR)), then for their swimming skills (Start, Sink 1 & 2) and performance. In
the middle of the intervention (4th week), in the second training session of the week the
salivary cortisol was collected before and after swimming training.

Table 3. Measurements’ schedule.

0 Weeks 4 Weeks 8 Weeks

Technique Technique Technique
Skills and Performance Skills and Performance Skills and Performance

Saliva cortisol concentration
(Before and After training)

2.5. Technique’s Evaluation

Swimmers in both groups and in the three measurements were evaluated in BK and
BR techniques by the same experienced swimming coach with the use of Tec Pa cards [18].
Tec Pa is an evaluation tool which assesses six key points of a swimming styles’ technique.
These key points are the position of the head, the position of the body, the elbows, the
knees, the ankles, and the full body coordination. All swimmers in each group had to
swim 15 m of each style (BK and BR) with the command to swim slowly and as carefully as
possible. Their unique attempts in both styles were recorded on a camera which was placed
on a high spot for better evaluation from the coach. Then, one coach assessed swimmers’
technique by watching the videos and recording swimmers’ scores via Tec Pa.

2.6. Skills and Performance Measurement

After the evaluation of the technique, the Skills and Performance evaluation followed.
The skills included “Start”, in which the swimmers had to enter the pool first with their
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hands and then with the other parts of the body. Then, they had to swim for 5 m as far
as the pool’s rope keeping their head outside the water. When the swimmers reached
the pool’s rope, they performed the first of the two dives, “Sink 1”. The swimmers had
to dive under the lane’s rope without any of their body parts touching it. After the first
dive they swam for another 5 m as far as the opposite side of the pool. The exact process
was repeated while performing the second dive “Sink 2”, and the skills measurement was
finished.

Skills were recorded as successful, with one point, or unsuccessful, with zero points.
Additionally, the time that the swimmers needed to complete these Skills (Skills’ Time) was
recorded. When the swimmers completed the skills, they took a kickboard and immediately
continued with the kicks’ performance (Kicks’ Time), in which the swimmers covered the
distance of 35 m as fast as possible. At the end of this process, the coach stopped the stop-
watch (TYR Z - 100 LAP) and the swimmers had completed their try (Figure 1). To ensure
the reliability of the measurements, during the evaluation of swimmers’ performance, the
try of each swimmer were recorded via a digital video camera (Sony DCR-HC52 MiniDV
Handycam Camcorder with 40x Optical Zoom). Additionally, the coach had an assistant
coach who was observing all the processes and was noting the result of each swimmer.
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Figure 1. Skills and Performance test. i = Start: Entrance in the pool, ii = Sink 1: Dive under the
pool’s lane for first time, iii = Swim: Swim until the opposite side of the pool, iv = Sink 2: Dive under
the pool’s lane for second time, v = Kicks’ Time: Took the kickboard for the 35 m of free kick.

The conceptualization of this skills and performance test was chosen to make the
children feel that they were participating in a game instead of the usual test that several
authors utilize to evaluate children’s’ performance. Both groups enjoyed that type of
evaluation and this gave confidence to the children for further training participation.

2.7. Saliva Cortisol Concentration

The saliva cortisol concentration measurement occurred only at the fourth week of
the intervention to examine the children’s mood between the two swimming learning
programs. A total of 0.5 ml of saliva was collected from all the swimmers before and
immediately after the swimming training. Saliva was collected in tubes that were saved
in a portable fridge, then the samples were analyzed in the laboratory with the ELISA
method [19].

The measurement’s validity was ensured by following the process of Hanrahan
et al. [20]. Thus, the children were informed to avoid food, liquid consumption, brushing
their teeth, and chewing gum 30 min before the measurement. At the end of training, five
minutes before the sampling, swimmers washed their mouth with cold water.
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2.8. Statistical Analysis

The variables’ values were shown as median with standard deviation (±). Descriptive
statistic and test of normality (Shapiro–Wilk) (p > 0.05) for all the variables were used for
a sample of fewer than 50 participants. Categorical variables of “Start” and two “Dives”
(Sink 1, Sink 2) between the two groups were analyzed using Fisher’s Exact Test (χ2) for
2 × 2 Table. Additionally, Chochran’s Q Test was used to examine possible difference
between three measurements.

Continue variables of performance and technique were analyzed with the parametric
analysis of two–way ANOVA with repeated measures (group * measurements), checking for
possible within or between subjects’ effects. Additionally, the measurements were checked
for Homogeneity and Sphericity (p > 0.05). When homogeneity did not meet, the ratio of
G2/G1 was checked (G2/G1 > 1.5). Additionally, Mauchly’s test and Greenhouse Geisser
were used for the measurements’ sphericity. Possible statistically significant difference
between subjects’ effects were analyzed via Syntax, making pairwise comparisons between
groups with Bonferroni’s post hoc test.

Additionally, two–way ANOVA was used to measure cortisol concentration (groups *
measurements), checking Levene’s test for homogeneity (p > 0.05) and possible interaction
between groups with Wilk’s lambda. In all continuous variables, the Effect Size (ES) with
Partial Eta square (η2) were calculated. The analysis was performed with the statistical
software IBM SPSS Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp. The level
of significance was set at a = 0.05.

3. Results
3.1. Categorical Variables
Start, Sink 1, and Sink 2

According to Fisher’s exact analysis, the categorical variable of “Start” had a statis-
tically significant difference, with a greater percentage of successful tries, in AG, at the
first (CG = 9.1% (1/11 participants) vs. AG = 58.3% (7/12 participants), p = 0.027) and
third (CG = 63.6% (7/11 participants) vs. AG = 100% (12/12 participants) (p = 0.037))
measurement, respectively. Additionally, according to Cochran’s analysis both of “Start”
(p = 0.001), “Sink 1” (p = 0.003), and “Sink 2” (p = 0.046) variables, there was a statistically
significant difference between the three measurements (Table 4).

Table 4. Percentage of successful tries within groups in the three measurements.

Start (N%) Sink 1 (N%) Sink 2 (N%)

M CG AG Fisher’s
(p–Value)

Cochran’s
(p–Value) CG AG Fisher’s

(p–Value)
Cochran’s
(p–Value) CG AG Fisher’s

(p–Value)
Cochran’s
(p–Value)

M 1 9.1 58.3 0.027 *
0.001 **

36.4 50 0.680
0.003 **

45.5 66.7 0.414
0.043 **M 2 36.4 66.7 0.220 90.9 83.3 1 45.5 75 0.214

M 3 63.6 100 0.037 * 90.9 75.0 0.590 100 75 0.217

M = Measurement, M 1 = Measurement 1, M 2 = Measurement 2, M 3 = Measurement 3, CG = Control Group, AG = Alternative Group,
* = Statistically significant difference within groups (Fisher’s, p–value), ** = Statistically significant difference between measurements
(Cochran’s, p–value).

3.2. Continuous Variables

According to the normality test (Shapiro–Wilk), normality was found in a sample
with fewer of 50 participants (p > 0.05), thus followed parametric analysis in all continuous
variables.

3.3. Skills Time, Kick Time, Sum Time

Box’s test of equality of covariance metrices found statistically significant differences
(p = 0.000), and thus analyzed the ratio of G2/G1. The ratio was less than 1.5, so there was
not any violation of homogeneity. Mauchly’s test for the sphericity analysis, in Skills, Kick,
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and Sum Time, was less than 0.75 (p < 0.05). Thus, to avoid any violation of sphericity,
we checked Greenhouse Geisser. The degrees of Freedom were modified for Skills Time
(F (1.165, 24.486) = 3.695, p = 0.061), Kicks Time (F (1.391, 29.218) = 3.862, p = 0.046), and
Sum Time (F (1.266, 26.580) = 4.391, p = 0.038).

In between subject effects, statistically significant difference interactions were found
in the Skills Time between groups in (F (1,21) = 9.720, p = 0.005, η2 = 0.316). Thus, Syntax
analysis and, specifically, Bonferroni pairwise comparisons were utilized to find the dif-
ferences between groups. The difference observed at the first measurement (40.4 ± 16.5
vs. 26.0 ± 5.3 sec, (95% CI (3.925, 24.802)), p = 0.009). Moreover, a statistically significant
difference was found overall between measurements (p < 0.001) (Table 5).

Table 5. Performance variables within groups in the three measurements.

Skills Time (sec) Kicks Time (sec) Sum Time (sec)

M CG AG Eta (η2) CG AG Eta (η2) CG AG Eta (η2)

M 1 40.4 ± 16.5 * 26.0 ± 5.3
0.316

112.9 ± 34.7 ** 93.8 ± 24.7
0.035

153.8 ± 49.5 ** 120.4 ± 27.0
0.101M 2 30.4 ± 7.7 ** 26.3 ± 5.7 77.8 ± 11.2 ** 80.8 ± 21.4 108.0 ± 11.9 ** 107.3 ± 26.3

M 3 26.8 ± 5.2 ** 23.2 ± 3.8 77.2 ± 12.8 72.7 ± 17.4 105.1 ± 13.3 95.8 ± 20.8

M = Measurement, M 1 = Measurement 1, M 2 = Measurement 2, M 3 = Measurement 3, CG = Control Group, AG = Alternative Group,
* = Statistically significant difference between groups, ** = Statistically significant difference between measurements.

