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Abstract 
 
 The overarching purpose of this Thesis is to evaluate assessments and interventions 
for sensorimotor therapy according to the method Retraining for Balance. The purpose of the 
first study (Paper I) was to compile instruments based on the 46 diagnostic tools according to 
the method Retraining for Balance (RB) in order to be able to analyse previously collected 
data and thereby examine whether future studies would be of interest. Results showed that 
further studies were of interest and that RB could be a complement to existing treatment 
methods for Developmental Coordination Disorder (DCD). The aim of the second study 
(Paper II) was to gain increased understanding of the effects of sensorimotor therapy on the 
physical and psychological development of children and young people when using RB. As the 
qualitative analyses proceeded three themes emerged, (a) Introductions, (b) Regressions and 
(c) Transformations. The process involved in RB can thus be described as a flow in which 
Introductions, Regressions and Transformations jointly pushed the individual toward an 
increased physical and psychological maturity. The main purpose of study three (Paper III) 
was to investigate if a group of primary reflexes are to be found in adults showing symptoms 
of sensorimotor disorders, and, if so, is it possible to integrate these reflexes through 
sensorimotor therapy (SMT). Results showed that the same diagnostic instruments and 
treatment methods can be used for both children and adults with sensorimotor difficulties and 
that the difficulties can’t be out grown. The aims of study four (Paper IV) were to (a) 
compare healthy children in terms of sensorimotor maturity to untreated children diagnosed 
with DCD and (b) compare healthy children to diagnosed children following completed 
treatment with sensorimotor therapy. The results showed, in accordance with the first 
hypothesis of the study that the Norm group performed better on all sensorimotor tests as 
compared to the untreated children from the DCD group, with the exception of an audiometric 
test where both groups performed at the same level. Results also showed, after controls for 
natural maturing effects, that the participants from the DCD group, after sensorimotor therapy 
did catch up with the healthy children, which led to that the second hypothesis was rejected. 
In Paper V, which was an invited Focused Review, our central theme was the importance of 
grounded assessments and interventions in regard to DCD. The paper had two aims, (a) to 
follow-up Paper III and (b) to fill a gap in literature regarding assessments and interventions 
of DCD. Our previous results had indicated that sensorimotor problems could be treated 
within all age groups through the method RB. It was therefore concluded that the importance 
of primary reflex suppression and vestibular stimulation as well as a combination of top-down 
and bottom-up approaches have to be considered in order to develop effective methods for 
assessment and intervention of DCD. The method RB underlines not only the importance of 
gravity and its influence on the vestibular system but also the importance of parental (or 
spouse) guidance during training. Therefore a Brain Body World Interaction (BBWI) 
perspective including both a vertical connection (i.e., interactions between the person and 
gravity) and a horizontal connection (i.e., the person who socializes, learns and acts in the 
world) is proposed as a starting point for a new theoretical framework regarding DCD.  
 
Keywords: Brain Body World Interaction; Developmental Coordination Disorder; Horizontal 
Connection; Primary Reflexes; Regression; Remission; Sensorimotor Therapy; 
Transformation; Vertical Connection;  Vestibular Stimulation.  
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1. INTRODUCTION 
 
 
1.1 Theoretical perspectives 
 
 
1.1.1 Introduction 

The term Developmental Coordination Disorder (DCD) was coined at a consensus 
meeting at the University of Western Ontario, Canada in 1994 and defined as a chronic and 
usually permanent condition (Ahonen et al., 2004) largely equivalent to what was previously 
called ‘Clumsy Child Syndrome’, referring to children whose motor development is delayed 
regardless of age, intellect or whether neurological causes are evident. Between 5 and 9 % of 
all school children are estimated to be affected (Cairney et al., 2006). What is now labelled 
DCD was previously recognized (Pennington, 2000) under different names such as ‘motor 
deficiency’, ‘congenital maladroitness’, and ‘Minimal Brain Dysfunction’. As a motor skills 
disorder (American Psychiatric Association, 1994, 2013) the main features for DCD in 
younger children is clumsiness, often in combination with delayed motor milestones, 
difficulties buttoning clothes, zipping pants and tying shoelaces. Manifestations among older 
children are difficulties in printing or writing, playing ball, assembling puzzles and building 
models. DSM-5 (American Psychiatric Association, 2013) defines DCD accordingly: 
“Developmental Coordination Disorder is diagnosed only if the impairment in motor skills 
significantly interferes with the performance of, or participation in, daily activities in family, 
social, school, or community life” or “if the coordination difficulties are not better explained 
by visual impairment or attribute to a neurological condition” (p.75).  

 
Although DCD has a most specific and common comorbidity in ADHD it remains a  

‘black sheep’, which seldom is mentioned in intervention and assessment manuals (Gillberg, 
2003, 2017) and is still today regarded as a ‘hidden problem’ (Caçola, 2016). With extended 
knowledge about DCD and its persistence throughout life as well as knowledge about its 
different comorbidities (Rasmussen & Gillberg, 2000), research regarding detection 
(Mahoney et al., 2004), assessment instruments (Schoemaker & Wilson, 2015), interventions 
in early childhood (Kirby, 2004; Wilson, 2004), and in schools (Norlander et al., 2005) ought 
to be priority not the least due to a high risk of additional problems such as depression and 
anxiety (Caçola, 2016). 

 
  

1.1.2 An overview of the articles in the dissertation 
 This Thesis contains five articles, all of which are ultimately based on the clinical 
experience at the Vestibularis Clinic. In order to scientifically evaluate whether or not the 
method Retraining for Balance (RB) could be of help for children with sensorimotor 
difficulties, Paper I focused on the development of appropriate test instruments. By similar 
reasons it became momentous to acquire a deeper understanding of the recurrent 
psychological regressions, frequently observed during training. In Paper II a model, the 
“kinesthetic-vestibular model of development” (KVMD), was identified, described and then 
validated through a 3-point scale. As the sensorimotor therapy at the Clinic became more 
established and known an increased interest from adults expressing their wish for treatment 
became obvious but so far RB had not been used on adults. Therefore it was considered to be 
of importance to use the knowledge, which had been gained from our two previous studies, to 
investigate whether the method could be of help even for adults. That investigation took place 
in Paper III, which simultaneously gave further psychometric confirmation to previously 
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developed instruments as well as to the KVDM. Despite or rather due to the hitherto 
described efforts it became increasingly disturbing that the instruments hadn’t been used on 
healthy children in order to enable a comparison with children diagnosed with DCD, before 
and after therapy according to RB. However, the shortcoming was rectified in Paper IV in 
which, concurrently, the question of ‘remission’ was raised, a notion that should be 
scrutinized in further studies. In conjunction with the publication of Paper III the authors 
were awarded by the journal Frontiers in Psychology and invited to write a Commentary, a 
Focused Review, which finally became Paper V. In this paper the different themes that had 
been elaborated in Paper I to IV was discussed. It was also concluded that in order to develop 
effective methods for assessment and intervention of DCD over the life span the importance 
of primary reflex suppression and vestibular stimulation as well as a combination of bottom-
up and top-down approaches have to be considered. With the results from the five studies here 
included, I intend to elaborate the material further in the Discussion section through some 
relevant questions.  
 
 
1.1.3 The Reflex 
 A reflex can be defined as a mechanically determined and adaptive response when a 
sense organ is stimulated. For the function of the human body, reflex activity is fundamental 
(Rider, 1972). The history behind the concept ‘reflex’ is long and sometimes complicated, 
since both its theoretical and practical meaning has changed both over time and depending on 
research field. However, among psychologists, the concept is recognized as a basic aspect 
within physiological psychology and has been given a certain historical status (Clarke & 
Jacyna, 1987). 
 
 
1.1.4 The Reflex – both somatic and psychic  

Although the papillary reflex was observed already by Galen (A.D 129-199) and the 
word ‘reflex’ was used by Jean Astruc (1684-1766) (Flugel, 1933) the concept did not reach 
widespread recognition until the noun ‘the reflex’ was used in a biological and purely 
mechanical and functional sense by Marshall Hall in 1833 (Liddell, 1960; Clarke & Jacyna, 
1987). Through his research on decapitated animals Hall had observed that by proper 
stimulation certain kinds of bodily movements were elicited with the help of the spinal cord 
and the peripheral nerves. These movements were independent of the brain and had therefore 
another character compared to voluntary and conscious movements (Flugel, 1933; Jeannerod, 
1985). Hall’s findings were to be reshaped and further developed by different researchers (e.g. 
Swazey, 1969) over the coming years but might have reached its peak around the turn of the 
century through research made by Charles Scott Sherrington (1857-1952). Sherrington made 
essential neurological discoveries where the reflex arc was a fundamental part of a goal 
directed and integrated nervous system (Jeannerod, 1985; Liddell, 1960; Swazey, 1969).  

 
 During the second half of the nineteenth century, theory and practice concerning ‘the 
reflex’ had a great influence on research in both physiology and psychology not only in 
England and France but also in German speaking countries and in Russia (Guenther, 2015; 
Jeannerod, 1985) and it was not unusual that physiological findings were interpreted into a 
philosophical framework nor that philosophy influenced physiology. One example is the 
British philosopher Herbert Spencer (1820-1903) who was impressed by experiments on ‘the 
reflex’ and outlined in his book ‘The principles of psychology’ (1855) a hierarchical CNS 
where the complexity increases with each new stage. At the lowest stage he put ‘the reflex’, 
which was given the role of a psychic act i.e., the psyche was described as a bundle of 
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reflexes. If these reflexes where frequently repeated by instincts they would become 
transmitted to following generations by heredity. Influences from Spencer were later to be 
found in writings by the neurologist John Hughlings Jackson (1835-1911) and by Ivan 
Setchenov (1829-1905), acknowledged as ‘the father of Russian physiology and psychology’ 
(Jeannerod, 1985). Although more than a generation apart Setchenov’s research would later 
have impact on research made by another Russian, Nikolai Bernstein (1896-1966) who laid 
the foundations for a theory of motor control and contemporary biomechanics of human 
movement (Feigenberg, 2004). Bernstein’s theories about a nervous system that is learning by 
its interaction with the world (e.g. Thelen, 1998) have had great influence on present day 
theory of child development where motivation is stressed as a prerequisite for the 
development of new motor skills (e.g. Goldfield & Wolff, 2004; Santrock, 2011).  
 
 
1.1.5 Infant reflexes - a perspective 

According to DSM-5 (American Psychiatric Association, 2013) some children 
diagnosed with DCD show Neurological Soft Signs (NSS) and Ayd jr (2000) wrote that NSS 
are used to describe neurological aberrations not believed to constitute well-defined 
neurological disturbances. NSS are difficult to localize, they might sometimes be considered 
as reflecting a diffuse brain dysfunction, but are nonetheless frequent among youths with 
hyperactivity and emotional disorders. The use of ‘Soft Signs’, both as a concept and as a 
diagnostic tool, was dismissed by Ingram (1973) as ‘soft thinking’. However, according to 
Mitchell (2003), NSS are of importance because they are rarely present in healthy controls. 
There is no standard list of NSS but the concept includes retained primitive reflexes, a deficit 
in sensory integration and subtle deficits in the sequencing of complex motor functions. 
Children diagnosed with DCD (Polatajko, 1999) don’t show any clear-cut evidence of 
neuropathology or neurological ‘hard’ signs but might show ‘soft’ neurological signs.  
Infants are born with certain so-called primitive reflexes all of which are supposed to be 
suppressed under normal circumstances during the first year of life (Rider, 1972). 
 One of the first to document the development of infant reflexes from birth and beyond, 
through experience and learning was William Thierry Preyer (1882/1923) not only a 
physiologist but also a pioneer in the science of child psychology. Preyer (1841-1897) was 
after his death credited by Ernst Moro (1918) for being first to describe and document the 
movement pattern that later should be named the Moro reflex (Dennis, 1935).  

 
Neonates (Illingworth, 1987) are equipped with about 70 brainstem mediated primitive 

reflexes, some of which are closely connected to the vestibular system. To begin with, these 
reflexes are like a ’survival kit’ and they are easy to elicit. During the first year of life (Capute 
& Accardo, 1991) as the nervous system matures and voluntary motor activity emerges they 
become more difficult to elicit. When primitive reflexes are inhibited during the first year of 
life, postural (body righting) reactions (Capute & Accardo, 1991; Morrison, 1985) as well as 
gross motor milestones such as rolling, creeping (locomotion in prone), and crawling 
(quadrupedal locomotion) appear. Gross motor milestones generally emerge during the 6th to 
12th month. This is also one of the intervals when the vestibular system is most sensitive and 
receptive to stimulation (Ornitz, 1983). During the period when the child is creeping and 
crawling (Maurer & Maurer, 1989) it is also very likely that a more mature sense of balance 
develops. 

 
These early reflexes (Crutchfield & Barnes, 1993) were traditionally called ‘primitive’ 

either because they were thought of as not being persistent throughout life or	 because the 
infant's brain was considered primitive, underdeveloped, and deficient in comparison to an 
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adult's brain (Touwen, 1984). There are, however, controversies surrounding the concept. 
First, Touwen (1984) argued that neither the concept ‘primitive’ nor the concept ‘reflex’ are 
appropriate since neither is the infant’s brain primitive nor does pure stereotyped reflexes 
occur. McPhillips and associates (2000) preferred to use the concept ‘primary reflexes’ while 
French authors such as Mehler and Dupoux (1994) used the concept ‘archaic’. Second, there 
is a controversy as to whether, ‘the reflexes’ persist throughout life or not. Paulsen and 
Gottlieb (1968) pointed out that when a primitive reflex emerged from a certain background, 
foetal reflex responses may reappear whenever higher controls weakened, a view shared by 
Teitelbaum (1967) for whom it was obvious that the reflexes remain within the nervous 
system. Ayres (1973) concluded that the degree of mastery over the reflexes is a reflection of 
the maturity of the nervous system. 

 
A possible regression to lower level brain activity when higher levels are impaired, 

resulting in primitive motor behaviour, was suggested by Bergström (1963). Jacobs and 
Gossman (1980) investigated certain primitive reflexes and found them active in healthy 
adults. So did van Boxtel and associates (2006) who found that the prevalence increased with 
age, but there was no support regarding their presence as markers of cognitive recession in 
individuals ageing normally. Touwen (1984) on the other hand, considered the morphological 
difference between the adult’s brain and the infant’s brain. Emphasizing their different 
functions, he argued that the adult’s ageing brain and the infant’s healthy brain cannot 
possibly display identical mechanisms. 
 
