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Summary Three levels of sensorimotor control within the central nervous system (CNS) can
be distinguished. During the neonatal stage, general movements and primitive reflexes are
controlled at the spinal and brain stem levels. Analysis of the newborn’s spontaneous general
movements and the assessment of primitive reflexes is crucial in the screening and early recog-
nition of a risk for abnormal development. Following the newborn period, the subcortical level
of the CNS motor control emerges and matures mainly during the first year of life. This allows
for basic trunk stabilization, a prerequisite for any phasic movement and for the locomotor
function of the extremities. At the subcortical level, orofacial muscles and afferent informa-
tion are automatically integrated within posturalelocomotor patterns. Finally, the cortical
(the highest) level of motor control increasingly becomes activated. Cortical control is impor-
tant for the individual qualities and characteristics of movement. It also allows for isolated
segmental movement and relaxation. A child with impaired cortical motor control may be diag-
nosed with developmental dyspraxia or developmental coordination disorder. Human ontoge-
netic models, i.e., developmental motor patterns, can be used in both the diagnosis and
treatment of locomotor system dysfunction.
ª 2013 Elsevier Ltd. All rights reserved.
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The neonate

The neonate is functionally and anatomically immature
(Fig. 1). Organized at the spinal and brainstem levels of the
CNS control, primitive general movements (GMs) display
characteristic quality and intensity, involving the entire
body (Einspieler and Prechtl, 2005). The GMs (Prechtl,
1997; Hadders-Algra, 2004) are not triggered by any
obvious external stimuli (Adde et al., 2007) and do not
serve any specific purpose, such as grasping, reaching or
support. For example, a newborn cannot grasp purpose-
fully; grasping reflex is an automatic, involuntary response
to proprioceptive and tactile palm stimulation and does not
serve a purposeful grasp. The absence of antagonistic co-
activation, which is typical for early postural behavior,
does not allow for segmental stability. Therefore, postural
adjustment is quite different from the later development
when motor functions such as reaching or walking occur
(Hadders-Algra, 2005). Purposeful reaching also requires
coordinated activity of the head, eyes and hand which, in
turn, depends on trunk support. Such coordination is not
available in the neonatal stage and appears only at 4
months of age (Bertenthal and Von Hofsten, 1998). A
newborn’s ability to hold a segment in a static position
against gravity is very limited (Bertenthal and Von Hofsten,
1998; Orth, 2005). The body follows head rotation and an
asymmetrical posture occurs (Orth, 2005). According to
Prechtl, newborns are able to balance their head for a few
seconds in a sitting position (Prechtl, 1997). Although
ocular-motor coordination starts from the first month of life
(Bloch and Carchon, 1992), constant visual fixation and
tracking are quite limited in a newborn. This ability appears
at 1 month of age and rapidly increases over the next few
months of life. The contribution of head movements to vi-
sual tracking also appears at 1 month of age (Bertenthal
and Von Hofsten, 1998). Orofacial muscle activity,
including the tongue, becomes organized within general
movements. Healthy newborn can coordinate sucking,
swallowing and breathing which allows for a normal sucking
pattern (Palmer et al., 1993).

Assessment of neonatal motor behavior can serve as a
very early pediatric screening tool (Adde et al., 2007;
Burger and Louw, 2009). The normal physiology of newborn
Figure 1 Neonate. A: A typical supine posture with the head rotat
with thumb inside the palm, cranial chest position, no postural acti
is the weight bearing area, the arm is in adduction, fist with thum
baby cannot hold the head steadily above the mat as a result of a la
with cerebral palsy e a pathological posture with opisthotonus;
comparison with those found in an optimally developing baby.
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GMs consists of a series of gross movements of variable
speed and amplitude that involve all parts of the body
(Hadders-Algra, 2004). For example, a newborn typically
keeps its fists closed with the thumb inside the palm
(Fig. 1). However, as a general movement of the arm oc-
curs, it also involves the hand, leading to hand opening and
the thumb moving outside the fist (Fig. 2). Under normal
physiological conditions, the fist is not a fixed postural
pattern (Hadders-Algra, 2004; Orth, 2005; Vojta, 2008). In
the neonatal period, the GMs are writhing, “elegant”,
rather slow with specific amplitude and involve not only the
extremities, but also the trunk and orofacial muscle sys-
tems. For example, under pathological conditions in infants
who later develop cerebral palsy (CP), not only that their
posture is different (Fig. 1C), but also their global move-
ment patterns demonstrate different quality, which is best
described as “cramped-synchronized” rather than
“elegant”. They involve mainly the proximal segments and
muscles, with different intensity, speed and amplitude
(Prechtl et al., 1997; Adde et al., 2007). Abnormal GMs are
insufficiently variable and lack complexity and fluency
(Hadders-Algra, 2004). Posturally, the physiologically
normal neonate may prefer head rotation towards one side,
which is known as “predilection” (Fig. 1A) (Orth, 2005;
Vojta, 2008). However, the head rotation is not fixed and,
even during the newborn stage, every healthy newborn
should be able to rotate the head across midline.
Primitive & postural reflexes

