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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.

Introduction
Developmental coordination disorder (DCD) is a neurodevelopmental motor disorder
characterized by immature and delayed gross and fine motor development without obvious
medical or intellectual causes that noticeably disturbs daily activities (American Psychiatric
Association, 2013). Globally, it is calculated to affect between 5 and 13% of schoolchildren
(Cairney et al., 2006; Hillier, 2007; Vaivre-Douret, 2014) and there is often a higher incidence
in boys as opposed to girls in a ratio of between 2:1 and 7:1 (American Psychiatric
Association, 2013). Although there is agreement in respect of the meaning of the concept
DCD, still other terms are used more or less synonymously (Ahonen et al., 2004; American
Psychiatric Association, 2013) not least because motor difficulties appear in association with

several other disorders. According to Gillberg (2010), this co-morbidity within both child
psychiatry and developmental medicine is usually the rule rather than the exception.
Consequently, DCD can appear together with ADHD (Kadesjö and Gillberg, 1998; Pitcher et
al., 2003; Watemberg et al., 2007), as well as with speech difficulties, reading and writing
difficulties (Visser, 2003) and with emotional problems (De Raeymaecker, 2006; Cairney et
al., 2010). That motor problems do not disappear with age has been shown in a number of
studies (e.g., Fox and Lent, 1996; Christiansen, 2000; Rasmussen and Gillberg, 2000;
Sigmundsson, 2005) although McPhillips et al. (2000) showed that the reading abilities of
participants were positively affected when participants integrated the asymmetrical tonic neck
reflex (ATNR) through carrying out stereotypical infant movements. Furthermore, Norlander
et al. (2005) showed that a short but regularly performed training program applied to primary
and secondary school children addressing the kinesthetic-vestibular systems reduced the noise
levels in classrooms and increased the teachers’ rating of the children’s concentration
capacity.
The existing definition of DCD (American Psychiatric Association, 2013) does not mention
any connection to a sensory cause. What is briefly described though are neurodevelopmental
immaturities or neurological soft signs (NSS), which contain a broad scope of neurological
deviations, for example, mirror movements, choreiform movements and retained primary
reflexes (McPhillips et al., 2000). What these have in common is that they are not considered
to belong to any well-defined syndrome, they are difficult to interpret (Touwen, 1993;
Polatajko, 1999; Ayd, 2000) and their diagnostic and clinical value is still unclear and
therefore further studies are needed (American Psychiatric Association, 2013). At the
Vestibularis Clinic, a Swedish center for sensorimotor therapy (SMT), a method for
integration of retained primary reflexes (Field and Blythe, 1989) was practiced in order to
help children develop their motor abilities. It was, however, observed that motor training
became even more efficient when vestibular function was implemented both as a diagnostic
tool (Rasmussen et al., 1983; Rasmussen and Gillberg, 2000) and as a part of therapy
(Niklasson, 2013) resulting in the method Retraining for Balance (RB; Niklasson et al., 2009,
2010). RB is, in part, a process orientated therapy (Kirby and Sugden, 2007) because it
emphasizes the importance of identifying underlying sensory and motor problems, which
prevented the individual from developing his or her complete motor skills. In part, it is also an
implicit process (Gentile, 1998; Ahonen et al., 2004) where movements activate and organize
proprioception as well as vestibular functions. Kirby and Sugden (2007) questioned whether
or not DCD is a single syndrome and stressed the complexity of co-morbidity (Visser, 2003;
Lingam et al., 2010). Vig (2010) discussed further the importance of labeling and classifying
children with disabilities based upon empirical data. Empirical data (Niklasson et al., 2009,
2010) has shown that within the framework of the RB method, it is possible both to diagnose
and then treat sensorimotor problems through SMT. Adding the significance of sensory
factors, such as vestibular function, for motor development to the existing DCD criteria
should increase the possibility of unambiguity in respect of its definition. A tentative
suggestion would be that DCD could be more properly labeled as a sensorimotor disorder
(SMD). Unpublished studies at the Vestibularis Clinic regarding SMT also call the criteria for
DCD into question on the basis that the therapy is also effective for children younger than 5
years of age and for children and young people with intellectual disabilities (Geuze et al.,
2001). The present paper will henceforth use the concept SMD.
The primary reflexes, which are essential for an understanding of the phenomenon SMD,
consist of around 70 brainstem-mediated behavioral movement patterns (Schott and Rossor,
2003; Niklasson et al., 2009) traditionally considered to belong to early childhood and

expected to be integrated by the higher brain centers, which is typical of normal neurological
development. Scherzer (1985), Capute and Accardo (1991) as well as Zafeiriou (2004)
distinguished primary reflexes that are found in the newborn and which are normally
integrated in early childhood from postural reactions, which appear more or less in parallel.
Among the primary reflexes they considered as having a diagnostic value were the Moro
reflex, the ATNR, the tonic labyrinth reflex (TLR), the grasp reflex in the hands and feet as
well as the suck and search reflexes. Important postural reactions were the Landau reaction as
well as the head righting reactions. In total, around 15 reflexes were of diagnostic interest. If
the primary reflexes do not integrate and if the postural reactions do not develop, there is a
risk that the child acquires sensorimotor as well as learning and social difficulties (Goddard
Blythe, 2009).
In a naturalistic study (Niklasson et al., 2009) of 232 children and young people (181 boys
and 51 girls) between the ages of 5–17 years (M = 9.3, SD = 2.7) with concentration problems
and motor difficulties who all had followed and completed a SMT program, Retraining for
Balance, a number of primary reflexes and postural reactions were studied. On average, the
training time was around 3 years and in order to be able to make a comparison between
different ages the participants were divided into three groups according to their ages at the
start of training: one younger group with 65 children who were 7 years or younger at the start
(M = 6.2, SD = 2.0); a middle group with 91 children who were 8–10 years (M = 9.0, SD =
0.8); and finally a group with older children who were 11 years and older (M = 12.3, SD =
1.7). Measured through a number of sensorimotor tests, the results showed significant effects
of the training in all three age groups. Biological maturation was suggested by the fact that the
older group performed better in comparison with the two other groups before commencing
SMT. Furthermore, after the therapy, both the older and middle group performed somewhat
better than the younger group. A follow up study (Niklasson et al., 2010) analyzed the results
regarding eight children who had completed therapy according to Retraining for Balance. The
analysis showed that the process of SMT could be described according to a KinestheticVestibular Development Model whereby the therapy’s exercises (introductions) gave rise to
temporary psychological and/or physical regressions, which were followed by periods of
positive psychological and physical development (transformations). In order to examine if the
results could be generalized to a larger group of children, the results of the eight participants
were compared with the results of the 224 participants who had also completed the training.
The quantitative analysis showed that 95% of the children in the larger group had a “very
good” or “good” adjustment to the model. Together, both studies indicated that it is seems to
be possible to influence sensorimotor (physical) maturity as well as psychological
development with children and young people up to 17 years of age by integrating primary
reflexes.
Retained or newly appeared primary reflexes are, according to some researchers, a sign of
neurological pathology (e.g., Schott and Rossor, 2003; Zafeiriou, 2004) whilst others are of
the opinion that the re-appearance of some primary reflexes can be a part of the natural aging
process (e.g., Hobo et al., 2014). Touwen (1984) criticized both theories and was of the view
that it would be remarkable if a degenerated adult brain could regain the qualities of a child’s
brain. The grasp, palmomental, suck, snout and glabellar reflexes, all primitive reflexes with
clinical diagnostic value in, amongst others, stroke patients (Chang, 2001) and in patients with
dementia and Parkinson’s disease, are activated through tactile stimulation and have, to a
limited extent, also been found in healthy adults (e.g., Brown et al., 1998; Schott and Rossor,
2003) but without any link to impaired cognitive abilities (van Boxtel et al., 2006). Several
studies (e.g., Bruijn et al., 2013) have made clear that vestibular-proprioceptive connected