 
1.1.6 The Reflex – pathological or normal 

Traditionally, aberrant primary reflexes have been connected to pathological 
conditions. This interpretation goes back to research by Magnus and de Klejn in 1913 and 
their identification of the tonic neck reflex in a ‘brain-damaged’ child (Rider, 1972). 
Somewhat later Gordon (1929) held that, if the Moro reflex persists above the age of six 
months it was a sign of brain injury. Likewise, Rider (1972) wrote that according to many 
researchers a persistent Asymmetrical Tonic Neck Reflex (ATNR) beyond the first six 
months of life might be a sign of an arrested development or a mental retardation and should 
be taken seriously. Motor skills problems are serious threats to both physiological and 
psychological health (Caçola, 2016; Faught et al., 2005) but so far, the role of aberrant 
primary reflexes, underdeveloped postural reactions, and delayed gross motor milestones 
beyond infancy have been overlooked in developmental research and the same holds true for 
the role of the possible ‘sixth sense’, the vestibular system (Besnard et al., 2015; Fuchs, 2018; 
Rine, 2009) with its importance for sensory integration (Ayres, 1973).  
 
 
1.1.7 Possible precursors to the modern understanding of the vestibular system 
 Ever since Antiquity scholars have, in different ways, described and named both 
sensory coherence and its possible location. Aristotle (ca. 384-322 B.C) discussed the senses 
and concluded that there could not be more than five. Yet, he argued, each sense is not 
enough to explain the totality of sensory experience and proposed the perceptual phenomena 
‘common sensibles’ including movement, rest, figure, number and magnitude, all of which 
are common to all senses (Aristotle, 1992). This ‘sense’, which Aristotle also called ‘the inner 
sense’ or ‘the first sense’, had some sort of sovereignty over the other senses and made it 
possible to experience perceptions and sensations at the same time (Frede, 1995). During the 
Middle Ages Aristotle’s work was translated and the term ‘sensus communis’ (common 
sensibles) (Howes, 2009) was used and discussed within Greek, Arabic and Latin scholastic 
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traditions. The most distinguished physician in ancient Persia was Ibn Sina (in Latin called 
Avicenna, 980-1037), who knew the work of Aristotle, stated that ‘sensus communis’ was 
located in the forepart of the brain’s front ventricle. All impressions, which were imprinted on 
the five senses, were transmitted to ‘sensus communis’ (Finger, 1994).  
 

Although ‘The Enlightenment’ in the 18:th century primarily was the ‘Age of Reason’ 
it was also an ‘Age of Sensibility’, a time during which the idea of ‘common sense’ and 
‘sensorium commune’ was reinvented with a start in French scientific and philosophical 
circles (Howes, 2009; Riskin, 2009). In his book ‘Essays on human understanding’ 
(1765/1997), which was completed in 1705 but published only after his death, the lawyer by 
training Gottfried Wilhelm Leibnitz (1646-1716) unfolded a theory of ‘petit perceptions’ and 
‘apperceptions’ where ‘petit perceptions’ were described as perceptions, which do not reach a 
conscious level while ‘apperceptions’ do. In 1833, Hall presented his theory on reflex action, 
which many physiologists at the time found too mechanistic and restrictive. In Hall’s theory 
‘true sensations’ played no part. However, the German anatomist and physiologist Johannes 
Müller (1801-1858) did not agree and extended Hall’s theory by including the brain. Thereby 
did he not only include sensation but he also broke down the distinction between lower and 
higher neural structures which dominated Hall’s model. Müller stated that the stimulation of a 
sensory spinal nerve first evokes action in the nerve which, then goes to the spinal cord and 
the sensation will be conscious if it from there can reach the ‘sensorium commune’ (Clarke & 
Jacyna, 1987; Guenther, 2015).  
 
 
1.1.8 Identifying the vestibular system 

The late 18th and early 19th centuries were obviously very active and fruitful years for 
physiological research (Finger, 1994; Wade, 2009). Observations gave empirical support for a 
separation of a muscle sense from touch. The British neurologist Henry Charlton Bastian 
(1837-1915) believed that information, necessary for the brain’s coordination of motor acts, 
was provided by the muscles. In 1880 he coined the term ‘kinaesthetic’ a concept replaced in 
1906 by Sherrington’s term ’proprioceptive’. Although both giddiness and vertigo (Wade, 
2009) had been well known phenomena, described mostly in medical terms since ancient 
times, it took a long time for science to connect the sensations to the vestibular system. By 
1765, Robert Whytt included vertigo among the symptoms caused by nervous diseases. 
Antonio Scarpa (1752-1832) described in 1789 the inner ear and the labyrinth, including the 
connections between the ampulla and the semicircular canals. Today the vestibular ganglion 
carries his name, the Scarpa ganglion (Desai & Dua, 2014).  

 
In 1803, Bell discussed diseases of the inner ear documenting that an inflammation 

around the auditory nerve also gave an increased sensitivity for vertigo and concluded that 
little was known about diseases of the labyrinth.  The gross anatomy of the labyrinth was 
known but its function was not understood. Through the interest in vertigo, the vestibular 
system was obviously investigated indirectly. William Charles Wells (1757-1817) who 
carried out research on post rotational vertigo and nystagmus was later to be recognized as the 
first who suggested a connection between the vestibular sense and behaviour. Theoretically, 
he also understood that some neurological system must register the body’s position in relation 
to gravity but he never came up with an answer. The answer was provided in the 20th century 
when the electron microscope was invented and scientists were able to identify hair cells in 
the cochlea and later in the vestibular system. It was not until around 1960 that modern 
physiology got interested in the importance of combining sensations (Berthoz, 2000). Not the 
least through the research by the neurologist Wilder Penfield (1891-1976), is it well known 
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today that the vestibular cortex, situated at the junction of the temporal and parietal cortices 
and fundamental for self-coherence, is where vestibular information is received. It is therefore 
most likely that the vestibular system is a contributing factor when it comes to establishing 
coherence among different senses (Berthoz, 2012).  
 
 
1.1.9 The vestibular system and its response to the gravitational force 
 The vestibular system can easily be seen purely anatomically, as just what it is, a part 
of the inner ear, physiologically responsible for balance, the detection of movement and 
closely connected to hearing but not recognized as one of our basic senses. It is, however, 
different from other senses not least because experiences after stimulation are not specifically 
located, which they are with other senses. The gravitational force (hereafter gravity) 
(Niklasson, 2013) is not only ever present on Planet Earth, it is also of absolute importance 
for all aspects of function of the nervous system. Throughout life and through response from 
the vestibular system and its sensory receptors this unchanging force is the most reliable 
source of energy for neural activity (Hydén, 1961; Stanley-Jones & Stanley Jones, 1960). The 
first scientific evidence that the early development of the vestibular system is dependent upon 
gravitational stimulus was provided by a study on pregnant rats flown on the Space Shuttle. 
The rats, developed in space, had a limited sense of balance after delivery on earth. The study 
showed that the vestibular system needs gravity to mature correctly (Ronca & Alberts, 2000).  
 
 
1.1.10 The vestibular system and human motor development 
 Appearing not later than nine weeks after conception, the vestibular nuclei are 
functional by the eleventh week (Humphrey, 1965; Piontelli, 2015). At about the 21st week, 
aside from the interoceptive sensory receptors (sensory receptors in the walls of the thoracic, 
abdominal, and pelvic viscera), the vestibular system is the only sensory system that is mature 
(Robbins, 1977; Larsen, 1993). Although developed this early, some authors believe that the 
system is inhibited during prenatal life (Windle, 1971; Prechtl, 1984). Others like Odent 
(1986) and Restak (1979) claimed that the foetus, floating, is constantly stimulated by the 
mother’s movements and registers its first perceptions through the vestibular system. It is 
because of this early maturation that the vestibular system is so important for brain 
development (Piontelli, 2015). Any factor that disturbs its function will also influence further 
formation of the nervous system as a whole (Klosovskii, 1963). In favor of the proposition 
that the foetus reacts to the gravitational force (Hubbard & Wright, 1984; Eliot, 2000) is the 
turning of its head into the head-down position weeks or days before birth. During infancy the 
vestibular system is very responsive, reaching a peak between 6 and 12 months (e.g. Ornitz, 
1983; Piontelli, 2015) a period which coincide with the development of belly-crawling, 
creeping on hands and knees and the child learning to walk (Capute & Accardo, 1991). 
Through crawling and creeping the infant will develop its sense for both directionality and 
space and gain the knowledge that objects are fixed points (Maurer & Maurer, 1989). 
 

 One of the first to study the psychological implications of the vestibular systems was 
Paul Schilder who observed that organic changes in the vestibular system did not only affect 
body attitudes. Changes were also reflected in psychic structures (e.g. Schwartz, 1981) 
influencing perception and consciousness. Schilder concluded that these findings could open 
for further studies of the vestibular system and its relation to both neuroses and psychoses 
(1942/1971). According to Ayres and Robbins (2005) the foundation for interpersonal 
relationships is a ‘gravitational security’, which is more primal than the relationship between 
mother and child.  
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 Myrtle McGraw and Arnold Gesell made their major contributions to theories of 
motor development in the 1930s and 1940s. Both of them held the beliefs that children 
acquire motor skills through neural and that biological maturation and that motor skills are 
predetermined. McGraw also believed in a cortical inhibition of reflex-based movements 
while Gesell’s opinion was that there were factors such as heredity that limited motor 
behaviour (Tupper & Sondell, 2004). Their theories had differences and similarities but they 
agreed on the importance of the infant’s ability to defy gravity in order to develop (Gesell, 
1945/1988; McGraw, 1945/1989). Among psychologists research in the field of motor 
development waned in the years between the 1950s until the1980s. However, in the 1980s 
research in motor development gained new interest not the least due to new technologies and 
research methods. Theories about neural maturation and hierarchical models lost their status 
and gave way for theories emphasizing the contribution of perceptual information, peripheral 
factors and the importance of learning in order to get movement control. These new theories 
were influenced by contemporary research in dynamic systems and by research from the 
Russian physiologist Nicholai Bernstein (Adolph et al., 2003). Bernstein’s research, which 
was rather unknown in West at the time, caught the interest of the American developmental 
psychologist Esther Thelen who expanded the theories into a dynamic systems approach to 
development. The approach emerged basically from theories of perception-action and had and 
still has impact not only on the conceptualisation of early sensorimotor development (Thelen 
& Bates, 2003; Thelen & Smith, 2006) but also on present day recommendations for 
interventions concerning DCD (Blank et al., 2019). 
 
 
1.1.11 Interventions – past and present 

Through history some children have suffered from diseases or malnutrition and 
acquired brain injuries while other have been victims of environmental factors, such as 
abandon, contributing to indecent and wild behaviour. Others were in fact mentally retard by 
birth. The fate many of them shared was, for better or worse, institutionalisation (Nissen, 
2005). The written history of interventions for those by then regarded as mentally limited is 
said to have started in 1799 with the physician and educator Jean-Marc Gastard Itard (1775-
1838). Itard’s work was continued by one of his medical students, Edouard Séguin (1812-
1880). Influenced by the utopian socialist Count de Saint-Simon, Séguin believed that 
educating the mentally disabled was a step toward a better society (The Séguin physiological 
school, 1905/2017). Like his teacher, Séguin rejected the notion that mental retardation was 
incurable and practiced sense training and muscle training for the benefit of his patients 
(Anastasi & Urbina, 2007; Humphrey, 1962) and claimed that a child’s sensory system must 
be mature before he/she could be taught to read and write (The Séguin physiological school, 
1905). Séguin held that the mental and physical structures of normal developing humans as 
well as of feeble-minded are the results of an interaction between environmental conditions 
and heredity. Influences from the environment begin in utero and an arrested development can 
be traced as far back as the third month after gestation to be continued during the neonatal 
period (Séguin, 1907/2009). 

 
Therefore it is important to be observant of a child’s condition and start training at the 

right time (Séguin, 1907/2009; Humphrey, 1962). Such ideas continued to be influential in the 
US between the wars and became a driving force when it came to prevent behaviour 
disturbances among children. Books such as ‘The pre-school child and his posture’ 
(Richardson & Johnson Hearn, 1930), were written by psychiatrists and educators in order to 
give advice for detection and training of motor functions (Bromberg, 1982). Still today, the 
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methods used for testing and training mentally disabled children in sensory discrimination and 
motor control have their origin in Séguin’s work (Anastasi & Urbina, 2007) and in no small 
way Maria Montessori’s work was also influenced by him (Humphrey, 1962).  

 
Recently Blank and colleges (2019) stated that children diagnosed with DCD should 

receive treatment in order to be able to handle ordinary life and previously Hillier (2007) 
concluded, after a systematic review, that an intervention as such is better than none. 
However, so far no ‘gold standard’ for neither assessment and nor interventions of DCD have 
been established although several approaches have been used (Blank et al., 2019; Smits-
Engelsman et al., 2012). Over the years, approaches to interventions evolved within the fields 
of physiotherapy, medicine (e.g. medication), occupational therapy, education (e.g. physical 
education, instructions for teachers and parents) and diet. The approaches were labelled 
mainly as either process-oriented or task-oriented. The hypothesis for process-oriented or 
bottom-up approaches, were that skills performance are enhanced by the improvement of 
body functions such as sensory integration and kinaesthetic training. On the other hand, for 
task-oriented or top-down approaches the focus was on learning the motor performance itself. 
Examples are ‘the Cognitive Orientation to daily Occupational Performance’ (CO-OP) and 
‘Neural Task Training’ (NTT) (Smits-Engelsman et al., 2012).  

 
In the early years of DCD research, studies were mostly unshared process-oriented i.e. 

focused only on the improvement of structure and body function and reducing impairment. 
However, in recent years such studies have come to include also reports of a task-oriented 
character such as participation and activity level. A similar development has been noted in 
task-oriented studies where reports of impairment reduction and changes at the level of 
structure and body function have been added. In order to meet this change, the different 
approaches to intervention for DCD have been re-grouped into three new categories (1) body 
function and structure oriented with the aim at improving identified body functions supposed 
to cause suspected underling motor problems  (2) activity-oriented with the aim at designing 
an activity which will improve the performance of the activity in question (3) participation-
oriented with the aim at designing an activity which will improve participation in the activity 
in question in order to influence the everyday life situation. The first category was earlier 
known as including process-oriented approaches while the other two were known to be task-
oriented. Presently, published data give evidence enough for recommendations to use CO-OP 
and NTT as DCD interventions (Blank et al., 2019).  
 