3.4. Saliva Cortisol Concentration

Box’s test of equality of covariance metrices had no statistically significant difference
(p = 0.067); moreover, Levene’s test observed the p–value to be greater than 0.05, suggesting
that there was not any violation in homogeneity. Then, an interaction between groups was
found in the Multivariate test (Wilk’s lambda = 0.599, F (2.000, 20.000) = 6.696, p = 0.006).
In pairwise comparison, a statistically significant difference in the second measurement
was found between groups (CG vs. AG: 0.058 ± 0.12 vs. 0.122 ± 0.12 µg/dl, (95% CI
(−0.99, −0.28), p = 0.001). Moreover, statistically significant decrement in saliva cortisol
concentration was observed between the two measurements, (p < 0.001) (Figure 2).
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3.5. Tec Pa’s Backstroke and Breststroke Scores

Box’s test of equality of covariance metrices found statistically significant differences
(p = 0.044), thus analyzed the Ratio of G2/G1. The ratio was less than 1.5 so there was
not violation of homogeneity. Using Mauchly’s test for Sphericity analysis, in BK and
BR, ε was close to 1 (p > 0.05). Thus, checked Sphericity assumed for measurement (BK:
F (2,42) = 51.388, p = 0.000 and BR: F (2,42) = 15.995, p = 0.000) and for measurement
x group in which there was not any interaction (BK: F (2,42) = 2.491, p = 0.095 and BR:
F (2,42) = 2.245, p = 0.118).

In between subject effects, statistically significant differences were found between
groups in both of BK (p = 0.009, η2 = 0.283) and BR (p = 0.020, η2 = 0.231). Thus, Syntax
analysis and specifically Bonferroni pairwise comparisons were utilized to find the dif-
ferences between groups. In BK, we observed a statistically significant difference in the
third measurement (CG vs. AG: 6.6 ± 1.6 vs. 9.8 ± 1.4, 95% CI (−4.475, −1.931), p = 0.000),
whereas a difference was observed in BR in the second (CG vs. AG: 1.3 ± 1.6 vs. 3.1 ± 2.2,
95% CI (−3.495, −0.126), p = 0.036) and third (CG vs. AG: 1.9 ± 2.5 vs. 4.5 ± 3.1, 95% CI
(−5.031, −0.151), p = 0.038) measurement. Moreover, statistically significant differences
were found between measurements in each group (p < 0.001) (Figure 3).
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4. Discussion

The main objective of the study was to discover if an alternative swimming learning
approach could give beneficial results on primary school-aged novice swimmers. Often,
swimming coaches choose to teach young swimmers a variety of standardized swimming
exercises which increase the boredom and restricts learning effectiveness. On the other
hand, the main findings of the study indicate that a swimming learning approach which
targets creative games and fun could make the swimming training more interesting and
effective on skills and technique learning.

4.1. Movement Perception for Faster Skills’ and Technique’s Learning

The present study was conducted by the participation of young swimmers (7–9 years
old). The aim of it was the children to learn the skills of start and dive, the techniques
of BK and BR, and to improve their performance. The swimmers were chosen at these
ages because according to the literature it is the most crucial age for faster learning [21].
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Additionally, an additional feature of the sample’s selection was that at those ages they
usually start swimming, and the main content of the courses is the specific skills and styles.

The most common learning approach which is used is through standardized exercises
that are constantly repeated and prevent children from developing their imagination and
ideas. In recent years, there has been a tendency to use a more playful approach. Many
studies examined the effectiveness of that kind of training in sports such as track and field,
tennis, football, and general skills, through the use of movements that children use in their
daily routine [1,2,4–8].

The present study was based on the findings of the above research, comparing a
standardized learning training approach with an alternative that targets mimicry and
moving patterns which are usually used in a daily situation. Study results confirm that
an alternative learning approach gives better results [2]. No similar research was found in
swimming to compare the data. Only Magias and Pill [9] used a more distinct approach
which helped the swimmers to develop the perception of the forces exerted on the body
from the water.

The target in AG was to limit the faults that are usually observed at a move during
an exercise and to give the children a better perception of their body movements. In the
existing literature, athletes’ ability to perceive their movement was not mentioned. In
the study, an important learning factor is movements perception. Generally, each child
needs a different learning approach. However, common evidence on a learning process
is the moves perception. Through the perception of an error, it is possible to learn the
technique faster.

4.2. Technique, Skills and Performance

In our study, the alternative exercises provided the opportunity for faster and more
effective skills and technique assimilation. The playful spirit and content of the lessons
created a positive learning background for both BK and BR styles. Additionally, the liquid
element and the forces produced in the water did not seem to affect the children’s learning
ability. Instead, they were found to have a better understanding of their body’s moves.
This finding is in accordance with Magias and Pill’s [9] study results.

On performance variables (Skills’ time, Kicks’ time, and Sum time) in both groups
were observed statistically significant improvements. Probably, the stimuli of the two
training protocols have the same improvement in endurance. However, on AG compared
to the CG less training volume (meters) was used because the emphasis was on the quality
of movements’ execution and not on the quantity.

Additionally, for AG, those workouts, which contained more training volume (m)
than the others, were performed in different directions inside the pool, in contrast to the
CG that followed the usual route from one side of the pool to the other within the pool’s
lane. The target was to differentiate the way that endurance is trained, taking the idea from
the “IAAF Kids” [2] which used road exercises of various directions and obstacles.

In the studies of Papadimitriou and Savvoulidis [22,23], it was stated that endurance
is a parameter that can be improved in childhood with a variety of training stimuli. In
the present study, the training target was to learn the technique of BK and BR, but also,
was to improve endurance. Since the endurance improved in both groups by performing
technical exercises, it is understandable that with less fatigue in training the children can
be improved in endurance.

4.3. Salivary Cortisol Concertation

Salivary cortisol concentration was used to examine children’s exercise stress lev-
els [24]. Researchers use this index to understand the stress levels in acute or long time
periods [25]. According to the literature, salivary cortisol concertation in both infants [26]
and children [27] gave reliable results and showed that children’s mood depends on it and
when they are engaged with one activity the cortisol’s concentration values alter.
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The present study was based on the research of Sims et al., [10] who examined the
effect of service quality in three daycare centers in relation to salivary cortisol concentration,
based on samples taken from children. The results of the research showed that the children
with the highest quality of service at daycare centers had the lowest salivary cortisol values.

In the study, it was found that the salivary cortisol concentration had no statistically
significant difference at the first measurement. Therefore, the 45’ between groups possibly
do not affect the salivary cortisol concentration. According to the literature, cortisol reached
a peak at around 08:30am, then cortisol levels slowly decrease until the completion of the
24 h cycle [28]. Moreover, the circadian rhythm of each person differs, because cortisol’s
Acrophase values vary from 07:59 to 09:05 am [28]. In contrast, statistically significant
decrease was observed from the pre to post training measurements in both groups. The
result is consistent with the literature about the effect of circadian rhythm, low intensity
exercise, and the mood of participation on cortisol’s concentration reduction [10,11,28,29].

Another statistically significant difference which was observed in the second measure-
ment between the groups, indicated that in CG, the cortisol concentration reduced more
than in AG. Additionally, another difference is the rate of cortisol’s reduction during the
respective hours that our measurements were performed. It was found that on children,
the cortisol concentration from 09:30 to 10:15 am reduced by 10.5%, while the AG who
trained at the same hours the reduction rate was 31.4%. Continuing from 10:15 to 11:00 am,
the reduction rate on children is 14.7%, while the CG’s reduction rate was 48.7% [30,31].

The difference between groups is probably due to the fact that at the time of the day the
CG participated, the environmental conditions were more delightful because the sunshine
was more intense and brighter than AG’s hour. Therefore, there is a greater proportionate
decrease in cortisol concentration at the same hours with an increased rate, possibly due
to the circadian rhythm, low intensity exercise, and increased mood. However, further
studies, at these ages are necessary.

4.4. Fear as Attenuate Factor on Skills and Technique’s Learning

According to the results of the study, there was a greater improvement for AG at the
skill of “Start” and at the BK and BR technique. In “Sink 1 and 2” similar improvement
in both groups was observed. However, these two skills are very difficult for children to
assimilate, especially when they are novices, due to the fear that exists when they immerse
their head in the water.

Additionally, another measurement which was found statistically different between
groups was in the first measurement of Skill’s time. That difference was observed because
of the fear that the children felt in the first measurement, mainly in the CG. Thus, they
needed more time to think how to perform each skill.

Usually, fear resulted from a previous traumatic experience or an attempt to protect
themselves from an injury [32]. It is observed that children, when entering the water,
choose to enter on foot or hold their nose to dive. These reactions are observed due to the
safety that children feel when they step on their feet and because of the protection of their
nose and mouth from the water’s possible entry. Therefore, in the study, fear was a reaction
that was observed during the tests and training. After a short time period, the methodical
teaching in both groups was contributed to overcoming the children’s fear. However, AG
overcame this fear faster than CG, because the training’s content was focused on fun and
recreational thinking.