During the neonatal stage, primitive reflexes organized at
the spinal and brain stem levels can be elicited. Utilizing
adequate proprioceptive and exteroceptive (non nocicep-
tive) stimulation, certain reflexes, such as the crossed
extensor reflex, suprapubic reflex, step reflex, supporting
reflex and other reflexes (Fig. 3), can be observed. The
assessment of spontaneous complex motor behavior, prim-
itive reflexes and seven postural tests as outlined by Vojta
can be used to examine the infant‘s developmental age.
They can be used to determine whether the development is
physiologically normal or whether there is a risk for an
abnormal development (Zafeiriou, 2004; Orth, 2005; Vojta,
2008). An experienced clinician may even predict the
ed toward one side (called predilection), the hand closed in fist
vity in abdominal muscles. B: A typical prone posture: the chest
b inside the palm, scapular elevation, anterior pelvic tilt, the
ck of equilibrium and a lack of supporting arm function. C: Baby
both the posture and quality of movements are different in
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Figure 2 Within general movements, the thumb moves
outside the palm.
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severity of impairments and the type of CP likely to develop
in a particular infant. These quick, noninvasive and inex-
pensive assessments should be performed during the
neonatal stage. This would allow for the initiation of an
early treatment where necessary, before any pathological
stereotypes become fixed leading to a subsequent
morphological damage. Primitive reflexes organized on
spinal and brain stem levels do not “disappear” after the
neonatal stage. These motor patterns are simply inhibited
by higher levels of control as the CNS matures. They
become integrated within more complex patterns
controlled at the subcortical and cortical levels. Under
pathological conditions, such as brain injury or stroke, the
Figure 3 Primitive reflexes: A e crossed extensor reflex, B e
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primitive reflexes or its components become disinhibited
and reappear, sometimes being described by a neurologist
as positive pyramidal signs.
Musculoskeletal development

Functional neonatal immaturity goes hand in hand with
anatomic immaturity. Spinal curves are not yet defined
(Abitbol, 1987; Lord et al., 1995; Kasai et al., 1996), the
chest is barrel shaped (the anteroposterior diameter is
longer than the width; unlike in the adulthood), the tibial
plateau is oblique, the arch of the foot is not yet formed
(Forriol Campos et al., 1990; Volpon, 1994), etc. Anatomic
maturation continues after birth and, besides other factors
(i.e. genetic, hormonal, metabolic, and immunological), it
depends on the CNS control of muscle function. Muscles
pulling on the epiphyseal plates greatly influence structural
formation. Therefore, it is critical that the muscles acting
on the epiphyseal plates function in balance. Correct CNS
control ensures proportional activation between the ad-
ductors and abductors, external and internal rotators,
flexors and extensors and allows for an ideal skeletal for-
mation. In a child with CP, both an abnormal motor and
sensory function and the occurrence of anatomical de-
formities resulting from an abnormal CNS control can be
observed (Volpon, 1994; DeLuca, 1996; Koman et al., 2004;
Davids, 2010). To a certain extent, this may be positively
influenced by initiating an early and targeted treatment
suprapubic reflex, C e step reflex, D e supporting reflex.
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(Morrell et al., 2002; Hägglund et al., 2005; Picciolini et al.,
2009).

The evaluation of spontaneous motor behavior, primitive
reflexes and postural reactions as a functional clinical
assessment can also serve as an important clinical tool to
re-evaluate the infant and to assess the effect of the
implemented therapy. It serves as a feedback to both the
clinician and the parent, but may also allow for comparison
of different types of treatment strategies (Vojta, 1972a,
1972b; Morrell et al., 2002). The concepts of Bobath and
Vojta (Bobath, 1980; Bobath and Bobath, 1984; Vojta, 2008;
Vojta and Schweizer, 2009) are the two most common
therapeutic approaches utilized in newborns and toddlers
with abnormal development.
Figure 4 Schematic illustration of muscles stabilizing the
shoulder and pelvic girdle and the spine. Under a physiological
condition, the stabilizers: in red e the diaphragm, the pelvic
floor, all the sections of the abdominal wall and the spinal
extensors e automatically activate prior to purposeful move-
ment (e.g. hip flexion provided by the muscles in blue: the
iliopsoas, rectus femoris, sartorius) to establish a stable base
(“Feed forward mechanism”). In healthy subjects, the stabi-
lizing function of the trunk (in red) muscles prevents mala-
lignment of the lumbar segments during hip flexion. Well
balanced activity between the deep neck flexors and the spinal
extensors is necessary for stabilization in the cervical and
upper thoracic regions. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article.)
The infant