 
 
1.2 Background of the present thesis 
 
 
1.2.1 Introduction – how it all started 
 Although teachings in child development, physiology and anatomy were intensive at 
the School of Physical Education in Örebro, Sweden in the 1970s, education in sensorimotor 
training per se was scarce. During my first years as a teacher in Physical Education (PE) I 
experienced some under-achieving children in each class and tried to adapt my teaching to 
their abilities but I did nothing else. However, right from the beginning my intention was to 
educate my pupils. I regarded PE to be as important as any other subject and wanted to 
develop their ‘Physical literacy’. By then the concept did not exist, only recently was it 
brought to the agenda by Margaret Whitehead (2001) and has since got different connotations 
depending on circumstances although the present definition is “Physical literacy can be 
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described as the motivation, confidence, physical competence, knowledge and understanding 
to value and take responsibility for engagement in physical activities for life” (IPLA, 2017). 
To me at the time, it had the meaning of giving my pupils a basic motor education in order to 
create a lifelong interest in physical activity. Rather soon I realized that it was through teacher 
education I had the best chance to influence. In the early 1980s I was appointed as senior 
teacher at the Teacher Training College in Kalmar, Sweden.  
 
 At the time the interest in a possible connection between motor ability and cognitive 
development had started to grow. Therefore it was suggested that teachings in children’s 
motor development should be part of my subject. Also at the time William Cruickshank 
(1981) suggested a novel perspective for teacher training and proposed the ’Neuroeducator’. 
Parts of his extensive requirements were incorporated in my teachings. I had the privilege to 
get to know and to study with the Danish physiotherapist Britta Holle. Her book ‘Motor 
development in children’ (1981) became together with Jean Ayres’ book ‘Sensory integration 
and learning disorders’ (1973) my prime theoretical foundation. Holle had also developed the 
‘Motor and Perceptual Development Test’, which I was taught to use and I found special 
interest in the parts concerning reflexes and motor milestones. Teachers at local schools 
became more observant on sensorimotor difficulties among their pupils and after consulting 
their parents I was frequently asked to do assessments and programs for intervention. The 
work was successful and led in 1987 to a grant financed pilot study where I together with a 
colleague skilled in statistics evaluated the effect of a short reflex inhibition program 
(Niklasson & Hector, 1989). The result was promising and we suggested an extension of the 
study, which unfortunately never came true. However, the Head of the Department at the 
College considered continuing studies and evaluation of sensorimotor training as important. 
Not the least did he understand that increased knowledge would be beneficial for the students 
in their teacher training. In 1989 a pilot project was established within the department of 
teacher training at the University College in Kalmar. It was decided to name it Vestibularis. 
 
 
1.2.2 Early experiences from the Institute for Neuro-Physiological Psychology (INPP)  
 I was expected to share my time between teaching and performing assessments and 
interventions, which finally became a too heavy burden to me. Therefore my wife Irene, also 
a PE-teacher by training, and Katarina Olsson, pre-school teacher, were employed part time to 
help me out. At a meeting Britta Holle advised me to continue to use her test as a template but 
look further for something that could suit our purpose even better. Already in the late 1970s I 
had heard about the British psychologist Peter Blythe, PhD, through friends who had met him 
and they told me about a book of his (Blythe & McGlown, 1979). However, at the time I paid 
it no notice. Dr Blythe had in 1975 founded the Institute for Neuro-Physiological Psychology 
(INPP) in Chester, UK and two years later a Swedish branch opened in Göteborg (Blythe, 
1990). At the 2nd International Conference of Neurological Dysfunction held in Stockholm in 
1988 and sponsored by the Swedish branch of INPP, Dr Blythe were one of the speakers 
together with, among others, Britta Holle and William Cruickshank. Dr Blythe’s speech 
caught me and I was introduced to him. One thing led to another and in early 1989 I attended 
my first conference at INPP in Chester to learn more. Vestibularis was not yet established so 
my trip was paid for by a grant from the ‘Red Cross’ in Kalmar. In late 1989 Dr Blythe 
returned to Sweden to give a weekend seminar and the three of us applied. The title was 
‘Children’s motor and perceptual development’ and we should get to know more about 
‘primitive reflexes’, the vestibular system’, and much more. We should also be advised of 
how to put together a program for remediation. Luckily all three of us were present. We were 
heavy loaded with information and coming back home again it took us quite a while to put 
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things together. All new input from that weekend constitutes the start of what later came to be 
the method ‘Retraining for Balance’.  
 

Over the coming years we were frequent participants at both INPP-conferences and 
supervisions in the UK as well as in other countries. At Vestibularis in Kalmar we developed 
our skills further through continued practice. We had many children in training. Although we 
had been given a thorough theoretical background to the training the influence from INPP and 
Dr Blythe concerned more of the practical parts. We learned that the intervention program 
was based on a replication construct where each reflex had a purpose, which had to be 
fulfilled. The inhibition, transformation and modification of basic reflexes followed a certain 
pattern and a sequence, which was replicable at any age. Further, as mentioned by Thelen 
(1979), babies make during their first year of life certain stereotyped movements. Similar 
movements, studied and interpreted by Blythe (1990, 2009), not only facilitated the inhibition 
of the appropriate reflex but also subsequently released a proper postural reaction.  
   
 
1.2.3 The development of Retraining for Balance – methods 

In the early 1990s, the INPP- guidelines for how to carry out assessments (Goddard, 
1990) and how to use exercises were strictly mechanical and linear, which meant that during 
assessment when certain immaturities, i.e., primitive reflexes, were identified certain remedial 
exercises from the intervention program were supposed to be used in a ‘goal directed’ way. 
From this followed that some children went through training using just a few exercises while 
others had to use more exercises and the duration and content became rather different from 
child to child. Vestibularis was not satisfied with the results achieved whilst working in this 
way. We had noticed that some exercises seemed more powerful than others and this inspired 
the attempt to create a more harmonious totality between the different movements. An 
important part for the continuity during training had come to be the playful complementary 
exercises.  

 
One reason why we wanted to bring structure and coherence was that we had 

experienced the emergence of different physiological and psychological regressions when 
certain exercises and vestibular stimulation were used. It had been mentioned from INPP that 
regressions could occur temporarily with some clients (Blythe & McGlown, 1979 p. 83), later 
mentioned also by Goddard (2002), but when we slowed the pace of the movements we saw 
regressions frequently. Kris (1952) had described a ‘regression in the service of the ego’, a 
regression where the ego itself is in charge, a phenomenon not mentioned by INPP. We were 
later able to show (Paper II) that when an exercise was used long enough the regressions 
faded and physiological and/or psychological behaviour seemed to be transformed to a more 
mature level. Regression and progression (Loewald, 1978, 1981; Werner, 1957) are 
complementary and of great importance concerning organization both at the psychological 
level and of physical development (McGraw, 1935/1995). Instead of breaking the apparent 
‘flow’ by being too mechanical, Vestibularis aimed at creating a smooth succession of 
exercises, thereby achieving a maximal ‘squeeze’ from each one. Vestibularis came to view 
and understand the significance of regressions (Bergström, 1963, 1964, 1969) from a 
developmental point of view. 

 
A further reason for the modifications undertaken by Vestibularis was that vestibular 

stimulation seemed to be effective with all clients when used as a complement to foetal and 
neonatal movements. This view was not shared by INPP as Goddard (1990) wrote that 
vestibular stimulation could be used when nothing else worked. Vestibularis’ modification or 
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rather re-construction was first named ‘Education in Balance’ (Niklasson, Niklasson, & 
Bergström, 1999, 2007) but this was later changed to ‘Retraining for Balance’ (Paper I) and 
aimed at being a method with a common start and end and with a sense of cohesion between 
exercises. In order to assess a client’s proficiency in terms of primary reflexes, postural 
reactions, gross motor milestones and vestibular ability sensorimotor (physiological) 
diagnostic procedures were performed. Several of those diagnostic tools were selected from 
the manual ‘Towards development re-education’ (Field & Blythe, 1989) while others came 
from various sources (e.g. Capute et al., 1978; Fiorentino, 1981) or were developed at 
Vestibularis (Niklasson & Niklasson, 1999a, 1999b, 2007a, 2007b). In order to gain 
additional knowledge about clients’ sensorimotor development, diagnostic tools for 
evaluation of audiometric- (Johansen, 1993) and visual (Burman, 1977) proficiencies were 
added.  
 
 
1.2.4 Retraining for Balance – instruments 
 As described above Vestibularis came to develop a rather extensive clinical practice 
not only in the vicinity but also nationally. Torsten Norlander, at the time professor in 
Experimental Psychology at Karlstad University, had heard about the training at Vestibularis 
and invited me to give a lecture at a PhD-student seminar. My lecture caught his interest so 
after the seminar he invited me for a personal conversation where he claimed that I ought to 
study psychology. I was flattered and we agreed on distance studies with the possibility to be 
examined exclusively by Professor Norlander. Such an arrangement would suit my situation 
well not the least because the long distance between Kalmar and Karlstad. However, writing 
an essay at C-level (Bachelor level) was mandatory but Professor Norlander promised to 
supervise me, which solved the problem. My plan was that the essay should aim at compiling 
psychometrically tested instruments based on certain exercises and diagnostic procedures 
used at Vestibularis. The essay was approved and we decided to recast it to a manuscript, 
which later became an article (Paper I). The essay on D-level (Masters level), which was 
completed in a corresponding way, was a qualitative study with the purpose to gain further 
knowledge about the presence of regressions among clients (Paper II). My intention was then 
to complete my studies with a PhLic exam. Therefore I enrolled the program and according to 
the rules an assistant supervisor was demanded. To my delight Associate Professor Peder 
Rasmussen, who I had met already in the early 1990s, an experienced child neurologist at the 
Sahlgrenska University Hospital in Göteborg agreed to help me. 
 
 By the time for my PhLic exam Professor Norlander was offered a position as a 
professor in Medical Psychology at Evidens University College in Göteborg with an 
affiliation to Karolinska Institutet, Solna. Professor Norlander subsequently accepted the new 
position and for me five years of academic studies in combination with clinical commitments 
at home had been laborious so at that time I had to concentrate on Vestibularis. Since 1998 
the work at Vestibularis was partly structured by a Quality Management System according to 
SS-EN ISO 9001, which especially stressed the importance of continuous evaluation. In order 
for Vestibularis to be able to continue with high-class development, a new contact with 
Professor Norlander and Associate Professor Rasmussen was taken. When Professor 
Norlander a couple of years later suggested me to apply for a PhD by published work 
retrospective I found the suggestion very interesting. In this way, I got in touch with Professor 
Jerome Carson (University of Bolton) who kindly undertook the assignment to be my 
Director of Studies and who, since, has given me valuable instructions while compiling my 
Critical Commentary.  
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Retraining for Balance – Physiological test (RB-P) 
In Paper I were 41 diagnostic tools, each assessed on a 5-degee scale (0 to 4), 

grouped into six different dimensions: (a) Primary reflexes-vestibular stimulation (13 items), 
Primary reflexes-tactile stimulation (3 items), (c) Postural reactions (11 items), (d) Gross 
motor milestones (4 items), (e) Eye movements (6 items), (f) Sports-related gross motor skills 
(4 items). An index was computed for each dimension by multiplying the mean by 10, 
yielding a sub-scale with anchors of 0: No deviation and 40: Significant deviation from 
normal performance. A Cronbach alpha performed with the six sub-scales gave an estimate of 
0.72. The sub-scales were then summed into a total value for the physiological test (RB-P). 
Also in Paper I some indications of concurrent validity were given since ratings of RB-P 
were significantly correlated with scores on RB-OB, RB-A, and with the Keystone Visual 
Skills test.   
 
Retraining for Balance - Orientation and Balance test (RB-OB) 

In Paper I there were also five diagnostic tools, each assessed on a 2-point scale (0 – 
1) grouped into three categories and thereby constituted this test, first referred to as ‘RB-O’, 
subsequently in later studies as ‘RB-OB’. The three categories were: (a) standing balance, (b) 
vestibular function and (c) body-space perception. A mean was computed for the results in 
each category and then the categories were summed. Although test scales were not ideal for 
analyses of homogeneity Cronbach alpha was 0.61. The RB-O scores correlated significantly 
with both RB-P, RB-A, and with the Keystone Visual Skills test.  
 
Retraining for Balance - Audiometric test (RB-A) 

This audiometric test, based on a technique developed by Johansen (1993), used the 
clinical diagnostic audiometer DA 74 (Danaplex, Copenhagen, Denmark). Paper I focused on 
the auditory preference in binaural pure tone audiometry and therefore a new scale (RB-A) 
was constructed in order to measure whether the particular participant had a right or left ear 
preference or whether preference was lacking. The scale spanned 0–200, on which values 
below 100 indicated left-ear dominance, and values above 100 indicated right-ear dominance. 
Right ear dominance was supposed to facilitate a more rapid processing of speech sounds 
(Sininger & Cone-Wesson, 2004). The test’s rationale, namely the importance of right ear-
dominance, had been validated by Tallal and associates (1993) as well as by Okamoto and 
associates (2007). 
 
Keystone Visual Skills test (KVS) 

This is a visual skills test (Burman, 1977) related to vestibular function, which has 15 
test cards measuring simultaneous perception, eye coordination, stereovision, as well as the 
effective acuity during resting accommodation at different distances. The test cards were 
shown to participants who stated what they saw and responses yielded a maximum of 66 
points. The test’s rationale concerning relations between vision and vestibular function had 
previously been validated (Wenzel, 1978; Braswell & Rine, 2006). 
 
The Kinesthetic-Vestibular Development Model (KVDM) 
 A qualitative study (Paper II) indicated that the sensorimotor therapy according to 
Retraining for Balance could be described as a development curve, the Kinesthetic-Vestibular 
Developmental Model (KVDM), where the motion exercises push the process forward and 
create recurrent regressions. The regressive phases were accompanied by positive phases of 
development where setbacks were transformed into successes. The KVDM results were rated 
on a 3-point scale (a) “doubtful or poor adjustment” (only one regressive phase and a few 
phases of transformation), (b) “good adjustment” (two regressive phases but the main 
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tendency of the model had to be present), (c) “very good adjustment” (three Regressive 
phases and four phases of transformation). The results from the qualitative investigation were 
validated through comparisons with 224 children whom had also completed the therapy 
(Paper II). This was corroborated when a group of adults were compared with a norm group 
of 398 treated children (Paper III). 
 
Reasons for Training (RFT) 

RFT is a questionnaire (Bergström et al., 1999) designed to assess the satisfaction of 
the children’s parents. The parents indicated their child’s problems in order of severity. At the 
end of the therapy the parents rated how much they thought each problem had changed on a 
4-point scale with anchors of 0: No positive change, 1: Little positive change, 2: Quite some 
positive change, 3: Great positive change. The 4-point scale was validated (Paper I) through 
comparisons with Parent Symptom Questionnaire. 
 