primary reflexes such as the ATNR and the symmetrical tonic neck reflex (STNR) can be
triggered even within healthy adults and can be considered to be natural components in daily
motor activities. Also, Easton (1972) stated that primary reflexes could constitute the
foundation of sensorimotor organization and Fukuda (1961) wrote that the vestibular system
plays an important role for the way we move ourselves as well as for postural development.
Clinical conclusions based on retained primary reflexes in adults are, however, a controversial
subject (Schott and Rossor, 2003; Zafeiriou, 2004) because primary reflexes are both difficult
to interpret and are traditionally associated with some type of brain injury. However, Hurst
Vose (1986) has anecdotally described the sensorimotor training she went through after she
had been struck by agoraphobia and which resembles the training of children which has been
described by McPhillips et al. (2000), Goddard Blythe (2005), and Niklasson et al. (2009). In
recent years, research has shown that the brain has previously unknown possibilities of selfhealing and restitution after injury (Stein et al., 1997; Kempermann, 2006; Doidge, 2007) and
studies have shown that different types of training affect general sensorimotor capabilities of
both the elderly and the brain injured (e.g., Beinert and Taube, 2013; Ortega and Jolkkonen,
2013; Patel et al., 2013; Degen and Schröder, 2014; Meunier et al., 2014).
A summary of the various findings lead to the assumption already made by Teicher (1941) in
his studies of Schilder’s test (the ATNR and the TLR in standing position) with more than
200 children, namely that, when children approached puberty their movement patterns
became more and more like adults. Examples of this can be seen from the fact that minor
neurological signs became less pronounced amongst children of 11 years of age (Peters et al.,
1975). Additionally, during adolescence the connections in the brain develop, becoming fewer
but faster (Giedd et al., 2008) and the nervous system will become more vulnerable to trauma
(Eckes and Radunovich, 2007). Furthermore, a summary of earlier research findings indicated
that development was described as moving forward (Touwen, 1984; Connolly, 1986; Brodal,
2004; Goldfield and Wolff, 2004; Klonowski, 2007) which means that a physiological return
to earlier developmental stages in order to influence maturity becomes hard to explain. Even
if the adult’s sensorimotor system nowadays is considered to be plastic (Canu et al., 2012), it
is difficult to find in the literature a convincing support for intentional physiological
regressions in adults. Therefore, the conclusion may be drawn that it is considerably more
difficult for adults to benefit from SMT compared with young people.
The present study is, as far as known, the first attempt to investigate whether primary reflexes
can be found in adults voluntarily expressing a wish to be assessed for symptoms of SMDs,
and, if so, is it possible to integrate these reflexes through SMT? In light of the above
literature review two hypotheses were formulated concerning individuals with SMDs: (a)
there are few or no significant differences in terms of sensorimotor abilities among a group of
youngsters who are 11 and older and a group of adults 18 years and older before completing
the SMT, (b) the adult group will exhibit significantly poorer performance compared with the
youngsters after completing the SMT.

Materials and Methods
Participants
The present study included 14 adults and 100 youngsters all of whom had completed a SMT
program according to the criteria of the method Retraining for Balance (see Procedure) at the
Vestibularis Clinic. Prior to therapy, all participants were diagnosed at the clinic as having
SMDs in accordance with the Retraining for Balance-Physiological Test (RB-P) and the

Retraining for Balance-Orientation and Balance Test (RB-O; see Instruments). The adult
group consisted of one man and 13 women with an average age of 35.21 years (SD = 10.73).
The main reasons for therapy when indicated by the adults themselves were sensorimotor
problems, often in combination with clumsiness, attention difficulties, reading problems,
generalized anxiety, and sensitivity for stress. A reference group of youngsters comprised 72
boys and 28 girls with an average age of 12.44 years (SD = 1.57). Their parents indicated the
primary reasons for carrying out therapy and they were similar as compared to the adults. A
Pearson Chi-Square showed no significant effects in regard to age groups (p = 0.157)
concerning reasons for therapy. All participants came from the southern and middle parts of
Sweden. On average, the number of visits to the clinic during the therapy program was 13.00
(SD = 2.66) for the adults and 13.61 (SD = 3.02) for the youngsters. An Independent-Samples
t-test (5 % level) showed no significant difference between groups (p = 0.475) regarding
number of visits. However, further testing showed a significant difference between groups in
terms of time to complete the therapy [t(112) = -2.24, p = 0.027] where adults needed a longer
period (M = 37.14 months, SD = 23.24) as compared to the youngsters (M = 29.43 months,
SD = 9.71).
All tests were performed by one of two therapists/practitioners. Both were Physical Education
teachers and SMT-therapists by training with more than 25 years of experience of
sensorimotor assessments and training.

Design
All participants completed a SMT program according to the method Retraining for Balance
(Niklasson et al., 2007). The program contained seven parts; (a) fetal and infant movements,
(b) vestibular stimulation, (c) auditory perceptual stimulation, (d) tactile stimulation, (e) gross
motor milestones, (f) sports-related gross motor skills, and (g) complementary play exercises.
The manual described 48 different exercises. Both youngsters and adults practiced about 15
min each day during which the youngsters were monitored by their parents while the adults
either practiced alone or were supervised by a relative. The youngster’s training was reviewed
by visits to the Vestibularis Clinic at regular intervals of 8 weeks while the adults, from time
to time, needed longer intervals between visits due to work and family commitments. The
Retraining for Balance program was previously tested and evaluated in 232 children (181
boys and 51 girls) with ages ranging from 5 to 17 years (Niklasson et al., 2009, 2010). The
analyses in the present study were conducted through a two-way mixed design with Treatment
(before, after) as a within-subjects factor and with Age Group (youngsters, adults) as
between-subjects factor. Dependent variables were tests designed to measure sensorimotor
abilities.

Instruments
Retraining for Balance-Physiological Test
The RB-P (Niklasson and Niklasson, 2007a; Niklasson et al., 2009) was compiled on the
basis of research and documentation of the motor development of normal and
developmentally delayed children (Capute et al., 1981; Fiorentino, 1981; Illingworth, 1987;
Field and Blythe, 1989; Capute and Accardo, 1991; Holt, 1991). The battery consisted of 41
different tests and the participants’ performance was rated on each test on a 5-point scale from
0 to 4 (“No deviation from normal performance” – “Inability to complete or execute a specific
test”). The tests were assembled into six groups generating subscales on (1) Primary reflexes-

