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Abstract

The aim of this commentary is to present characteristics of an “unidentified psychological
barrier,” which we previously have speculated to be associated with vestibular
underachievement, an overlooked part for the understanding of the resistance to physical
activity as well as in the assessments and interventions of developmental coordination
disorder (DCD). Furthermore, we will discuss the importance of its identification and how to
push knowledge forward. A delayed or partly absent sensorimotor development for an
otherwise healthy infant might be a substantial sign of an underachieving vestibular system.
It is time to act and to take sensorimotor immaturities seriously. In order to come to terms
with DCD including physical inactivity there is a need for a grounded approach to
sensorimotor development, not the least as a complement to already established
‘treatment’ methods.
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1. Introduction

Physical inactivity is a global health problem with prevalence rates remaining almost the same
over the last 25 years. It was estimated that in 2016 a quarter of the world’s adult population
were inactive and thereby put at a higher risk of premature mortality and of non-communicable
diseases [1, 2]. Insufficient physical activity has also been estimated, globally, among 80% of
adolescents [3, 4]. Taken together this makes physical inactivity the fourth leading risk factor for a
premature death. Not the least therefore, but also in order to meet both the World Health
Organization (WHO)’s guidelines for Physical activity and their target of a global reducing of
physical inactivity by 15 % in 2030, research in different fields of movement science is of prime
importance [5-7].

An Editorial in The Lancet 2013 [8] began, “Physical education is a divisive subject at school -
children seem to love it or hate it” and ended with, “Physical activity should be a priority for all
schools, but, importantly, we must not allow children who do not excel in sport to drift or to be
ignored. Children should associate positively with active behaviors early in life to carry and
maintain a healthy relationship with physical activity through to adulthood”.

The human body is made for movement and for physical activity. Why then is it so hard for
some and apparently also connected with inconvenience? Bergman and Norlander concluded, in a
gualitative study using a phenomenological perspective that the resistance could be due to an
“unidentified psychological barrier”. Participants had a desire to be more active but they were not
able to break the vicious circle [9].

With this commentary our aim is to present further characteristics of this ‘psychological
barrier,” which we previously have speculated to be associated with vestibular underachievement,
an overlooked part in the assessments and interventions of developmental coordination disorder
(DCD) [10]. We will discuss the possibility that this by then ‘identified psychological barrier’ is of
prime importance to understand in order for therapists, teachers and trainers to be able to
increase the convenience of physical activity and to reduce the risks of developing DCD.

However, in order to get there we will start with a brief overview of DCD. Then we will continue
with a very short presentation of sensorimotor therapy (SMT) according to the method Retraining
for Balance (RB) which in turn will bring us to the overlooked importance of vestibular stimulation
not only in the ‘treatment’ of DCD but also as a possible way to awaken the innate potential for
physical activity. Lastly, we will sum up with some concluding remarks.

2. Developmental Coordination Disorder

DCD is defined as a neurodevelopmental disorder characterized by an immature and delayed
gross and fine motor development without any obvious medical or intellectual cause. The
prevalence among younger school children is reported to be 5 -6%. A diagnosis is given only if the
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motor skills impairment interferes significantly with the participation in, or performance of, daily
activities at school, in the family or in social- and community life. Among younger children the
delay might concern difficulties to accomplish gross motor milestones such as crawling and later
walking. Clumsiness and problems with zipping pants and buttoning clothes are also common
features. In the long run there might be improvements but it has been estimated that for 50 to
70% of the children the difficulties will remain through adolescence [11]. Evidently especially fine
motor problems such as handwriting will affect schoolwork in general and a remaining clumsiness
will certainly have a negative influence on physical education in particular [12]. There are
increasing evidence for connections between DCD and internalizing problems, i.e. anxiety and
depression [13]. The comorbidity with attention-deficit/hyperactivity disorder (ADHD) is also well
known [14]. Despite the seriousness of the condition and its comorbidities, DCD is still not truly
acknowledged within neither educational nor clinical practices [15, 16].

Although several approaches have been used there are not yet any ‘gold standards’ for
assessments and interventions [17, 18]. Approaches have mainly been labeled either as task-
oriented or process-oriented. Task-oriented or top-down approaches focus on learning a certain
motor performance, i.e. ‘* Neural Task Training’ (NTT) and ‘the Cognitive Orientation to daily
Occupational Performance’ (CO-OP). Process-oriented or bottom-up approaches aim at enhancing
skills performance through improvement of body functions i.e. kinaesthetic training and sensory
integration (SI).

In recent years there has been a tendency for the approaches to be partly mixed. In order to
meet this change the European Academy of Childhood Disability (EACD) [19-21] has re-grouped
the approaches into three new categories. The first category is oriented towards body function
and structure aiming at identifying and improving underlying motor problems. The second
category is activity-oriented, which means that an activity is designed with the aim to improve a
certain performance. The final category is participation-oriented, aiming at designing an activity,
which will enhance participation in every day life. Presently, in accordance with evidence based
data, the EACD recommends category two and three, i.e., NTT and CO-OP as DCD interventions.