Parents Symptom Questionnaire (PSQ) 

Conners´ test for parents of children with attentional problems was used (Conners, 
1990; Goyette et al., 1978). The Swedish version (Gillberg, 1991) consists of 10 statements 
with a special focus on attentional variables, which may indicate whether or not the child has 
problems in the area of ADHD. It yields a composite measure and three subscales: (a) 
Behavioural problems, (b) Impulsivity/Hyperactivity, and (c) Inattention. Each statement was 
checked by the parents at the start of the training program, and at the completion on a four-
point scale (0 = ”not at all true”, 1 = ”somewhat true”, 2 = ”quite true”, 3 = ”definitely true”), 
where “0” indicates no problem and “3” a very major problem.  
 
Teacher Rating Scale (TRS) 

Conners´ test for teachers (Conners, 1990; Goyette et al., 1978). The Swedish version 
(Janols & von Knorring, 1991) consists of 27 statements and yields a summary measure and 
four subscales: (a) Behavioural problems, b) Impulsivity/Hyperactivity, c) Problems of 
Concentration, and d) Inattention. Each statement was checked by the teachers at the start of 
the training program, and at the completion on the same kind of four-point scales as the 
Parents Symptom Questionnaire.  

 
 
1.2.5 Clinical procedures   

The children vised the Vestibularis Clinic together with their parents. Typically, the 
parents had heard about the therapy from other parents, from preschool or school advisors, or 
from School Health Care. Before deciding to start therapy an introductory call was always 
made on telephone when the parents were informed about the layout and the cost of the 
training. How to finance therapy was entirely up to the applicant but fees were mainly paid, 
totally or in part, (a) privately, (b) by the Community Health Service, (c) by the children’s 
school or by the adult’s employer, or (d) through a foundation. The parents were informed 
that they did not have to sign up for the whole program. A decision to either continue or to 
stop was taken at each visit. The parents were also told about the importance of the training 
being performed by themselves and their child, for about 15 minutes daily, at home. The 
clinical procedures followed a schedule that can be summarized as follows. 

 
Prior to the first visit parents were sent a simple questionnaire about their child’s level 

of development and maturity, the questionnaire Reasons for Training, and a contract of 
mutual agreement. In the contract between Vestibularis and the parents, it was stated what the 
parents were expected to do for the therapy to be as effective as possible. In order to avoid 
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confounding data the contract also stated that there should be no medication during the 
program without notification to the staff of Vestibularis. Therapy could be resumed after 
medication or when the effects of the medication had been assessed. The contract was signed 
by the parents and by the staff of Vestibularis, and each part received a copy.  

 
Once in the assessment room, the child and his/her parents are were informed about 

the tests. The child was told that a break could be taken during testing and he/she could even 
quit without giving a reason. Similarly the child and parents were informed that they could 
discontinue their participation without providing a reason. A copy of Conners’ Parent 
Symptom Questionnaire and Teacher Rating Scale were given to the parents to be returned 
completed at the second visit. Participants completed the Physiological Test and the 
Orientation and Balance Test, which required about 1.5 h. Scores were recorded and 
participants were informed about the results.  

 
A decision on further training was made and instructions for the home training were 

given. All participants began with the same exercises but as therapy progressed the training 
would become more individually tailored. At the second visit the first audiometric tests were 
carried out. Based on the results a custom made audiocassette or CD was produced from 
especially composed music. The item was then to be provided at the third visit along with an 
instruction on how and when to listen for 10 minutes per day. Re-testing would occur at 
regular intervals during therapy. Also at the third visit the first visual skills test were carried 
out. Regarding the sensorimotor training all subsequent visits followed the same pattern i.e., 
appropriate sensorimotor testing was performed and the child and parents described and 
showed how the training had been performed at home. A new program was then introduced. 
At the second to last visit, Conners’ Teacher Rating Scale and Parent Symptom Questionnaire 
were given to the parents for completion on return at the last visit, during which RB-P an RB-
OB also were completed and the parents filled out the Reasons for Training. For further 
information about the different tests used during the therapy, see section 1.2.4. 
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2. THE PRESENT INVESTIGATION  
 
 
2.1 Introduction 
 

The present investigation was made possible because the Quality Management System 
according to SS-EN ISO 9001 has been used at the Vestibularis clinic since 1999. Presently 
the version SS-EN ISO 9001:2015 is in use (Cianfrani & West, 2016). Within the standards of 
the quality system, training according to the method as well as how files are archived is 
controlled. All papers (I – V) included in the present thesis followed the ethical standards of 
the World Medical Association’s Declaration of Helsinki concerning Ethical Principles of 
Medical Research involving Human Subjects and in accordance with the Swedish rules on 
ethics.  
 
 
 
2.2 Paper I. Sensorimotor therapy: Using stereotypic movements and vestibular 
stimulation to increase sensorimotor proficiency of children with attentional and 
motor difficulties  
 
2.2.1 Aim 

The purpose was to compile instruments based on the 46 diagnostic tools according to 
the method Retraining for Balance in order to be able to analyse previously collected data and 
thereby examine whether future studies would be of interest. 
 
2.2.2 Design 

The treatment period was on average close to 3 years, and the children practiced about 
15 min. per day while supervised by their parents. Throughout therapy, training was checked 
by visits to Vestibularis at intervals of 8 weeks. Therapy began and ended with a test battery. 
The children were divided in three groups, according to Piaget, based on their age at start of 
the project: a younger group of 51 boys and 14 girls (M = 6.2 yr., SD = 2.0); a middle group, 
73 boys and 18 girls, (M = 9.0 yr., SD = 0.8); and a group of somewhat older children of 57 
boys and 19 girls, (M = 12.3 yr., SD = 1.7). 
 
2.2.3 Instruments  

The instruments listed below were used (for details see section 1.2.4): 
Retraining for Balance – Physiological test (RB-P) 
Retraining for Balance - Orientation and Balance test (RB-OB) 
Retraining for Balance - Audiometric test (RB-A) 
Reasons for Training (RFT) 
Teacher Rating Scale (TRS) 
Parents Symptom Questionnaire (PSQ) 
[Keystone Visual Skills Test (KVS) was used for concurrent validation of other sensorimotor 
tests administrated in Paper I]. 
 
2.2.4 Procedure 

The procedure followed the same schedule as described in section 1.2.5. In Paper I 
only children who did not receive medication were included. 
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2.2.5 Statistics 

Three-way mixed Pillais’ MANOVAs were conducted with Treatment (before-after) 
as within–subjects factor and Age group (younger, middle, older) and Sex (boys, girls) as 
between-subjects factors for the following tests: Physiological test (RB-P), Teacher Rating 
Scale (TRS), and Parent Symptom Questionnaire (PSQ). Three-way mixed ANOVAs were 
conducted with Treatment (before-after) as within–subjects factor and Age group (younger, 
middle, older) and Sex (boys, girls) as between-subjects factors for the Orientation and 
Balance test (RB-OB) and the Audiometric test (RB-A), The questionnaire Reasons for 
Training (RT) was evaluated with help of descriptive statistics in order to determine to what 
extent the parents experienced the sensory motor therapy as beneficial.  
 
2.2.6 Results 

The results showed significant improvements on various sensorimotor tasks in all age 
groups as indicated by the RB-P, RB-O and RB-A tests. There was also a proficiency effect of 
biological development, which was evident in older children performing better than the 
middle and younger groups on the RB-P and RB-O, but not evident on RB-A. Furthermore, 
scores on the Teacher Rating Scale and the Parent Symptom Questionnaire indicated that the 
children in all age groups displayed significant improvement following treatment. Older 
children were rated as less hyperactive but more inattentive on the Teacher Rating Scale. Sex 
differences were found only in three instances on the RB-P. Boys performed better on the 
Gross motor milestones, whereas girls did better on Eye movements and Sports-related gross 
motor skills. Concerning Reasons for Training the distribution of the parents assessments was 
as follows: “Great positive change” (35.3%), “Quite some positive change” (51.7%), “Little 
positive change” (6.5%) and “No positive change” (1.3%). Twelve parents (5.2%) did not 
complete the questionnaire.  
 
 
 
2.3 Paper II. Sensorimotor therapy: Physical and psychological regressions 
contribute to an improved kinesthetic and vestibular capacity in children and 
adolescents with motor difficulties and concentration problems 
 
2.3.1 Aim 

The aim of this qualitative study was to gain increased understanding of the effects of 
sensorimotor therapy on the physical and psychological development of children and young 
people when using the method Retraining for Balance. 
 
2.3.2 Design 

A cohort of 232 children and adolescents completed therapy in accordance with the 
method Retraining for Balance (see Paper I). At each visit children and their parents reported 
on the results of the home program and meticulous notes were kept. In this way, records were 
created with personal flow charts describing the experiences of the training of each participant 
as well as the perception of the training by the parents. 
 
2.3.3 Procedure   

In order to gain a more thorough understanding 8 cases from the cohort were 
randomly selected. The empirical data consisted of the records containing the flow charts and 
the notes from each return visit. The parents’ reports were of significance because the 
children sometimes found it difficult to verbalize their experiences.  
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2.3.4 Processing the data 
The Empirical Phenomenological Psychological Method (EPP-method) devised by 

Karlsson (1995) was used in processing the data. The method consisted of a multi-stage 
analysis, including techniques for dividing texts into smaller, so called, “meaning units” 
(MU). This division was not based on grammatical rules, but entirely on content which the 
researcher discovered and where there was a suitable shift of meaning. The analysis yielded 
1.019 transformed meaning units that in turn generated 29 categories. Finally, the material 
was transformed from “situated structures” into general themes or typological structures.  
 
2.3.5 Results 

Three themes emerged, each of which consisted several categories: (a) The 
Introduction of various sensorimotor exercises, (b) Regressions in terms of a return to earlier 
behaviour, (c) Transformations in terms of positive development and change. The three 
themes emerged regularly throughout the entire study, and together they formed what was 
termed as “the kinesthetic-vestibular developmental model”. The process involved in 
Retraining for Balance might be described as a flow in which 16 Introductions, 3 periods of 
Regression, and 4 periods of Transformations jointly pushed the individual toward an 
increased physical and psychological maturity. 

 
The records of the 8 participants were compared to the records of the remaining 224 

children and adolescents from Paper I. Two of the authors independently rated all records 
vis-á-vis the “kinesthetic-vestibular model of development” according to a 3-point scale (for 
details on KVDM see section 1.2.2). The results, which were noticeably alike, were then 
compared and agreed on. The results indicated that 63% of the children and adolescents 
exhibited a “very good adjustment” to the kinesthetic model whereas 32% of the records were 
judged to show a “good adjustment” to the model. Only 5% of the records were judged to 
show a “doubtful or poor adjustment” to the model.  
 
 
 
2.4 Paper III. Adults with sensorimotor disorders: Enhanced physiological and 
psychological development following specific sensorimotor training 
 
2.4.1 Aim 

The main purpose of this study was to investigate if a group of primary reflexes are to 
be found in adults showing symptoms of sensorimotor disorders, and, if so, is it possible to 
integrate these reflexes through sensorimotor therapy (SMT).  

 
2.4.2 Design  

This study comprised of 14 adults and 100 youngsters all of whom had completed 
sensorimotor therapy (SMT) according to the method Retraining for Balance. The adult group 
consisted of 13 women and 1 man with an average age of 35.21 years (SD = 10.73) while a 
reference group of youngsters included 28 girls and 72 boys with an average age of 12.44 
years (SD = 1.57). Both groups indicated similar primary reasons for carrying out therapy i.e., 
sensorimotor problems often in combination with attention difficulties, reading difficulties, 
sensitivity for stress and agony.  
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2.4.3 Instruments 
The instruments listed below were used (for details see section 1.2.4): 

Retraining for Balance – Physiological test (RB-P) 
Retraining for Balance - Orientation and Balance test (RB-OB) 
Retraining for Balance - Audiometric test (RB-A) 
Reasons for Training (RFT) 
Keystone Visual Skills Test (KVS)  
The Kinesthetic-Vestibular Development Model (KVDM) 
 
2.4.4 Procedure 

The procedures in this study followed the same pattern as previously described (for 
details see section 1.2.5) with the obvious exception that the adults came for reassessment 
either alone or with a relative. Due to work and family commitments resulting in less regular 
visits the adults needed longer time (M = 37.14 months, SD = 23.24) than the youngsters (M = 
29.43 months, SD = 9.71) to complete therapy. 
 
2.4.5 Statistics 
 A two-way mixed Pillais’ MANOVA was conducted with Treatment (before, after) as 
a within-subjects factor and with Age Group (youngsters, adults) as between-subjects factor 
for the Physiological test. Two-way mixed ANOVAs were conducted with Treatment (before, 
after) as a within-subjects factor and with Age Group (youngsters, adults) as between-subjects 
factor for the following instruments: Orientation and Balance test, Audiometric test and 
Keystone Visual Skills test (KVS). Although the children and adults showed the same 
patterns concerning periods of regressions and transformations, the regressions were often 
stronger among the younger participants. The degree of alignment to KVDM was tested 
through comparing the two age groups with each other (Mann-Whitney U-test) and with a 
norm group of 398 treated children (One Sample t-test). The questionnaire Reasons for 
Training (RT) was evaluated with help of descriptive statistics. 
 
2.4.6 Results 

The Results of the study showed significant improvements on all measurements with 
regard to treatment in line with Paper I for both age groups and the main picture indicated 
small differences between age groups. There were no significant differences between the two 
age groups or between the age groups and the norm group in regard to KVDM. Although the 
children and adults showed the same patterns concerning periods of regressions and 
transformations, the regressions were often stronger among the younger participants. 
Conclusions were that the same diagnostic instruments and treatment methods can be used for 
both children and adults with sensorimotor difficulties and that the difficulties can’t be out 
grown. 
 
 
 
2.5 Paper IV. Catching-up: Children with developmental coordination disorder 
compared to healthy children before and after sensorimotor therapy 
 
2.5.1 Aim 

The aims of the present study were to (a) compare healthy children in terms of 
sensorimotor maturity to untreated children diagnosed with developmental coordination 
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disorder (DCD) and (b) compare healthy children to diagnosed children following completed 
treatment with sensorimotor therapy.  
 
2.5.2 Design 

Participants were 298 children, 196 boys and 102 girls, distributed into a Norm group 
of healthy children (n = 99) and a group of children diagnosed with DCD (n = 199) with a 
total mean age of 8.77 years (SD = 2.88). Participants in both groups were assessed on 
instruments aimed to detect sensorimotor deviations (i.e., RB-P, RB-OB and RB-A). The 
children in the Norm group were assessed at their own schools while those in the DCD group 
were assessed at the Vestibularis Clinic. During each assessment either a parent or another 
adult close to the child was present.  
 