vestibular stimulation, (2) Primary reflexes-tactile stimulation, (3) Postural reactions, (4)
Gross motor milestones, (5) Eye movements, and (6) Sports-related gross motor skills. An
index was computed for each group by multiplying the mean by 10, yielding a scale with
anchors of 0: “No deviation from normal performance” and 40: “Significant deviation from
normal performance.” The six subscales were then added together to form a total value for the
RB-P. The instrument has acceptable psychometric properties (Niklasson et al., 2009) with
regard to internal consistency and significant correlations with other sensorimotor
instruments.
Retraining for Balance-Orientation and Balance Test (RB-OB)
This test (Niklasson and Niklasson, 2007b; Niklasson et al., 2009) consisted of balance and
vestibular assessments rated according to “no deviation from normal age-appropriate
behavior” or “deviation from normal age-appropriate behavior.” The assessments were
assembled into three categories, (a) standing balance, (b) vestibular function and (c) bodyspace perception. A mean was computed for the results in each category and then the
categories were added together. A previous study (Niklasson et al., 2009) indicated acceptable
psychometric properties for RB-OB.
Retraining for Balance – Audiometric Test
This audiometric test, based on a technique developed by Johansen (1993), used the clinical
diagnostic audiometer DA 74 (Danaplex, Copenhagen, Denmark). Niklasson et al. (2009)
focused on the auditory preference in binaural pure tone audiometry and therefore constructed
a scale (RB-A) 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 is supposed to facilitate a more rapid processing of speech sounds
(Sininger and Cone-Wesson, 2004). The test’s rationale, namely the importance of right eardominance, had been validated by Tallal et al. (1993) and by Okamoto et al. (2007).
Reasons for Training (RFT)
A questionnaire (Bergström et al., 1999; Niklasson et al., 2009) was administered after
therapy in order to assess the satisfaction of parents and adults. At the start of therapy, on five
lines, parents indicated their child’s problems in order of severity and why they thought
sensorimotor training was needed. The adults indicated their own problems. Both parents and
adults listed as many problems as appropriate. At the end of the therapy the parents and the
adults 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 has been validated (Niklasson et al., 2009) through
comparisons with Parent Symptom Questionnaire (Conners, 1973).
Keystone Visual Skills Test (KVS)
This is a visual skills test (Burman, 1977) related to vestibular function which has 14 subtests
assigned to 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 and Rine, 2006).
The Kinesthetic-Vestibular Development Model (KVDM)
In a previous study, the records of eight children (Niklasson et al., 2010), who had completed
therapy according to Retraining for Balance, were examined with the help of qualitative
methods. The results indicated that the SMT could be described as a development curve, the
Kinesthetic-Vestibular Developmental Model (KVDM), where the exercises push the process
forward and create recurrent regressions (negative phases of development), in which three
more distinct regressive phases could be discerned. The regressive phases were followed by
positive phases of psychological and physiological development where setbacks were
transformed into improvements. This is in line with experiences from psychotherapy where
such periods of setbacks and progressions are normal (Levin and Gunther, 2003). In order to
examine whether the results could be generalized to a larger group of children, the records of
the eight participants were compared to the records of 224 children whom had also completed
therapy according to Retraining for Balance. Analyses showed that 63% of the children
exhibited a “very good adjustment” to the model and 32% of the children showed a “good
adjustment” while only 5% were judged to show a “doubtful or poor adjustment” to the
model. In the present study, the adjustment to KVDM was 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 tendency of the
model had to be present), (c) “very good adjustment” (three regressive phases and four phases
of transformation). Further, the norm group has now been extended to 398 children (aged 4–
17 years) treated at the Vestibularis Clinic. The development of all these children has since
been rated according to its degree of adjustment to KVDM.

Procedure
The Vestibularis Clinic has for 25 years been conducting SMT for children with motor
problems and attention disorders. Typically, parents had heard about the therapy from other
parents, preschool or school administrators or from the school health care provision. Since the
method (Niklasson et al., 2009) has not been tested in adults and because it was considered
doubtful whether this type of therapy would be of benefit for them, adults have not been
admitted to therapy. However, in order to examine whether adults can also benefit from SMT,
it was decided to accept a smaller group of them as clients at the clinic. This was done by
simply accepting interested adults, who on their own initiative had contacted the clinic and
stated a wish to be assessed for SMDs. They had typically heard about the therapy program
from other people. The criteria for admittance to the therapy were that participants, through a
testing procedure, were diagnosed as having SMDs. When 14 adults had completed the
program, it was considered appropriate to conduct a statistical study of the data collected.
In order to have a reference group, previously collected data was used from youngsters in the
age group 11–17 years (N = 100) who had already been treated at the clinic. In the present
study, procedures were the same for both youngsters and adults except for the fact that
youngsters were brought to therapy by their parents. An introductory telephone call was
always made in order for the therapists to both evaluate the applicant’s medical records and to
provide information about the therapy process, including the costs. The fee for the whole
program (16 sessions over ca. 3 years) was approximately USD 3.745. How to finance
therapy was entirely up to the applicant but mainly fees were 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. It was also decided whether it was suitable to
administer a sensorimotor test (the Physiological Test and the Orientation and Balance Test).
An important principle was that neither the youngster’s parents nor the adults admitted to
therapy had to sign up for the entire program as participation was voluntary and a decision as
to whether to continue with the therapy was made at each visit. Prior to the first visit, the
questionnaire Reasons for Training and a mutual agreement was sent to the youngster’s
parents or to the adults to be admitted to the therapy.
Three participants in the adult group were on medication in order to increase concentration
capacity as compared to none in the youngster group. The medication was in all cases
monitored by specialists not connected with the Vestibularis Clinic. At the first visit, the
sensorimotor tests were administered by one of the two therapists involved. Participants
completed the Physiological Test and the Orientation and Balance Test, which required about
1.5 h. Scores were recorded and participants were informed of 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 became more
individually tailored. At the second visit the first Audiometric Test was carried out and at the
third visit the first KVS was carried out.
After admittance to therapy, the youngsters were re-tested for sensory and motor performance
every 8 weeks during visits of 1.5 h to the clinic. However, due to work and family
commitments adults were sometimes re-tested less regularly. Training was performed by the
youngsters at home, monitored by their parents, while the adults either trained on their own or
together with a relative or a spouse. All participants trained approximately 15 min each day at
home throughout therapy. At the last visit, the therapy was evaluated and adults and the
youngster’s parents scored the Reasons for Training Questionnaire.

Ethical Considerations
Before the study was conducted the study procedure was reviewed and approved by the
ethical research committee at Evidens University College. The study followed the ethical
standards of the World Medical Association’s Declaration of Helsinki concerning Ethical
Principles of Medical Research Involving Human Subjects. The clients were informed that
written reports would be designed so that their anonymity would be maintained. In addition,
each client was informed of his or her right to withdraw from the therapy at any time without
having to give a reason. A contract including written consent was drawn up and signed by the
client (or a parent) and the therapist.

Results
Reasons for Training
Following completion of the program the youngsters’ parents were asked to rate on a 4-point
scale the extent of positive changes regarding the problems that constituted their main reason
for participation. In the same way the adult participants rated their opinion concerning the
effectiveness of treatment. Of all participants, 35 (34.0%) indicated “great positive change,”
56 (54.4%) “quite some positive change,” 9 (8.7%) “little positive change,” and three
participants (2.9%) “no positive change.” 11 of the participants did not complete the

questionnaire. A Mann–Whitney U-test (5% level) showed no significant difference between
age groups (U = 370, p = 0.489).