3. Sensorimotor Therapy

Sensorimotor therapy (SMT) according to the method ‘Retraining for Balance’ (RB) is process-
oriented and belongs by definition to the first category, as described above. SMT will on average
take 36 months to complete and during that time the participant will spend approximately 15
minutes/day doing exercises with their parents (or concerning the adults, their spouse). In this
way the child’s caregivers are ‘the therapists’ who guarantees a safe and necessary proximity [22-
24]. Every eight weeks, after a careful re-assessment, a new part of the program will be
introduced. The method has been thoroughly described elsewhere [25-29] and results have shown
that the integration of aberrant primary reflexes, especially the Moro reflex, in combination with
vestibular stimulation enhanced sensorimotor development among children as well as among
adolescents and adults [25-28]. Results have also indicated that the process of SMT, using the
instruments of RB, could be described in accordance with a conceptual kinesthetic-vestibular
developmental model (KVDM) where the training induced temporary psychological and physical
regressions, which were followed by transformations i.e. psychological and physical development
[26, 30].
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Notwithstanding the improvements indicated in our studies [25, 27, 28] we cannot know for
sure which level of remission [29] the participants have reached (see 4.2.4). In order to gain that
knowledge we would have to conduct follow-up studies. Until we have reached better knowledge,
the concept of ‘treatment’ has to be used with caution. Furthermore, Cacola and Lage argued
that, as DCD is considered to be a condition that has no cure interventions can provide strategies,
accommodations and skills to make life easier [15]. However, in our studies and in order to
account for as sustainable results as possible the participants were left without training for at least
3 months before the final assessment [25, 27, 28].

4. Vestibular Function and Vestibular Stimulation
4.1 Introduction: A Short Update of Recent Publications

“The sky’s the limit for new ideas and developments in vestibular therapy (both
pharmacological molecules and physical devices)” [31].

This citation was taken from an Editorial in ‘Frontiers in Integrative Neuroscience’ 2015, written
as an introduction to a ‘Research Topic’ aiming at highlighting new discoveries in the field of
vestibular cognition. In 2018 ‘Frontiers in Neurology’ followed with another ‘Research Topic’,
‘Vestibular contributions to health and disease’ [32]. Obviously there is a growing interest in
vestibular function, especially in its connection to cognitive development. One angle of interest is
a possible link to dyscalculia [33, 34] another angle is a possible connection to psychological
wellbeing [35].

In a recent publication dealing with ‘sensory neuromodulation’ the authors state that
vestibular activity will affect all brain areas [36]. This is in accordance with the message given by
Sailesh and colleagues who accounted for how the vestibular system, with its complex
connections to different subcortical and cortical structures, controls different body functions in
order to establish homeostasis. Their concluding remark was, “It is the need of time to start more
translational research in this area to explore the potential benefits of vestibular stimulation” [37].

In 2020 ‘Frontiers in Psychology’ published a ‘Research Topic’, ‘Current perspectives in
Developmental Coordination Disorder (DCD)’, including 12 papers, none of which had a focus on
vestibular function or primary reflexes. Beside our own publications, which could be regarded as
exploratory and descriptive [25-28], this approach is rare. However, a recent small sample study
from India concluded that vestibular stimulation had a positive impact on children diagnosed with
DCD [38]. Considering the fact that vestibular activity affects not only the brain but also the whole
human body ought to give us a reason to widen our perspective on ourselves as planetary
individuals. Clark’s concept of brain, body, and world interaction (BBWI) [39, 40] is a good starting
point.

4.2 Vertical and Horizontal Connections

Elsewhere [29], one of us has extended the concept of BBWI to include both a vertical
connection, i.e. the interaction between a human being and the gravitational force (here after
gravity), and a horizontal connection, i.e. the ability to build friendships and to learn how to act in
the world. Following the results from our studies our experience is that an increased downward
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connection i.e. improved vestibular function would in turn most likely enhance upward, i.e.
cognitive, activity and connectivity.

The unchanging force of gravity is ever present on Earth and of absolute importance for the
function of the whole human nervous system. During our whole life, through response from the
vestibular system and its sensory receptors, gravity is the most trust worthy source for bringing
energy to the nervous system [41, 42].

