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Featured Application: This paper sheds light on the intention to design exercise programs for
people with acquired brain injury. This proposal has a direct practical application with athletes
with acquired brain injury with whom we work with every day.

Abstract: Exercise is an important element in the process of recovery from an acquired brain injury
(ABI). However, specific guidance for exercise prescription and interventions in this population
are missed. The aim of this study was to establish the key parameters to design and implement
exercise programs based on the International Classification of Functioning, Disability, and Health
(ICF) domains. A panel of experts that consisted of 13 professionals from neuro-rehabilitation centers
evaluated the key parameters of this original proposal. The Heinemann methodology was used
for all qualitative analyses. Additionally, Cronbach’s alpha was applied to the statistical analyses.
According to the results, Cronbach’s alpha (0.97) indicated excellent internal consistency, and the
experts perceptions ratified the proposed criteria to develop exercise programs for people with ABI.
The proposed key parameters for the development of exercise programs for people with ABI based
in ICF domains (body functions, activity—participation and environmental factors) bring a new,
solid, and innovative tool for methodological design of these programs in sub-acute and chronic
rehabilitation settings.

Keywords: adapted physical activity; international classification of functionality; design exercise

1. Introduction

Acquired brain injury (ABI) is one of the leading causes of disability among people,
the first etiologies being stroke, followed by traumatic brain injury [1,2]. ABI frequently
causes physical, cognitive, emotional, behavioral, and sensory deficits that affect daily
life irrespective of the etiology [3,4], causing a deterioration in functional capacity, and
resulting in a sedentary lifestyle [5] and a low quality of life [6].

In this respect, neuro-rehabilitation strategies during the acute, subacute, and chronic
phases of ABI are based on comprehensive and multidisciplinary approaches with little
differences between etiologies [7,8]. In fact, Rehabilitation Centers include people with
different ABI etiologies who receive group therapies for physical, cognitive, and behav-
ioral recovery, and also individual therapies according to their abilities, their evolution
moment, or the specific brain damage [9]. This heterogeneity of the collective appears as
not decisive in exercise and sport programs, in which the specific personal functionality
and participation possibilities are key in order to establish adequate guidelines to promote
health-oriented exercise programs [10].
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To achieve the best rehabilitation outcomes it is necessary to take into account factors
that can influence motor skills, social interaction skills, and age [11], and to maximize
its effectiveness it is crucial to individualize treatment plans [12]. Despite all the above,
more evidence is needed to determine the best strategies during the subacute and chronic
phase [13]. It is remarkable that during the subacute phase the multidisciplinary team will
set the goals for the recovery, while in the chronic phase the person usually returns to his
environment and can have greater autonomy on their own decisions and choices [14].

Exercise, defined as a structured, planned, repetitive, and directed PA [15] is consid-
ered essential for functional recovery in people with ABI [16-18]. For this reason, exercise
programs (stressing aerobic, strength, and multicomponent programs) have gained impor-
tance in rehabilitation programs along recent years, especially during subacute and chronic
phase given its positive benefits in improving functional capacity, reduction of sedentary
behavior and, therefore, a lower risk of secondary diseases associated to ABI [19,20].

While positive benefits of exercise as content of rehabilitation programs for people
with ABI have been demonstrated, scarce research is available dealing with evidence-based
recommendations for its prescription, planning, and implementation. Up to now, research
suggest there is no consensus on the recommendations for exercise design programs, find-
ing great diversity of training model as well as the characteristics and components of
these interventions. For instance, diversity in training content (exercise type) is common
in the studies using exercise in ABI rehabilitation programs: strength training shows im-
provements in functional capacity [21,22], but also aerobic exercise and multicomponent
intervention [16,23] have been used with positive results for functional capacity enhance-
ment. There is also diversity in studies dealing with environmental context, where the
exercise is implemented and their positive results on functional capacity are determined,
highlighting aquatic medium [19,24], treadmill [25], or virtual reality [26,27], but no clear
conclusions have been made in the relevance of a given exercise context with respect to
the rest of them dealing with better results on functional capacity of people with ABI.
Exercise is also a key tool to improve cognitive function [28] and health-related quality of
life (HRQoL) [20,29,30].

In people with disabilities, the achievement in the design and the implementation of an
exercise program involves the adequate selection of contents, goal-setting, and the correct
pedagogical practices to stimulate participation [31,32] and adherence to the programs [33].
Although exercise programs have been described for people with ABI in the subacute
and chronic phase, it is necessary to generate a consensus on which exercise aspects most
benefit people with ABIL This endeavor will allow the design and implementation of
exercise programs that will be effective, person centered, and evidence based.

The International Classification of Functioning, Disability, and Health (ICF; [34] orga-
nizes information into two parts (functioning and disability and contextual factors); the
first part covers the body structures and functions, activities, and participation, and the
second part concerns the persons’ environment as well as his or her personality, ensuring
that everything concerning the person (with disability) is taken into account; so it is a
powerful framework that has shown effectiveness in addressing the health status of people
with disabilities in clinical setting, policy, and social care [35,36], and also for athletics
classification [37]. In people with ABI, the ICF approach is used to assess the impact of the
damage [38] in the neuropsychological field [39] and in the exercise field; ICF provides the
key tool in identifying factors that impact participation in physical activity among people
with disabilities [40,41], and the effects of adaptive sports has been investigated according
to the domains of the ICF, finding significant effects except in the environmental factors [42].
For all of the above mentioned, the aim of this study was to establish the key parameters to
design and implement exercise programs in people with subacute and chronic ABI, using
ICF classification as a framework.
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2. Materials and Methods

Our experiment represents a cross-sectional survey. The authors’ institution ethical
committee approved the protocol for this investigation. The study was approved by the
Ethics Committee of the Polytechnic University of Madrid. Data collection procedures
were performed according to the Declaration of Helsinki [43].

2.1. Participants

The members of the expert panel were selected according to a multidisciplinary neuro-
rehabilitation model [8], with regard to the professionals involved in the process of ABI
rehabilitation during the subacute and chronic phase. All professionals bring a key point
of view to take into account in the design of an exercise program that addresses critical
considerations for people with ABI. Twelve professionals, panel experts, from multidisci-
plinary neuro-rehabilitation centers of Spain, participated in the study: two rehabilitation
physicians, two physiotherapists, two occupational therapists, one speech therapist, two
neuropsychologists, two sport instructors, and a social worker. This sample is representative
of the specific rehabilitation model related to the treatment and approach for people with
ABI. To be included in the study, evaluators must have been working with people with
ABI at the time of the study and must have had at least 5 years of experience with ABI
specifically dealing with traumatic injuries, stroke, brain tumors, brain anoxies, and brain
infections. Each participant received an anonymous report with the results of the study. The
participants contributed their perceptions between November 2019 and January 2020.

