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ABSTRACT

The review of the existing narrative shows the theoretical evolution of the concepts of motricity and
psychomotricity, which have led to a new paradigm of movement called neuromotricity. In this new approach
to motor action, cognitive functions, and especially executive functions, form part of its essence. This is why
neuromotricity, as a discipline independent of psychomotricity, proposes a completely different set of
activities in which the dual task is always present. The methodology of applied neuromotricity could promote
the generation of neural networks through stimulation protocols of increasing complexity, which in turn
improve brain functions.
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INTRODUCTION

We understand motricity as the ability of the central nervous system to produce the contraction of a muscle.
Itis also defined as the capacity of a body to move or produce movement. In the field of physical activity and
sport sciences, motricity refers to the study of human movements, their characteristics and meaning. Motricity
as a discipline studies human movements and their kinetic and kinematic characteristics.

In a world in which information and communication technologies are clearly disrupting our habits, and possibly
encouraging a sedentary lifestyle (as well as low cognitive stimulation), it is important to think about new
paradigms that justify other ways of moving and being more effective. The relationship between movement,
physical activity and executive functions is one of the lines of research that has been most developed in
recent years in different fields. From the documentary review carried out, it is clear that in the motor field,
physical exercise is one of the best protectors against senile dementia, Alzheimer's disease and depression.

Our bodies, and therefore our brains, were created to move. Exercise increases the production of
neurotrophins, a protein responsible for helping us to produce more neurons, helping us to have a healthy
and flexible brain. That is why every time we want to learn something new, our brain must modify itself and
create new structures, as Santiago Ramén y Cajal pointed out at the beginning of the 20th century.

In the process of learning a new activity, the role of mirror neurons (Rizzolatti, 1996) and imitation are a
fundamental pillar as new synaptic pathways are created based on and guided by the observed model.
However, it is the cognitive functions, and above all the executive functions, which are responsible for the
success of this learning for different reasons. On the one hand, correct observation linked to the attentional
channel intervenes and, on the other hand, active listening is fundamental in order to be able to plan the
response a posteriori.

Psychomotor development is linked to the acquisition of knowledge through motor action, which allows
exploration of the environment and the acquisition of relevant information for the formation of thought. In the
field of neuropsychiatry, numerous investigations have demonstrated the relationship between motor
disorders and mental disorders. Brain and motricity become an essential binomial in the learning process.

Conscious and voluntary movement and language, among others, are characteristics that distinguish us as
a species. Thanks to the body and movement, as axes of educational action, our brain develops. Human
interaction and the stimulation of the environment provoke new nervous connections in the individual. As
Pinzon et al. (2020) point out, "numerous behavioural studies at the cellular and molecular level in animals
show significant effects of brain enrichment in response to environmental stimuli, implying enhanced levels
of sensory, cognitive and motor stimulation through dwelling in complex and novel environments".

Recent research agrees that early and rich stimulation, at sensitive stages of human evolution, will facilitate
motor and cognitive maturation.

We have reviewed articles and works that cite neuromotor activity and its relationship to brain development,
as well as the effects of physical activity on the generation of neurotrophins and new neuronal synapses. To
do so, we consulted the following databases Analytical Abstracts, ASSIA, Biblioteca Virtual en Salud (BVS),
Web of Science, CINAHL, Cochrane, CSIC, Cuadernos de Pedagogia, CUIDEN, Dialnet, ERIC, Erihplus,
JSTOR, MEDES, Pascal-Francis, Proquest central, Psicodoc, Psycinfo, PubMed, Ulrich’s.
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The criteria for the selection of information were: articles in English, Spanish, French and Portuguese that
mention neuromotricity as a science or as a methodology. The search route was used: neuromotricity,
neuromotricidad, neuromotricité y neuromotricidade.

From the Sciences of Physical Activity and Sport, the existing polysemy pushes us to delimit similar terms
such as motricity, psychomotricity or neuromotricity. Neuromotricity as a science and neuromotricity as a
methodology for brain development through cognitive stimulation, within the field of human motor skills.