2.5.3 Instruments 

The instruments listed below were used (for details see section 1.2.4): 
Retraining for Balance – Physiological test (RB-P) 
Retraining for Balance - Orientation and balance test (RB-O) 
Retraining for Balance - Audiometric Test (RB-A) 
Teacher Rating Scale (TRS) 
Parent Symptom Questionnaire (PSQ) 
Reasons for Training (RT) 
 
2.5.4 Procedure 
The Norm group 

All participants in the norm group were volunteers recruited from different school 
districts in a middle-sized town in the southeast part of Sweden. After permission from four 
head masters interested teachers were allowed to sign up for their classes to take part in the 
study. The teachers called for separate parent meetings where the current author gave an oral 
presentation of the layout of the study. Thereafter a written summary was provided and 
parents were free to ask questions. The day after each parent meeting each class received a 
visit and the pupils were informed in the same way. It was also made clear that a third person 
related to the pupil should be present at each assessment and that no reward was to be 
expected. Eventually 103 children signed up and were tested. Four of them were excluded 
because they had either trained previously or were currently enrolled at the Vestibularis 
Clinic. Assessments took place in a room, offered by each headmaster, at each school and 
followed the same procedure as the assessment routines at the Vestibularis Clinic.  
 
The DCD group 

All participants in the DCD group were children who had previously completed 
sensorimotor therapy (SMT) at the Vestibularis Clinic (for details see section 1.2.5). With the 
composition of the Norm group as a starting point, there were 199 children who had been 
treated with SMT, in the same age ranges that is, the “5-year-olds” group (58 – 70 months), 
the “8-year-olds” group (94 – 107 months) the “10-year-olds” group (125 – 133 months), and 
the “13-year-olds” group (144 – 168 months).  
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2.5.5 Statistics 
Analysis of the study was conducted in three steps (I - III):  
 

(I) Comparisons between children in the Norm group and untreated children from the DCD 
group with sensorimotor disorder 

A three-way Pillais' MANOVA (2 x 2 x 4 factorial design) was applied with Group 
(norm, DCD), Gender (boys, girls) and Age Category (5, 8, 10, 13) as independent variables. 
The dependent variables were the subscales of the Physiological test and the total score. 
Further, a three-way ANOVA (2 x 2 x 4 factorial design) was conducted with Group (norm, 
DCD), Gender (boys, girls) and Age Category (5, 8, 10, 13) as independent variables. The 
dependent variable was the Orientation and Balance test. Finally, in order to examine right 
dominant hearing based on an interval scale, a three-way ANOVA (2 x 2 x 4 factorial design) 
was conducted with Group (norm, DCD), Gender (boys, girls) and Age Category (5, 8, 10, 
13) as independent variables. The dependent variable was the Audiometric Test. 
 
(II) Effects of treatment in regard to the DCD group 

Before treatment and after treatment assessments on Teacher Rating Scale (TRS) and 
Parent Symptom Questionnaire (PSQ) were tested Paired Samples t-test. Further, a three-way 
mixed Pillais’ MANOVA were conducted with the children from the DCD group where 
Treatment (before, after) was the within-subjects factor and Age Category (5, 8, 10, 13), 
Gender (boys, girls) were the between-subjects factors. Dependent variables were the 
subscales of the Physiological Test and the total score. Three-way mixed ANOVAs were 
conducted in regard to RB-OB and to RB-A with Treatment (before, after) as within-subjects 
factor and Age Category (5, 8, 10, 13), Gender (boys, girls) as the between-subjects factors.  
 
(III) Healthy children in comparison to children treated with sensorimotor therapy 

Paired Samples t-tests were used in the before treatment comparison. However, such a 
direct comparison was not a reasonable one to make for the after treatment comparison, given 
the effects of maturity shown in Paper IV. Therefore tests were performed (Independent 
Samples t-tests) in order to control for natural maturing effects during treatment time (about 
three years) through a procedure where the after treatment records of the 5-year-olds group 
(now a group of 8-year-olds) from the DCD group were compared with the 8-year-olds group 
from the Norm group. Likewise, a comparison was made between the 10-year-olds group 
from the DCD group after treatment (now a group of 13-year-olds) and the 13-year-olds 
group from the Norm group. Statistical analysis using Cohen's d showed in the untreated 
comparison a very large effect size (d = 2.03) between the Norm group and the DCD group 
concerning the mean value of the two used motor tests (RB-P and RB-OB), but in the treated 
comparison the corresponding effect size was negligible (d = -0.09). 

 
2.5.6 Results 
 The results of Paper IV showed, in accordance with the first hypothesis of the study 
that the Norm group performed better on all sensorimotor tests as compared to the untreated 
children from the DCD group, with the exception of an audiometric test where both groups 
performed at the same level. Results also showed, after controls for natural maturing effects, 
that the participants from the DCD group after sensorimotor therapy did catch up with the 
healthy children, which led to that the second hypothesis was rejected. Concerning additional 
problems (e. g., concentration problems, mood swings, reading and writing difficulties, and 
social immaturity) 79 % of the parents perceived at least ‘quite some positive change’ which 
were interpreted as a possible sign of stabilization at the level of remission. 
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2.6 Paper V. Developmental coordination disorder: the importance of grounded 
assessments and interventions 
 
2.6.1 Aim 
 In 2015, we received a so-called "Tier-climbing Prize" by the journal Frontiers in 
Psychology for an innovative article (Paper III). The award meant that we were invited to 
submit a ‘Focused Review’ in order to elaborate the perspective. The review (Paper V) had 
two aims, (a) to follow-up Paper III and (b) to fill a gap in literature regarding assessments 
and interventions of developmental coordination disorder (DCD).  
 
2.6.2 Design 
 After a short presentation of the status of present research concerning DCD three 
different approaches to intervention were described. This was followed by a discussion 
regarding frequently used assessment instruments aimed for children and adults. Thereafter 
the method Retraining for Balance (RB) was presented and finally the possible advantages of 
sensorimotor therapy (SMT) for both children and adults were discussed. 
 
2.6.3 Discussion 
 The central theme of Paper V was the importance of grounded assessments and 
interventions in regard to DCD. So far a grounded approach i.e., an approach, which has its 
starting point in fundamental neurological development including aberrant primary reflex 
assessment and inhibition as well as vestibular assessment and stimulation, has, according to 
the present authors, been missing. This directly connects to the concept of regression. We 
tentatively proposed that a re-activation and integration of arrested primary reflexes together 
with vestibular stimulation causes regressions, which in turn are prerequisites for the release 
and emergence of both physiological and psychological transformations. A speculation was 
that a possible “unidentified psychological barrier” (Bergman & Norlander, 2005) might be a 
result of vestibular dysfunction known to affect both emotions and body balance. Our results 
have indicated that sensorimotor problems in early life do affect not only physiological- but 
also psychological development and is in line with previously expressed recommendations 
(Gillberg & Rasmussen, 2003) of physical, neurological and neurodevelopmental examination 
of all children with learning and behavioural problems. As for now we find it appropriate to 
include children who show a sedentary behaviour. Our results also indicated (Paper III) that 
sensorimotor problems could be treated within all age groups. It was concluded that the 
importance of primary reflex suppression and vestibular stimulation as well as a combination 
of top-down and bottom-up approaches have to be considered in order to develop effective 
methods for assessment and intervention of DCD. 
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3. GENERAL DISCUSSION   
 
 
3.1 Is there a need for a grounded approach to DCD? 
 
 
3.1.1 A start from the beginning would not be wrong 
 When a house is built the work is done in a certain order, which means starting from 
the bottom and moving up. A stable foundation is necessary in order to secure the walls and to 
hold the roof. Once the foundation is laid and the walls are raised, girders are laid to hold the 
second floor. A similar order has also to be used when a house is in need of a full restoration. 
These images have considerable similarities with how the method Retraining for Balance was 
used in our studies (Paper I, III, IV) and also with how parts of the diagnosis criteria for 
DCD was formulated. The DSM-5 (American Psychiatric Association, 1994, 2013) stated that 
symptoms such as a delayed achievement of motor milestones must have been visible during 
the early developmental period and could not to be explained by medical or intellectual 
reasons. Further that some children with DCD might show Neurological Soft Signs or 
neurodevelopmental immaturities. Causes for a delayed sensorimotor development should 
therefore, obviously, be searched for at the beginning of the developmental chain and then 
accordingly approached through a hierarchical and maturational perspective.  
 
 
3.1.2 A grounded approach to sensorimotor development 
 The method Retraining for Balance is to be regarded basically as a process-oriented 
method emphasizing the importance to identify underlying sensory and motor difficulties, 
which prevent the individual from developing his or her sensorimotor proficiency. Following 
our results in Paper I-IV, the concept ‘grounded’ was introduced in Paper V in order to 
strengthen the significance of assessments and interventions strongly connected to 
fundamental neurological development. While resting on a solid foundation, the method has 
so far indicated its suitability for assessments and interventions in all age groups when it 
comes to DCD but, as proposed in Paper V, it will also be useful when it comes to 
diagnosing persons showing a sedentary behaviour. A grounded approach like Retraining for 
Balance has been missing within the field of DCD research. Therefore our results could be 
viewed as an answer to a call from Wann (2007) who wrote that, in children who exhibit 
specific coordination deficits “there must be common perceptuomotor subsystems that are 
poorly developed or refined” (p. 405) and continued that it would be a challenging task to 
identify them. The results in Paper I-IV have shown that examples of such neurological 
subsystems are likely to be the vestibular system with its connections to primary reflexes.  
 
 
3.1.3 A sedentary behaviour and DCD could both be parts of a continuum 
 A global problem today is the fact that many children and adolescents, from early age, 
are physically inactive and occupied with passive assignments instead of being active with 
play and other daily movement activities (Aubert et al., 2018). Recently physical inactivity 
and a sedentary behaviour, due to increased screen time, were added to the ‘Environmental 
stress hypothesis’ (Cairney, Veldhuizen & Szatmari, 2010; Cairney, Rigoli & Piek, 2013), 
which aims at investigating stressors connected to DCD (Caçola & Lage, 2019). An 
association between an increased screen time and anxiety and depression was lately reported 
by Khouja and colleges (2019). The tendency toward a spreading of a sedentary behaviour is 
one reason why an interest for more movement education in schools has increased lately. 
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Another reason is a possible link between movement and an improved academic performance 
(Mualem et al., 2018). Therefore it is not strange that the concept of ‘Physical literacy’ has 
received increased attention lately (see section 1.2.1). In order to create a lifelong interest for 
movement the concept stresses motivation, confidence and the importance of development of 
movement patterns as well as the ability to understand the health benefits of movement and an 
active life. The question remains though, whether or not the concept will be of use for those 
children who from the very beginning lack both confidence and motivation. These children 
might very well understand the health benefits but they just can’t take part as expected. 
 

Could there possibly be other factors besides an increased screen time, which 
contributes to why some children are more at risk for developing either DCD or a sedentary 
behaviour or both? (Paper V). Or is it in fact the children who from the beginning lack 
fundamental prerequisites for the development of sensorimotor skills who are affected? If so, 
would it be appropriate to give them a start anew using a ‘grounded’ approach to 
sensorimotor development? From the results in our studies (Paper I-IV) the answer is yes.  
 
 
3.1.4 Is it possible to remove the ever present gravity from the conceptual framework? 
 We have published our results at a time when a Dynamic Systems Perspective (DSP) 
has been the most popular approach to motor development and when neuro-maturational 
theories have lost their diagnostic value. However, from our point of view, it does not have to 
be a question of either or. As stated in Paper V and further explained below, the method RB 
is a blend of different approaches, not least a Dynamic Systems Perspective. Referring to an 
ecological approach and to a DSP, Bonney and Smits-Engelsman (2019) suggested that future 
tools to assess child development should build on contemporary theories of motor 
development and considered the interaction between the environment and the child to be of 
special importance. The complexity of environmental factors and their interactions in relation 
to adolescents, adults and DCD have been thoroughly accounted for by Tal Saban and Kirby 
(2018a, 2018b). Such interactions may be regarded as a horizontal connection where the 
person socializes, learns and acts in the world. However interactions between the person and 
gravity may also be considered, that is a vertical connection. Going back several years, the 
late Esther Thelen, a pioneer within the field of dynamic systems and child development, 
described in a co-authored article (Kamm et al., 1990) how the child, in a constant field of 
gravity, experiences and produces its own movements. It seems though as the role of gravity 
within the DSP has faded over the years as Goldfield and Wolff (2004) explained that 
different parts of a system are able to self-organize without any external agent. According to 
our observations it is the other way around. Gravity is an ever-present agent all through the 
life span (e.g. Jamon, 2014; Nicolis, 1993). Especially during the first years of life gravity is a 
tough opponent to conquer and for reasons hitherto unknown some children, seemingly 
otherwise healthy, are the losers of that battle. The consequence is likely to be an arrested 
development, which untreated would primarily affect the development of sensorimotor skills 
but also have secondary effects on the ability to concentrate, as shown in Paper I and III, and 
to build social bounds as was argued by Ayres and Robbins (2005). In order to release the 
development the treatment has to start with the removing of the hindrances.  
 
 
3.1.5 Removing the hindrances is a process 
 It was suggested by Goldfield and Wolff (2004) that any general theory of motor 
development should address questions like, 1) if and how can primary reflexes prepare for the 
development of more complex motor skills and 2) where do the reflexes go when they 
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disappear and 3) what is meant by emergence? In order to answer these questions both the 
aspect of primary reflexes and the aspect of gravity and the vestibular system have to be 
considered.  
 
 From early foetal life primary reflexes like the Moro reflex and the vestibular system 
are closely interwoven (Paper V). Although it’s not yet clear how active the vestibular 
system is in utero (Piontelli, 2015) it has been suggested (Casaer, 1993; Prechtl, 1993) that an 
increase in oxygen tension at delivery will switch it on. Together with other reflexes, the 
Moro is checked for at a first neurological examination and then expected to be suppressed 
during the first 6 months of life. However, retention of the ontogenetically old Moro reflex 
constitutes a hindrance for ontogenetically younger primary reflexes to fulfil their work as 
retention, practically, will keep them contained and an arrested development is likely to 
follow. Retention of the Moro reflex is associated with an increased sensitivity to vestibular 
stimulation, which in turn will be a hindrance for physical experiences and thereby for further 
sensorimotor development. It is important though to keep in mind that retention of a reflex is 
not a matter of either or.  
 