2.2. Design

In order to develop the criteria proposal (Figure 1), three phases were defined: (1)
design, (2) application, and (3) assess the relevance of the proposed key parameters for
exercise with ABI for exercise professionals. This original proposal was designed based on
the ICF domains by experts in exercise for people with ABI.

1st version of the

Bibliographic review
Phase1l + Content, design struc-

ture of the criteria

key parameters

for exercise with
ABI

Formulation of ad hoc
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Selection of the experts
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Figure 1. Research Design: phases and methodological development of the study.
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For each domain, an ad hoc questionnaire was designed to determine the relevance
and adequacy of each item using a 5-point Likert scale (from 1 [totally disagree] to 5 [totally
agree]), and 15 affirmations to be assessed using a 6-point Likert scale (from 0 [totally
disagree] to 5 [totally agree]) related to characteristics of the key parameters.

2.3. Procedure

All the participants were informed of the purpose and methodology of the study, and,
after providing written consent, they were sent the designed questionnaire via email by
the responsible researcher, including a link with an online form. After completing the
questionnaire, the data were stored. The responses were anonymous.

Phase 1: Selection of key parameters

The key parameters selected are a checklist of criteria based on the ICF, created by
exercise and ABI experts, which includes the heterogeneity of four deficit areas that are
targeted after ABI and how they can be influenced in different environments [19,44-47].
In this regard, the selection of key parameters was based on the subjective and objective
parameter of the ABI approach.

Regarding mental function (b1), the following factors were assessed: attentional pro-
cesses, executive functions, reaction speed, distraction, disinhibition, limitation in dual
tasks, lack of initiative, hard time understanding complex orders, and orientation prob-
lems [4,48,49]. In sensory functions and pain (b2), the assessed factors were as follows: hear-
ing problems and visual deficits, and the level of detection, discrimination, location, and
recognition [38]. In the voice and speech function domain (b3), the following were assessed:
aphasia and apraxia speech disorders and dysarthria due to muscle weakness [50,51].

Medical reports that include cardiac or other pathologies are necessary to understand
the impact of these domains on the functions of the 1) cardiovascular, hematological,
immunological, and respiratory systems (b4); 2) digestive, metabolic, and endocrine sys-
tems (b5); and 3) genitourinary and reproductive systems (b6) in exercise practice. The
neuromusculoskeletal and movement-related function domain includes hypertonia and
hypotonia [52,53], hemiparesis, hemiplegia [54], ataxia [55], and motor apraxia [56]. Fi-
nally, the domain containing functions of the skin and related structures includes lack of
sensitivity or hypersensitivity to pain [57].

As a result of key parameters selection, a checklist of items was develop. In line
with this, Table 1 shows the selected items taking into account ICF body function and
structure domains.

Table 1. Checklist Body Function.

Mental Function (b1)

Increase time required for execution of movements

Establish progression in the performance of dual tasks

Simplify task or progressively increase the number of rules to be assimilated
Design exercises or tasks involving both motor and cognitive actions

Select global-specific or specific-global method according to the cognitive deficits
Vary the use of methodological resources (game, exercise, circuit)

Sensory Functions and Pain (b2)

Perform pain-free movement

Use bright colors and varied shapes

Select material locations according to deficits and using auditory or visual references
Regulate sounds and noises before hyperacusis

Voice and Speech Function (b3)

Use visual elements through body expression, pictograms, or images

Use brief explanations, concise feedback, and positive reinforcement during task
Establish keywords that facilitate technical-user communication

Simplify task or progressively increase the number of rules to be assimilated
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Table 1. Cont.

Functions of the cardiovascular, hematological, immunological, and respiratory system (b4);
functions of the digestive, metabolic, and endocrine systems (b5), and genitourinary and
reproductive functions (b6)

Control the maximum heart rate
Assess possibility if necessary of analysis of the Vo2max through stress test
Assess the need to use a heart rate monitor

Neuromusculoskeletal and movement-related functions (b7)

Know the alteration of static and dynamic balance: walking autonomy. Use technical support, do
activity in safe and supervised space

Assess muscle action and control and control the articular range in which tremor occurs
Understand and restrict movement of the joints and works without pain.

Upper limb: check possibility of gripping with paretic hand with different materials and positions
Lower limb: assess clubfoot, splints or orthotics. Special care in aquatic activities with the
possibility of using weights to hold the foot

Know the potential for hand-eye and foot-eye coordination

Ask the dominant side if has changed due to hemiparesis or hemiplegia

Know the alteration of static and dynamic equilibrium: autonomy

Functions of the skin and related structures (b8)

Regulation of water temperature to avoid spasticity

Take into account sensory lack on the affected side when making transfers, grips, and supports
Check that the auxiliary material does not cause injury to the skin and related structures (Ex: fins
with socks)

Know if there is hypersensitivity in the affected area and if there is, avoid catching him

Related to limitations and participation restrictions domains, an exercise professional
with experience in ABI approach selects the most adequate type of exercise for each person
so that he or she can achieve the highest participation rate. In this regard, work on
self-esteem serves to improve participation [58] so that the person with ABI chooses to
perform activities in an exercise group rather than individually whenever possible [59].
These choices will determine the success of the design and implementation of an exercise
program for ABI [47,60] (Table 2).

Table 2. Checklist Activity and Participation.

Activity and Participation

Choose aquatic activity if there is a risk of falling
Select different teaching methods to ensure the assimilation of basic concepts
Design task that can be performed sitting, standing or moving
Evaluate needs and determine ratio for each person
Assess the level of involvement in practice and set objectives
Generate relaxed and motivating environment
Design tasks that have transfer to activities of daily life

Also, according to environmental factors, it was necessary to understand the techno-
logical possibilities required to generate support and offer accessibility to people with ABI
(Table 3). Additionally, family support, the impact that rehabilitation has on activities of
daily living (ADLs) (Table 2); social relationships, the ability to share the experience with
peers; and other personal characteristics (i.e., education, gender and age) must also be as-
sessed as factors [61,62]. Finally, it is important to have a certified sport professional design
and implement the entire exercise program, and to be connected to a multidisciplinary
team [63], because this interaction could improve the approach to ACL in order to take into
account all the necessary aspects to provide quality of life to this population.
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Table 3. Checklist Environmental factors.

Environmental Factors

Analyze the place of practice ensuring universal accessibility
Incorporate education in values into activities
Know and empathize with the personal situation of each user
Maintain a good relationship with the multidisciplinary team and the family

Phase 2. Formulation ad hoc instrument

To validate the criteria, a questionnaire composed of nine questions was designed:
three questions each related to demographic data, workplace characteristics, and profes-
sional profile. Five-point Likert scales (from 1 [totally disagree] to 5 [totally agree]) were
designed to be related to the domains described in Table 1. Five-point Likert scales (from 1
[totally disagree] to 5 [totally agree]) were also used to determine the relevance of ABI criteria
for exercise based on 15 affirmations. These affirmations were related to the following
topics (adapted from Yoo et al. [64]): feasibility of application; a clear and well-defined
objective; content associated with the ICF domains; aspects related to the evaluation of the
ABI criteria for the exercise approach; perceived as an important therapeutic tool; scientific
bases; sufficient quantity and quality of information; current, contrasted, and updated
information; logical structure; clear and simple explanation; efficiently detailed structure;
appropriate for the therapeutic approach and relationship exercise; and the relationship
between the criteria and ICF domains in relation to the main objective of the study and
its applicability.