Retraining for Balance – Physiological Test
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.
The dependent variables were the subscales of the Physiological Test (i.e., Primary reflexesvestibular stimulation, Primary reflexes-tactile stimulation, Postural reactions, Gross motor
milestones, Eye movements, Sports related motor skills) and the RB-P total score. The
analyses yielded significant effects for Treatment (p < 0.001, η2 = 0.78, power > 0.99), Age
Group (p = 0.001, η2 = 0.19, power = 0.97), and for Treatment × Age Group interaction (p =
0.001, η2 = 0.18, power = 0.97). The results of the univariate F-tests with regard to Treatment,
Age Group, and Treatment × Age Group are shown below. For means and SDs, see Table 1.
TABLE 1

TABLE 1. Means (M) and standard deviations (SD) for the subscales of the
Physiological Test (RB-P), i.e., Primary reflexes-vestibular stimulation (V), Primary
reflexes-tactile stimulation (T), Postural responses (P), Gross motor milestones (G), Eye
movements (E), Sports related gross motor (S), and the total score for the Physiological
Test (Tot) before and after Treatment with the Retraining for Balance program (before
treatment = 1, after treatment = 2) with regard to Age group (Youngsters, Adults).
Treatment
Univariate F-tests yielded significant effects for Primary reflexes-vestibular stimulation
[F(1,112) = 215.91, p < 0.001], Primary reflexes-tactile stimulation [F(1,112) = 15.25, p <
0.001], Postural responses [F(1,112) = 154.28, p < 0.001], Gross motor milestones [F(1,112)
= 259.41, p < 0.001], Eye movements [F(1,112) = 77.19, p < 0.001], Sports related gross
motor skills [F(1,112) = 31.97, p < 0.001], and for the RB-P total score [F(1,112) = 252.41, p
< 0.001]. Descriptive analyses showed that in all cases that the participants’ physiological
performance improved during the treatment period.
Age Group
Univariate F-tests yielded significant effects for Postural reactions [F(1,112) = 14.13, p <
0.001] and Gross motor milestones [F(1,112) = 3.98, p = 0.048]. There were no other
significant differences between age groups in regard of subscales (ps > 0.2) or for the total
RB-P (p = 0.496). Descriptive statistics showed that the youngsters performed better on
Postural reactions and Gross motor milestones compared to adults.

Interaction Treatment × Age Group
Univariate F-tests yielded significant interaction effects for Postural responses [F(1,112) =
7.94, p < 0.001], Eye movements [F(1,112) = 7.93, p < 0.001], Sports related gross motor
skills [F(1,112) = 6.17, p = 0.002]. The interaction analyses (Paired-Samples t-test, 5% level)
showed that both age groups had perceived significant improvement during the treatment
period. Further analyses (Independent-Samples t-test, 5% level) showed that the two age
groups performed at the same level before treatment, but after the treatment the youngsters
performed better than the adults in regard to Postural responses, Eye movements, and Sports
related gross motor skills.

Retraining for Balance – Orientation and Balance Test
A two-way mixed ANOVA was conducted with Treatment (before, after) as a within-subjects
factor and Age Group (youngsters, adults) as between-subjects factor. The dependent variable
was the RB-OB. The analyses yielded significant effects for Treatment [F(1,93) = 131.88, p <
0.001, η2 = 0.59, power > 0.99] and for Treatment × Age Group [F(1,93) = 5.20, p = 0.025, η2
= 0.05, power = 0.62] but not for Age Group (p = 0.733). The interaction analyses (PairedSamples t-test, 5% level) showed that both age groups had perceived significant improvement
during the treatment period. Further analyses (Independent-Samples t-test, 5% level) showed
that the two age groups performed at the same level before treatment, but after the treatment
the adults performed better than the youngster in regard to the RB-OB test. For means and
standard deviations, see Table 2.
TABLE 2

TABLE 2. Means (M) and standard deviations (SD) for the Orientation and Balance
Test (RB-O), the Audiometric Test (RB-A), and the Keystone Visual Skills test (KVS)
before and after Treatment with the Retraining for Balance program (before treatment
= 1, after treatment = 2) with regard to Age group (Youngsters, Adults).

Retraining for Balance – Audiometric test
Before treatment 60 of the youngsters (valid percent = 64) had right dominant hearing and
after treatment 81 did (valid percent = 89). For the adults corresponding values were 6 (valid
percent = 43) right dominant hearing before treatment and 10 (valid percent = 77) after. In
order to examine the improvements based on an interval scale, a two-way mixed ANOVA
was conducted with Treatment (before, after) as a within-subjects factor and Age Group
(youngsters, adults) as between-subjects factor. The RB-A was the dependent variable. The
analyses yielded significant effects for Treatment [F(1,101) = 20.07, p < 0.001, η2 = 0.17,
power = 0.99] and for Age Group [F(1,101) = 4.92, p = 0.029, η2 = 0.05, power = 0.59] but
not for Treatment × Age Group interaction (p = 0.608). Descriptive analyzes showed that both
age groups had perceived significant improvement during the treatment period but the

youngsters performed better than the adults before and after treatment with regard to right ear
dominance based on the RB-A test. For means and SDs, see Table 2.

Keystone Visual Skills Test
In order to examine the improvements based on visual skills, a two-way mixed ANOVA was
conducted with Treatment (before, after) as a within-subjects factor and Age group
(youngsters, adults) as between-subjects factor and with the KVS as the dependent variable.
The analyses yielded significant effects for Treatment [F(1,106) = 87.43, p < 0.001, η2 = 0.45,
power = 0.99] and for Treatment × Age Group interaction [F(1,106) = 4.33, p = 0.040, η2 =
0.04, power = 0.54] but not for Age Group (p = 0.12). The interaction analyses (PairedSamples t-test, 5% level) showed that both age groups had perceived significant improvement
during the treatment period. Further analyses (Independent-Samples t-test, 5% level) showed
that the two age groups performed at the same level before treatment, but after the treatment
the youngsters performed better than adults in regard to visual skills. For means and SDs, see
Table 2.

The Kinesthetic-Vestibular Developmental Model
Information on the degree of alignment to KVDM were rated on a 3-point scale: “doubtful or
poor adjustment” (youngsters = 7.0%; adults = 7.7%), “good adjustment” (youngsters = 39%;
adults = 46.2%), and “very good adjustment” (youngsters = 54.0%; adults = 46.2%). A
Mann–Whitney U-test (5% level) with Age Group as independent variable and the ordinal
scale (1–3) as dependent variable showed no significant difference between groups (U = 601,
p = 0.616). Finally the two age groups in the present study were compared with a norm group
of 398 treated children (ages 4–17) who all had been rated at the Vestibularis Clinic
concerning degree of alignment to KVDM (M = 2.57, SD = 0.58). There were no significant
differences (One-Sample t-test, 5% level) concerning degree of alignment between the norm
group and the age groups in the present study (youngsters: M = 2.47, SD = 0.63, p = 0.114;
adults: M = 2.38, SD = 0.65, p = 0.324).

Handedness of Participants
Of all participants 12.3% had lefthandedness (n = 14; males = 12.3%, females = 12.2 %). Of
the adults 21.4% had lefthandedness (n = 3; one male, two females) and in the youngster
group 11% had lefthandedness (n = 11; boys = 11.1%, girls = 10.7%).
In order to investigate whether or not there were any significant differences in regard to
handedness a split-plot Pillais’ MANOVA was performed with dependent variables of RB-P
(total), RB-O, RB-A, and the KVS before and after treatment. Analyses showed no significant
results concerning handedness or interaction handedness × treatment effects (ps > 0.05).

Discussion
This study had two hypotheses regarding comparisons between a group of adults and a group
of youngsters, both with SMDs, namely (a) there are few or no significant differences in terms
of sensorimotor abilities among a group of youngsters who are 11 years and older and a group
of adults 18 years and older before completing the SMT, and (b) the adult group will exhibit
significantly poorer performance compared with the youngsters after completing the SMT.