When the neonatal developmental period is completed (the
first 28 days after birth), the posturalelocomotor function
related to maturation of the subcortical CNS (second) level
of motor control begins. Prior to movement of an extrem-
ity, the head or the neck, the core needs to brace within
the gravitational field (Hodges, 2004). To stabilize the neck
and the upper thoracic spine, balanced synergy between
the neck flexors and spinal extensors is required (Kapandji,
1992). A feed-forward activation of both the neck flexors
and extensors is a necessary mechanism for stability of limb
movements as well as for the visual and vestibular systems;
therefore ensuring stabilization and protection of the cer-
vical spine (Falla et al., 2004). To stabilize the lower
thoracic and lumbar spine, a complex synergy between the
diaphragm, pelvic floor, abdominal wall and spinal exten-
sors is essential. Harmonious concentric activity of the
diaphragm and the pelvic floor is followed by eccentric
activity of all sections of the abdominal wall. This muscle
synergy increases intra-abdominal pressure, thereby stabi-
lizing the low back from the front. Under ideal conditions,
this activity is in balance with the spinal extensors (Fig. 4)
(Cholewicki et al., 1999; Hodges and Gandevia, 2000;
Essendrop et al., 2002; Hodges et al., 2005, 2007; Kolar
et al., 2009).

This stabilizing muscle synergy develops during the first
4.5 months of life. After the neonatal period, the infant
begins to lift their legs in supine (Fig. 5A) and lift their head
when prone (Fig. 5B). For postural activity to occur, bal-
ance among all the stabilizers is necessary and depends on
optimal utilization of the supporting segments. A 3-month
old infant can lift their legs and weightbear on the upper
sections of the gluteal muscles while maintaining an upright
spine (Adde et al., 2007; Vojta, 2008). The chest and pelvis
are in a neutral position, the axis of the chest and pelvis are
in a parallel alignment, thus allowing for a balanced
postural function.

In a newborn, the diaphragm fulfills mainly its respira-
tory function (Murphy and Woodrum, 1998). It starts to act
as an important stabilizer (Kolar et al., 2009; Vojta and
Schweizer, 2009) after the neonatal period. While prone,
the baby utilizes the medial epicondyles of the elbows and
the pubic symphysis as support zones (Fig. 5B). The same
stabilizing muscle synergy occurs in supine (Fig. 5A) and
allows the baby to lift the legs with the spine perfectly
Please cite this article in press as: Kobesova, A., Kolar, P., Development
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upright (Hermsen-van Wanrooy, 2006; Vojta and Schweizer,
2009). Since the upper thoracic segments functionally
belong to the cervical spine, as the infant lifts their head,
the movement is initiated in T3/4/5 segments at the origin
of the neck extensors: semispinalis cervicis and capitis,
splenius cervicis and capitis. The extensors work in balance
with the deep neck flexors (Kapandji, 1992). It is important
for the activity of all the stabilizers to be proportional. If
one link (a muscle or just a certain section of a muscle) is
weak, it must be counterbalanced by another muscle,
al kinesiology: Three levels of motor control in the assessment and
erapies (2013), http://dx.doi.org/10.1016/j.jbmt.2013.04.002



Figure 5 A 3-month old baby, supine and prone: a model of optimal trunk sagittal stabilization.
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leading to an imbalance in the global stabilization chain
(Lewit, 2010). Unless restored early by therapy, it may
remain for the rest of life and become a primary etiological
factor in the development of chronic pain in the locomotor
system (Kolar et al., 2010, 2011).

Emotional motivation is also an important component in
postural development. The infant starts to lift their head
and legs to adjust the entire posture to be able to look
around, later to grasp and, eventually, to start moving.
Proper interaction with the environment influences the
infant’s complex behavioral repertoire (Bell et al., 2008).

Differentiation of extremity movement

After basic stabilization of the core in the sagittal plane is
completed, the locomotor function of extremities occurs
(Hermsen-van Wanrooy, 2006; Vojta and Schweizer, 2009).
At 4.5 months, the infant starts to reach across the midline
when supine. Motivation, once again, triggers trunk rota-
tion at the age of 5 months when the infant can turn to a
sidelying position (Fig. 6) and complete rolling from supine
to prone at 6 months of age.

The ipsilateral pattern of extremity locomotor function
develops from the supine position. The ipsilateral (bottom
Figure 6 6 month old baby, side lying position e ipsilateral
pattern of locomotion extremity function based on optimal
core stabilization: bottom extremities serve for support, top
extremities are stepping forward/reaching.
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when sidelying: Fig. 6) extremities serve as support. These
are activated in a closed kinetic chain, the direction of
muscle pull is distal and the proximal segments (e.g. the
acetabulum at the hip and/or the glenoid cavity at the
shoulder) move against the fixed head of the femur and the
humerus. Reciprocal, or the stepping forward and grasping/
reaching function, occurs in the opposite (top) extremities.
They are activated in an open kinetic chain, where the
direction of muscle pull is proximal, the distal part of the
segment moves against the fixed proximal part, i.e. the
humeral and femoral head move against a fixed glenoid
cavity or the acetabulum, respectively.