2.4. Data Analysis
2.4.1. Qualitative Analysis

After data collection, qualitative analysis was performed following the methodology
proposed by Heinemann [65]. In the first phase, an intensive floating reading was used to
create a general outline of the content and arguments, designing a proposal of identifiable
categories in the answers. After this, analysis of phrases and word was done in order to
organize a category system. In the second phase, data codification and categorization,
and major results, topics, and arguments, were structured by the domains and the experts’
profession. According to the codification, the professional occupation of each expert
was specified as follows: physiotherapist as “PT,” physical activity and sports as “PAS,”
rehabilitation physician as “RP,” neuropsychologist as “NP,” speech therapist as “ST,” social
worker as “SW,” and occupational therapist as “OT.” Each code also included a number,
for example, for the neuropsychologist, expert number one, the codification was “NP1.”

2.4.2. Statistical Analysis

Demographic data were analyzed using descriptive statistics. Cronbach’s alpha was
used to assess internal consistency. According to George & Mallery [66], the following
Cronbach’s alpha ranges were established: >0.9 is excellent; >0.8 is good; >0.7 is acceptable;
>0.6 is questionable; >0.5 is poor; and <0.5 is unacceptable. Media and standard deviation
were used to establish average ratings for items. For statistical analysis, Microsoft Excel
2007 and SPSS V26 were used for the data analysis. The significance was set at & < 0.05.

3. Results

According to qualitative analysis, data analyses showed that only five experts made
observations related to all domains. In this regard, we present the experts’ perceptions
separately for each criterion. Based on the demographic characteristics of the experts,
the majority of the experts were females (69.2%). The experts explained that the pro-
posed criteria to develop exercise programs could be a useful tool in the context of the
ABI approach.



Appl. Sci. 2022,12, 3862

7 of 14

3.1. Mental Health Functions

Regarding mental health functions in the item related to adequacy of the execution
time of movements, ST1 specified that it “would be better to adapt the time, rather than
increase it. In some cases, it may be more important to reduce it, depending on the purpose
of the task.”

3.2. Pain and Sensorial Functions

RP1 stated, “I do not know if it is in your power to control the regulation of sounds
and noises, and in a way, it is also necessary to create habituation to those stimuli.”

In the item related to use of colors and varied shapes, ST1 considered “that you also
have to be careful to create chaos with the variety of colors and shapes [ ... ] and [they]
should be adapted to sensory abilities. Furthermore, it is prudent to “take into account the
size of the stimulus.”

3.3. Voice and Speech Functions

ST1 suggested, “It is important to encourage expression since physical activity is
often motivating and produces physical and emotional sensations that promote expres-
sion.” ST1 also specified, “It’s important to be patient and time for users to communicate
without pressure.”

3.4. System Functions

Regarding items about system functions, RP1 related that “a medical certificate should
be sufficient, especially in patients who by their neurological pathology in theory are
following a control of cardiovascular risk factors.” RP1 also noted, “It’s really not essen-
tial, although it’s an excellent positive feedback when it’s available; in individual work
environments I think if it can be interesting.”

3.5. Neuromusculoskeletal Functions

PT1 indicated, “In the support of the foot, I consider it important to take into account
the support in the use of different surfaces.” In this regard, RP1 explained that “with the
equine-varo, the only thing is that they do not slip in the pool.”

RP1 also stated, “I believe that the control of the action and the tremor are very
analytical parameters that should not modify an activity in the sports field.” Furthermore,
RP1 explained that “the functional approach must prevail.”

3.6. Skin Functions

According to hypersensitivity in the affected area and inability to grip, PT1 considered
that “rather than avoiding grips, I would adapt them.” In line with this view, and related to
the regulation of the water temperature, RP1 noted, “You cannot always modify the water
pool used, and in any case, it differs greatly from the time of activity by the temperature
generated by the body itself.”

3.7. Activity and Participation

PAS1 suggested to include “in the design activities the lying position (both prone and
supine) to detach ourselves from dependence on the aquatic environment.” PAS1 noted, “I
am in favor of referral to the aquatic environment for all the advantages it offers us, but not
that this is necessarily linked to the risk of falling.” RP1 suggested “the benefits of water
are so many that, if there is a risk of falls, it is preferable to manage the patient as if he were
not wandering, before avoiding activities in the aquatic environment.”

Regarding the transfer to ADLs, RP1 explained that “sometimes the patient requires
a purely playful sports environment, and that is what gives him quality of life.” In this
regard, RP1 suggested that “not always being more independent in ADLs implies a higher
quality of life in everyone, sometimes even subtracts.”
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3.8. Contextual Factors

According to contextual factors, RP1 suggested that “sometimes the activity is interest-
ing for a selected group of patients who can access it.” However, RP1 explained, “I do not
share the generic concept of ‘universal accessibility” in this specific sense, I asked.” Related
to incorporating the work of values in the activities, RP1 considered, “It is a positive thing,
but it does not seem essential to me thinking of an environment in which the user is just
looking for independence.” However, PAS2 and ST1 considered that values are important
in the context of exercise approach. ST1 stated, “Values like autonomy, companionship,
and self-esteem are the fundamental onesand it would give a score of five in terms of both
adequacy and relevance.”

Related to quantitative analysis, Table 4 indicates the descriptive relevance and the
adequacy of the criteria. In this regard, the calculated Cronbach’s alpha (0.97) indicated
excellent internal consistency of the ABI criteria for the exercise programs approach.

Table 4. Relevance and adequation per criteria.