According to the study results, the alternative swimming learning approach could
be used in whole or as part of a training session. Children seem to prefer participating in
a training session which gives the opportunity to think creatively and to learn, without
recurring exhausting exercises. To make this happen, it is important the swimming coaches
have the mood to create alternative solutions which will solve children’s motor learning
difficulties faster than the usual standardized exercises that mostly utilize.
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5. Conclusions

The alternative swimming training program was found to be more efficient or equally
effective, compared to the standardized method, for teaching the skills of “Start” and
“Sink”, at the improvement of BK and BR technique, at performance, and in the reduction
of salivary cortisol concentration. Therefore, it is helpful for coaches to steer their swimming
learning programs to the alternative form to achieve faster and more effective learning
outcomes.

6. Study Limitations

In the present study, the swimmers’ age that was used in the intervention did not
meet in any other study. Thus, the evaluation of skills and performance variables in those
ages is novel. Despite this, there are some limitations in the study that probably affect the
results of the study (Table 6).

Table 6. Study’s limitations.

Limitation Problem Future Solution

The weather conditions were unstable. Limited the presence of children
in the training. To take part in an indoor pool.

Due to illness, the presence of some
children was small.

Smaller samples were used for the
statistical analysis. Smaller intervention periods.

The start time of training differed
between the two groups by 45 min.

The AG had earlier training than CG,
thus there were complaints from the
children of AG.

The training must be starting at the same
time, probably on different days.
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Appendix A. Weekly Training Plan between Groups (CG vs. AG)

2nd Week

Days Monday Wednesday Friday

Target CG AG CG AG CG AG

Entrance in the
pool

Starts from the
pool side

Press the
cockroaches

with your foot
and get in the

pool

Starts from the
pool side

Get in the cycle
from the pool’s

side

Starts from the
pool side

Hands
skateboard with

pool noodle
until all body

enters the pool

Back stroke’s
body position

and kicks

Kicks with the
kick board in

different
positions

Clean the pool
from the balls

with kicks

Kicks with the
kick board in

different
positions

Swimming
holidays

around the pool
with a pool
noodle on

hands

Kicks with the
kick board in

different
positions

Battles with tie
ropes on hips

Breaststroke’s
stroke

coordination

Making the
move outside
the pool, then

in the water the
same moves

Karate lesson
outside the

pool, then the
same move
with a pool

noodle on the
chest

Making the
move outside
the pool, then

in the water the
same moves

Karate lesson
outside the

pool, then ball
hunting

Making the
move outside
the pool, then

in the water the
same moves

Karate lesson
outside the

pool, then the
same move
with a pool

noodle on the
chest

Sinking in the
water

Grabbing the
wall of the pool,
sink the body in

the water

Dive grabbing a
rope which is

tie in the pool’s
bottom

Grabbing the
pool’s wall, sink
of the body in

the water

Dives with a
slide at the side

of the pool

Grabbing the
pool’s wall, sink
of the body in

the water

Dive grabbing a
rope which is

tie in the pool’s
bottom
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Abstract: (1) Background: the present study aimed to evaluate the effect of different types of warm-
ups on the strength and skin temperature of Paralympic powerlifting athletes. (2) Methods: the
participants were 15 male Paralympic powerlifting athletes. The effects of three different types
of warm-up (without warm-up (WW), traditional warm-up (TW), or stretching warm-up (SW))
were analyzed on static and dynamic strength tests as well as in the skin temperature, which was
monitored by thermal imaging. (3) Results: no differences in the dynamic and static indicators of
the force were shown in relation to the different types of warm-ups. No significant differences were
found in relation to peak torque (p = 0.055, F = 4.560, η2p = 0.246 medium effect), and one-repetition
maximum (p = 0.139, F = 3.191, η2p = 0.186, medium effect) between the different types of warm-ups.
In the thermographic analysis, there was a significant difference only in the pectoral muscle clavicular
portion between the TW (33.04 ± 0.71 ◦C) and the WW (32.51 ± 0.74 ◦C) (p = 0.038). The TW method
also presented slightly higher values than the SW and WW in the pectoral muscles sternal portion
and the deltoid anterior portion, but with p-value > 0.05. (4) Conclusions: the types of warm-ups
studied do not seem to interfere with the performance of Paralympic Powerlifting athletes. However,
the thermal images showed that traditional warm-up best meets the objectives expected for this
preparation phase.

Keywords: warm-up; muscle force; performance; resistance training; thermal imaging; physiology
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1. Introduction

The warm-up was identified as essential to maximize the athlete’s performance in
different sports and physical activities [1]. When addressing performance in adapted sports
and Paralympic powerlifting, the warm-up has also been presented as a determinant for
performance [1]. Warm-ups aim to improve nerve conduction, combined with an increase
in temperature [2–4]. Specific warm-ups have been shown to improve strength [5–7],
however, variations in the type of warm-up can be harmful [8].

The warm-up performed before training and competitions seems to increase body
temperature, providing a decrease in stiffness, an increase in the rate of nerve conduction
and an increase in metabolic efficiency [2,3], an improvement in muscle strength and power
production [9], and an improvement in mechanical efficiency and contraction speed [10,11].
In this sense, it seems that during short-term static stretching, neuro-muscular activation
and muscle-tendon stiffness seem to be unaffected. Among other factors, this may be due
to an elevated muscle temperature, which tends to lead to an increase in the speed of con-
duction of muscle fibers and a better binding of contractile proteins (actin, myosin) [12,13],
and stretching can provide this improvement.

On the other hand, with specific warm-ups with higher loads, the capacity to produce
force tends to increase [14], that is, the force tends to improve [7]. A specific warm-up tends
to increase strength, improving efficiency, training intensity, with improvements in strength
and velocity [14–16]. However, variations in the type of warm-up can be harmful [8].
Currently, there is no consensus between the effect of different types of warm-ups [17–19],
and the indications of the types of warm-ups are still very controversial [7]. Thus, the
study raised the following hypotheses regarding strength and temperature: (i) traditional
warm-up tends to be better; (ii) warm-up as stretching tends to be better; and (iii) there are
no differences between the types of warm-up.

Therefore, the present study aimed to evaluate the effect of different types of warm-
ups on the strength and skin temperature of Paralympic powerlifting athletes. It was
hypothesized that the warm-up methods are not capable of altering the performance of
Paralympic powerlifting athletes.

2. Materials and Methods
2.1. Sample

Fifteen male Paralympic powerlifters volunteered for this study. Every participant
was a competitor involved in national competitions and was eligible for this sport under the
International Paralympic Committee (IPC). All participants met the functional classification
criteria of the IPC [20], with disabilities in the lower limbs, with the unique classification
being legible and ineligible. Participants were required to have participated in a minimum
of one competition at the national level over the past 12-month period and the average
prior experience in the sport was 2.43 ± 1.03 years. The physical impairments of the
participants were varied as follows: four had spinal cord injuries at or below the eighth
thoracic vertebra, four had amputations, two had polio, one had cerebral palsy, and one
had arthrogryposis. The participants mean age and body mass was 28.47 ± 5.79 years
and 81.75 ± 17.33 kg, respectively. Body mass was assessed with specifically adapted
equipment as described by Resende et al. [19].

The athletes participated voluntarily and signed an informed consent form in accor-
dance with Resolution 466/2012 of the National Commission for Research Ethics (CONEP)
of the National Health Council and the ethical principles of the latest version of the Decla-
ration of Helsinki 2013 (and the World Medical Association). This study was approved by
the Research Ethics Committee of the Federal University of Sergipe, CAAE: 2.637.882 (date
of approval: 7 May 2018).

2.2. Experimental Design

The study comprised 3 weeks which included 9 sessions separated by a minimum of
48-h. The first three sessions (Week 1) were dedicated to baseline measurements of thermal
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images on Session 1, and to familiarization with the dynamic strength tests on Session 2
(1-RM and mean propulsive velocity) and the isometric strength tests on Session 3 (impulse,
variability, peak torque). In Week 2 (Sessions 4 to 6), the participants performed in random
order the three experimental conditions herein (3 types of warm-ups) followed 10-min
later by the dynamic strength tests [21]. Skin temperature was measured immediately
post-warm-up. In Week 3 (Sessions 7 to 9), the participants performed in random order the
three experimental conditions herein (3 types of warm-ups) followed 10-min later by the
isometric strength tests.

All testing was performed in an acclimated room, at the same time of day for and
under the same environmental conditions (23 ◦C to 25 ◦C of temperature and relative
humidity of ~60%). The athletes were asked to maintain the same routine during the
evaluation days, avoiding strenuous exercise and refraining from consuming caffeine for
48-h before the test. This can be explained once caffeine tends to interfere in power, velocity,
in static and fatigue states, which could interfere in the study’s results [22–25].

The three types of exercise condition in terms of warm-up were: (i) exercise without
any previous warm-up; (ii) exercise after traditional warm-up (which included dynamic
resistance exercises); and (iii) exercise after a stretching warm-up (including 3 exercises
as shown in Figure 1). A full explanation of the three types of war-up is described else-
where [19,26].
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Figure 1. Stretches used as a warm-up method (a) shoulder, (b) triceps, and (c) pectoralis major.

2.2.1. Stretching Warm-Up

The participants performed only three static stretching exercises for deltoids, chest,
and triceps, as is shown in Figure 1 [26]. Stretching was performed gradually and slowly
until the discomfort threshold at the subjective limit point and thus remained in the position
for 30 s. The exercises were repeated 3 times with an interval of 10 s [26].