4.2.1 Vertical Connection and ‘Gravitational Insecurity’

The vestibular nuclei appear around the 9t week after conception and are functional by the
11t week [43, 44]. Except for interoceptive sensory receptors the vestibular system is the only
sensory system to be mature by the 215t week [45, 46]. While some researchers like Windle [47]
and Prechtl [48] argue that the system is inhibited during pregnancy others like Odent [49] and
Restak [50] hold that the foetus, while floating, is constantly stimulated by the mother’s
movements. It is due to its early maturation and to stimulation that the vestibular system is
regarded to be of great importance for brain development [44]. After birth, during infancy,
especially between 6 and 12 months the vestibular system is very responsive [44, 51]. This period
coincides with the time for the development of tummy crawling, creeping on hands and knees and
the hardship to master gravity in an up-right position i.e. walking [52]. Then there is a rather rapid
decline in vestibular sensitivity until 2.5 years of age followed by a gradual decline until puberty,
which is in line with what could be understood from Paul Schilder (1886-1940) when he more or
less explicitly suggested an addition to Freud’s classical oral and genital stages, a gravitational
stage, operative for another 10 to 15 years. According to Schilder, that is how long it would take to
defy gravity in order to fully develop coordinated motor skills. This new stage would also have
influence on both an orderly and sequential development of logic and on the development of
personality [53].

Schilder was one of the first researchers to study psychological implications in connection with
the vestibular system. He found that organic changes in the vestibular system affected both body
attitudes and psychic structures, which in turn influenced perception. Schilder concluded that this
finding could open up this area for studies of neuroses and psychoses and their relation to the
vestibular system [54].

Early in the 20" century Joel E. Goldthwait (1866-1961) and his colleagues at Harvard
University laid an important physiological and medical foundation for what later came to be
modern movement therapies. They examined the human body and its relation to gravity and
following their results, they asked people to pay better attention to how they move and hold their
body in relation to gravity [55, 56].

Ida Rolf (1896-1979) who knew about the work of Goldthwait came to be known for the
concepts of ‘Structural integration’ or ‘Rolfing’. Her work focused on both the clinical and the
physiological importance of gravity and she held that any misalignment would affect the whole
system. A variety of somatic and psychological states could be addressed by restoring verticality
[23, 56, 57].
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4.2.2 Horizontal Connection and ‘Gravitational Security’

Still another aspect of the vestibular-gravity connection is to be found with Ayres and Robbins
[58] who wrote that the human relationship to gravity is more primal than the relationship
between mother and child. They stressed the importance of building a ‘gravitational security’,
which is the result of the integration of the vestibular system and gravity. In our daily life we take
both gravity and ‘gravitational security’ for granted because they are so fundamental, but a firm
connection to Earth i.e. gravity is the foundation on which we build interpersonal relationships.
Without a safe relation to gravity all horizontal relations will suffer. Not even the most loving
mother is able to fully reach her child if the Earth is no safe place to be. Children with vestibular
problems will behave as if they were lost in space.

Gilfoyle and colleagues articulated a similar view and used the concept ‘spatiotemporal stress’
to describe a distress connected to an altered sensorimotor integrative process which could affect
both the child’s progress toward maturity and its relationships within the family as well as to the
world outside [59].

Also studies by a fourth person are of interest when it comes to ‘gravitational security,” namely
Paul Schilder. As early as in the first quarter of the 20™ century he wrote [60], although not
published until 1964, “The child should not be exposed to threats concerning his motor security
without having reassurance” (p.169), connecting the primal fear of falling, insecurity and anxiety
to the loss of equilibrium, to the Moro reflex (see section 3). This reflex was first described in 1918
by Ernst Moro. Its phylogenetic meaning is still unclear but the reflex is detectable at
approximately week 30 in utero and is supposed to be suppressed during the first six months
postnatally. The Moro reflex is most probably mediated by vestibular nuclei and has a close
connection to the grasp reflex [61], mentioned also by Feldenkrais who like Schilder referred to
our inborn fear of falling as well as to the vestibular systems role in anxiety [62].

4.2.3 Connection between the Vestibular System and Some Primary Reflexes

Neither can we take our fundamental relation to gravity for granted nor the suppression of
some primary reflexes. This experience has also been strongly indicated in our previous studies
[25-28].

Primary reflexes are supposed to be suppressed at around 6 months postnatally, which is also
the time for the development of tummy crawling and a couple of months later even for creeping
on hands and knees. These are gross motor milestones of prime importance not only for
coordination but also for hip and trunk stability, both of which are essential for a stable up-right
posture. The human body is indeed badly suited for standing [62]. The body has to be well
prepared and then well kept, because to defy gravity will become a life long struggle.