Relevance Adequation
Criteria X XS X XS
Body Function 4.54 0.97 4.46 1.50
Establish progression in the performance of dual task 492 0.64 4.92 0.64
Simplify task or progresswely' increase the number of 485 0.69 469 075
rules to be assimilated
Design exercises or ta.sl.< 1nvoly1ng both motor and 477 0.93 477 0.93
cognitive actions
Select global-.speaflc or speglflc—global. method 438 112 438 112
according to the cognitive deficits
Vary in the use of methodological resources 4.69 0.95 4.69 0.95
5.08 0.862 5.15 0.80
Use bright colors and varied shapes 4.46 1.33 4.38 1.19
Select maferlal logatlons agcordmg to deficits and 485 0.80 485 0.69
using auditory or visual references
Regulate sounds and noises before 446 133 454 113
hyperacusis
Use Vlst.lal elgments through body 431 1.60 438 156
expression, pictograms or images
Use brlef gxplar}atlons, concise f.eedback, 454 156 462 1.50
and positive reinforcement during task
Estabhgh keywords that facﬂ}tate 462 1.50 454 151
technical-user communication
Control of the maximum heart rate 5.00 0.82 4.77 1.01
Assess possibility if necessary of analysis of the
Vo2max through stress test 4.92 119 4.69 144
Simplify task or progresswely. increase the number of 531 0.63 508 0.96
rules to be assimilated
Assess the need to use an heart rate monitor 4.46 1.94 4.62 1.90
Select maferlal loFatlons ac.cordmg to deficits and 469 1.5 477 1.09
using auditory or visual references
Know the alteration Qf static and dynamic balance: 500 091 5.00 091
walking autonomy.
Muscular control 4.85 1.29 492 1.26
Understand and restrict movement of the joints and 508 112 508 112
works without pain.
Upper limb functionality 523 0.73 5.15 0.90
Lower limb functionality 5.15 0.80 523 0.73
Know the potential fo1j hapd—eye and 477 1.90 492 0.95
foot-eye coordination
Ask if the dominant side has changed due to 477 0.83 469 0.86

hemiparesis or hemiplegia
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Table 4. Cont.

Relevance Adequation
Criteria X XS X XS
Regulation of water t(ler.nperature to avoid 492 1.26 492 112
spasticity
Regulate sounds and noises before 485 0.99 477 1.09
hyperacusia
Check that the auxiliary material does not cause
injury to the skin and related structures 508 049 492 064
Know if there is hypersensitivity in the 508 0.49 492 0.64

affected area
Activity and Participation
Choose aquatic activity if there is a risk of falling 4.38 1.38 4.08 1.50
Select different teaching methods to ensure the

N . 4.54 1.05 4.62 1.04
assimilation of basic concepts
Design task that can be perfprmed sitting, standing 508 0.64 500 071
or moving
Evaluate needs and determine ratio for each person 5.00 0.58 5.00 0.58
Assess the level of mvc?lve.ment in practice and 469 075 469 0.63
set objectives
Generate relaxed and motivating environment 4.54 0.88 4.69 0.75
Design tasks that haV.e tr.:ansfer to activities of 446 413 462 0.77
daily life
Environmental Factors
Analyze the place of practice ensuring universal
o 4.54 0.88 4.54 0.78
accessibility
Incorporate education in values into activities 4.08 1.04 4.38 0.65
Know and. empathlze with the personal 423 0.93 438 0.88
situation of each user
Maintain a good relationship with the 485 0.38 492 028

multidisciplinary team and the family

The experts rated the 13 affirmations related to the characteristics of the key parameters.
Their average ratings for items related to the ability to apply exercise programs to people
with ABI (M = 4.69, SD = 0.49), efficiently detailed and structured (M = 4.85, SD = 0.38),
and appropriate for the therapeutic approach (M = 4.69, SD = 0.49), were higher than the
other evaluated aspects. The items related to feasibility of application (M = 3.54, SD = 0.52)
and physical format and presentation (M = 3.54, SD = 0.52) showed the lowest averages.
For qualitative data, 5 of the 13 participants made some qualitative observations related to
all the domains. The panel stated that the proposed criteria for the key parameters based
on ICF domain is appropriate to design and implement exercise programs for people with
ABI in sub-acute and chronic rehabilitation settings.

4. Discussion

The aim of this study was to provide an original proposal of key parameters for
exercise professionals to design and implement exercise programs in people with ABI,
using the ICF framework, which has been used previously by other authors when analyzing
participation in physical activity /rehabilitation [40] or classification in sport [37] among
people with disabilities. Concerning Phase 1, regarding the selection of the key parameter,
the proposal respected the ICF structure, including a checklist for each ICF category [34],
responding appropriately in this study to deficits that people with ABI may present and
the factors that could influence recovery [45]. On the other hand, the key parameters
proposal presented to the experts was designed taking into account the most common
ABI deficits (at physical, cognitive, sensory and socio-affective levels), addressing the
functional heterogeneity of this population. In this way, the high results along the items’
score assessment from the experts may come from the adequacy and usefulness of the ICF
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as a theoretical framework, as a crossroad for multidisciplinary approach when dealing
with exercise for ABI.

With regard to Phase 2, according to Alpha Cronbach results, the design of the ad hoc
instrument, the referents “Relevance” and “Adequacy” made it possible to determine the
importance of the items, and the possibility of adding qualitative information allows us
to suppose the effectiveness of the instrument. The topics proposed by [64] collect all the
useful aspects to assess the quality of the original proposal of this study. On the other hand,
as discussed in previous studies, using a heterogeneous panel with experimental experts
could be an appropriate way to achieve the goal [67,68].

“Phase 3” expressed in the design focused on assessing the proposal; the results of this
study indicate the usefulness of the proposed tool. It should be noted that in the domain
“Body Functions and Structures”, items were highly rated, with those items referring to
the limitations of the joints, to avoid pain, to take into account hypersensitivity, and to
check functionality of upper and lower limb. In our opinion, this fact is relevant, given
the multidisciplinary profile of the experts’ panel and the importance of these items for
exercise prescription [69-72]. It is also remarkable that the score regarding establishing
the progression of intensity and duration of the exercise was the highest, which may
indicate the importance of using exercise professionals for the design and implementation
of exercise. In the domain “Activity and Participation”, the items refers to task design
for the functional diversity, and the ratio to maintain quality was highly rated, which
is possibly due to the heterogeneity of this population, which needs a great diversity of
strategies and individualized plans [8,73]. Finally, the domain of “Environmental Factors”
emphasized the item regarding the relationship with the multidisciplinary team and the
family, which highlights the current neuro-rehabilitation model and the role of family in
the recovery process [3,74].

The lack of studies similar to this work makes it difficult to evaluate this original pro-
posal, although the selection of key parameters has been designed by experts in exercise and
ABI [47], and endorsed by a panel of experts that cover all areas of neuro-rehabilitation [75].
One potential line for future studies could be the appropriateness of these results in relation
with virtual /augmented reality exercise programs in ABI rehabilitation (XXXX). Also, in
the future, comparisons between exercise programs for the ABI population based on these
outcomes (or not) should be performed. Assessment of the (expected) cost-outcome ratio of
a (given) program or between different exercise programs should also be studied. Moreover,
the results, taking in consideration the experts profile opinion and experience, provide
strong evidence that this research tool is efficiently detailed, structured, and appropriate
for therapeutic approaches, as it meets the criteria of ABI professionals.