2.2.2. Traditional Warm-Up

The participants performed the previous warm-up for the upper limbs, using three
exercises (abduction of the shoulders with dumbbells, military press with dumbbells, and
medial and lateral rotation of the arm to warm up the rotator cuff with dumbbells) with
a set of 20 repetitions in approximately 10 min. Subsequently, a specific warm-up was
performed on the bench press using only the barbell (20 kg) without extra weight, with
10 slow repetitions (3.0 × 1.0 s, eccentric × concentric) and 10 fast repetitions (1.0 × 1.0 s,
eccentric × concentric). Next, the participants performed five repetitions at 30% of 1RM,
followed by three repetitions at 50% of 1RM, a repetition at 70% of 1RM, a repetition at
80% of 1RM, and a repetition at 90% of 1RM. Between the series, the participants rested for
5 min [19,26].

2.3. Procedures
2.3.1. Skin Temperature Measurement

Thermal image acquisition was performed in a room prepared without natural light,
with no airflow directed to the collection site. Ambient temperature conditions were
maintained at around 24 ◦C ± 1 ◦C, and relative humidity around 50% using an air
conditioner and monitored by a hygrometer (HIGHMED, model HM-01, USA) [2].
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Participants were instructed not to perform vigorous physical activity in the previous
24 h, not to consume alcohol or caffeine, and not to use any type of cream or lotion on the
skin in the 6 h immediately prior to the evaluation. To obtain the thermograms, the athlete
remained seated and did not make sudden movements, did not cross the arms, and did
not scratch for a period of at least 10 min for acclimatization [2,27].

Images were captured by an infrared camera model FLIR T640sc (Flir, Stockholm,
Sweden) measuring range −40 ◦C to 2000 ◦C, accuracy 2%, sensitivity < 0.035, an infrared
spectral band of 7.5–14 µm, refresh rate of 30 Hz, resolution of 640 × 480 pixels. The
software used for thermal image analysis was FLIR TOOLS (Flir, Stockholm, Sweden).
The region of interest evaluated was the anterior and posterior faces of the trunk and
arms [2,28]. Figure 2 presents an illustration of the thermal images acquired.
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[2,28]. Figure 2 presents an illustration of the thermal images acquired. 
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attempts. A valid and reliable [30] linear position transducer (Chronojump, BoscoSystem, 
Barcelona, Spain) was attached to the bar to measure the velocity of movement. The 
maximum speed averages were collected with the 1-RM load [31]. 

2.3.3. Isometric Force Measurements (Impulse, Variability, and Peak Torque) 
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a distance of 15 cm from the chest. Impulse, variability, g and peak torque (PT) were 
measured with the help of a force sensor (Chronojump, BoscoSystem, Barcelona, Spain) 

Figure 2. Illustration of the regions of interest (ROI) in the thermal images acquired.

2.3.2. Dynamic Strength Measurements (1-RM and Mean Propulsive Velocity—MVP)

In every testing herein, a 2.1 m long official adapted bench (Eleiko Sport AB, Halmstad,
Sweden), approved by the International Paralympic Committee [20], was used. The barbell
was a 2.2 m long, 20 kg weight official bar (Eleiko Sport AB, Halmstad, Sweden). The 1-RM
assessment in bench press exercise was performed following the protocol proposed by
Fleck and Kraemer [29]. A 3.0 to 5.0 min rest was provided between attempts. A valid and
reliable [30] linear position transducer (Chronojump, BoscoSystem, Barcelona, Spain) was
attached to the bar to measure the velocity of movement. The maximum speed averages
were collected with the 1-RM load [31].

2.3.3. Isometric Force Measurements (Impulse, Variability, and Peak Torque)

The isometric evaluation was performed by having the participants press the bar
at a distance of 15 cm from the chest. Impulse, variability, g and peak torque (PT) were
measured with the help of a force sensor (Chronojump, BoscoSystem, Barcelona, Spain)
and a goniometer FL6010 (Sanny, São José dos Campos, Brazil). Details of this testing can
be found elsewhere [19].

2.4. Statistical Analysis

After confirmation of normality and homogeneity assumptions, one-way ANOVA
with Bonferroni’s post hoc was performed to compare the measurements post- the three
types of warm-up. A repeated-measures analysis of variance was used to evaluate the per-
formance between the warm-up conditions, followed by Bonferroni post hoc comparison
tests. To check the effect size, partial Eta squared (η2p) was used, adopting values of low
effect (≤0.05), medium effect (0.05 to 0.25), high effect (0.25 to 0.50), and very high effect
(>0.50) for ANOVA [32]. A d value <0.2 was considered a trivial effect, 0.2 to 0.6 a small
effect, 0.6 to 1.2 a moderate effect, 1.2 to 2.0 a large effect, 2.0 to 4.0 a very large effect, and
≥4.0 an extremely large effect [33]. Cohen “d” was calculated as the difference between the
mean divided by the pooled SD to estimate the effect size for between-lift comparison [32].
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All statistical analyses were performed using the computerized package Statistical Package
for the Social Science (SPSS), version 22.0 (IBM Corp, Armonk, NY, USA). The level of
significance was set at p < 0.05. Data are presented as means (X) ± standard deviation (SD)
and 95% confidence interval (95% CI).

3. Results

The participants’ 1-RM in bench press was 119.07 ± 43.15, which corresponded to a
mean of 1.50 ± 0.38 times their body mass. Values above 1.4 (1RM/body weight) in the
bench press, are considered to classify elite athletes [34].

The results found in the dynamic indicators of force, MPV, and power, and static
indicators of force, impulse, and variability in relation to the different types of warm-up
are shown in Table 1.

Table 1. Dynamic and static force indicators (mean ± standard deviation, 95% CI) in relation to
different types of warm-up.

Warm-Up
MPV (m/s)

X ± DP
(IC 95%)

Power (W)
X ± DP
(IC 95%)

Impulse (N.s)
X ± DP
(IC 95%)

Variability (N)
X ± DP
(IC 95%)

Without
Warm-up (A)

0.12 ± 0.06
(0.09–0.16)

137.69 ± 90.80
(87.41–187.97)

4022.23 ± 1341.43
(3279.36–4765.09)

46.74 ± 30.06
(30.10–63.38)

Traditional
(B)

0.11 ± 0.05
(0.09–0.14)

128.86 ± 69.70
(90.26–167.46)

3964.91 ± 1240.10
(3278.17–4651.66)

40.57 ± 17.72
(30.76–50.38)

Stretching
(C)

0.10 ± 0.04
(0.07–0.12)

105.77 ± 50.77
(77.65–133.88)

3740.41 ± 1114.96
(3122.96–4357.85)

41.26 ± 23.42
(28.29–54.22)

A vs. B p = 0.62
d = 0.18

p = 0.77
d = 0.11

p = 0.90
d = 0.04

p = 0.50
d = 0.25

A vs. C p = 0.29
d = 0.39

p = 0.25
d = 0.43

p = 0.54
d = 0.23

p = 0.58
d = 0.20

B vs. C p = 0.55
d = 0.22

p = 0.31
d = 0.38

p = 0.61
d = 0.19

p = 0.93
d = 0.03

p 0.272 0.383 0.293 0.999
η2p 0.122 ## 0.116 ## 0.121 ## 0.030 #

p < 0.05 (ANOVA two-way, and Bonferroni post hoc, ES η2p). A vs. B; A vs. C and B vs. C (test t and ES Cohen
“d”). ES: effect size, # low effect, ## medium effect. MPV: mean propulsive velocity.

Table 2 shows no differences in the dynamic and static indicators of the force in relation
to the different types of warm-up. The results found for peak torque (Nm) and 1 maximum
repetition (kg) are shown in Figure 3.

Table 2. Skin temperature over active muscles in different types of warm-up (mean ± SD and CI 95%).

Muscles WW
(◦C)

TW
(◦C)

SW
(◦C) WW vs. TW WW vs. SW TW vs. SW p-Value η2p

Pectoral
Sternal

31.77 ± 1.18
(31.11–32.42)

32.23 ± 0.80
(31.79–32.68)

32.06 ± 1.09
(31.45–32.67)

p = 0.238
d = 0.456

p = 0.505
d = 0.255

p = 0.642
d = 0.178 0.261 0.091 a

Pectoral
Clavicular

32.51 ± 0.74 *
(32.10–32.92)

33.04 ± 0.71 *
(32.65–33.43)

33.02 ± 0.55
(32.72–33.32)

p = 0.064
d = 0.731

p = 0.049 *
d = 0.782

p = 0.934
d = 0.031 0.038 * 0.276 b

Anterior
Deltoid

32.31 ± 0.69
(31.93–32.69)

32.52 ± 0.78
(32.09–32.95)

32.64 ± 0.60
(32.31–32.97)

p = 0.457
d = 0.285

p = 0.230
d = 0.465

p = 0.061
d = 0.741 0.145 0.099 a

Triceps 31.47 ± 0.93
(30.96–31.99)

31.99 ± 0.54
(31.70–32.29)

32.01 ± 0.80
(31.57–32.46)

p = 0.082
d = 0.684

p = 0.112
d = 0.623

p = 0.939
d = 0.029 0.108 0.193 a

* p < 0.05 (ANOVA). (WW in comparison with TW). η2p = partial eta square. “a”: medium effect and “b”: high effect. d: Cohen’ d. WW:
without warm-up, TW: traditional warm-up and SW: stretching warm-up.
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Figure 3. Evaluation of (A) peak torque (N.m) and (B) 1 repetition maximum (Kg), with different
types of warm-up. WW: without warm-up, TW: traditional warm-up, and SW: stretching warm-up.