Neuroscience studies the structure, function and development of the nervous system, which lays the
foundations for cognition and behaviour. Cognitive neuroscience studies the complexity of the functioning of
the mind, the millions of neurons, their plasticity and the influence of the environment on this neural network.
Cognitive neuroscience focuses on the analysis of brain activity in relation to the psyche (consciousness), in
order to understand the biological process that conditions learning and behaviour. For all these reasons, this
science becomes the framework for research into motor behaviour and neuromotricity as a discipline and
method for motor learning.

PSYCHOMOTRICITY: A CONCEPTUAL APPROACH

The concept of psychomotricity was first developed in Germany in the mid-19th century by Wilhelm
Griesinger, the founder of neuropsychiatry. The oldest reference to the term psychomotor is provided by
Renard, K. (2019), citing Jean-Michel Lehmans. This author states that W. Griesinger (1843) used the term
"psychomotor" as a symptom in the hypotonia of a depressed person.

According to various studies, researchers do not agree on the origin of psychomotricity, assigning its
authorship and birth to different authors and different dates. During the 19th century, the body was studied
from the field of Neurology, trying to understand the functioning of the brain and its neuronal structures. In
the same way, psychiatry studied the grey mass as the origin of some of the pathologies of the human being.

Ernest Dupré (1925), within the pathological field, seems to be the one who coined the term psychomotricity
in his studies on motor weakness in special populations. He established relationships between certain
neurological and psychic anomalies and certain problems in motor development. In the scientific field and
from the perspective of developmental psychology, Henri Wallon (1925) stands out as a precursor of
psychomotricity, who developed the first methods of psychomotor re-education. From a psychobiological
orientation, Wallon argues that movement is the only expression and instrument of the psyche.

Piaget (1969) affirms that motor skills intervene in the evolution of intelligence, at different levels in the
development of cognitive functions. For this author, quoted by Ruiz Pérez (1987), all cognitive mechanisms
are based on motricity.

In the Soviet school, Vygotsky (1962) and Luria (1979) emphasise the importance of the social environment
as the origin of movement (sociomotricity). For the Soviet authors, human motor skills are fundamental for
child development, which, together with language and thought, favour adaptation to society.

Nowadays, psychoneurology has new techniques and technology, advances in neurochemistry and
neuropharmacology, which allow a more precise and effective diagnosis and treatment. In the field of
education, according to Fonseca, knowledge in psychoneurology should be applied to the education and re-
education of children with special needs. To this goal, he proposes psychomotricity as a tool.
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Pastor Pradillo (2002) differentiates two meanings of the term psychomotricity. On the one hand, as a science
that is interested in the study of the relationship established between the psychic and the motor. On the other,
as a method or technique for achieving different motor objectives. Whether as a science of movement, as a
methodology or as an educational, re-educational and therapeutic discipline, all researchers seem to agree
that psychomotricity develops motor competence, cognitive capacity and socio-fective intelligence. Cognitive
psychology moves from an interest in motor performance to an interest in internal processes.

Psychomotricity understands the human being as a multidimensional being (psychosomatic dimensions) and
aims at intellectual development through the use of conscious and voluntary movement as a means of
knowledge of one's own body, people and the environment. For Romero-Naranjo (2004) psychomotricity can
be worked with musical-motor activities, creating the term "rhythmic psychomotricity" for those activities
related to body percussion through the BAPNE method (1998).

From the definitions of psychomotricity that have been compiled, we propose the following:

* Psychomotricity as a discipline

Science that understands the human being as an integral and multidimensional being (physical, social,
cognitive, emotional) and pursues its harmonious development, integrating the psyche and conscious and
voluntary motor skills, for cognitive development based on knowledge of one's own body, the environment
and other peers.

* Psychomotricity as a method

Psychomotricity is a methodology which, depending on its objectives, can be educational, re-educational or
therapeutic, and which is based on techniques and recreational activities in which the body and movement
are used as the axis of action, with the aim of contributing to their integral development as a person.