One limitation of the current study that needs to be considered in future research is
related to the quantity of the ABI professionals who participated, also to develop test-rest
to establish reliability of the measurement tool. However, each participant had experi-
ence in the field of ABI evaluation and treatment. One potential line for future studies
could be the appropriateness of these results in relation with virtual/augmented reality
exercise programs in ABI rehabilitation [76]. Therefore, future research needs to focus on
creating a functional assessment tool to derivate people with ABI to the most beneficial
exercise according to the goals of the multidisciplinary team, functional capacity, and
personal characteristics.

5. Conclusions

This study demonstrated the adequacy of the key parameters based on the ICF to
design and implement exercise for people with ABI. The findings presented here suggest
that more interrelation is needed between areas of neuro-rehabilitation and exercise profes-
sionals to achieve high functional recovery and HRQoL in subacute and chronic phase with
people with ABI. Further investigation is required to establish a clinical guide to prescribe
exercise for people with ABI, and to serve as a basis for the exercise professionals.



Appl. Sci. 2022,12, 3862 11 0f 14

Author Contributions: Conceptualization, M.P-R. and ].].G.-H.; methodology, ].P, T.; software, S.G.-
G.; validation, M.P-R., ].P-T.; formal analysis, S.G.-G.; investigation, M.P.-R.; data curation, ].].G.-H.;
writing—original draft preparation, M.P.-R.; writing—review and editing, J.P-T. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Universidad Politécnica de Madrid.

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

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

References

1.

10.

11.

12.

13.

14.

15.

16.
17.

18.
19.

20.

21.

22.

Aidar, EJ.; de Oliveira, R.J.; de Matos, D.G.; Mazini Filho, M.L.; Moreira, O.C.; de Oliveira, C.E.; Hickner, R.C.; Reis, VM. A
Randomized Trial Investigating the Influence of Strength Training on Quality of Life in Ischemic Stroke. Top. Stroke Rehabil. 2016,
23, 84-89. [CrossRef] [PubMed]

Baron, R.; Binder, A.; Wasner, G. Neuropathic pain: Diagnosis, pathophysiological mechanisms, and treatment. Lancet Neurol.
2010, 9, 807-819. [CrossRef]

Belfiore, P.; Miele, A.; Galle, F; Liguori, G. Adapted physical activity and stroke: A systematic review. J. Sports Med. Phys. Fit.
2018, 58, 1867-1875. [CrossRef] [PubMed]

Bergmann, J.; Krewer, C.; Bauer, P.; Koenig, A.; Riener, R.; Miiller, F. Virtual reality to augment robot-assisted gait training in
non-ambulatory patients with a subacute stroke: A pilot randomized controlled trial. Eur. |. Phys. Rehabil. Med. 2018, 54, 397407 .
[CrossRef]

Bertills, K.; Granlund, M.; Dahlstrém, O.; Augustine, L. Relationships between physical education (PE) teaching and student
self-efficacy, aptitude to participate in PE and functional skills: With a special focus on students with disabilities. Phys. Educ.
Sport Pedagog. 2018, 23, 387-401. [CrossRef]

Cullen, N. Acquired Brain Injury: An Integrative Neuro-Rehabilitation Approach. N. Engl. ]. Med. 2019, 357, 2415-2416.
[CrossRef]

Chen, R.; Cohen, L.G.; Hallett, M. Nervous system reorganization following injury. Neuroscience 2002, 111, 761-773. [CrossRef]
Declerck, L.; Kaux, J.F; Vanderthommen, M.; Lejeune, T.; Stoquart, G. The Effect of Adaptive Sports on Individuals with Acquired
Neurological Disabilities and Its Role in Rehabilitation: A Systematic Review. Curr. Sports Med. Rep. 2019, 18, 458—-473. [CrossRef]
Dewan, M.C,; Rattani, A.; Gupta, S.; Baticulon, R.E.; Hung, Y.C.; Punchak, M.; Agrawal, A.; Adeleye, A.O.; Shrime, M.G.; Rubiano,
A.M,; et al. Estimating the global incidence of traumatic brain injury. J. Neurosurg. 2018, 130, 1-18. [CrossRef]

Doussoulin, A ; Rivas, C.; Bacco, J.; Rivas, R.; & Sepulveda, P. Efectos de la espasticidad en la recuperacién motora posterior a un
ACV. Rev. Chil. Neuro.-Psiquiatr. 2019, 57, 377-386. [CrossRef]

Feigin, V.L.; Vos, T.; Nichols, E.; Owolabi, M.O.; Carroll, W.M.; Dichgans, M.; Deuschl, G.; Parmar, P.; Brainin, M.; Murray, C. The
global burden of neurological disorders: Translating evidence into policy. Lancet Neurol. 2020, 19, 255-265. [CrossRef]

Fleming, J.; Kuipers, P.; Foster, M.; Smith, S.; & Doig, E. Evaluation of an outpatient, peer group intervention for people with
acquired brain injury based on the ICF ‘Environment’ dimension. Disabil. Rehabil. 2009, 31, 1666-1675. [CrossRef]
Garcia-Hernandez, J.J.; Gonzalez-Alted, C.; Bilbao, A.; Croche, L.F; Pérez-Rodriguez, M.; Bravo, S.; Hita, L.; Alves, S. Dafio
Cerebral Adquirido. Guia de Actividades Fisico-Deportivas. IMSERSO. 2011. Available online: http://imserso.es/InterPresent2
/groups/imserso/documents/binario/32008danocerebral.pdf (accessed on 27 February 2022).

Garcia-Hernandez, J.J.; Mediavilla-Saldana, L.; Perez-Rodriguez, M.; Perez-Tejero, J.; Gonzalez-Alted, C. Analysis of the effect of
physical group activities in patients with acquired brain injury in the subacute phase. Rev. Neurol. 2013, 57, 64-70.
Garcia-Munoz, C.; Casuso-Holgado, M. Effectiveness of Wii Fit Balance board in comparison with other interventions for
post-stroke balance rehabilitation. Systematic review and meta-analysis. Rev. Neurol. 2019, 69, 271-279.