No significant differences were found in relation to the (A) peak torque (p = 0.055,
F = 4.560, η2p = 0.246 medium effect), and (B) 1 repetition maximum (p = 0.139, F = 3.191,
η2p = 0.186, medium effect) between the different types of warm-up.

4. Discussion

The objective of our study was to evaluate the different types of warm-up: without
warm-up, traditional warm-up, and warm-up with stretching, on thermographic and
strength indicators. The results of the mean propulsive velocity (MPV) did not show
differences between the types of warm-up, however, the condition without warm-up
(WW) was the one that presented the highest average propulsive speed (1.12 ± 0.06 m/s),
followed by traditional warm-up (TW) (0.11 ± 0.05 m/s), and warm-up with stretching
(SW) (0.10 ± 0.04 m/s).

A study that evaluated the influence of specific warm-up on strength performance
found that participants were able to achieve a higher propulsive speed in the second and
third sets in the squat, and with a tendency to decrease propulsive speed in the bench press.
The time for propulsive speed was shorter after a warm-up with progressive intensity,
demonstrating that speed can be affected by warm-up, tending to decrease with more
activities [7]. In the horizontal bench press, the MPV does not tend to be greater at the
beginning of the training, which is explained by the lower muscle mass involved, when
compared to other exercises, in addition to being a relatively simple movement [35]. Thus,
it seems that a more relaxed muscle tends to establish a higher speed than after a more
traditional warm-up. The reduction in movement speed during strength work tends to
indicate fatigue [14,36]. On the other hand, stretching exercises for sports training [37]
and for maximum tests or for competition are highly questionable and would normally
be related to loss of performance [38]. Still, the elapsed time of the warm-up with the
use of stretching must observe an interval greater than three minutes before the warm-up
continues [26].

Concerning power, despite not showing differences between the three types of warm-
ups, the condition without warm-up showed a higher power (137.69 ± 90.80 W), followed by
traditional warm-up (128.86 ± 69.70 W), and warm-up with stretching (105.77 ± 50.77 W).
If we consider that power is the product of strength times speed, speed in resistance train-
ing can be considered very important when assessing muscle strength [39,40]. Whether
traditional or even with pre-activation, the warm-up aims to increase the muscle tempera-
ture, the activation of the motor unit, and the myofiber water content [41,42]. Moderate
to heavy exercises with loads varying between 20–90% of a maximum repetition tend to
improve sprint and jump, especially in participants trained and familiar with the exercise
load [43,44]. However, our findings indicate that WW and TW tend to be better than SW.
On the other hand, contrary to this, dynamic and static stretching tend to be favorable as a
warm-up strategy [12,26]. In active individuals, dynamic stretching increased the height of
the vertical jump. On the other hand, agility tends to be positively impacted by stretching.
Dynamic stretching can improve an athlete’s power [45].
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The same kinetics occurred in relation to the static components of the force, where
there were no differences in impulse, and the WW method obtained the highest value
(4022.23 ± 1341.43 N.s), followed by TW (3964.91 ± 1240.10 N.s) and of the SW
(3740.41 ± 1114.96 N.s). In the same direction, the participants tested after 6.0 min of
swimming warm-up or warm-up on land, with three repetitions (pull-over at 85% of the
maximum of one repetition). Speed, force, acceleration, impulse, rate of force development
(RFD) were evaluated. Warm-up on land with higher loads increased RFD (34.52 ± 16.55
vs. 31.29 ± 13.70 N/s; ∆ = 9.35%), and stroke rate (64.70 ± 9.84 vs. 61.56 ± 7.07 Hz;
∆ = 5.10%) compared to traditional water warm-up but decreased speed, strength, accel-
eration, impulse and power [46]. That is, traditional warm-up can decrease the impulse,
and a lighter warm-up tends not to decrease the impulse. Likewise, exercises with high
load resistance have been used to facilitate the improvement of neuromuscular perfor-
mance. Traditional warm-up has its use restricted, despite its specificity and practicality for
sports performance. Thus, when verifying the effect of repeated exercises on performance,
where 43 participants were evaluated performance was quantified through vertical jump,
relative thrust, and normalized peak strength at baseline. No improvements were found
for the relative impulse in repeated trials, the sixth trial was significantly less than the
baseline (2.35 ± 0.38 vs. 2.26 ± 0.35 N·s·kg; p ≤ 0.001). This indicates that the repetition of
traditional warm-ups can lead to fatigue, which tends to interfere with performance [47].

In variability, although there are no differences between the types of warm-up, the
least variability was TW (40.57 ± 17.72 N), followed by SW (41.26 ± 23.42 N) and WW
(46.74 ± 30.06 N). This may indicate that traditional warm-up tends to promote a more
stable situation on a muscular level than other warm-up types, noting that there were no
significant differences between the warm-up methods.

There were also no differences in peak torque, however, the WW method showed
higher values (409.58 ± 120.99 Nm), followed by TW (393.74 ± 118.48 Nm) and SW
(373.14 ± 103.51 Nm). One study evaluated standard warm-up or drop jump (plyometric
protocol) or a slow walk (control protocol). Post-activation potentiation was assessed by
changes in isometric muscle contractions. The plyometric protocol increased the peak
contraction torque (PTT), the rate of torque development (RTD) and the impulse signif-
icantly (by 23, 39 and 46%, respectively). Peak contraction torque, RTD, and impulse,
decreased significantly after standard warm-up. Thus, standard warming did not enhance
but may have reduced the muscle’s ability to generate strength [48]. The data in this study
contradict our findings.

In the 1RM test, the three methods also showed no differences, however, the TW
method (114.80 ± 34.98 kg) showed higher values, followed by the SW (114.53 ± 35.20 kg)
and the WW (113.80 ± 34.80 kg). A specific warm-up can increase the production of strength
after maximum or almost maximum muscle stimulation [14]. The effects of warming on
athletic success have gained great attention in recent studies. Authors [19] evaluated
different types of warm-up, with the participation of 15 elite Brazilian male athletes from
Paralympic powerlifting (age, 24.140 ± 6.21 years; body weight, 81.67 ± 17.36 kg). A
significant difference was observed for the maximum isometric strength, in the without
warm-up (WW) in relation to traditional warm-up (TW) and stretching warm-up (SW)
(p = 0.005, η2p = 0.454, high effect). On the other side, no significant differences were
observed in the RFD, fatigue index (FI), and time in the different types of warm-up (p > 0.05).
No significant differences were observed in relation to the maximum repetition (p = 0.121,
η2p = 0.275, medium effect) or the maximum speed (p = 0.712, η2p = 0.033, low effect)
between the different types of warm-up. The different warm-up methods do not seem to
provide significant differences in strength indicators in this population, and this could be
explained by the displacement they use to the upper limbs, the target of the study [19].

In the thermographic analysis, there was a significant difference only in the pectoral
muscle clavicular portion between the TW (33.04 ± 0.71 ◦C) and the WW (32.51 ± 0.74 ◦C)
(p = 0.038). The TW method also presented slightly higher values than the SW and WW
in the pectoral muscles sternal portion and in the deltoid anterior portion, but with a
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p-value > 0.05. These results are in agreement with authors who studied thermal response
to resistance training [49]; since traditional warm-up involves specific resistance exercises
for the primary muscles that are recruited in the main work.

The physiological reason for the increase in skin temperatures observed in the pec-
toral muscle clavicular portion (TW protocol) might be the increase in the recruitment of
motor units, which occurs during the traditional warm-up, needed to prepare the mus-
cles for the considerable effort needed to overcome the weight of the barbell and give it
acceleration [50].

Authors [49] reported an increase in skin temperature over the muscles that were the
main responsible for the movement requested after the exercise. Neves et al. [28] reported
that the warming of ROI in arm exercise seems to be related to exercise volume. In this sense,
since the traditional warm-up protocol included a large volume of exercises, it promoted
an increase in blood flow to the pectoral muscle clavicular portion and, consequently, a
greater heat dissipation by the skin over this muscle.

From the hypotheses raised, our findings, and the confrontation with the literature,
we ended up supporting the idea that, for Paralympic athletes, the type of warm-up tends
not to impact performance in terms of temperature and strength indicators.

The study used the functional classification adopted by the International Paralympic
Committee. Thus, it can be mentioned as limitations of this study, the control of variables
such as balance, food, and life habits.

5. Conclusions

It can be concluded that the type of warm-up does not seem to interfere with the per-
formance of Paralympic powerlifting athletes. However, although there are no significant
differences between the warm-up methods, the thermal images showed that traditional
warm-up best meets the objectives expected for this preparation phase. In a competition, it
could be enough to provide better performance and classification.

The results found may have been influenced by the condition of being in a wheelchair
and requiring the use of the upper limbs and trunk muscles for displacement, thus pro-
moting the maintenance of these muscle groups in a state of activity similar to what is
observed after the warm-up protocols.