NEUROMOTRICITY: ORIGIN AND EVOLUTION

Santiago Ramén y Cajal (1906), laid the foundations of knowledge about the functioning of the central and
peripheral nervous system, with the discovery of synaptic clefts (the space that separates neurons), thanks
to the chemical messengers that allow communication between them. According to the Spanish Nobel
laureate, the brain maintains the genuine capacity to reorganise itself throughout life.

A speciality of neuroscience whose object is the study of the complex neural network that organises and
controls human movement, is neuromotricity. Lapierre (1974:40) in the chapter Psychomotricity and
Neuromotricity, points out that all motor education is essentially psychomotor, since movement is the link
between thought and action. He also maintains that psychomotricity as an educational method possesses
the characteristics of consciousness and voluntariness. In addition to the above, it should be noted that the
scientific community gives him the authorship of the term neuromotricity, although it only appears as the title
of the chapter.

Lapierre does not provide a definition either as a discipline or as a method. However, in relation to the brain
and movement, he states that between the psychism and the mechanics of a muscle, there is a whole
neurological structure of transmission and regulation, which the author calls the psychoneuromotor system.
Based on these principles, Lapierre (1974) explains in detail the essential neurophysiological bases that
govern the elaboration and execution of voluntary, automatic and reflex movements.
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As it is a relatively new discipline, we set out to study the existing scientific production on neuromotricity as
a discipline or as a method. After an extensive search in the databases of the Library of the University of
Alicante (19 May 2021), we found that the term neuromotricity offers few records.

The results of this search are given below:

WOS only provides 9 records.

PROQUEST provided 15 entries using the variants of neuromotricity, neuromotricité, neuromotricidade and
neuromotricity.

PASCAL-FRANCIS provides 6 records using the term neuromotricité.

DIALNET provides 10 records including articles and books.

Erihplus 1 entry.

CINAHL 1 entry.

Cuadernos de Pedagogia 4 entries.

As conclusions to the records obtained, we can state that there are few definitions of neuromotricity as a
discipline or science. All the records found are provided in the bibliography section at the end of this article.

According to Hernando and Useros (2007), neuromotricity is the nervous response from cortical and
subcortical nerve centres that activates motor neurons to produce a motor response.

The most recent definition of neuromotricity is provided by Diaz Jara, an expert in educational
neuropsychology, in Martin Lobo et al. (2015), a monograph of the MECD (Ministry of Education, Culture and
Sport) on Processes and instruments of educational neuropsychological assessment. It defines
neuromotricity as the analysis of the neurological aspects involved in the development of a movement, its
programming, its control and the acquisition of its execution models.

The Spanish Ministry of Education and Vocational Training defines neuromotricity as the science that studies
the relationship between neurosciences and motricity, without forgetting the psychomotor part of movement.

As for neuromotricity as a methodology, the records found do not exceed twenty. It is a subject that is
spreading, leaving behind motor re-education or motor therapy. Knowledge of the brain in the 21st century
has an unequivocal impact on new procedures that promote the stimulation of the cortex, perception,
movement programming, motor control and decision-making in the field of motor skills. Finally, it should be
noted that the term "neuromotricity” is cited in research related to motor development and learning, as well
as in studies on neuromotor and cognitive aspects, especially in developmental disabilities or disorders. In
conducting a conceptual review of motor-related terminology, we will focus on neuromotricity as the discipline
at the apex of motor work. At the base of the pyramid (Romero-Naranjo & Andreu-Cabrera, 2021) is motricity,
as movement in itself, without consciousness or voluntariness. It would be followed on the second step by
psychomotricity, with the properties widely analysed in previous sections, and fundamentally assimilated as
a discipline and method of conscious movement with different functions relating to intellectual development
through motor action. At a third level, neuromotricity is situated as a science that studies the relationship
between neurosciences and motor skills, without forgetting the psychomotor part of movement.
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Figure 1. Pyramid of Neuromotricity. (Romero-Naranjo & Andreu-Cabrera, 2021).
After reviewing these documents, we propose two definitions:

* Neuromotricity as a science

Part of Neuroscience that studies the neurological processes that influence the generation and mastery of
human motor skills, and that plan, organise, evaluate and control movement, in order to achieve motor
milestones in adaptation to the environment and in function of environmental stimulation.