George, D.; Mallery, P. SPSS for Windows Step by Step: A Simple Guide and Reference; Allyn and Bacon: Boston, MA, USA, 2003.
Gerber, G.J.; Gargaro, ].; McMackin, S. Community integration and health-related quality-of-life following acquired brain injury
for persons living at home. Brain Inj. 2016, 30, 1552-1560. [CrossRef]

Gronek, P.; Adamczyk, J.; Celka, R.; Gronek, J. Cognicise—A New Model of Exercise. Trends Sport Sci. 2021, 28, 5-10. [CrossRef]
Gunn, S.; Burgess, G.H. Factors predicting rehabilitation outcomes after severe acquired brain injury in trauma, stroke and anoxia
populations: A cohort study. Neuropsychol. Rehabil. 2020, 18, 1-32. [CrossRef]

Hall, J.; Morton, S.; Fitzsimons, C.F.; Hall, ].F,; Corepal, R.; English, C.; Forster, A.; Lawton, R.; Patel, A.; Mead, G.; et al. Factors
influencing sedentary behaviours after stroke: Findings from qualitative observations and interviews with stroke survivors and
their caregivers. BMC Public Health 2020, 20, 967. [CrossRef]

Hassett, L.; Tate, R.; Moseley, A.; Gillett, L. Injury severity, age and pre-injury exercise history predict adherence to a home-based
exercise programme in adults with traumatic brain injury. Brain Inj. 2011, 25, 698-706. [CrossRef]

Heinemann, K. (Ed.) Introduccién a la metodologia de la investigacién empirica en las ciencias del deporte. In Introduction to the
Methodology of Empirical Research in Sports Sciences; Paidotribo: Barcelona, Spain, 2003.


http://doi.org/10.1080/10749357.2015.1110307
http://www.ncbi.nlm.nih.gov/pubmed/27078115
http://doi.org/10.1016/S1474-4422(10)70143-5
http://doi.org/10.23736/S0022-4707.17.07749-0
http://www.ncbi.nlm.nih.gov/pubmed/29072029
http://doi.org/10.23736/S1973-9087.17.04735-9
http://doi.org/10.1080/17408989.2018.1441394
http://doi.org/10.1056/NEJMbkrev58754
http://doi.org/10.1016/S0306-4522(02)00025-8
http://doi.org/10.1249/JSR.0000000000000662
http://doi.org/10.3171/2017.10.JNS17352
http://doi.org/10.4067/S0717-92272019000400377
http://doi.org/10.1016/S1474-4422(19)30411-9
http://doi.org/10.1080/09638280902738425
http://imserso.es/InterPresent2/groups/imserso/documents/binario/32008danocerebral.pdf
http://imserso.es/InterPresent2/groups/imserso/documents/binario/32008danocerebral.pdf
http://doi.org/10.1080/02699052.2016.1199896
http://doi.org/10.23829/TSS.2021.28.1-1
http://doi.org/10.1080/09602011.2020.1810077
http://doi.org/10.1186/s12889-020-09113-6
http://doi.org/10.3109/02699052.2011.579934

Appl. Sci. 2022,12, 3862 12 of 14

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Jennekens, N.; De Casterlé, B.D.; Dobbels, F. A systematic review of care needs of people with traumatic brain injury (TBI) on a
cognitive, emotional and behavioural level. . Clin. Nurs. 2010, 19, 1198-1206. [CrossRef]

Jolliffe, L.; Lannin, N.A.; Cadilhac, D.A.; Hoffmann, T. Systematic review of clinical practice guidelines to identify recommenda-
tions for rehabilitation after stroke and other acquired brain injuries. BMJ Open 2018, 8, e018791. [CrossRef] [PubMed]

Kelly, G.; Shanley, J. Rehabilitation of ataxic gait following cerebellar lesions: Applying theory to practice. Physiother. Theory Pr.
2016, 32, 430-437. [CrossRef] [PubMed]

Kuipers, P.; Foster, M.; Smith, S.; Fleming, J. Using ICF-Environment factors to enhance the continuum of outpatient ABI
rehabilitation: An exploratory study. Disabil. Rehabil. 2009, 31, 144-151. [CrossRef] [PubMed]

Kwok, N. ICF: A Hands-on Approach for Clinicians and Families. Adapt. Phys. Act. Q. 2020, 38, 170-172.

Lamberti, N.; Straudj, S.; Malagoni, A.M.; Argiro, M.; Felisatti, M.; Nardini, E.; Zambon, C.; Basaglia, N.; Manfredini, F. Effects of
low-intensity endurance and resistance training on mobility in chronic stroke survivors: A pilot randomized controlled study.
Eur. J. Phys. Rehabil. Med. 2017, 53, 228-239. [CrossRef]

Lorenz, L.S.; Charrette, A.L.; O’'Neil-Pirozzi, T.M.; Doucett, ]. M.; Fong, ]. Healthy body, healthy mind: A mixed methods study
of outcomes, barriers and supports for exercise by people who have chronic moderate-to-severe acquired brain injury. Disabil.
Health J. 2018, 11, 70-78. [CrossRef]

Luo, L.; Meng, H.; Wang, Z.; Zhu, S.; Yuan, S.; Wang, Y.; Wang, Q. Effect of high-intensity exercise on cardiorespiratory fitness in
stroke survivors: A systematic review and meta-analysis. Ann. Phys. Rehabil. Med. 2020, 63, 59-68. [CrossRef]

Mala, H.; Rasmussen, C.P. The effect of combined therapies on recovery after acquired brain injury: Systematic review of
preclinical studies combining enriched environment, exercise, or task-specific training with other therapies. Restor. Neurol.
Neurosci. 2017, 35, 25-64. [CrossRef]

McAllister, T.W. Neurobiological consequences of traumatic brain injury. Dialogues Clin. Neurosci. 2011, 13, 287-300. [CrossRef]
McCarron, R.H.; Watson, S.; Gracey, F. What do Kids with Acquired Brain Injury Want? Mapping Neuropsychological Rehabilita-
tion Goals to the International Classification of Functioning, Disability and Health. J. Int. Neuropsychol. Soc. 2019, 25, 403—-412.
[CrossRef]

McDonald, S.; Togher, L.; Code, C. Social and Communication Disorders Following Traumatic Brain Injury, 2nd ed. Psychology Press:
Hove, UK, 2016.

Middag-van Spanje, M.; Smeets, S.; van Haastregt, J.; van Heugten, C. Outcomes of a community-based treatment programme for
people with acquired brain injury in the chronic phase: A pilot study. Neuropsychol. Rehabil. 2019, 29, 305-321. [CrossRef]
Moore, G.; Durstine, J.L.; Painter, P. ACSM’s Exercise Management for Persons with Chronic Diseases and Disabilities, 4th ed.; Human
Kinetics: Champaign, IL, USA, 2016.

Morgan, A.T.; Vogel, A.P. Intervention for dysarthria associated with acquired brain injury in children and adolescents. Cochrane
Database Syst. Rev. 2008, 3, 006279. [CrossRef]

Noe-Sebastian, E.; Balasch-Bernat, M.; Colomer-Font, C.; Moliner-Munoz, B.; Rodriguez Sanchez-Leiva, C.; Ugart, P.; Llorens, R.;
Ferri-Campos, J. Disability after stroke: A longitudinal study in moderate and severe stroke patients included in a multidisci-
plinary rehabilitation program. Rev. Neurol. 2017, 64, 385-392.