 The scoring used at the neurological examination of a new-born follows a continuum 
(e.g. Prechtl, 1977) and so was the scoring at the RB-P assessments in Paper I, III, IV. This 
could imply that even a low scoring on a test could be a subtle hindrance for development. 
Therefore should any deviation from what is expected to be normal be followed-up in order 
for normal development to take part. As stated in Paper V the method Retraining for Balance 
partly holds a Dynamic Systems Perspective. Key concepts within DSP are the aspects of 
self-organization and emergence both of which are fundamental also for RB. In our 
conceptual model for how the training works it is due to the external agent gravity and its 
influence on the vestibular system that the reflexes are suppressed and the development is 
released. When we used foetal and neonatal movements in combination with vestibular 
stimulation in order to suppress primary reflexes (Paper I, III, IV), we experienced the 
emergence of postural reactions and gross motor milestones i.e., without training of the 
movements as such. This frequently happens to clients who skipped milestones such as 
‘tummy-crawling’ and/or ‘creeping on hands and knees’ during infancy and still showed no 
signs of these competences when assessed at Vestibularis. This ought to be an indication for a 
re-evaluation of the traditional neuro-maturational perspective (Kamm et al., 1990).    
 
 
3.1.6 Is motivation a driving force in sensorimotor development? 
 As mentioned in Paper V the DSP holds that motivation is a driving force in motor 
development. It might as well be true for some but those concerned in this Thesis have often 
had a good motivation but have failed anyhow. From our point of view due to an arrested 
development, this will keep the person more or less contained. A retained Moro reflex is often 
to be detected, within all age groups, at the first assessment at Vestibularis. By experience 
through conversation with clients and parents/spouses we have learned that a retained Moro 
reflex not only affects motivation but also is connected to a lack of confidence. This becomes 
obvious when the reflex is suppressed and a better confidence slowly emerges and the 
motivation to movement increases. A retained Moro reflex has also shown to be connected to 
baseless fear. The connection to fear itself is not strange since the Moro reflex is a ‘lifeline’, a 
part of our inbuilt survival kit. As mentioned above the reflexes are to be supressed, but they 
are also expected to reappear in urgent situations or when an elite athlete is about to carry out 
an action demanding high skills. For example a basketball player who uses the asymmetrical 
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tonic neck reflex when scoring and a springboard diver, flexing the body using the 
symmetrical tonic neck reflex (Goddard Blythe, 2009).  
 
However, if the Moro reflex is more or less constantly present it might create false fears, 
which will induce stress and an increased level of cortisol will follow (Grillon et al., 2006). It 
was suggested by Sharot (2011), that if the brain stays occupied with fear it would be more 
difficult to grasp new information. An adding of Sharot’s suggestion to our conclusion in 
Paper III will give even stronger reasons for why early sensorimotor difficulties have to be 
taken seriously. Returning to the concept of Physical literacy as described above, our results 
show that in order to make a difference with all children one has to reconsider those who 
early in the project show a lack of motivation, courage and motor proficiency in general. For 
them the training of motor skills is too advanced. The solution to their problem has to be 
found in a grounded approach to intervention.  
 
 
3.1.7 It is not all about maturation 
 According to the DSM-5 (American Psychiatric Association, 2013) it is not 
recommended to diagnose DCD before the age of 5 years. The reason given is that there are 
still possibilities for further maturation. This is true but if the child is late and the disorder is 
suspected it should be expected that maturation is not enough. Through the results in Paper I, 
III, IV we have confirmed previous studies, which have shown that one doesn’t grow out of 
sensorimotor difficulties. Although all age groups in our studies have benefitted from training, 
Paper I showed proficiency effects of biological development since the older group 
performed better than the middle and the younger group on RB-P and RB-O. Results in Paper 
III showed no significant difference in terms of sensorimotor abilities between a group of 
youngsters 11 years and older and a group of adults 18 years and older which from our point 
of view underlines the importance of an early detection of motor difficulties. An early 
detection is important because sensorimotor behaviour will become more adult like around 
puberty, which not necessarily mean that difficulties seen before have vanished. Results in 
Paper IV showed that children from the DCD group aged 8-13 years, after treatment 
performed significantly better on the RB-P compared to children of the same age from the 
Norm group. This could possibly be interpreted as a notion that some children from the Norm 
group had a non-diagnosed DCD. 
 
 
3.1.8 A ‘Vision skills test’ for ocular accommodation  
 Although a connection between DCD and an insufficient ocular accommodation has 
been known for a long time it was mentioned only recently by Blank and colleges (2019). For 
many years the connection has been observed and assessed at the Vestibularis Clinic the use 
of the Keystone visual test (KVS) before and after training. The rational has been the relation 
between ocular function and the vestibular system through proprioception (e.g. Cogan, 1972; 
Jamon, 2014). In our first study (Paper I) the test was used for concurrent validation of other 
sensorimotor tests and results indicated that visual skills and motor capacities correlated with 
each other. A similar correlation was confirmed in a recent study (Andrich et al., 2018), 
which showed a relationship between some retained primary reflexes and visual skills deficit 
in children. In Paper III the KVS was used in order to examine improvements on visual 
skills, that is ocular accommodation, and results showed that both the younger group and the 
group of adults had perceived significant improvements during the time of training. However, 
at the first assessment results showed that both groups performed at the same level but after 
training the youngsters performed significantly better than the adults. The difference after 
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training could possibly be explained by the fact that some of the adults had reached the age 
(M = 35.21, SD = 10.73) when presbyopia, the age-related gradual loss of accommodation, 
had begun to set in. If so, it is even more interesting to notice that the adult group improved 
significantly during training. This is against present knowledge, which holds that once the 
decline has started it will continue (Charman, 2008).   
 
 As explained in Paper I, vestibular stimulation has been used during training, 
primarily in order to facilitate the integration of the primary reflexes but also, since 1999, as a 
way to increase the ability for ocular accommodation in terms of higher scoring at the KVS-
test. We were put on track through a girl who was 10 years old and who had previously 
completed her training according to RB with good results besides when it came to the rotation 
on the swivel chair, which she never had fully accepted. At the time for her start and 
completion of the training Vestibularis didn’t own a Keystone Ophthalmic Telebinocular 
(KOT). We had, however, a habit of doing a re-cheque of our clients after 6 months and 
another after 1 year just to secure that the primary reflexes stayed suppressed, which they 
almost always were. When the girl returned for her first re-cheque the primary reflex scoring 
was unchanged and so was her resistance to the rotation. According to her parents much in the 
girls life had changed to the better but there were still academic difficulties and slight 
concentration problems. By now Vestibularis had bought a KOT, she was tested and the 
results revealed a remarkable underscoring, 18/66 points. The girl agreed to give the rotation 
in the swivel chair a second chance and at the re-assessment 7 months later she scored 62/66 
points. We were also told that her performance at school had improved. This experience 
became a ‘watershed’ for the work at Vestibularis.  
 
 So far we had connected and defended the use of vestibular stimulation mainly in 
accordance with Ornitz (1983) and with Guyton (1991) as described in Paper I, but it 
appeared to us that we might have missed something vital until then. The result of the KVS- 
test did not only tell the status of the ocular accommodation it also seemed to reveal how well 
the vestibular stimulation had been appreciated during training. The KVS-test results among 
adults in Paper III is difficult to explain through existing literature but is likely to point in the 
direction of vestibular stimulation. This direction might be supported by Clark and colleges 
(1975) who studied the vestibular-ocular accommodation reflex in 10 young men after 30 
seconds of angular rotation and hypothesized that the increase in accommodation ability, 
which they found was due to the reflex. The notion by Blank and colleges (2019) to suggest 
common pathways between DCD and insufficient ocular accommodation is not only a 
deviation from DSM-5 (American Psychiatric Association, 2013), which states that a 
diagnosis is set, “if the coordination difficulties are not better explained by visual impairment 
or attribute to a neurological condition” (p.75). It also brings another valuable clue to follow, 
for an early detection of DCD.  
 
 The original KOT has been around for several decades and was used as a screening 
instrument for visual skills in Swedish schools during the 1980s but was later put aside 
although its usefulness had been documented in earlier studies (e.g. Coren & Porac, 1975; 
Sloane & Rosenthal, 1960). In connection to the results in Paper I, III and to the suggestions 
from Blank and colleges (2019) it might be reasonable to give the KOT a second chance.  
 
 
3.1.9 A ‘Vision skills’ test for horizontal tracking  
 Another aspect of ‘visual skills’ is the ability for horizontal tracking, i.e., smooth 
pursuit eye-movements, a competence with essential importance for both reading and writing 
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capabilities. In typical healthy children this ability is matured by the age 7 years but it is to be 
expected that when motor performance is impaired, as in DCD, there will also be a reduced 
oculomotor capability (Ingster-Moati et al., 2009; Robert et al., 2014). This was confirmed in 
the results of the subtest ‘Eye movements’ in Paper IV where the differences before training 
between the Norm group and the DCD group, in all age groups, were very wide. However, 
after the training all age categories in the DCD group showed better results than the Norm 
group. These results are important by at least a couple of reasons. First, it indicates that a risk 
for future reading disabilities could be identified earlier than previously proposed. In Sweden 
the average age for diagnosing reading difficulties, such as dyslexia, is 13 years (e.g. Nilsson 
Benfatto, et al., 2016). Second, motor difficulties should be regarded when screening possible 
academic problems (e.g. Gillberg & Rasmussen, 2003).   
 
 
3.1.10 Attentional problems in both DCD and ADHD  
  Comorbidity between DCD and other neuropsychiatric disorders is well known and 
the overlapping with ADHD is suggested to be most frequent and the rate is proposed to be 
50% or higher (e.g. American Psychiatric Association, 2013; Blank et al., 2019). Presently 
ADHD is a rather well defined disorder (Edebol et al., 2012; Hoogman et al., 2017) and a 
couple of variations have been observed. As mentioned in Paper V this is not the case with 
DCD although the importance of an early detection of the co-occurrence between 
ADHD/DCD became obvious a long time ago, in a longitudinal, community based follow up-
study, at age 22 years, by Rasmussen and Gillberg (2000). The authors found that individuals 
diagnosed as having both DCD and ADHD had faced more setbacks than those diagnosed 
with only ADHD. In the ADHD/DCD group criminal offending, alcohol abuse and reading 
problems were over-represented. This group also showed a lower educational level. Later, 
Kirby and colleges (2007) revealed a lack of knowledge concerning DCD among both 
psychiatrists and paediatricians and Gillberg and Kadesjö (2009) wrote that DCD, 
traditionally, is considered to belong within the territory of a child neurology or 
developmental pediatrics while ADHD, typically falls within the domain of child psychiatry 
and psychology. This split between different fields of expertise might be one explanation as to 
why DCD still is regarded as a ‘hidden problem’ (see 1.1.1). Still another explanation could 
be, as mentioned in Paper V, that a consensus when it comes to assessments and 
interventions of DCD is still missing. DCD and ADHD in combination ought to be expected 
to increase an individual’s tiredness not the least due to the brain’s need to compensate for 
poor balance and a lack of motor automation (see 3.2.1). In order for the individual to ‘stay 
awake’ the brain tries to compensate with an overactive behaviour. This might be a probable 
explanation as to why ADHD medications containing stimulating substances such as 
methylphenidate or amphetamines are of help not only when it comes to reducing 
hyperactivity but also in regards to an increased ability to be attentive and to concentrate.       
     
 Our empirical results (Paper I, Paper III and Paper IV) showed significant 
improvements after sensorimotor therapy regarding ‘Inattention’ as measured by the Teacher 
Rating Scale and the Parent Symptom Questionnaire (see section 1.2.4). After training results 
from both tests indicated significant improvements on all subscales including ‘Inattention’ 
and the conclusion was that problems of attention and concentration should be viewed as 
connected to sensorimotor difficulties. From these results we have reasons to suggest that the 
improvements on all subtests are due to the supressing of primary reflexes in combination 
with vestibular stimulation. It is also possible that an improved vestibular function contributes 
to an increased arousal, which could imply that sensorimotor training might have similar 
effects as medication for some children. This is worth to consider since some children could 
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be either sensitive to prescribed ADHD medication or not responding to it (Esparham et al., 
2014). However, at the Vestibularis Clinic we have positive experiences from a combination 
of training and medication. Occasionally, children who were on medication have started the 
training. There are also children who have started medication during training.  
 
 
3.1.11 Are there unidentified perceptual and motor problems in young girls? 
 In general DCD is described as a boys’ disorder, estimated to affect more than twice 
as many boys than girls (Cairney, 2015). This holds true also at the Vestibularis Clinic where 
the ratio over the last 20 years have been about 20% girls and 80% boys. These figures were 
reflected in Paper I, in which 181 boys and 51 girls participated. The question is though if 
these figures mirror reality? As argued in Paper IV there are different theories about gender 
discrepancies and it has already been mentioned in this Thesis that DCD is regarded as a 
‘hidden problem’. In Paper III one man and thirteen women participated, all of whom had on 
their own initiative contacted the Vestibularis Clinic and stated a wish to be assessed for 
sensorimotor problems. An open question which was raised in Paper III was why it has been 
mostly women who voluntary sought therapy? This question could presently be answered 
with yet another question. Are there subtle perceptual and motor problems among young girls 
still to be identified? Future studies might own that answer. Until then we can note that there 
were only few gender differences (Paper I, Paper III and Paper IV). In these studies girls 
performed better, prior and after therapy, on ‘eye movements’ ‘balance’ and ‘proprioception’. 
The differences might be due to an earlier maturation of girls’ vestibular system (Quatman-
Yates et al., 2012) but the question has to be left for future studies to investigate.  
 
 
3.1.12 Yes, there is a need for a grounded approach to DCD 
 In Paper IV it was shown for the first time that a group of children with DCD was 
able to catch-up with healthy children through sensorimotor therapy (SMT) using the method 
Retraining for Balance. In Paper I and Paper III it had already been shown, also for the first 
time, that the same assessment and intervention could be used with all age groups i.e., from 
young children to adults. In order for us to build a conceptual model for a more thorough 
understanding of the method the starting point was the view of RB as a process oriented, 
hierarchical and basically bottom-up approach but as suggested in Paper III and explained in 
Paper V where we added two concepts from the Dynamic Systems Perspective (DSP), self-
organization and emergence. In Paper I and Paper III the gross motor milestones, ‘rolling’, 
‘tummy-crawling’ and ‘creeping on hands and knees’ were defined as emergent properties 
due to primary reflex inhibition and vestibular stimulation. This view stands in contrast to the 
DSP by three reasons: (a) for RB gravity with its influence on the vestibular system is a 
fundamental external agent, and the concept ‘perceptual priming’ was introduced in Paper V; 
(b) For RB it is the integration of primary reflexes together with vestibular stimulation that 
brings motor development forward; (c) Within RB the development and emergence of gross 
motor milestones (GMM) are of great importance. In connection to ‘emergence’ the concept 
‘bifurcation points’, borrowed from physics and chemistry, is suitable as a possible 
explanation to when and where the GMM appear (Briggs & Peat, 1990; Prigogine & Stengers, 
1984; Prigogine, 2003).  
 