The first hypothesis could, on the whole, be accepted because there were no differences
between the adult group and the youngster group in respect of the Physiological Test (RB-P),
the Orientation and Balance Test (RB-OB) and the KVS before undergoing SMT. On the
other hand, a difference appeared in respect of the Audiometric Test (RB-A) in which the
youngsters performed better than the adults before and after therapy with regard to right ear
dominance. RB-P and RB-OB are two similar test batteries which overlap each other when it
comes to motor and vestibular functions whilst KVS is a complementary test which measures
the relationship between visual skills and vestibular function. The results from RB-P and RBOB are in line with research which has shown that in early puberty the movement patterns of
youngsters become more and more like adults (Teicher, 1941; Peters et al., 1975) and that
motor difficulties do not disappear with age (e.g., Rasmussen and Gillberg, 2000). Teicher
(1941) also showed in his study that there was a great difference between the movement
patterns of very young children and older youngsters while sometimes the difference was
insignificant between children of similar ages. This difference could also be seen in a later
study (Niklasson et al., 2009) where an older group of children (11 years and older), before
therapy, performed better on RB-P than both the middle group (8–10 years) and the younger
group (7 years and younger). The results of the KVS Tests indicated that visual skills and
motor capacities correlated with each other. Previously it has been pointed out that children
with sensorimotor problems had visual difficulties (Creavin et al., 2014) and that they ran a
greater risk of developing problems with reading and spelling (Lingam et al., 2010).
A previous study (Niklasson et al., 2009) showed no significant differences prior to therapy in
respect of RB-A between the three age groups but in the present study the youngsters
performed better with regard to right ear dominance than the adults. One reason could be agerelated changes (Warren et al., 1978) which make it harder to distinguish with the right ear
(Okamoto et al., 2007) whilst other studies (Findlay and Schuchman, 1976; Jerger et al., 1994;
Hämäläinen and Takio, 2010) have shown that the preference to use the right ear increases
with age. Another reason could be gender-related differences. The present study was
comprised of 13 women and only one man. Phillips et al. (2001) showed that women to a
higher degree than men use both hemispheres of the brain for passive listening, which could
explain why the youngsters initially performed better than the adults. However, a metaanalysis (Sommer et al., 2004) did not show any such significant differences.
The second hypothesis was partly rejected and partly accepted. Although both groups
achieved a significantly better result after therapy on the Physiological Test (RB-P), the
Orientation and Balance Test (RB-OB), the Audiometric Test (RB-A) as well as on the KVS,
the adult group performed significantly worse than the youngsters in tests in respect of
postural reactions, eye movements, gross motor milestones and sports- related gross motor
skills. The youngsters also achieved better results in respect of the RB-A Test and the KVS
Test. On the other hand, having gone through the therapy, the adults performed as well as the
youngsters in the RB-P Test as a whole and better than the youngsters in the RB-OB Test.
The results are not coherent but still show for the first time that even adults with sensorimotor
problems diagnosed as SMDs can integrate primary reflexes through specially adapted
therapy. As tentatively suggested by Niklasson (2012), motor development could possibly be
an emergent property partly dependent on primary reflex inhibition and vestibular stimulation.
If so, primary reflex inhibition and vestibular function (Niklasson et al., 2009) could be the
first links in such a developmental chain, followed by emerging postural reactions, gross
motor milestones and sports related gross motor skills. The results of the present study
showed both that there were no significant differences between the groups when it came to the

integrating of primary reflexes and that the adult group performed better when it came to tests
linked to vestibular functions.
The results seem to contradict former ideas concerning the possibilities of healthy adults to
physiologically regress and transform and further studies are required for an increased
understanding of the phenomenon. A tentative approach for further research could be to
conceptually connect to physics and chemistry (Prigogine, 1978, 2003; Nicolis, 1993) via
dynamic systems theories (Thelen and Smith, 2006) and to the field of epigenetics (Szyf,
2009). Previously, discussing DCD, Kirby and Sugden (2007) argued that a move toward a
wider bio-social-educational model from the present narrow medical model would be vital.
The reason for the adult group performing significantly worse on some tests after therapy
could be due to age-related limitations. If so, the results also indicate the importance of adults,
i.e., parents and teachers (Schilder, 1964), understanding the significance of early sensory
stimulation of children.
In respect of gender differences, the present study did not permit any analysis but in an earlier
study with children and youngsters (Niklasson et al., 2009) there were only a few differences
to detect. Tentative speculation suggests that this might be very similar in a larger group of
adults. However, an open question is why it was mostly women who voluntarily sought
therapy? In the group of youngsters, it was mainly boys and their parents who sought help. A
follow up study (Sigurdsson et al., 2002) has previously shown that untreated motor problems
are to a higher degree linked to emotional problems in boys as opposed to girls in the teens.
The psychological part of the therapy process (Niklasson et al., 2010) seems to be closely
intertwined with the sensorimotor exercises (Niklasson et al., 2009) and can be summarized
through the KVDM, which shows how introductions, regressions and transformations in
conjunction bring about enhanced physical (sensorimotor) and psychological development. In
the present study, there were no significant differences between the group of youngsters and
the group of adults in regard to degree of alignment to the KVDM. There were also no
significant differences when a norm group was compared with the current groups. A
comparison of the way in which children, youngsters and adults react in the way of
regressions and transformations shows a similar pattern even if the reactions of the younger
often are stronger. Midways in therapy a typical regression among children was an increased
wish to be with their mother, often in combination with sadness without obvious reason.
Similar behaviors were also described by the adults. One example of this notion was an adult
who, in the middle of therapy, saw the back of an old woman reminding her of her deceased
mother. She said that the mother had been gone for more than 10 years and that she hadn’t
really missed her until now. Grief and a strong longing struck her instantly and she started to
weep and had to hurry home. When it came to transformations participants in both groups
could after regressions report improved ability to concentrate as well as improved academic
achievement. Some of the adults were even able to return to work after long periods of being
sick-listed. Periods of regressions and transformations for adults during SMT have not
previously been described in the literature, but have been documented among children and
youngsters (Niklasson et al., 2010). This might mirror a close and age-independent
relationship between certain physiological movements and certain psychological expressions.
If these observations are proved right in further studies, SMT might develop into a method for
both physical wellbeing and a therapy for psychological development.
The present study had some limitations. One of these is the fact that there was only one man
in the adult group. Because participants in the adult group had taken part in the therapy on

their own initiative, there was nothing that could be done to increase the number of men
participating. Furthermore, the adult group was, in total, small in comparison to the youngster
group. These conditions should be remedied in future research. Future research should also
comprise normative studies in order to ascertain the occurrence of primary reflexes and
vestibular deviations in a normal population.

Conclusion
The results support both those studies which show that motor problems do not disappear with
age and those which show that youngsters’ movement patterns during puberty become more
and more like those of adults. Sensorimotor problems in early childhood should therefore be
taken seriously (Rasmussen and Gillberg, 2000) and be the target of diagnostic examination
and appropriate treatment. The results also show for the first time that the same diagnostic
instrument and treatment method can be used for both children and adults with sensorimotor
difficulties.

Conflict of Interest Statement
The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References
Ahonen, T., Kooistra, L., Viholainen, H., and Cantell, M. (2004). “Developmental motor
learning disability. A neuropsychological approach,” in Developmental Motor Disorders. A
Neuropsychological Perspective, eds D. Dewey and D. E. Tupper (New York, NY: The
Guilford Press),265–290.
Google Scholar
American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental
Disorders, 5th Edn. Arlington, TX: American Psychiatric Association. doi:
10.1176/appi.books.9780890425596
CrossRef Full Text | Google Scholar
Ayd, F. J. Jr. (2000). Lexicon of Psychiatry, Neurology, and the Neurosciences. Philadelphia,
PA: Lippincott Williams & Wilkins, 686.
Google Scholar
Beinert, K., and Taube, W. (2013). The effect of balance training on cervical sensorimotor
function and neck pain. J. Mot. Behav. 45, 271–278. doi: 10.1080/00222895.2013.785928
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Bergström, M., Niklasson, M., and Niklasson, I. (1999). Reasons for Training. Mönsterås:
Vestibularis.