O’Neil-Pirozzi, TM.; Marcinczyk, K.A.; Peltier, A.N.; Rodano, K.M. Survivor-perceived motivational facilitators and barriers to
participation in cognitive exercise following chronic acquired brain injury. Brain Inj. 2019, 33, 1308-1319. [CrossRef]
Odumuyiwa, T.; Kennedy, M.; Norman, A.; Holloway, M.; Suffield, E; Forrest, H.; Dicks, H. Improving access to social care
services following acquired brain injury: A needs analysis. J. Long-Term Care 2019, 11, 164-175. [CrossRef]

Omar, N.H.; Mohd Nordin, N.A.; Chai, S.C.; Abdul Aziz, A.F. Functionality among stroke survivors with upper limb impairment
attending community-based rehabilitation. Med. J. Malays. 2020, 75, 146-151.

Ozgozen, S.; Guzel, R.; Basaran, S.; Coskun Benlidayi, I. Residual Deficits of Knee Flexors and Plantar Flexors Predict Normalized
Walking Performance in Patients with Poststroke Hemiplegia. ]. Stroke Cereb. Dis. 2020, 29, 104658. [CrossRef]

Paolucci, S.; Martinuzzi, A.; Scivoletto, G.; Smania, N.; Solaro, C.; Aprile, I.; Armando, M.; Bergamaschi, R.; Berra, E.; Berto,
G.; et al. Assessing and treating pain associated with stroke, multiple sclerosis, cerebral palsy, spinal cord injury and spasticity.
Evidence and recommendations from the Italian Consensus Conference on Pain in Neurorehabilitation. Eur. ]. Phys. Rehabil. Med.
2016, 52, 827-840.

Parker, H.A.; Rapport, L.].; Williams, M.W.; Hanks, R.A.; Lumley, M.A.; Bogg, T. Functional independence after acquired brain
injury: Prospective effects of health self-efficacy and cognitive impairment. Rehabil. Psychol. 2018, 63, 595-603. [CrossRef]
Pérez-de la Cruz, S. Influence of an Aquatic Therapy Program on Perceived Pain, Stress, and Quality of Life in Chronic Stroke
Patients: A Randomized Trial. Int. |. Env. Res. Public Health 2020, 17, 4796. [CrossRef]

Pérez-Rodriguez, M.; Pérez-Tejero, ]J.; Garcia-Hernandez, J.J.; Franco, E.; Coterdn, J. La actividad fisica en personas con dafio
cerebral adquirido en la fase crénica: Influencia sobre la salud en relacién a la calidad de vida. Psicol. Del. Deporte 2020, 29, 16-23.
Perry, S.A.; Coetzer, R.; Saville, C.W.N. The effectiveness of physical exercise as an intervention to reduce depressive symptoms
following traumatic brain injury: A meta-analysis and systematic review. Neuropsychol. Rehabil. 2018, 10, 1-15. [CrossRef]
[PubMed]

Pescatello, L.S.; Riebe, D.; Thompson, P.D. ACSM'’s Guidelines for Exercise Testing and Prescription; Lippincott Williams & Wilkins:
Philadelphia, PA, USA, 2014.


http://doi.org/10.1111/j.1365-2702.2009.03114.x
http://doi.org/10.1136/bmjopen-2017-018791
http://www.ncbi.nlm.nih.gov/pubmed/29490958
http://doi.org/10.1080/09593985.2016.1202364
http://www.ncbi.nlm.nih.gov/pubmed/27458875
http://doi.org/10.1080/01674820701817938
http://www.ncbi.nlm.nih.gov/pubmed/18608394
http://doi.org/10.23736/S1973-9087.16.04322-7
http://doi.org/10.1016/j.dhjo.2017.08.005
http://doi.org/10.1016/j.rehab.2019.07.006
http://doi.org/10.3233/rnn-160682
http://doi.org/10.31887/DCNS.2011.13.2/tmcallister
http://doi.org/10.1017/S1355617719000213
http://doi.org/10.1080/09602011.2017.1298527
http://doi.org/10.1002/14651858.CD006279.pub2
http://doi.org/10.1080/02699052.2019.1641620
http://doi.org/10.31389/jltc.6
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104658
http://doi.org/10.1037/rep0000243
http://doi.org/10.3390/ijerph17134796
http://doi.org/10.1080/09602011.2018.1469417
http://www.ncbi.nlm.nih.gov/pubmed/29756525

Appl. Sci. 2022,12, 3862 13 of 14

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

73.

74.

Proctor, C.J.; Best, L.A. Social and psychological influences on satisfaction with life after brain injury. Disabil. Health ]. 2019, 12,
387-393. [CrossRef] [PubMed]

Quemada, J.I; Ruiz, M.].; Bori, I.; Gangoiti, L.; Marin, ]. Modelo de Atencion a las Personas con Dafio Cerebral; Ministerio de Trabajo y
Asuntos Sociales Secretaria de Estado de Servicios Sociales, Familias y Discapacidad; Instituto de Mayores y Servicios Sociales
(IMSERSO): Madrid, Spain, 2007.

Rabinowitz, A.R.; Levin, H.S. Cognitive sequelae of traumatic brain injury. Psychiatr. Clin. N. Am. 2014, 37, 1. [CrossRef]
[PubMed]

Raggi, A.; Leonardi, M.; Covelli, V,; Sattin, D.; Scaratti, C.; Schiavolin, S.; Willems, M.; Meucci, P. The ICF as a framework to
collect and interpret data on the extent and variety of disability in neurological conditions. NeuroRehabilitation 2014, 14, 1186.
[CrossRef] [PubMed]

Reavenall, S.; Blake, H. Determinants of physical activity participation following traumatic brain injury. Int. J. Ther. Rehabil. 2010,
17,360-369. [CrossRef]

Reina, R.; Sanz, D. Actividades Fisicas y Deportes Adaptados Para Personas con Discapacidad; Paidotribo: Barcelona, Spain, 2012.
Rimmer, ].H. Use of the ICF in identifying factors that impact participation in physical activity /rehabilitation among people with
disabilities. Disabil. Rehabil. 2006, 28, 1087-1095. [CrossRef] [PubMed]

Rios-Lago, M.; Mufioz-Céspedes, ].M.; Paul-Lapedriza, N. Alteraciones de la atencién tras dafio cerebral traumatico: Evaluacién
y rehabilitacion. Rev. Neurol. 2007, 44, 291-0297. [CrossRef]

Rosenfeldt, A.B.; Linder, S.M.; Davidson, S.; Clark, C.; Zimmerman, N.M.; Lee, ].J.; Alberts, ].L. Combined Aerobic Exercise and
Task Practice Improve Health-Related Quality of Life Poststroke: A Preliminary Analysis. Arch. Phys. Med. Rehabil. 2019, 100,
923-930. [CrossRef]

Saunders, D.H.; Sanderson, M.; Hayes, S.; Kilrane, M.; Greig, C.A.; Brazzelli, M.; Mead, G.E. Physical fitness training for stroke
patients. Cochrane Database Syst. Rev. 2016, 3, CD003316. [CrossRef]