 A bifurcation point is a place of branching where the (nervous) system is, through its 
self-organization, about to undergo a transformation and given a choice to take a new 
direction. Which direction the system takes depends on the strength of the force that drives 
the transformation. In Paper V this was described as vestibular stimulation (perceptual 
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priming) igniting and nourishing the nervous system, supporting the suppressing of reflexes 
and thereby develop a certain milestone. The rational of RB is to imitate natural development 
in order to ‘bring out’ and ‘transform’ what is already there and the bifurcation points are in 
this way regarded to be milestones in the evolutionary history of the system (Briggs & Peat, 
1990). In Paper I, results showed not only significant improvement on gross motor 
milestones after training for both genders but also that boys performed significantly better 
than girls. This difference between boys and girls is contrary to what could be expected but an 
explanation has to wait until further studies. A reasonable explanation though for the 
improvements during training for both genders could be that the participants during their first 
year of life failed to develop their ‘true’ GMM. It is highly possible that the branching, due to 
a too weak force, had reached a lower level of motor behaviour (a lower bifurcation point) 
than expected but through appropriate training expected levels could be attained (e.g. Laszlo, 
1993).  
 
 Unfortunately most parents lack both the knowledge about what to expect from their 
child during the first year and what they could do to enhance development. This is one reason 
why it is of importance to reach a consensus within child medicine and child psychiatry on 
how to view early sensorimotor development. A grounded approach to DCD is needed but the 
framework has to be extended not the least in order to get a better understanding of the 
psychological part of SMT (Paper II). The first step toward an extension was taken in Paper 
V.  
 
 
3.2 Toward an extended framework of a grounded approach to DCD 
  
 
3.2.1 From where should we start? From the brain, the body, the environment…or? 
 Brains in general are built after the same principle, using similar but not identical 
architecture. It is not only the given biological conditions that shape the development of the 
brain, since the environment already in utero affects what the brain content becomes (Jamon, 
2014; Ronca & Alberts, 2000). This means that although we all look similar we are 
neurologically different from one another (e.g. Feldman Barrett, 2009). In order to expand the 
theoretical and practical framework of RB and thereby increase the understanding of how 
physiological behaviour (i.e., sensorimotor) and psychological behaviour interact, it is helpful 
to consider the brain as embedded in the world through the body (Bergström, 1989; Clark, 
1997; Dotov, 2014; Feldman Barrett, 2014; Llinás, 2002). The concept of Brain-Body-World 
Interaction (BBWI) (Clark, 1997, 1999, 2016) incorporates earlier developed tools and 
methods such as those available through the Dynamic Systems Theory (Prigogine & Stengers, 
1984) as well as recent holistic research on brain function (e.g. Bertolero & Bassett, 2019; 
Enander et al., 2019). The holistic approach is shared by Feldman Barrett’s ‘Conceptual Act 
Theory’ (CAT), which holds an evolutionary view and hypothesises that emotional episodes 
are emergent states with functional traits that are different from physical states (Feldman 
Barrett, 2014). According to CAT the main task for the brain is to calculate and regulate the 
body’s energy balance. There is a continuous communication between the brain and the body, 
a sort of perpetual reconciliation, where the brain checks how it can create or re-create 
balance between intake of and expenditure of different kind of energy. This process is 
necessary both for our environmental adaption and for how we feel. With the theory comes 
also that we construct our emotions from predictions, true or false and from uncertainty. In 
this way, for example, the amygdala may not encode fear but rather uncertainty (Feldman 
Barrett et al., 2016; Nierenberg, 2019).  
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3.2.2 The starting point for an extended framework would be a brain-body-world 
interaction (BBWI) perspective 
 The aim of Paper II was to get a better understanding of the physiological and 
psychological regressions and transformations, which were experienced during the training 
process and the analysis disclosed three periods of regression and four periods of 
transformation. The regressions described in Paper II are not to be confused with the 
phenomena, which traditionally in literature are labelled neurodevelopmental regressions or 
just developmental regressions. (Neuro) developmental regressions during infancy and early 
childhood have a hitherto unknown etiology but are often connected to autism spectrum 
disorder (Parr, 2017; Scott et al., 2017). Since occasional drops in performance are rather 
common also among healthy children (Rochat, 2001) it is of importance to be observant 
(Sreekantam & Wassmer, 2013). Neither should the regressions reported in Paper II be 
confused with regression among hospitalized persons (e.g. Lokko & Stern, 2015). The 
phenomena experienced during the process of RB were more like those that are usual during 
normal early child development and they were typically followed by transformations. This 
notion is in agreement with Kestenberg (1979), who wrote that the aspects of regressions and 
progressions are natural characteristics in young people’s development, and with Loewald 
(1978, 1981) who argued that both aspects are complementary and necessary phases for 
psychic organization.  
 
 Winnicott (1954/2007) considered therapeutic regressions to be part of a healing 
process in healthy persons. He held the view that any healthy individual, during early 
development, could face some kind of failure in environmental adaption and to which a 
defence became necessary. A natural reaction to the failure could be to freeze the situation. 
Later, if and when the environment makes adequate adaption, the failure situation could be re-
experienced and unfrozen. In this way the regression could be, as described by Balint (1968), 
a way to a new beginning or by Battegay (1970), a latent hope for the future. In the 
framework of RB the concept ‘regression in the service of the ego’ (Kris, 1954) is the most 
suitable denomination (here-after regression) because of the term’s incompatibility to analytic 
treatment. Instead it can explain and describe reactions in a process of artistic creation (Balint, 
1968; Guttman, 1960). In order to cope with the regression Kroebner (1963) wrote that the 
individual uses his or her preconscious function in order to be playful and utilize ideas and 
feelings belonging among past experiences. In this way the contact with primary mental and 
physical positions are maintained (Yaniv, 2018) and regression can thus be viewed as both an 
act of creativity and an act of personal growth (Knafo, 2002).  
 
 Regarding the three periods of regressions, each one emerged in connection to a 
certain (physical) exercise. This is in line with Dynamic Systems Theory (e.g. Prigogine & 
Stengers, 1984), which tells that a system is unstable at transition points. It is likely that this 
aspect is transferable to the brain and the nervous system because the same mechanism, which 
pushes developmental change forward also unmask the immature brain to disadvantageous 
events. Therefore it becomes more difficult for an immature brain to keep equilibrium 
between homeostasis and plasticity. Homeostasis, at the network level, changes synaptic 
connectivity and stabilizes learning (Dennis et al., 2013) while, as a response to 
environmental impact, neural plasticity assists the nervous system in the reorganization of 
neural networks (Johnston, 2009). 
 
 Of interest to notice is also that the first transformation emerged in connection to RB:s 
very first exercise. This exercise is a slow rocking movement, an imitation of the fetus’ first 
movement (Morris, 1991). Going back to the 11:th week after conception, the exercise is 
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carried out in close connection between the child and the mother. Although a consensus is 
lacking (see section 1.1.9) the rational in RB is that this movement is vestibular in origin and 
that it was first experienced in the womb i.e., in absolute proximity between mother and child 
(Zohar, 1991). This first transformation was, and still is, often experienced as if the child 
becomes more ‘easy going’. By using a BBWI-perspective together with a core suggestion 
from the CAT i.e., the importance of allostasis and interoception (Feldman Barrett, 2017), it is 
possible to suggest an interpretation of why the transformations described in Paper II can be 
accomplished.  
 
 
3.2.3 Two ways to connect to the world  
 Hitherto RB has stressed the importance of gravity and its influence on the vestibular 
system. As mentioned above, I would like to conceptualize this connection to the world as a 
vertical connection. Such a connection has, to my knowledge, only once (Chiel & Beer, 1997) 
been explicitly mentioned in literature concerning the BBWI-perspective. Most probably 
because gravity is taken for granted but as our results in Paper I, III and IV have shown, this 
is most probably a mistake. Frequently mentioned, though, is the horizontal connection to the 
world. This connection implies our being in the world with all its possible interactions. 
However, for a BBWI-perspective to make sense both connections must be accounted for. 
Could it be a vertical connection that Clark (2016) implicitly had in mind when he stressed 
the need for sharper model for the integration of cognition, action and perception? Put in the 
context of the transformation mentioned above, the child, with body and brain, is embedded 
in the world (environment) horizontally by the mother and vertically by gravity. According to 
the Conceptual Act Theory (CAT) the brain evaluates and calculates the inflow of energy in 
order to create homeostasis and to regulate interoception. My tentative suggestion as to why 
the transformations were accomplished is that the movements of slow rocking generated 
proprioceptive, tactile and ‘new’ vestibular sensations to the brain, which in turn generated 
processes toward homeostasis. I use the concept ‘new’ because part of the rationale behind 
RB, is that the child’s nervous system, by reasons unknown, so far has been unable to fully 
appreciate vestibular impact.  
 
 
3.2.4 Bounding, caregiving and gravitational security 
 The concept ‘new’ vestibular sensations gets its meaning from that part of the RB 
rational which tentatively suggests that some children might fail, by reasons unknown, to get 
a proper ‘grip of gravity’ at delivery i.e., the vestibular system is not fully activated (Casaer, 
1993; Prechtl, 1993). As explained in Paper I, III, IV and V this lack in vestibular function is 
hypothesized to be one reason why the primary reflexes remain more or less unsuppressed. 
Beside a deviation from normal motor development (Holt, 1991) a not fully activated 
vestibular function at birth is likely to bring a ‘gravitational insecurity’ (see section 1.1.9) 
resulting in subtle signs of inconvenience and spatiotemporal distress (Gilfoyle et al., 1990) 
and misconceptions in the bounding relation might arise. The child is not able to fully 
appreciate the mother’s care due to insecurity and the mother could get the impression that 
she is not a good mother (Kandel, 2005). This is an example of how primary perceptual 
priming might fail (Paper V) and also an example compatible to the CAT, which hypothesize 
that the amygdala does not encode fear but uncertainty (Feldman Barrett et al., 2016). My 
conclusion is that there are strong reasons to connect signs of a delayed sensorimotor 
development with probable bounding difficulties primarily with mothers. However, during the 
first exercise according to RB the child receives a second chance to adapt to gravity, and 
mother and child are given a new possibility for rebounding. 
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 The development of ‘gravitational security’ is important also for healthy children and 
should not be taken for given. As described in Paper I the first year of life is a constant 
struggle to defy gravity. There are always hindrance to conquer and goals to reach. In this 
way gravity creates a spatiotemporal stress, which is good for the child (Gilfoyle et al., 1990). 
To get knowledge about its own body in space i.e., the world, the child has to interact 
primarily with parents and siblings. Unfortunately neither policymakers nor parents (how 
could they?) fully understand the importance of assistance with this ‘hard’ sensorimotor work 
during the first years of life. Schilder (1964) suggested that not only should parents be taught 
how to carry and handle their child, they should also be aware of their own emotional balance. 
The last part of the sentence put quite a demand on parents but I agree on his suggestion to 
educate parents. A prerequisite for a successful BBWI - perspective is the embedding of the 
brain-body system in both vertical and horizontal connections. 
 
 
3.2.5 How should regressions be interpreted?  
 As described in Paper II the first transformation turned into the first period of 
regression after a couple of weeks. The first and the second periods of regressions were in a 
way similar to each other.  Both were characterized by an increased childishness and a 
stronger wish to connect to mother. This wish increased during the second regression. The 
second regression was also characterised by a tendency for unmotivated sadness and tears, an 
increased interest in their own toddler-time and an increased wish socialize with family. 
During the last period of regression the temper became more firm and the child more defiant. 
Each period of regression started around the time for the introduction of a new, certain 
exercise. This notion of integration points in the direction hypothesized by the CAT (Feldman 
Barrett, 2014) which says, “the workings of each system must be holistically understood 
within momentary state of the brain, the body, and the surrounding context” (p. 292) and 
shares similarities with one conclusion made in Paper II, that is, the regressions may be part 
of the ‘multitude’ (manifold) of possible but not yet fully realized sensorimotor (physical) and 
psychological behaviours. If so, there are strong reasons, not the least from a psychological 
point of view, to recognize the value of monitoring a child’s sensorimotor development and if 
necessary, start an intervention as early as possible. From this perspective the present 
recommendations (American Psychiatric Association, 2013; Blank et al., 2019) might be 
reconsidered. As for now the recommendation for a DCD diagnosis is from five years of age. 
The recommendation is due to the spontaneous catching-up with some children and reported 
difficulties to, in a reliable way, assess very young children. An interpretation of the meaning 
of the regressions would risk bringing about speculations. Therefore I find it better to stay 
with observed reality i.e., the regressive behaviour, which emerges during training is similar 
to behaviour seen in very young children. My conclusion from this observation is, as 
mentioned in Paper V, that also the psychological development had been arrested but the 
training brought release. The similarity to Winnicott’s theory (see section 3.3.2) and his use of 
the concepts ‘frozen’ and ‘unfrozen’ is obvious. Tentatively and in agreement with one line 
followed in this Thesis, I suggest that there are more to be said about the value and 
importance of both proper vertical and horizontal connections during infant development. In 
times of increased sedentary behaviour and mental illness among young people the results 
from mainly Paper IV give us reason to believe that a grounded approach including a Brain-
Body-World Interaction (BBWI) perspective to DCD should be an option in order for us to 
create a healthier society. It is time to stop regarding DCD as a ‘hidden problem’.  
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3.3 Future directions 
 
 
3.3.1 Remission 
 The concept remission can be described as the individual developing a good enough 
function in order to function well in society with the help of various strategies (Norlander et 
al., 2015). Stabilization at the level of remission with improved quality of life as a 
consequence could also constitute a better starting point for an even greater recovery (Weiden 
et al., 1996). Although Paper I, Paper III and Paper IV indicated improvements for a 
majority of the participants we do not know which level of remission they have reached. So 
far the concept has been put forward within fields such as schizophrenia research (e.g. Helldin 
et al., 2006, 2007; 2009) but besides our mention in Paper IV it is so far missing within DCD 
research. In Paper IV we rhetorically asked whether the concept of remission would be of 
importance for future DCD research. As for now and from a BBWI-perspective the answer is 
more yes than no. During training the nervous system has reached new bifurcation points (see 
section 3.2.13) and in accordance with General Systems Theory (von Bertalanffy, 1993) these 
new levels are ‘steady states’ i.e., they are steady and in accordance with Dynamic Systems 
Theory irreversible (e.g. Prigogine & Stengers, 1984). Put in context of RB, the ‘restoration 
image’ (see section 3.2.1) could stand as a description of the process and the reached 
milestones could be considered as ‘girders’ within the nervous system. In our conceptual 
model this means that the individual has gained improved physical brain-body stability. In 
Paper II this was described as a transformation where participants were more interested in 
physical activities. From the ‘world’ or environmental perspective this could imply that once 
the vertical connection is better established it would generate prerequisites for enhanced 
horizontal connections (e.g. Vanderplasschen et al., 2013). In order to keep the level of 
remission or even better to improve it, parents, teachers, friends and society in general have to 
encourage further development. This integration is suggested to start during intervention as 
soon as the individual shows interest.  
 