Another important point is that in high-level competitions and especially in the
Paralympic Games, many weight categories were classified by results with differences of
less than 5.0%. In this sense, in competitions, when determining the type and warm-up,
the traditional would be the best indicated in high-level competitions and, in training, any
type of warm-up could be used.
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Abstract: Visceral adipose tissue (VAT) has high metabolic activity and secretes a larger number of
adipokines that are related to the inflammatory process. Quantifying VAT could estimate the risk of
developing Metabolic Syndrome (MetS). This study was designed to determine the VAT cut-off points
assessed by DXA associated with MetS in military men. In total, 270 (37.5 ± 6.9 years) military men
from the Brazilian Army (BA) participated in the study. Anthropometric measurements, assessment
of body composition by dual X-ray absorptiometry (DXA), hemodynamics and biochemical tests
were performed. The Student’s t test, independent samples, Person’s correlation, ROC curve, Youden
Index and positive (PPV) and negative predictive value (NPV) were used. The MetS prevalence
was 27.4%, which means that 74 (38.0 ± 7.3 years) military men had at least three risk factors of
MetS present. The cutoff point of VAT with the highest balance between sensitivity (77.0%) and
specificity (69.9%) was 1025.0 cm3 (1086.0 g). An area on the ROC curve was 0.801 (p < 0.000), which
was very good precision. VAT ≥ 1025.0 cm3 (1086.0 g) is associated with the risk factors of MetS and
is, therefore, a predictor of the disease with good indicators of sensitivity and specificity and a robust
indicator of MetS.

Keywords: visceral adipose tissue; military; metabolic syndrome; cut-off points; DXA

1. Introduction

Obesity is characterized by excessive accumulation of adipose tissue with damage
to health and it is considered a worldwide epidemic conditioned mainly by the food and
physical activity profile [1]. It is also the main risk factor for Chronic Non-communicable
Diseases (NCDs) such as diabetes, stroke, hypertension, cardiovascular diseases and
Metabolic Syndrome (MetS) [1]. The global prevalence of MetS in the population varies ac-
cording to the diagnostic criterion used and geographic and sociodemographic factors [2,3].
The latest consensus, Joint Interim Statement (JIS), pointed out that about 20% to 25% of
the world’s adult civilian population has three of the five risk factors for the disease [4]. A
recent study, using JIS criteria and involving 2719 (27.7 ± 8.59 years) male military selected
to participate in the United Nations peacekeeping mission in HAITI, showed that 12.2% of
the soldiers had risk factors for MetS [5].

Scientific evidence shows that MetS is associated with obesity, mainly with the accu-
mulation of visceral adipose tissue (VAT), and consequently with cardiovascular risk [3,6].
Even if the subcutaneous adipose tissue (SAT) represents about 80% of the total body
fat, it is VAT that has greater metabolic activity secreting a large number of adipokines,
such as Leptin, which are related to inflammatory processes [7]. Furthermore, VAT is also
considered as an independent risk factor for pathophysiological changes in MetS [3]. Thus,
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quantifying the VAT may be key to assess the risk of developing NCDs, including metabolic
complications [3,7,8].

Some anthropometric measurements can estimate the amount of VAT, including waist
circumference (WC) and associate it with risk factors, but these present limitations [9].
However, imaging techniques such as computed tomography (CT) and magnetic imaging
resonance (MIR) can be accurately measured VAT and associated with some risk factors [10].
However, they expose the patient to high radiation [10]. The view of this dual X-ray
absorptiometry (DXA) is a reference method for assessing body composition with the
advantages of high precision, low radiation and short scanning time [11,12].

Despite the fact that some studies have investigated the association between excess
VAT and the association with cardio-metabolic risk, few have proposed VAT cutoff points
using DXA [11–19]. Only two studies, using GE’s DXA, were found to associate VAT with
cardio-metabolic risk factors [18,19]. However, no study involving VAT cut-off points asso-
ciated with MetS in militaries has been found. A cutoff point can facilitate the diagnosis of
people with the risk factors for metabolic syndrome, preventing them from being subjected
to biochemical tests, blood pressure assessment and anthropometric measurements.

In this context, the objective of the present study was to determine the VAT cutoff
points assessed by “DXA” associated with MetS in military men.

2. Materials and Methods
2.1. Study Design and Population

This is a cross-sectional study carried out in a convenience sample of 270 male military
men, aged 22 to 60 (37.5 ± 6.9) years. They were selected from the group of volunteer
military personnel who participated in the MetS Monitoring Program conducted by the
Brazilian Army Physical Fitness Research Institute (IPCFEx) between 2017 and 2019. In
this program, all military men received a complete health assessment by specialized
professionals from IPCFEx. Active-duty male military personnel who were students
at the Army Command and General Staff School (ECEME), the Officer Improvement
School (EsAO) and the Sergeants School of Logistics (EsLog) were included. In addition,
militaries selected to integrate individual peacekeeping missions of the United Nations
and militaries from BA Organizations in the city of Rio de Janeiro were included. Military
retired personnel and those who underwent any type of recent abdominal surgery were
excluded. Female military personnel were also excluded due to the small number evaluated
(only 27 women had participated until the end). This is illustrated in Figure 1.
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All the participants signed the informed consent form when they became aware of the
procedures and risks to which they would be submitted. This research was registered in
the National Research Ethics System, submitted and approved by the Ethics Council of the
Naval Marcílio Dias Hospital, n◦ 1.551.242, CAAE n◦ 47835615.5.0000.5256 on 11 July 2019.

2.2. Data Collect

This took place in the IPCFEx laboratories in four stages during the same day in the
morning, with the participant fasting for 12 h overnight. Blood samples were included
for biochemical analysis in the IPCFEX Clinical Analysis Laboratory. Blood pressure
assessment, anthropometric and body composition evaluation by DXA were realized in
the IPCFEX Body Composition Laboratory.

2.3. Blood Collection and Biochemical Analyzes

Initially, blood samples (8 mL) were collected, in vacutainer tubes without antico-
agulant, by a trained professional from 7 to 9 a.m. The blood samples were analyzed
immediately after collection. Serum aliquots were separated after centrifugation (3000 rpm
for 15 min) in the device model Centurion vector inverter system with 32 tubes (Centurion
Scientific, Stoughton, Chichester, UK). The concentrations of triglycerides (TG), glucose
(GL) and high-density lipoprotein (HDL-c) were determined using a biochemistry ana-
lyzer, model bt 3000 plus (Wiener Lab, Rosário, BA, Argentina). The serum levels were
analyzed using the endpoint enzymatic colorimetric methodology, with GOD-PAP (glu-
cose oxidase + peroxidase) by spectrophotometry, in the case of GL, GPO/PAP (glycerol
phosphate oxidase + peroxidase), in the case of TG and colorimetric without precipitation
CHO/PAD/TOOS (N-ethyl-N-3-disodium toluidine), in the case of HDL-c. The collections
followed all the recommendations of the Brazilian Society of Clinical Pathology/Laboratory
Medicine and according to Resolution n◦ 306/2004 from National Health Surveillance
Agency for the management and disposal of samples [20,21].

2.4. Blood Pressure Assessment

Afterwards, Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP) were
measured according to the Brazilian Guideline of Arterial Hypertension for the Use of
Ambulatory Blood Pressure Monitoring of the Brazilian Society of Cardiology [22].

2.5. Anthropometric Evaluation

Then, military men underwent an anthropometric assessment, conducted by two
physical education professionals from the IPCFEx, following the protocol standardized
by Fernandes Filho [23]. The technical errors of measurement inter and intra-evaluators
were considered acceptable, being 1.35% and 0.97%, respectively [24]. Total body mass
(BM) was determined with those evaluated in the orthostatic position (OP), barefoot, using
only a bathing suit a digital scale, model P150M (Lider, Araçatura, São Paulo, Brazil),
with a maximum load of 200 kg. Height was measured with a metal stadiometer (Sanny,
São Bernarndo do Campo, São Paulo, Brazil), with an accuracy of 2 mm. The subjects
were standing, in OP, keeping contact with the device by the heel. To measure the WC,
an anthropometric measuring tape, model SN 4010 (Sanny, São Bernarndo do Campo,
São Paulo, Brazil), was used, with those evaluated in an OP and the abdomen relaxed. WC
was measured at the point with the lowest circumference line of the last rib with the tape
placed in a horizontal plane and with the individual in respiratory apnea, to minimize
possible instability in the spine.

2.6. DXA Body Composition

The body composition assessment was performed using DXA, iLunar model, from
GE Healthcare (GE Healhcare, Madison, WI, USA), with the enCore 2015 software (ver-
sion 14.10.022). Before each acquisition DXA scanner was calibrated according to the
manufacturer’s instructions [12,14,16]. Furthermore, the calibration column phantom was
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applied weekly. From the scan of the whole body, the data of total fat mass (FM), total
lean mass (LM), percentage of total body fat (%BF-DXA) and the fat mass index (FMI),
FM (kg)/Height2 (m2), were obtained. VAT was measured and a region-of-interest is
automatically defined whose caudal limit is placed at the top of the iliac crest and its height
is set to 20% of the distance from the top of the iliac crest to the base of the skull to define
its cephalad limit [12,14,16]. VAT mass (g) was automatically transposed into volume (cm3)
using a constant correction factor (0.94 g/mL). The measurements in the calibration block
(daily) presented acceptable coefficients of variation 1.0% [12,14,16].