Google Scholar
Braswell, J., and Rine, R. M. (2006). Evidence that vestibular hypofunction affects reading
acuityin children. Int. J. Pediatr. Otorhinolaryngol. 70, 1957–1965. doi:
10.1016/j.ijporl.2006.07.013
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Brodal, P. (2004). The Central Nervous System. Structure and Function. Oxford: Oxford
University Press, 129–132.
Google Scholar
Brown, D. L., Smith, T. L., and Knepper, L. E. (1998). Evaluation of five primitive reflexes in
240 young adults. Neurology 51, 322. doi: 10.1212/WNL.51.1.322
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Bruijn, S. M., Massaad, F., Maclellan, M. J., Van Gestel, l., Ivanenko, Y. P., and Duysens, J.
(2013). Are effects of the symmetric and asymmetric tonic reflexes still visible in healthy
adults? Neurosci. Lett. 556, 89–92. doi: 10.1016/j.neulet.2013.10.028
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Burman, B. (1977). Keystone Visual Skills Test. Malmö: All-Optik and American Optical Co.
Google Scholar
Cairney, J., Hay, J. A., Wade, T. J., Fought, B. E., and Flouris, A. (2006). Developmental
coordination disorder and aerobic fitness: it is all in their heads or is measurement still the
problem? Am. J. Hum. Biol. 18, 66–70. doi: 10.1002/ajhb.20470
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Cairney, J., Veldhuizen, S., and Szatmari, P. (2010). Motor coordination and emotionalbehavioral problems in children. Curr. Opin. Psychiatry 23, 324–329. doi:
10.1097/YCO.0b013e32833aa0aa
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Canu, M. H., Coq, J. O., Barbe, M. F., and Dinse, H. R. (2012). Plasticity of adult
sensorimotor system (Editorial). Neural Plast. 2012, 768259. doi: 10.1155/2012/768259
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Capute, A. J., and Accardo, P. J. (1991). Developmenta Disabilities in Infancy and Childhood.
Baltimore, MD: Paul Brooks, 19–27, 341–344.
Google Scholar

Capute, A. J., Shapiro, B. K., Palmer, F. B., Accardo, P. J., and Wachtel, R.C. (1981).
“Primitive reflexes: a factor in nonverbal language in early infancy,” in Language Behavior in
Infancy and Early Childhood, ed. R. E. Stark (Amsterdam: Elsevier), 157–161.
Google Scholar
Chang, C. W. (2001). Electrophysiological assessments of primitive reflexes in stroke
patients. Clin. Neurophysiol. 112, 1070–1075. doi: 10.1016/S1388-2457(01)00528-4
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Christiansen, A. S. (2000). Persisting motor control problems in 11- to 12-year-old boys
previously diagnosed with deficits in attention, motor control and perception (DAMP). Dev.
Med. Child Neurol. 42, 4–7. doi: 10.1017/S0012162200000025
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Conners, C. K. (1973). Rating scales for use in drug studies with children. Psychopharmacol.
Bull. 9, 24–29.
Google Scholar
Connolly, K. J. (1986). “A perspective on motor development,” in Motor Development in
Children: Aspects of Coordination and Control, eds M. G. Wade and H. T. A. Whiting
(Dordrecht: Martinus Nijhoff), 3–22. doi: 10.1007/978-94-009-4460-2_1
CrossRef Full Text | Google Scholar
Creavin, A. L., Lingam, R., Northstone, K., and Williams, C. (2014). Ophtalmic abnormalities
in children with developmental coordination disorder. Dev. Med. Child Neurol. 56, 164–170.
doi: 10.1111/dmcn.12284
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Degen, C., and Schröder, J. (2014). Training-induced cerebral changes in the elderly. Restor.
Neurol. Neurosci. 32, 213–221. doi: 10.3233/RNN-139009
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
De Raeymaecker, D. M. (2006). Psychomotor development and psychopathology in
childhood. Int. Rev. Neurobiol. 72, 83–101. doi: 10.1016/S0074-7742(05)72005-5
CrossRef Full Text | Google Scholar
Doidge, N. (2007). The Brain Changes Itself. New York, NY: Viking.
Google Scholar
Easton, T. A. (1972). On the normal use of reflexes. Am. Sci. 60, 591–599.

Google Scholar
Eckes, A., and Radunovich, H. L. (2007). Trauma and Adolescents. (FCS2280). Retrieved
from University of Florida, IFAS extension FCS 2280/FY1004, Gainesville, FL.
Google Scholar
Field, J., and Blythe, P. (1989). Towards Developmental Re-education. Wichenford: Field
Educational Publ.
Google Scholar
Findlay, R. C., and Schuchman, G. I. (1976). Masking level difference for speech: effects of
ear dominance and age. Int. J. Audiol. 15, 232–241. doi: 10.3109/00206097609071781
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Fiorentino, M. R. (1981). Reflex Testing Methods for Evaluating C.N.S. Development (Publ.
No. 865). Springfield, MA: C.C. Thomas.
Google Scholar
Fox, A. M., and Lent, B. (1996). Clumsy children. Primer on developmental coordination
disorder. Can. Fam. Physician 42, 1965–1971.
PubMed Abstract | Full Text | Google Scholar
Fukuda, T. (1961). Studies on human dynamic postures from the viewpoint of postural
reflexes. Acta Otolaryngol. Suppl. 161, 1–52.
PubMed Abstract | Full Text | Google Scholar
Gentile, A. M. (1998). Movement science: implicit and explicit bprocesses during acquisition
of functional skills. Scand. J. Occup. Ther. 5, 7–16. doi: 10.3109/11038129809035723
CrossRef Full Text | Google Scholar
Geuze, R. H., Jongmans, M. J., Schoemaker, M. M., and Smits-Engelsman, B. C. (2001).
Clinical and research diagnostic criteria for developmental coordination disorder: a review
and discussion. Hum. Mov. Sci. 20, 7–47. doi: 10.1016/S0167-9457(01)00027-6
CrossRef Full Text | Google Scholar
Giedd, J. N., Keshavan, M., and Paus, T. (2008). Why do many psychiatric disorders emerge
during adolescence? Nat. Rev. Neurosci. 9, 947–957. doi: 10.1038/nrn2513
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar

Gillberg, C. (2010). The ESSENCE in child psychiatry: early symptomatic syndromes
eliciting neurodevelopmental clinical examinations. Res. Dev. Disabil. 31, 1543–1551. doi:
10.1016/j.ridd.2010.06.002
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Goddard Blythe, S. (2005). Releasing educational potential through movement: a summary of
individual studies carried out using the INPP test battery and developmental exercise
programme for use in schools with children with special needs. Child Care Pract. 11, 415–
432. doi: 10.1080/13575270500340234
CrossRef Full Text | Google Scholar
Goddard Blythe, S. (2009). Attention, Balance, and Coordination. The A.B.C. of Learning
Success. Chicheste: John Wiley & Sons Ltd.
Google Scholar
Goldfield, E. C., and Wolff, P. H. (2004). “A dynamical systems perspective on infant action
and its development,” in Theories on Infant Development, eds G. Bremner and A. Slater
(Oxford: Blackwell Publishing Ltd.), 3–29.
Google Scholar
Hämäläinen, H., and Takio, F. (2010). “Integrating auditory and visual asymmetry,” in The
Two Halves of the Brain. Information Processing in the Cerebral Hemispheres, eds K.
Hugdahl and R. Westerhausen (Cambridge: The MIT Press), 417–437. doi:
10.7551/mitpress/9780262014137.003.0294
CrossRef Full Text | Google Scholar
Hillier, S. (2007). Intervention for children with developmental coordination disorder: a
systematic review. Internet J. Allied Health Sci. Pract. 5, 1–11.
Google Scholar
Hobo, K., Kawase, J., Tamura, F., Groher, M., Kikutani, T., and Sunakawa, H. (2014). Effects
of the reappearance of primitive reflexes on eating function and prognosis. Geriatr. Gerontol.
Int. 14, 190–197. doi: 10.1111/ggi.12078
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Holt, K. S. (1991). Child Development: Diagnosis and Assessment. London: ButterworthHeinemann.
Google Scholar
Hurst Vose, R. (1986). Agoraphobia. London: Faber & Faber.
Google Scholar

Illingworth, R. S. (1987). The Development of the Infant and Young Child: Normal and
Abnormal. London: Churchill Livingstone.
Google Scholar
Jerger, J., Chmiel, R., Allen, J., and Wilson, A. (1994). Effects of age and gender on dichotic
sentence identification. Ear Hear. 15, 274–286. doi: 10.1097/00003446-199408000-00002
CrossRef Full Text | Google Scholar
Johansen, K. V. (1993). Lyd, Horelse og Sprogudvikling [Sound, Hearing and the
Development of Language]. Horsens: Forlaget Aalokke a/s. [in Danish]
Google Scholar
Kadesjö, B., and Gillberg, C. (1998). Attention deficits and clumsiness in Swedish 7-yearolds. Dev. Med. Child Neurol. 40, 796–804. doi: 10.1111/j.1469-8749.1998.tb12356.x
CrossRef Full Text | Google Scholar
Kempermann, G. (2006). Adult Neurogenesis. Stem Cells and Neural Development in Adult
Brain. Oxford: Oxford University Press.
Google Scholar
Kirby, A., and Sugden, D. A. (2007). Children with developmental coordination disorders. J.
R. Soc. Med. 100, 182–186. doi: 10.1258/jrsm.100.4.182
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Klonowski, W. (2007). “The metaphor of chaos”, in Systems Biology. Principles, Method, and
Concepts, ed. A. K. Konopka (Boca Raton, FL: CRC Press), 115–138.
Google Scholar
Levin, F. M., and Gunther, M. S. (2003). Psychotherapy Pearls. Critical Insights for Doing
Psychotherapy. Bloomington, IN: Xlibris Corporation, 206–208.
Google Scholar
Lingam, R., Golding, J., Jongmans, M. J., Hunt, L. P., Ellis, M., and Emond, A. (2010). The
association between developmental coordination disorder and other developmental traits.
Pediatrics 126, 1109–1118. doi: 10.1542/peds.2009-2789
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
McPhillips, M., Hepper, P. G., and Mulhem, G. (2000). Effects of replicating primary-reflex
movements on specific reading difficulties in children: a randomized, double-blind, controlled
trial. Lancet 355, 537–541. doi: 10.1016/S0140-6736(99)02179-0

PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Meunier, D., Stamatakis, E. A., and Tyler, L. K. (2014). Age-related functional
reorganization, structural changes, and preserved cognition. Neurobiol. Aging 35, 42–54. doi:
10.1016/j.neurobiolaging.2013.07.003
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Nicolis, G. (1993). “Physics of far-from-equilibrium systems and self-organization,” in The
New Physics, ed. P. Davies (New York, NY: Cambridge University Press), 316–347.
Google Scholar
Niklasson, M. (2012). “Could motor development be an emergent property of vestibular
stimulation and primary reflex inhibition? A tentative approach to sensorimotor therapy,” in
Learning Disabilities, ed. W. Sittiprapaporn (Rijeka: In Tech), 241–274.
Google Scholar
Niklasson, M. (2013). Sensorimotor Therapy: Assessing Quantitative and Qualitative
Expressions of Physiological and Psychological Development in Children. Licentiate thesis,
Faculty of Arts and Social Sciences. Karlstad: Karlstad University Press.
Google Scholar
Niklasson, M., and Niklasson, I. (2007a). Retraining for Balance-Physiological Test Revised.
Mönsterås: Vestibularis.
Google Scholar
Niklasson, M., and Niklasson, I. (2007b). Retraining for Balance-Orientation and Balance
Test Revised. Mönsterås: Vestibularis.
Google Scholar
Niklasson, M., Niklasson, I., and Bergström, M. (2007). Retraining for Balance-Methods
Revised. Mönsterås: Vestibularis. doi: 10.2466/pms.108.3.643-669
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Niklasson, M., Niklasson, I., and Norlander, T. (2009). Sensorimotor therapy: using
stereotypic movements and vestibular stimulation to increase sensorimotor proficiency of
children with attentional and motor difficulties. Percept. Mot. Skills 108, 643–669. doi:
10.2224/sbp.2010.38.3.327
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Niklasson, M., Niklasson, I., and 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. Soc. Behav.
Pers. 38, 327–346. doi: 10.1080/092434505000114173
CrossRef Full Text | Google Scholar
Norlander, T., Moås, L., and Archer, T. (2005). Noice and stress in primary and secondary
school children: noise reduction and increased concentration ability through a short but
regularly exercise and relaxation program. Sch. Eff. Sch. Improv. 16, 91–99. doi:
10.1186/1741-7007-5-52
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Okamoto, H., Stracke, H., Ross, B., Kakigi, R., and Pantev, C. (2007). Left hemispheric
dominance during auditory processing in noisy environment. BMC 5:52. doi: 10.1186/17417007-5-52
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Ortega, F. J., and Jolkkonen, J. (2013). Restorative therapies to enhance sensorimotor
recovery following cerebral ischemia. Acta Neurobiol. Exp. (Wars) 73, 66–78. doi:
10.1177/1545968312461718
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Patel, R., Spreng, R. N., and Turner, G. R. (2013). Functional brain changes following
cognitive and motor skills training: a quantitative meta-analysis. Neurohabil. Neural Repairs
27, 187–189. doi: 10.1177/1545968312461718
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Peters, J. E., Romine, J. S., and Dykman, R. A. (1975). Special neurological examination of
children with learning disabilities. Dev. Med. Child Neurol. 17, 63–78. doi: 10.1111/j.14698749.1975.tb04959.x
CrossRef Full Text | Google Scholar
Phillips, M. D., Lowe, M. J., Lurito, J. T., Dzemidzic, M., and Mathews, V. P. (2001).
Temporal lobe activation demonstrates sex-based differences during passive listening.
Radiology 220, 202–207. doi: 10.1148/radiology.220.1.r01jl34202
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Pitcher, T. M., Piek, J. P., and Hay, D. A. (2003). Fine and gross ability in males with ADHD.
Dev. Med. Child Neurol. 45, 525–535. doi: 10.1111/j.1469-8749.2003.tb00952.x
CrossRef Full Text | Google Scholar
Polatajko, H. J. (1999). “Developmental Coordination Disorder (DCD): alias, the clumsychild
syndrome,” in A Neurodevelopmental Approach to Specific Learning Disorders, eds K.
Whitmore, H. Hart, and G. Willems (London: Mac Keith Press), 119–133.