4.2.4 Not neither — nor, rather a Continuum

From our point of view the presence or absence of primary reflexes as well as of vestibular
function are not questions of neither nor, rather, there is a continuum. Over the lifespan we can,
most probably, expect oscillations back and forth within the frames of this continuum. This is one
reason why it is important to keep the concept of remission in mind (see section 3).
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Capute and Accardo [52] used the concept of ‘primary reflex suppression,” which implies that
the primary reflexes have to be put under cortical control but they will all the same remain within
the lower parts of the nervous system in order to reappear in urgent situations [63], or when we
are getting older and our cognitive functions decline. In this way the primary reflexes could be
viewed as ‘lifelines’ and as a ‘survival kit". We have argued that a receptive vestibular system is a
prerequisite for a proper vestibular function, in order for the primary reflexes to become
suppressed, thereby allowing the gross motor milestones to develop. This in turn will prepare the
human body for a stable erect position as well as for sensorimotor coordination e.g., [10].

4.2.5 Physical Activity as a Part of a DCD Context

In order to reach a consistent use of the term DCD and to avoid confusion it has been
recommended that any new proposed subtype or inclusion should be introduced within the
context of DCD [64]. The concept ‘Environmental stress hypothesis’ was coined by Cairney and
colleages in 2010 [65], aiming to emphasize the role of different negative stressors on children
with DCD. The hypothesis was later extended to include also lower levels of physical activity as a
factor, which could connect DCD to internalizing problems in children [66]. In accordance with the
hypothesis, Cacola and Lage suggested that interventions for DCD should include both
psychosocial wellbeing and part taking in physical activities [15]. This sounds very good but what if
you know that physical activity would be good for you but still you cannot put yourself together to
break the vicious circle [9].

It was recently suggested that an emphasizing of the benefits from physical activities on mental
wellbeing would send a meaningful message to adolescents [67]. Such a message sounds also
good but if there is a ‘psychological barrier’ we don’t think it would help. Providing information is
not enough.

4.2.6 Vestibular ‘Underachievement’ - an ‘Identified Psychological Barrier’

Building on the results from our studies [25-28] we suggested an approach stressing the
importance of ‘grounded assessments and interventions’ to become a part of the DCD context
[10]. This approach uses vestibular stimulation as a vital part of the intervention. Vestibular
stimulation has so far been overlooked both in regard to physical inactivity and as a complement
in the ‘treatment’ of DCD. However, our studies have indicated its importance as a mediator of
physical inactivity into physical activity. Results of a qualitative study aiming at understanding the
process of SMT showed, “In several cases the children showed a much greater interest in physical
activity. When the children felt in control of their body, they enjoyed both physical education and
sports outside school more”. “My child participates more actively. He is not just present”
(quotation from a parent). “Some children occasionally felt a need for muscular exertion and then
appeared to enjoy combat sports. When their legs cooperated, they found it easier to run and
dribble, and soccer then became more attractive” [26] (p. 338).

We propose that the awakened interest in physical activity is due to an increased vestibular
receptivity and to the suppression of primary reflexes. The enhancement of vestibular function i.e.
reducing vestibular dysfunction will contribute to the breaking of an ‘identified psychological
barrier’ and the vicious circle it had created [9], which in turn also, most probably, will affect
psychological wellbeing in a positive way.
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4.2.7 Physical Activity is Also a Part of a Continuum

We are well aware of the fact that sensorimotor difficulties are not the only reasons for
physical inactivity and also that the level of activity can fluctuate from person to person, from day
to day depending on the circumstances e.g., [68-70]. However, when foremost children are
physically inactive we have to find out why.

5. Concluding Remarks

The aim of this commentary was to present characteristics of an “unidentified psychological
barrier”, which we previously have speculated to be associated with vestibular underachievement,
an overlooked part for the understanding of the resistance to physical activity as well as in the
assessments and interventions of developmental coordination disorder (DCD). Then to further
discuss the importance of its identification and how to push knowledge forward.

Our studies have shown that an underachieving but otherwise obviously uninjured vestibular
system appears to require stimulation in order to re-establish the aim of its function. From this it
follows that an infant’s sensorimotor development has to be closely monitored and not taken for
granted.

Previous studies have shown that sensorimotor difficulties do not disappear with age [14, 27]
rather, in early puberty, movement patterns become more adult like [27, 71, 72]. In order to avoid
further difficulties for the child, sensorimotor deviations have to be taken seriously as soon as
possible [15].

We would like to encourage parents to use slow and smooth vestibular stimulation with their
infants e.g., [44] and stay observant on the suppression of primary reflexes as well as on the
development of motor milestones such as tummy crawling and creeping on hands and knees [52].
A delayed or partly absent sensorimotor development for an otherwise healthy infant might be a
strong enough sign of an underachieving vestibular system. The significance of an aberrant Moro
reflex beyond 6 months of age should not the least be an adequate reason for further enquiry. For
this to become possible the medical establishment has to be ready to meet this challenge [15, 16,
73, 74].

It is time to act and to take sensorimotor immaturities seriously. In order to come to terms with
DCD including physical inactivity there is a need for a grounded approach to sensorimotor
development not the least as a complement to already established ‘treatment’ methods.
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