2.7. MetS Diagnosis

The diagnosis of MetS followed the parameters of the JIS with a combination of three
or more cutoff points: central obesity (WC men ≥ 90 cm), HDL-c (men ≤ 40 mg/dL
and/or use of medication for control), TG (men ≥ 150 mg/dL and/or use of medication
for control), GL (men ≥ 100 mg/dL and or use of medication for control) and high levels
of SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg and/or use of medication for control [4].

2.8. Statistical Analysis

Descriptive statistics were performed to characterize the sample universe surveyed
using the measures of location (mean) and dispersion (SD). The Kolmogorov–Smirnov
test was used to test the normality of the data distribution. In this sense, a parametric
analysis was used. The Student’s t-test, from independent samples, compared the an-
thropometric, hemodynamic, biochemical and body composition variables of the DXA
among the military personnel without MetS risk factors (WMetSRF) and with the referred
risk factors (MetSRF). The variation coefficient percentage (%CV) was calculated using
the formula: %CV = (standard deviation (SD)/mean) × 100. To measure the reliability of
measurements it was calculated the intra-class correlation coefficient (ICC) and Cronbach’s
alpha coefficients (α). The effect size was calculated by Cohen’s d [25]. The Pearson corre-
lation test was used to verify the association with the VAT obtained by DXA (VAT-DXA).
The Receiver Operator Characteristic (ROC) curve was constructed to establish the VAT
cutoff points. The Youden Index was used to determine the performance of the test and to
determine more precisely which cutoff point of VAT with more balance [26]. The positive
predictive values (PPV) and negative predictive values (NPV) were defined, respectively,
as the probability that the military present the risk factors for MetS based the VAT equal to
or above the cutoff point and does not present the risk factors by the VAT below the cutoff
point [27]. The level of significance adopted was 95% (p < 0.05) and statistical analyses
were performed by SPSS version 17 (Armonk, Nova York, NY, USA).

3. Results

After applying the criteria for the diagnosis of MetS, 74 militaries were diagnosed
with the disease, a prevalence of 27.4%. Table 1 presents the general descriptive data
of the 270 male military personnel evaluated and the comparison between the MetSRF
and WMetSRF groups. Military personnel diagnosed with MetS had significantly higher
anthropometric, hemodynamic, body composition and biochemical measurements than
the group without the diagnosis (p < 0.05). Height alone was not significantly different
between groups. Furthermore, the size of the effect in most of parameters was “large”
(d = 0.80–1.29) [25]. Only four parameters showed “medium” effect size (d = 0.50–0.79) [25].

Table 2 shows the associations among anthropometric, hemodynamic, biochemical,
body composition and VAT-DXA (cm3) variables by groups. In the group without risk
factors for the disease, strong and significant associations were observed between VAT and
BM, FM, BMI, FMI, %BF-DXA and WC. This group also presents significant associations
between VAT and age, LM, TG and glucose. VAT was negatively associated with HDL-c
concentrations. In the MetSRF group VAT had strong association with FMI, FM, %BF-DXA
and WC and moderate association with BM and BMI. In addition, it presented a weak
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association with age and glucose. In both groups, no associations were found between VAT,
height, SBP and DBP.

Table 1. Descriptive data of the military evaluated and comparison between groups (n = 270).

Parameters (n)
WMetSFR

(196) MetSFR (74) p Value * Effect
Size (d) 95%CI ICC CV α

Mean ± SD Mean ± SD

Age 36.0 ± 6.3 38.0 ± 7.3 0.026 0.30 0.04–0.57 0.421 1.71 0.448
Height (cm) 177.5 ± 6.0 177.5 ± 6.2 0.829 0.02 0.23–0.29 −0.061 1.61 −0.060

BM (kg) 80.9 ± 12.3 94.5 ± 12.3 0.000 0.98 0.70–1.26 0.084 2.18 0.108
BMI 25.7 ± 3.6 29.8 ± 6.2 0.000 1.03 0.76–1.32 0.150 6.61 0.197

LM (kg) 58.8 ± 5.9 62.5 ± 6.5 0.000 0.60 0.33–0.88 −0.038 0.36 −0.041
FM (kg) 20.8 ± 8.4 28.9 ± 8.7 0.000 0.95 0.67–1.23 0.024 10.28 0.030

FMI (kg/m2) 6.6 ± 2.6 9.2 ± 2.7 0.000 0.97 0.69–1.25 0.044 13.30 0.057
%BF-DXA 24.5 ± 6.7 30.1 ± 5.7 0.000 0.87 0.59–1.15 0.029 8.41 0.037
VAT (cm3) 806.4 ± 597.6 1550.6 ± 716.8 0.000 1.18 0.89–1.46 −0.189 27.87 −0.296

VAT (g) 761.2 ± 563.9 1462.8 ± 676.2 0.000 1.18 0.89–1.46 −0.189 27.85 −0.296
WC (cm) 87.1 ± 8.6 96.3 ± 7.6 0.000 1.14 0.85–1.42 −0.087 1.98 0.121

Triglycerides (mmol/L) 83.4 ± 38.0 117.8 ± 55.7 0.000 0.78 0.51–1.06 0.011 1.71 0.014
Glucose (mmol/L) 94.5 ± 8.6 100.7 ± 10.0 0.000 0.58 0.41–0.96 −0.361 0.82 −0.367
HDL-c (mmol/L) 54.4 ± 16.0 46.9 ± 10.8 0.000 0.52 0.24–0.79 0.087 8.08 0.101

SBP (mmHg) 117.1 ± 9.7 130.0 ± 12.8 0.000 1.21 0.92–1.49 −0.319 1.56 −0.628
DBP (mmHg) 80.0 ± 6.2 90.0 ± 11.3 0.000 1.28 0.98–1.56 −0.007 4.80 −0.010

WMetSRF: military group without metabolic syndrome, MetSRF: military group with metabolic syndrome, SD: standard deviation,
%CV: Coefficient of variation, ICC: intra-class correlation coefficient, α: Cronbach’s alpha coefficients, BMI: body mass index, WC: waist
circumference, BM: total body mass, FM: total fat mass, LM: total lean mass, FMI: fat mass index, %BF-DXA: percentage body fat,
VAT: visceral adipose tissue, HDL-c: high-density lipoprotein, SBP: systolic blood pressure, DBP: diastolic blood pressure. DXA: dual X-ray
absorciometry. * p value obtained by Student’s t-test. (d) Cohen’s d Effect Size.

Table 2. Correlation between VAT-DXA and independent variables of militaries without MetS and
with MetS.

Variables VAT-DXA

WMetSRF MetSRF

Independent Variables r * p * r * p *

Age 0.280 0.000 0.363 0.000
Height (cm) 0.071 0.323 0.124 0.291

BM (kg) 0.775 0.000 0.548 0.000
BMI 0.800 0.000 0.644 0.000

FMI (kg/m2) 0.872 0.000 0.747 0.000
LM (kg) 0.331 0.000 0.056 0.637
FM (kg) 0.880 0.000 0.722 0.000

%BF-DXA 0.825 0.000 0.722 0.000
WC (cm) 0.885 0.000 0.836 0.000

Triglycerides (mmol/L) 0.260 0.000 0.164 0.163
Glucose (mmol/L) 0.216 0.002 0.343 0.003
HDL-c (mmol/L) −0.175 0.014 −0.138 0.241

SBP (mmHg) 0.033 0.643 0.019 0.874
DBP (mmHg) 0.119 0.098 0.127 0.282

WMetSRF: military group without metabolic syndrome, MetSRF: military group with metabolic syndrome,
BM: total body mass, FM: total fat mass, LM: total lean mass, FMI: fat mass index, %BF-DXA: percentage body fat
DXA, VAT: visceral adipose tissue, WC: waist circumference, HDL-c: high-density lipoprotein, SBP: systolic blood
pressure, DBP: diastolic blood pressure, * p value obtained by Person correlation.

VAT cutoff points with degrees of sensitivity and specificity and predictive values
are shown in Table 3. A VAT cutoff point that showed best balance in the specificity and
sensitivity test was 1025 cm3, which corresponded to 1086 g, with a sensitivity of 77.0%,
specificity of 69.9%, PPV of 49.1% and NPV of 89.0%.
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Table 3. VAT cutoff points with other relationships of sensitivity, specificity and predictive values.

VAT Cutoff
(cm3)

Sensitivity
(%)

Specificity
(%) Youden Index ** PPV (%) NPV (%)

48.0 100.0 0.0 0.00 27.4 0.0
568.5 95.9 44.9 0.41 39.7 3.3
811.5 85.1 57.7 0.43 43.3 91.1

1025.0 * 77.0 69.9 0.47 49.1 89.0
1417.0 56.8 83.2 0.40 56.0 83.6
2062.5 23.0 95.9 0.35 69.2 77.0
4201.0 0.0 100.0 0.00 27.2 100.0

VAT: visceral adipose tissue, * more balanced VAT cutoff found, ** index evaluation of the overall discriminative
power of a diagnostic procedure, PPV: positive predictive value, NPV: negative predictive value.