 
3.3.2 Equifinality 
 From a systems perspective the concept equifinality have two meanings within 
developmental psychology, (a) the same end point can be reached by developing organisms, 
which have different initial or early conditions, and (b) although using different pathways or 
routes organisms sharing equal initial conditions can reach the same endpoint (Gottlieb et al., 
2006). It implies also a possible explanation as to why development might be quicker or 
slower depending on person and which route that was chosen (Butterworth & Harris, 1998). 
The concept was introduced in Paper IV with a purpose to emphasize the importance to 
compare not only different approaches of sensorimotor training but also to compare the effect 
of sensorimotor training to other efforts such as behaviour modification and medication. 
 
 
3.3.3 Vestibular function 
 There is a growing interest in vestibular development and the number of publications 
covering vestibular cognition from different research angels seems to have increased (Besnard 
et al., 2015; Cohen & Lewis, 2018). One angel of special interest, which is just about to be 
investigated, is the hypothesis of a possible link between dyscalculia and vestibular function 
(Smith, 2012). A recent small sample study by Moser and colleges (2017) showed worse math 
performance in a group of patients with vestibular neuritis compared to a group of healthy 
people. The difference between the groups could not be explained by either education or 
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processing speed. In Paper II analysis showed that academic proficiency improved during 
training although for some, difficulties with mathematics remained. How come that reading 
abilities in general improve but mathematics stay difficult? One daring and speculative 
suggestion is that we have a very basic mathematical capacity connected to the gross motor 
milestones and then also to our vestibular function. According to Piaget and his theory of the 
sensorimotor stage, an infant understands the world through his/her sensory and motor 
experiences. According to the conceptual model of RB a prerequisite for this ability should be 
that the vertical connection is in order. The concept ‘geometry’ means measurement of earth 
or land. During the first year of life the infant has the opportunity to view the environment 
from different position and also, through its own body, ‘measure’ the room by rolling, 
‘tummy-crawling’, ‘creeping on hands and knees’ and finally walk in erect position. I suggest 
that these spatiotemporal experiences might contribute to a basic sense of time, space and 
‘rudimentary mathematics’. Results from a recent small sample study, aiming to investigate 
the efficiency of an integrated physical activity (PA) and mathematical (geometry) program 
among four graders, showed that the integration between mathematics and PA was more 
effective than traditional math teaching (Hraste et al., 2018). Another study (Frick & 
Möhring, 2016) suggested a relation between spatial- and balance skills among children aged 
6 years. From this it might be concluded that there could be a connection between physical 
activity and the ability to learn geometry as well as between balance ability and room 
perception but further studies is suggested to examine why. Given the connection between 
hippocampus and the vestibular system (Jamon, 2014) and research from the Nobel laureates 
Moser and Moser (2016), which showed that humans as well as other mammals build internal 
environmental maps it would be interesting to know which role the vestibular system play.  
 
 
3.4 Limitations  
 
  
 One limitation of the present Thesis is that the same two therapists performed all 
interventions, which makes it difficult to ensure whether or not the personalities of the 
therapists might have had influence on the results. A private clinic such as Vestibularis might 
invite to personal relations in a way, which is difficult to achieve in common settings. 
However, a previous study (McPhillips et al., 2000) using a similar approach to sensorimotor 
training as RB did also show good results. Another limitation is that a randomised controlled 
study is missing so far. On the other hand Paper IV, which was a study comparing a Norm 
group of healthy children with a group of children diagnosed DCD, gave good indications for 
the training effect.  
 
 
3.5. Some reflections on my contributions and experiences   
 
 
3.5.1 Contribution to knowledge 
 In my opinion, I have contributed to the research as follows: (a) Developed and 
psychometrically tested new measuring instruments in order to describe sensorimotor status 
before and after treatment. (b) Have shown that the method Retraining for Balance produces 
good results in the treatment of DCD. (c) Have for the first time analysed a scenario in which 
re-activation and integration of arrested primary reflexes together with vestibular stimulation 
caused regressions, which was shown to be prerequisites for the emergence and release of 
both physiological and psychological transformations. (d) Have shown that even adults with 
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DCD can be treated using the same methods that work for children. (e) Have shown for the 
first time that children diagnosed as DCD can, in regard to motor abilities, catch-up with 
healthy children as a result of sensorimotor therapy. (f) Has begun the work on formulating a 
new theoretical framework for grounded assessments and interventions. 
 
 
3.5.2 What have I learned from this long journey? 
 The work accomplished would never have been possible without the sharing of 
thoughts and experiences with my dear wife Irene. A job like ours cannot be left at 4 in the 
afternoon and to be started again at 9 the next day. The development of the children and the 
lives of the families are always thought provoking. Much of a day's work is then 
confidentially discussed between Irene and me during dinner or during walks. We have had 
some resistance over the years, especially from the health service, which unfortunately may 
have had difficulties in acquiring new perspectives. But I think we have done well not the 
least since we have constantly been seeking scientific support. The work has taught me to 
trust my own ability in order to follow the path I have found to be right. The work has also 
taught me to look long term and to be persistent, not to give up even though it has sometimes 
been close at hand. This applies to both the work with the children and to the academic 
process. The fact that I did not give up the scientific work has mainly two reasons. One reason 
is Professor Norlander's support during the process and his own conviction that our work can 
benefit the children of the future. A second reason is that the work taught me that anecdotal 
stories of progress are not counted at all if you want to make a difference. All that counts are 
published results. Since I have experienced how many children exhibit sensorimotor problems 
as well as their parents not being taken seriously when shown concern, it feels even more 
important that our work is not silenced. The development and practice of Retraining for 
Balance must be tested and documented in order to later be a recognized complement to 
existing treatment of both DCD and ADHD. The work has given me not only an increased 
understanding of people's differences, but also an increased understanding that children, 
young people and adults have a potential that can be brought about through training. Without 
being overly pretentious, I still want to claim that the work has shaped me as a person and 
made me more humble in the face of life's various difficulties. 
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4. CONCLUSIONS 

  
 The overarching purpose of this Thesis has been to evaluate assessments and 
interventions for sensorimotor therapy according to the method Retraining for Balance. The 
empirical studies included have indicated a scenario in which re-activation and integration of 
arrested primary reflexes together with vestibular stimulation caused regressions, which was 
shown to be prerequisites for the emergence and release of both physiological and 
psychological transformations. The results elucidate not only the importance of a grounded 
approach concerning assessments and interventions in regard to DCD, but also the matter of 
parents (or spouses) help and guidance during training, as well as the matter of gravity and its 
influence on the vestibular system. These observations led us to propose a Brain-Body-World 
Interaction (BBWI) perspective including both horizontal and vertical connections as a 
starting point for a new theoretical framework regarding DCD. The horizontal connection is 
often discussed which implies our being in the world with all possible interactions with family 
and friends. In existing literature about neuropsychiatric disorders the vertical connection to 
the vestibular system has so far received much less attention.  
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Paper I 
 
 
 
Niklasson, M., Niklasson, I., & Norlander, T. (2009). Sensorimotor therapy: 
Using stereotypic movements and vestibular stimulation to increase 
sensorimotor proficiency of children with attentional and motor difficulties. 
Perceptual and Motor Skills, 108, 643-669. 
 
 
Abstract 
The current naturalistic study examined whether sensorimotor therapy utilizing 
the training program, Retraining for Balance, might be an appropriate technique 
for sensorimotor proficiency. The 232 children (181 boys, 51 girls), whose mean 
age was 9.3 yr. (SD = 2.7), presented attentional and motor difficulties 
(according to the School Health Care) as indicated by their parents before 
starting therapy. The children were divided into three groups, i.e., a younger 
group (7 yr. old or younger, n = 65), a middle group (8 to 10 yr. old, n = 91), 
and an older group (11 yr. old or older, n = 76). The program has seven parts, 
including fetal and neonatal movements, vestibular and auditory perceptual 
stimulation, and gross motor movements, among others. The treatment period 
was close to 3 yr. on the average. Analyses in a repeated-measures design 
indicated significant improvement of sensorimotor skills among the three age 
groups, but the older children performed better than the others on several tests. 
There were only a few sex differences. Retraining for Balance may be a 
functional technique for training children and youth with sensorimotor 
difficulties and might constitute a complement to regular treatment of 
Developmental Coordination Disorder, Learning Disability, and ADHD, but 
controlled studies are necessary before more decisive conclusions can be drawn. 
 
 
 
 
 
 
 
 
 
 

 
 



	
	

	 51	

 
Paper II 
 
 
 
Niklasson, M., Niklasson, I., & Norlander, T. (2010). Sensorimotor therapy: 
Physical and Psychological regressions contribute to an improved kinesthetic 
and vestibular capacity in children and adolescents with motor difficulties and 
concentration problems. Social Behavior and Personality, 38, 327-346. 
 
 
Abstract 
Our aim was to gain increased understanding of the effects of sensorimotor 
therapy on the physical and psychological development of children and young 
people when using the method Retraining for Balance. The records of 8 children 
who had completed the program were randomly selected from a cohort of 232 
with sensorimotor difficulties and concentration problems. The participants, 7 
boys and 1 girl, averaged 9 years of age. The Empirical Phenomenological 
Psychological method (the EPP-method, Gunnar Karlsson, 1995) was used for 
this analysis, which resulted in 29 categories which yielded 3 overarching 
themes: a) the introduction of sensorimotor exercises, b) regression to earlier 
sensorimotor and psychological behaviors, and c) transformations in which the 
sensorimotor and psychological skills of the children matured and developed. 
The themes formed the kinesthetic-vestibular developmental model illustrating 
how sensorimotor exercises push the therapy process forward while recurrent 
regressions are followed by positive developmental phases. The results of the 
study were generalized to the remaining 224 children in the cohort by comparing 
each individual's records to the kinesthetic-vestibular model. 
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Paper III 
 
 
 
Niklasson M., Rasmussen P., Niklasson I., & Norlander T. (2015). Adults with 
sensorimotor disorders: Enhanced physiological and psychological development 
following specific sensorimotor training. Frontiers in Psychology, 6: 480. 
 
 
Abstract 
The aim of the study was to investigate, for the first time, if it is possible to 
integrate primary reflexes in adults with sensorimotor disorders through 
sensorimotor therapy (SMT). Participants consisted of 14 adults, one man and 
13 women, with an average age of 35 years who completed a SMT program 
over 3 years. They were compared with a reference group of 100 youngsters 
spanning from 11 to 17 years. Procedures were the same for both youngsters and 
adults including regular visits to a therapist and training ~15 min each day at 
home throughout therapy. Assessments of sensorimotor abilities were made 
before and after the therapy. Results showed significant improvements on all 
measurements with regard to treatment for both age groups and the main picture 
indicated small differences between age groups. After therapy adults were better 
on balance and orientation tests while the youngsters performed better on sports 
related gross motor movements, processing of speech sounds and had acquired a 
better relation between visual skills and vestibular function. Conclusions were 
that motor problems do not disappear with age and that the same diagnostic 
instruments and treatment methods can be used for both children and adults with 
sensorimotor difficulties. 
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Paper IV 
 
 
 
Niklasson M., Norlander T., Niklasson I., & Rasmussen P. (2017). Catching-up: 
Children with developmental coordination disorder compared to healthy 
children before and after sensorimotor therapy. PLoS ONE, 12, (10):e0186126.  
 
 
Abstract 
The aims of the present study were to (a) compare healthy children in terms of 
sensorimotor maturity to untreated children diagnosed with developmental 
coordination disorder (DCD) and (b) compare healthy children to diagnosed 
children following completed treatment with sensorimotor therapy. Participants 
were 298 children, 196 boys and 102 girls, distributed into a Norm group of 
healthy children (n = 99) and a group of children diagnosed with DCD (n = 199) 
with a total mean age of 8.77 years (SD = 2.88). Participants in both groups 
were assessed on instruments aimed to detect sensorimotor deviations. The 
children in the DCD group completed, during on average 36 months, 
sensorimotor therapy which comprised stereotypical fetal- and infant 
movements, vestibular stimulation, tactile stimulation, auditory stimulation, 
complementary play exercises, gross motor milestones, and sports-related gross 
motor skills. At the final visit a full assessment was once more performed. 
Results showed that the Norm group performed better on all sensorimotor tests 
as compared to the untreated children from the DCD group, with the exception 
of an audiometric test where both groups performed at the same level. Girls 
performed better on tests assessing proprioceptive and balance abilities. Results 
also showed, after controls for natural maturing effects, that the children from 
the DCD group after sensorimotor therapy did catch up with the healthy 
children. The concept of “catching-up” is used within developmental medicine 
but has not earlier been documented with regard to children and youth in 
connection with DCD. 
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Paper V 
 
 
 
Niklasson M., Rasmussen P., Niklasson I., & Norlander T. (2018). 
Developmental coordination disorder: The importance of grounded assessments 
and interventions. Frontiers in Psychology, 9: 2409. 
 
 
Abstract 
This focused review is based on earlier studies which have shown that both 
children and adults diagnosed as having developmental coordination disorder 
(DCD), benefited from sensorimotor therapy according to the method Retraining 
for Balance (RB). Different approaches and assessments for children and adults 
in regard to DCD are scrutinized and discussed in comparison to RB which 
mainly includes (a) vestibular assessment and stimulation (b) assessment and 
integration of aberrant primary reflexes and (c) assessment and stimulation of 
auditory and visual perception. Earlier results indicate that the process of 
Sensorimotor therapy using RB techniques could be described according to a 
conceptual Kinesthetic-Vestibular Developmental Model (KVDM) whereby the 
training elicited temporary physical and psychological regressions followed by 
transformations i.e., positive physical and psychological development. We have 
also seen that this recurring pattern is similar for children and adults. In our 
conceptual model vestibular stimulation (perceptual priming) stimulates the 
nervous system, which might enhance object-related priming. This perceptual 
priming will also assist the suppression of persistent aberrant primary reflexes. 
In order to develop effective methods for assessment and intervention of DCD 
over the life span the importance of primary reflex inhibition and vestibular 
stimulation as well as a combination of bottom-up and top-down approaches 
have to be considered. 
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