* Neuromotricity as a method

Neuromotricity is the educational and neurorehabilitative methodology within the motor field, which affects
cognitive and socioemotional stimulation, through specific work on the executive functions of the brain, in
relation to learning and motor skills.

NEUROTROPHINS, PHYSICAL ACTIVITY AND NEUROMOTRICITY

As noted above, certain neurogenerative diseases such as Alzheimer's disease, epilepsy and Parkinson's
disease are closely related to deficits in neurotrophins (Tuszynski, 2009). Gonzalez and Guerrero (2020)
argue that neurotrophic factors are molecules that regulate neuronal survival, nervous system plasticity and
other functions of neurons and glial cells, as well as some non-nerve tissues.

Tuszynski et al. (2009) found that brain-derived neurotrophic factor (BDNF), in rats and primates with certain
brain lesions, prevented the destruction of neurons.

He showed the broad neuroprotective effects of BDNF administration in several models.
(BDNF) in several animal models, with therapeutic benefits extending to the degenerated hippocampus. In

mice, after disease onset, they showed that BDNF, among other effects, reverses synapse loss and restores
learning and memory. In aged rats, BDNF infusion reverses cognitive decline, and in aged primates, BDNF
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reverses neuronal atrophy and improves age-related cognitive decline. Tuszynski advocated the therapeutic
administration of BDNF as a potential therapy for Alzheimer's disease.

Gomez-Pinilla, F. et al. (2002), investigated possible mechanisms by which exercise may promote changes
in neuronal plasticity through modulation of neurotrophins. In their research, rodents were exposed to
voluntary wheel running for 3 or 7 days (1-2 km per day), and the lumbar spinal cord and soleus muscle were
assessed for changes in BDNF, its signal transduction receptor and downstream effectors of BDNF action
on synaptic plasticity. As conclusions, these researchers stated that exercise increased the expression of
BDNF and its receptor, synapsin, among others. These results indicate that basal levels of neuromuscular
activity are necessary to maintain normal levels of BDNF in the neuromuscular system and the potential for
neuroplasticity.

In the absence of further research with advanced instrumentation, such as helmets to monitor brain function
and brainwaves, as well as the use of specialised software for neuroimaging and analysis, we propose here
our "Switched-on brain Hypothesis" in relation to neuromotor activity (Neuromotricity). Motor activity and brain
activity seem to be the key to activating and increasing neurotrophic factors. The greater the brain activity,
the greater the number of neurotrophins, as well as the greater the number of synapses. Thanks to
neuromotricity, the brain is likely to awaken the largest number of brain areas, thus enhancing executive
functions. If with motricity, certain areas of the brain are worked and with psychomotricity these work areas
are expanded, thanks to neuromotricity, we probably achieve that through stimulation and challenges of
increasing complexity, the brain uses most of its potential, depending on the programmed activities. If we can
draw a parallel between the fair and the brain, while with motricity, a few light bulbs of the fair are switched
on, and with psychomotricity a few attractions of the fair are switched on, with neuromotricity, all the
attractions are at full capacity and the brain is a burst of lights and mechanisms.

MOTRICITY PSYCHOMOTRICITY NEUROMOTRICITY

Figure 2. Neuromotricity: Switched-on brain Hypothesis. (Andreu-Cabrera y Romero-Naranjo, 2021).

As stated by Cotman and Engesser (2002) physical activity, in the form of voluntary wheel running, induces
changes in brain gene expression. As conclusions from their research, they showed that exercise improves
and enhances brain function. Exercising animals showed an increase in BDNF, a molecule that increases
neuronal survival, improves learning and protects against cognitive decline.