Google Scholar
Prigogine, I. (1978). Time, structure, and fluctuations. Science 201, 777–785. doi:
10.1126/science.201.4358.777
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Prigogine, I. (2003). Is Future Given? Singapore: World Scientific Publishing Co. Pte. Ltd,
64–69. doi: 10.1142/9789812775382
CrossRef Full Text | Google Scholar
Rasmussen, P., and Gillberg, C. (2000). Natural outcome of ADHD with developmental
coordination disorder at age 22 years: a controlled, longitudinal, community-based study. J.
Am. Acad. Child Adolesc. Psychiatry 39, 1424–1431. doi: 10.1097/00004583-20001100000017
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Rasmussen, P., Gillberg, C., Waldenström, E., and Svenson, B. (1983). Perceptual, motor and
attentional deficits in seven-year-old children: neurological and neurodevelopmental aspects.
Dev. Med. Child Neurol. 25, 315–333. doi: 10.1111/j.1469-8749.1983.tb13765.x
CrossRef Full Text | Google Scholar
Scherzer, A. L. (1985). Primitive reflex profile. Dev. Med. Child Neurol. 27, 126–127. doi:
10.1111/j.1469-8749.1985.tb04532.x
CrossRef Full Text | Google Scholar
Schilder, P. (1964). Contributations to Developmental Neuropsychiatry. New York, NY:
International Universities Press, INC, 182–183.
Google Scholar
Schott, J. M., and Rossor, M. N. (2003). The grasp and other primitive reflexes. J. Neurol.
Neurosurg. Psychiatry 74, 558–560. doi: 10.1136/jnnp.74.5.558
CrossRef Full Text | Google Scholar
Sigmundsson, H. (2005). Disorders of development (clumsy child syndrome). J. Neural
Transm. Suppl. 69, 51–68. doi: 10.1007/3-211-31222-6_4
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Sigurdsson, E., van Os, J., and Fombonne, E. (2002). Are impaired childhood motor skills a
risk factor for adolescent anxiety? Results from the 1958 U.K. birth cohort and the national
child development study. Am. J. Psychiatry 159, 1044–1046. doi:
10.1176/appi.ajp.159.6.1044

PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Sininger, Y. S., and Cone-Wesson, B. (2004). Asymmetric cochlear processing mimics
hemispheric specialization. Science 305, 1581. doi: 10.1126/science.1100646
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Sommer, I. E. C., Aleman, A., Bouma, A., and Kahn, R. S. (2004). Do women really have
more bilateral language representation than men? A meta-analysis of functional imaging
studies. Brain 127, 1845–1852. doi: 10.1093/brain/awh207
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Stein, D. G., Brailowsky, S., and Will, B. (1997). Brain Repair. Oxford: Oxford University
Press.
Google Scholar
Szyf, M. (2009). The early life environment and the epigenome. Biochim. Biophys. Acta 9,
878–885. doi: 10.1016/j.bbagen.2009.01.009
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Tallal, P., Miller, S., and Holly Fitch, R. (1993). “Neurological basis of speech: a case for
preeminence of temporal processing,” in Temporal Information Processing in the Nervous
System, Special Reference to Dyslexia and Dysphasia, Vol. 682, eds P. Tallal, A. M.
Galaburda, R. R Linas, and C. von Euler (New York, NY: Annals of the New York Academy
of Sciences), 27–47.
Google Scholar
Teicher, J. D. (1941). Preliminary survey of motility in children. J. Nervous Ment. Dis. 94,
277–304. doi: 10.1097/00005053-194109000-00002
CrossRef Full Text | Google Scholar
Thelen, E., and Smith, L. B. (2006). “Dynamic system theories,” in Handbook of Child
Psychology, ed. R. M. Lerner (Hoboken, NJ; John Wiley & Sons. Inc.), 258–312.
Google Scholar
Touwen, B. C. L. (1984). “Primitive reflexes-conceptional or semantic problem?” in
Continuity of Neural Functions from Prenatal to Postnatal Life, ed. H. F. R. Prechtl (Oxford:
Spastics International Medical Publications; Great Britain: Blackwell Scientific Publication
Ltd. Ed.), 115–125.
Google Scholar
Touwen, B. C. L. (1993). “Longitudinal studies on motor development: developmental
neurological consideratios,” in Motor Development in Early and Later Childhood:

Longitudinal Approaches, ed. A. F. Kalverboer (Cambridge: Cambridge University Press),
15–34. doi: 10.1007/s00415-006-0138-7
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Vaivre-Douret, L. (2014). Developmental coordination disorders: state of art. Clin.
Neurophysiol. 44, 13–23. doi: 10.1016/j.neucli.2013.10.133
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
van Boxtel, M. P., Bosma, H., Jolles, J., and Vreeling, F. W. (2006). Prevalence of primitive
reflexes and the relationship with cognitive change in healthy adults: a report from Maastricht
aging study. J. Neurol. 253, 935–941. doi: 10.1007/s00415-006-0138-7
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Vig, S. (2010). “Classification versus labeling,” in Controversial Therapies for
Developmental Disabilities, eds J. W. Jacobson, R. M. Foxx, and J. A. Mulick (New York,
NY: Routledge), 85–99.
Google Scholar
Visser, J. (2003). Developmental coordination disorder: a review of research on subtypes and
comorbidities. Hum. Mov. Sci. 22, 479–493. doi: 10.1016/j.humov.2003.09.005
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Warren, L. R., Wagener, J. W., and Herman, G. E. (1978). Binaural analysis in the aging
auditory system. J. Gerontol. 33, 731–736. doi: 10.1093/geronj/33.5.731
CrossRef Full Text | Google Scholar
Watemberg, N., Waiserberg, N., Zuk, L., and Lerman-Saige, T. (2007). Developmental
coordination disorder in children with attention-deficit-hyperactivity disorder and physical
therapy intervention. Dev. Med. Child Neurol. 49, 920–925. doi: 10.1111/j.14698749.2007.00920.x
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Wenzel, D. (1978). The development of parachute reaction: a visuo-vestibular response.
Neuropediatrics 9, 351–359. doi: 10.1055/s-0028-1091494
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar
Zafeiriou, D. I. (2004). Primitive reflexes and postural reactions in neurodevelopmental
examination. Pediatr. Neurol. 31, 1–8. doi: 10.1016/j.pediatrneurol.2004.01.012
PubMed Abstract | Full Text | CrossRef Full Text | Google Scholar

Keywords: DCD, primary reflexes, sensorimotor disorders, sensorimotor therapy (SMT),
vestibular stimulation
Citation: Niklasson M, Rasmussen P, Niklasson I and Norlander T (2015) Adults with
sensorimotor disorders: enhanced physiological and psychological development following
specific sensorimotor training. Front. Psychol. 6:480. doi: 10.3389/fpsyg.2015.00480
Received: 09 September 2014; Accepted: 02 April 2015;
Published online: 22 April 2015.
Edited by:
Natasha Kirkham, Cornell University, USA
Reviewed by:
Michael Noll-Hussong, University of Ulm, Germany
Konstantin Beinert, University of Fribourg, Switzerland
Copyright © 2015 Niklasson, Rasmussen, Niklasson and Norlander. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
*Correspondence: Mats Niklasson, Center for Research and Development, Evidens University
College, Packhusplatsen 2, SE-411 13 Göteborg, Sweden mats.irene@vestibularis.se