This statement can be seen in the analysis of the ROC curve (Figure 2), which revealed,
with the help of the Youden Index, PPV and NPV, that the VAT cutoff point with the greatest
balance between sensitivity had an area on the ROC curve was 0.801 (p < 0.001) [26,27].
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4. Discussion

The present study determined the VAT cutoff points assessed by DXA associated with
MetS in BA military men. At the end, it was observed that the VAT ≥ 1025 cm3, which is
equivalent to 1086 g, showed a better ability to predict the disease in these individuals.

The prevalence of MetS has grown exponentially in the world and in Brazil, even in
military personnel that have good physical conditioning [5,28–30]. Recently, Rostami and
collaborators (2019) postulated, after a systematic review with meta-analysis, that the aver-
age prevalence of MetS in military personnel from the Armed Forces of the four continents
is 8.0% [30]. They also suggested that the prevalence in this group is lower when compared
to the civilian population, because they are encouraged to have a healthier lifestyle and to
perform physical training with regular frequency [30].

In Brazil, a survey involving military and MetS analyzed 1383 military personnel from
the Brazilian Navy, in active service, and concluded that the prevalence of MetS was 17.6%,
being the HDL-c the most prevalent risk factor in the population, which was present in 43%
of the individuals, followed by high blood pressure (26.3%), hypertriglyceridemia (19.3%)
and fasting glucose (6.6%) [29]. Likewise, Fortes et al. postulated that the prevalence of
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MetS in 2719 (27.7 years) Brazilian military personnel selected to participate in the UN
peacekeeping mission in HAITI, from 2014 to 2017, was 12.2%, using the JIS criteria [4].
They also stated that both WC and BMI can be considered as good predictors of changes
in the physiological markers of MS, especially in the military [4]. This prevalence was
lower in relation to that found in the article under discussion (27.4%) whose average age
was 38.0 years, therefore higher than in the surveys mentioned above. Perhaps here is the
answer to this difference, as the prevalence of MetS increases with age, regardless of the
diagnostic criteria used [2–4,30].

It is well described in the literature that biochemical, anthropometric and blood
pressure markers are altered in the presence of MetS [5,29–31]. Rosa and collaborators
found significantly lower mean values of WC, HDL-c, SBP and DBP in Brazilian military
personnel without MetS risk factors, indicating a lower risk of DCNs [28].

Gámez et al. conducted a prospective cross-sectional survey with 51 Cuban military
personnel MetSRF and 43 WMetSRF and found that %BF, HLD-c, glucose, TG, SBP, DBP
and WC variables showed greater differences between group means. Similar to the findings
described above, the study under discussion suggests that military personnel diagnosed
with MetS risk factors have significantly worse health indicators when compared to in-
dividuals without risk [31]. The data obtained in this study confirm those described in a
recent systematic review, suggesting that people diagnosed with MetS have a worsening in
quality of life when compared to those who presented the disease [32].

In recent years, DXA has been a reliable alternative to CT and MRI to estimate total and
regional fat [12,17,18]. In the present research, the VAT found in the individuals with MetS
was significantly higher compared to the group WMetSRF; in fact, it was almost double.
Current findings describe the occurrence of an association between VAT, measured by DXA,
with cardiac and metabolic risk factors including high levels of glucose, hypertension,
increased WC, BMI and high %BF, but none of the studies evaluated this outcome in the
military population [6,7,12–19].

On the other hand, Sasai et al. prove that the VAT of adults, with BMI ranges from 19
to 54 kg/m2, was inversely associated with HDL-c and positively with TG, WC, %BF and
BMI, corroborating the finding in the present study [8]. Nicklas and collaborators suggested
that the VAT-DXA of American women, aged 45 to 73 years, is positively correlated with
WC and that, in turn, is related to all risk factors for MetS, except total and low cholesterol
density lipoproteins (LDL) [17]. Another research study showed that the VAT-DXA (cm3)
of 229 women, diagnosed with obesity, was associated with the variables of WC, SBP, DBP,
HDL-c, TG and glucose [18]. In the military, although research involving VAT and risk
factors for MetS was not found, Rosa and collaborators carried out a study with 262 male
soldiers, aged between 19 and 49 years, selected for the peace mission of the UN in Haiti,
using GE’s DXA, iLunar model, and observed an inverse association between HDL-c and
EC, showing indirect instruments that are independent predictors of NCDs [33].

Although research points to the occurrence of associations between VAT and BP, in
the present article, there were not associations between VAT and BP in both groups [34].
Differently from what literature describes, in the group with MetS it was not possible to
observe a negative association between VAT and HDL-c concentration. This association
was only observed in the group without disease. It is possible that the change in HDL-c
does not accompany the change in VAT, justifying the absence of association in this group.

Considering the scientific literature studied, VAT cutoff points were not found; these
were measured by DXA, in cm3, and associated with MetS in the active military population.
The first cutoff point associated with metabolic and coronary risk was established by
Nicklas and collaborators had used GE’s DXA, model DPX-L Lunar, which presents
VAT in area (cm2) [18]. The results of this study showed that women, with a mean of
59.0 ± 6.0 years, had a higher risk of having metabolic and coronary problems if they had
a VAT ≥ 163 cm2.

Ten years later, Kelly and collaborators established VAT cutoff points, using the
DXA, Hologic Discovery, also reading in area (cm2) and suggested that women with
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VAT ≥ 100 cm2 would have an increased metabolic risk for coronary heart disease, while
those with VAT ≥ 160 cm2 had an even higher metabolic risk [35].

Only two studies determined VAT cutoff points, in volume (cm3) associated with MetS
risk factors using the GE’s DXA [18,19].

In the first, the researchers obtained cutoff points for women of European and African
American descent (BMI 30.0 kg/m2), using the ROC curve (area under curve, AUC, 0.749)
with a balance between sensitivity and specificity (50%) [18]. This research postulated
cardio-metabolic risk associations for European women with a VAT ≥ 1713 cm3 and for
African American women a VAT ≥ 1320 cm3 [18]. In another finding, involving 421 young
Europeans of both sexes, aged 20 to 30 years, it was observed that, in men, VAT ≥ 761 cm3

was associated with risk factors for cardio-metabolic and VAT ≥ 239 cm3 for women [19].
The area under the ROC curve was 0.914 for men and 0.839 for women [19].

As you can see, the different cutoff points attributed so far vary from one another and
are different from the one found in this article. Part of this difference is attributed to the
way of quantifying the VAT, being in area or volume and to the different characteristics
of the studied populations [17–19,31]. When interpreting the area under the ROC curve
found in the current article, whose value was 0.801 (p < 0.001), it is observed that it has very
good diagnostic accuracy [26,27]. The Youden Index, measuring the performance of the
test, calculated by deducting 1 from the sum of sensitivity and specificity of the test, helped
in the discovery of the cutoff point with more balanced sensitivity (77.0%) and specificity
(69.9%) (Table 2) [15,26,27].

In this study the VAT value ≥ 1025 cm3 (1086 g) showed a better balance relationship
with PPV and NPV. This means that if the military has visceral adiposity ≥1025 cm3 he has
a 49.1% chance of having MetS, and if he has a VAT < 1025 cm3 he has 89.0% chance of not
having MetS.

Unlike sensitivity and specificity, predictive values (PV) are dependent on the preva-
lence of the disease in the population examined. Therefore, the PV should not be transferred
to another population with a different prevalence of the disease. Prevalence affects PPV
and NPV differently. The PPV is increasing, while the NPV decreases with the increase
in the prevalence of the disease in the population. These values of PPV and NPV are in a
medium zone where they have the highest efficiency and the best cost–benefit ratio [27].
A possible explanation for this is in the sample size, as the 57 individuals who presented
risk factors for MetS also had a VAT ≥ 1025 cm3. However, no studies were found in the
literature that involved the positive and negative prediction of MetS and the amount of
visceral adiposity.

It is relevant to understand that the simple comparison of VAT values over time does
not give information on the risk category to which the subject is exposed. With a cut-off
point as a reference, the subjects can have a way to estimate their situation regarding the
risk of being in the condition of MetS with only one exam (DXA). This cut-off point will also
serve as a strategy to complete clinical information in the diagnosis of diseases, especially
in subjects who are facing some metabolic disorders related to excess fat.

It is important to recognize some limitations in the present study: VAT-DXA cutoff
points associated with risk factors for MetS were investigated exclusively in men; the
generalization of the results was restricted to the military men aged between 22 and 60.
Even so, this article presents a strong point because it is the first study that determined
VAT cutoff points (cm3), assessed by DXA, GE iLunar, associated with MetS in military
personnel from BA. It is important to highlight that no other similar study was found in
the scientific literature, even in other populations.

5. Conclusions

The results of the present study suggest that VAT ≥ 1025.0 cm3 (1086.0 g), determined
by DXA, GE iLunar, is associated with risk factors for the disease and can, therefore, predict
it with good indicators of sensitivity and specificity.
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These findings may be can be extrapolated to the Brazilian male population, as the
BA is an institution formed by a heterogeneous sample of Brazilian society. Brazilians
from different regions of the country join the Brazilian army in different ways. Whether by
mandatory military conscription, or by public contests held annually. For this reason, such
findings can be used, in daily clinical practice, by all male Brazilians within the studied
age range.

They can also serve as a support for future investigations and treatments of MetS,
improving the health and quality of life of the military, thus increasing its operability.
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