In other research Cotman and Berchtold (2002) argued that extensive human research suggests that
exercise may have benefits for general health and cognitive function, particularly in older age. Specifically,
they argue that voluntary exercise can increase levels of brain-derived neurotrophic factor (BDNF) and other
growth factors, stimulate neurogenesis, increase resistance to brain injury, and improve learning and mental

200 |2023]|ISSUE 1|VOLUME 18 © 2023 University of Alicante



Romero-Naranjo, et al. / Neuromotricity as a new paradigm JOURNAL OF HUMAN SPORT & EXERCISE

performance. For these authors, exercise could provide a simple means to maintain brain function and
promote brain plasticity.

According to Bayona et al. (2011), neural plasticity "allows for adaptive and/or reorganisation changes, under
normal or pathological conditions. The former includes, for example, conditioned and unconditioned learning
processes; the latter includes adaptive and maladaptive events that ultimately accompany the evolution of
established neurological diseases".

Pinzdn et al. (2020) state that through exercise protocols, with clinically significant duration, intensity and
sequence, the effectiveness of physical activity in favouring brain plasticity in neural ageing processes has
been demonstrated. In this sense, they argue that exercise increases aerobic capacity by increasing
encephalic blood flow, which favours neurogenesis and synaptic connections. Similarly, cognitive function is
improved, the risk of neurological pathologies can be reduced and the rate of ageing can be slowed.

At the same time, some authors argue that routine activities that do not challenge the brain do not generate
brain plasticity. Automatic motor activities do not seem to generate neurotrophins, hence the importance of
external stimulation and the environment. Movement and an environment rich in stimuli create brains rich in
synapses (brain plasticity). In other words, aerobic physical exercise and the assumption of new challenges
in new situations (voluntary, different and non-automatic psychomotor experiences) generate new neurons
and new learning of all kinds, especially spatial-temporal structuring. Likewise, neuromotor activities (varied
and of increasing complexity) activate and connect these neural networks, improving higher cognitive
functions.

A neuromotor programme that develops global and fine motor skills, with a wide variety of activities and with
execution times appropriate to the age of the child, will provoke changes at a cerebral level, specifically in
terms of neuronal plasticity. This will have a positive impact on the cognitive functions of the practitioners.

NEUROMOTRICITY: ACTION PROTOCOL

Neuromotor activities are designed in a progression of psychomotor difficulty to work on the following
executive functions according to the BAPNE Method:

Processing speed: this reflects the amount of information that can be processed per unit of time or even the
speed at which a series of cognitive operations can be carried out, but also the time that elapses from the
appearance of the stimulus to the execution of a response (Rios et al., 2004). It can be visual (letters and
numbers), auditory (language and singing) and movement. We work with the "BAPNE Cognitive Plates", the
Clap Change, through question/answer structures of rhythmic and melodic oral text, verbalising mathematical
operations and moving in different "horizontal metres" (geometric figures) in space.

Working memory: also called working memory, this is the ability to record, encode, maintain and manipulate
information for a very specific interval of time in order to maintain a sense of unity of cognitive activity. In
various types of activities using varied repetitions and combining new rhythmic structures both verbally and
with body percussion.

Verbal fluency: related to the processes that carry out the appropriate strategies for searching for information
and responding appropriately in the shortest possible time. It works through the ability to improvise verbally
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within certain structures provided by the teacher. It is related to dual task as it is carried out at the same time
as moving in certain geometric figures.

Dual task: the ability to perform two completely different tasks simultaneously and paying equal attention to
both of them constantly. It involves working in parallel on a visual task and a visuospatial task. In BAPNE all
the activities present dual tasks as the aim is to make the lower limbs independent from the upper limbs with
different movements and the voice (spoken or sung).

Inhibition or interference control: is the ability to inhibit or control impulsive responses, interferences or
distracters while performing a task. It can be worked on at motor, attentional and behavioural levels. Multiple
activities related to psychomotor melodies, canon, concentric circles and reverse reaction.