Sexton, E.; McLoughlin, A.; Williams, D.J.; Merriman, N.A.; Donnelly, N.; Rohde, D.; Hickey, A.; Wren, M.-A.; Bennett, K.
Systematic review and meta-analysis of the prevalence of cognitive impairment no dementia in the first year post-stroke. Eur.
Stroke J. 2019, 4, 160-171. [CrossRef]

Sheehy, L.; Taillon-Hobson, A.; Sveistrup, H.; Bilodeau, M.; Yang, C.; Finestone, H. Sitting balance exercise performed using
Virtual Reality training on a stroke rehabilitation inpatient service: A randomized controlled study. PMR 2020, 12, 754-765.
[CrossRef]

Sommerfeld, D.K,; Eek, E.U.-B.; Svensson, A.-K.; Holmqvist, L.W.; von Arbin, M.H. Spasticity after stroke: Its occurrence and
association with motor impairments and activity limitations. Stroke 2004, 35, 134-139. [CrossRef]

Stiekema, A.P.M.; Winkens, I.; Ponds, R.; De Vugt, M.E.; Van Heugten, C.M. Finding a new balance in life: A qualitative study on
perceived long-term needs of people with acquired brain injury and partners. Brain Inj. 2020, 34, 421-429. [CrossRef]

Stroke Unit Trtialist” Colaboration. Organised inpatient (stroke unit) care for stroke. Cochrane Database Syst. Rev. 2013,
2013, CD000197. [CrossRef]

Townsend, R.C.; Huntley, T.D.; Cushion, C.J.; Culver, D. Infusing disability into coach education and development: A critical
review and agenda for change. Phys. Educ. Sport Pedagog. 2021, 10, 1-14. [CrossRef]

Turner-Stokes, L.; Pick, A.; Nair, A.; Disler, P.B.; Wade, D.T. Multi-disciplinary rehabilitation for acquired brain injury in adults of
working age. Cochrane Database Syst. Rev. 2015, 12, 124. [CrossRef]

Tweedy, S.M. Taxonomic Theory and the ICF: Foundations for a Unified Disability Athletics Classification. Adapt. Phys. Act. Q.
2002, 19, 220-237. [CrossRef]

Vander Werff, K.R. The Application of the International Classification of Functioning, Disability and Health to Functional
Auditory Consequences of Mild Traumatic Brain Injury. Semin. Hear. 2016, 37, 216-232. [CrossRef]

Vanderbeken, I.; Kerckhofs, E. A systematic review of the effect of physical exercise on cognition in stroke and traumatic brain
injury patients. NeuroRehabilitation 2017, 40, 33—48. [CrossRef]

Verdugo, M.A ; Fernandez, M.; Gémez, L.E.; Amor, A.M.; Aza, A. Predictive factors of quality of life in acquired brain injury. Int.
J. Clin. Health Psychol. 2019, 19, 189-197. [CrossRef] [PubMed]

West, C.; Bowen, A.; Hesketh, A.; Vail, A. Interventions for motor apraxia following stroke. Cochrane Database Syst. Rev. 2008,
1, Cd004132. [CrossRef] [PubMed]

CDC. International Classification of Functionality Disability and Health: ICF; CDC: Atlanta, GA, USA, 2010.

Williams, M.W.; Rapport, L.].; Hanks, R.A.; Parker, H.A. Engagement in rehabilitation therapy and functional outcomes among
individuals with acquired brain injuries. Disabil. Rehabil. 2021, 43, 33—41. [CrossRef] [PubMed]

Winstein, C.].; Stein, J.; Arena, R.; Bates, B.; Cherney, L.R.; Cramer, S.C.; Deruyter, F,; Eng, ].].; Fisher, B.; Harvey, R.L. Guidelines for
adult stroke rehabilitation and recovery: A guideline for healthcare professionals from the American Heart Association/ American
Stroke Association. Stroke 2016, 47, €98—e169. [CrossRef]

World Medical Association Declaration of Helsinki: Ethical principles for medical research involving human subjects. JAMA
2013, 310, 2191-2194. [CrossRef]


http://doi.org/10.1016/j.dhjo.2019.01.001
http://www.ncbi.nlm.nih.gov/pubmed/30692055
http://doi.org/10.1016/j.psc.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/24529420
http://doi.org/10.3233/NRE-141186
http://www.ncbi.nlm.nih.gov/pubmed/25547761
http://doi.org/10.12968/ijtr.2010.17.7.48893
http://doi.org/10.1080/09638280500493860
http://www.ncbi.nlm.nih.gov/pubmed/16950739
http://doi.org/10.33588/rn.4405.2006208
http://doi.org/10.1016/j.apmr.2018.11.011
http://doi.org/10.1002/14651858.CD003316.pub6
http://doi.org/10.1177/2396987318825484
http://doi.org/10.1002/pmrj.12331
http://doi.org/10.1161/01.STR.0000105386.05173.5E
http://doi.org/10.1080/02699052.2020.1725125
http://doi.org/10.1002/14651858.CD000197.pub3
http://doi.org/10.1080/17408989.2021.1873932
http://doi.org/10.1002/14651858.CD004170.pub3
http://doi.org/10.1123/apaq.19.2.220
http://doi.org/10.1055/s-0036-1584409
http://doi.org/10.3233/NRE-161388
http://doi.org/10.1016/j.ijchp.2019.06.004
http://www.ncbi.nlm.nih.gov/pubmed/31516497
http://doi.org/10.1002/14651858.CD004132.pub2
http://www.ncbi.nlm.nih.gov/pubmed/18254038
http://doi.org/10.1080/09638288.2019.1613682
http://www.ncbi.nlm.nih.gov/pubmed/31099267
http://doi.org/10.1161/STR.0000000000000098
http://doi.org/10.1001/jama.2013.281053

Appl. Sci. 2022,12, 3862 14 of 14

75. Yoo, ].S.; Hwang, A.R.; Lee, H.C.; Kim, C.J. Development and validation of a computerized exercise intervention program for

patients with type 2 diabetes mellitus in Korea. Yonsei. Med. |. 2003, 44, 892-904. [CrossRef]
Zhang, Q.; Schwade, M.; Smith, Y.; Wood, R.; Young, L. Exercise-based interventions for post-stroke social participation: A
systematic review and network meta-analysis. Int. J. Nurs. Stud. 2020, 111, 103738. [CrossRef]

76.


http://doi.org/10.3349/ymj.2003.44.5.892
http://doi.org/10.1016/j.ijnurstu.2020.103738

	Introduction 
	Materials and Methods 
	Participants 
	Design 
	Procedure 
	Data Analysis 
	Qualitative Analysis 
	Statistical Analysis 


	Results 
	Mental Health Functions 
	Pain and Sensorial Functions 
	Voice and Speech Functions 
	System Functions 
	Neuromusculoskeletal Functions 
	Skin Functions 
	Activity and Participation 
	Contextual Factors 

	Discussion 
	Conclusions 
	References