Cognitive flexibility: this is the ability to make changes to what was previously planned and thus adapt to the
circumstances of our environment. The teacher constantly provides indications that modify psychomotor
movement.

Planning: this is the ability to generate objectives, develop action plans to achieve them and choose the most
appropriate one based on the anticipation of consequences. When given indications of what to do next, the
participant develops action plans to achieve it.

Decision-making: is the process of making a choice between several possible choices based on needs,
evaluating the results and consequences of each one of them. It mainly works with Clap Change and
Handsball Change.

Branching: this is the ability to organise and carry out three tasks simultaneously in an optimal way,
intercalating them and knowing where each one of them is at any given moment. When the lower limbs move
to perform a geometric figure, the upper limbs perform Handsball Change and the voice intones, for example,
on the 1st beat C, on the 3rd beat E and on the 4th beat G, with these tasks being changed almost
continuously by the teacher, modifying the psychomotor sequence.

METHODOLOGY TO PROMOTE ENDOGENOUS NEUROGENESIS

Methodologies inspired by the 19th century, taught by 20th century teachers, for 21st century students
deserve a revision of the educational paradigm. We cannot think of neuromotricity using the same classical
activities from psychomotricity. Therefore, one of the objectives of this article is to clearly differentiate the
concepts of motricity, psychomotricity and neuromotricity at a conceptual and practical level.

Based on this theoretical justification, we provide examples that imply an increase in the complexity of
execution. For the correct execution of these activities, a basic knowledge of neuropsychology is essential
for all teachers, where the link between brain, body and mind must always be present. Knowledge of the
physical and functional changes of ageing, especially at the cerebral level, can contribute to the
implementation of effective actions by the Neuromotricty specialist. This professional must know how the
brain works in order to be able to carry out an intervention adapted to the evolutionary characteristics and
needs of the individual.
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NEUROMOTRICITY

The BAPNE method is an example of a protocol to promote brain plasticity, which can stimulate maturing
brains, repair neurodegenerative lesions or promote normal brain ageing. The BAPNE method offers more
than 800 activities based on neuromotricity, in which the double task is always present. A typical activity is
shown below.

Read the plate in the direction indicated by the teacher (up-down; down-up; right-left; left-right). The square
is called TA and the triangle is called KI.
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You should do the reading while doing the following activity with a ball in your hands and moving your feet
alternately.
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Once this ability has been acquired, we can vary the coordination of the upper limb with the following proposal
while reading the upper plank:
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The same activity can be varied but in a bipedal position, standing, and moving in a square or another
geometric figure. There are many variations and the possibilities of working on the double task are very
varied.

Another different example would be to carry out the movement of the hands with the ball described above
(sitting or standing) and to carry out some activities such as the following ones:

A. Asking geography concepts, e.g., what is the capital of France?

B. To say opposites. Sweet - Salty

C. To translate into another language. Silla - Chair

D. Repeating onomatopoeic words. Normal or inverted repetition

E. Memorizing digits, memorizing numbers, memorizing names of musical notes, memorizing proper

names or names of objects.
F. Perform arithmetic tests. Division, addition, subtraction, multiplication.

CONCLUSIONS

The aim of this article is to present the different meanings of the terms motricity, psychomotricity and
neuromotricity. In recent years, knowledge and research on the brain has provided new channels of
development, with neuromotricity taking on special relevance.

As far as motor control is concerned, it is essential to know, at a neuropsychological level, the principles of
motor coordination linked to cognitive functions and executive functions. We consider it essential for the
educator to have a broad base of knowledge about the brain, since all educational action has a direct effect
on this organ. Neuropsychological and neuroscientific knowledge will facilitate a pupil's development process
and improve psycho-pedagogical intervention methodologies.

By way of conclusion, we would like to advocate that neuromotricity, as a science and as a method, has
become, in the 21st century, a common core between neuroscience and the Sciences of Physical Activity
and Sport, with a transversal vision of other disciplines.
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