In the prone position, the contralateral pattern of lo-
comotor function develops (Fig. 7). If the left arm serves as
a support, the infant simultaneously weightbears on the
right knee, with the right arm reaching and the left leg
stepping forward. The kinetic chain principles are the same
as described for the ipsilateral pattern. Stepping forward
and supporting functions are reciprocal; they are the same
movements, only in opposite directions.

Both supporting and stepping forward extremity func-
tions fully depend on trunk stabilization (Hodges, 2004).
Therefore, during development, stabilization must initially
occur in the spine, chest and pelvis and only then it is
Figure 7 Contralateral posturalelocomotion pattern: right
leg, left arm: supporting; left leg, right arm: stepping forward
(reaching).

al kinesiology: Three levels of motor control in the assessment and
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followed by a phasic extremity function. The same is true
for a spontaneous motor behavior for the rest of life.
Figure 8 A tennis player e integration of eyes, tongue and
orofacial muscles within the posturalelocomotor pattern.
Joint centration and stabilization

Prior to any movement, the core needs to brace (Hodges,
2004; McGill et al., 2009; Borghuis et al., 2008). Naturally,
conscious focus is on the phasic part of any movement, while
the stabilizing function is subconscious and automatic.
Therefore, stability is often compromised and not easily re-
trained. It is suggested that corrective stabilization training
should be a primary step in any rehabilitation program
(Akuthota et al., 2008; Kobesova et al., 2012; Frank et al.,
2013). Balance or strengthening exercises prescribed to a
patient with poor stabilization will have limited effect or
they may even promote pathological patterns of movement
and exacerbate the patient’s pain (Akuthota et al., 2008;
Kolá�r and Kobesová, 2010; Kolar et al., 2011).

Assuming that core stability and basic extremity loco-
motor function are mainly under the subcortical CNS con-
trol, if CNS control is adequate, and muscles are activated
in balance, then each posture and each spontaneous
movement automatically bring all the joints into a func-
tionally centrated position. The functionally centrated
(neutral or functionally optimal) joint is not a static posi-
tion but a dynamic neuromuscular strategy that leads to the
most optimal joint position which then facilitates the most
effective mechanical advantage throughout the entire
range of motion. The joint contact area between the joint
head and the cavity is affected by ligament strain (Novotny
et al., 2000), and it is assumed that the centrated joint has
the greatest interosseous contact, which allows for optimal
load transfer across the joint and throughout the kinetic
chain. This implies maximum loading, minimum tension in
the joint capsule and the ligaments, and the protection of
all joint structures during loading.

It should be noted that posturalelocomotor function
also involves orofacial muscles and is greatly influenced by
all afferent stimuli. The CNS constantly processes all
tactile, proprioceptive, visual, vestibular and acoustic
stimuli. This can be demonstrated by visual integration
(Fisk and Goodale, 1985; Gribble et al., 2002; Henriques
et al., 2003). During development, the physiologically
normal infant is curious and desires to explore the envi-
ronment. To be able to observe their surroundings, the
infant adopts the most suitable posture, activates support
function in order to stabilize the entire body within gravity
and then looks around. Thus, the baby lifts the legs in su-
pine or lifts the head in prone while the eyes lead during
the stepping forward function. At the age of 5e6 months,
the infant turns the eyes towards an object of interest,
which triggers arm reaching followed by rolling. This syn-
ergy remains for the rest of life. A tennis player turns his
eyes in the direction of the ball as he prepares to hit it
while his tongue moves in the same direction (Fig. 8). Here,
the movement of the eyes and the tongue facilitates a
posturalelocomotor pattern, which promotes and en-
hances sport performance.

The scenario of a grasping reflex versus an active grasp
serves as another example. If the newborn’s palm is
touched, the baby automatically grasps (Orth, 2005; Vojta,
Please cite this article in press as: Kobesova, A., Kolar, P., Development
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2008). This is a reflex organized at the spinal and brain stem
level. Since the stereognosis has yet not matured in the
palm of a newborn, the infant does not feel the hand
contact. The grasp is automatic, involuntary and does not
serve as an active grip. Later, between the 3rd and 4th
month of life, stereognosis in the palm develops and, at the
same time, the infant starts to grasp actively and pur-
posefully. Sensory perception is a prerequisite for motor
function (Metcalfe et al., 2005). These principles can be
effectively utilized in rehabilitation treatment to achieve
optimum stabilization and movement performance.

Various rehabilitation approaches can be used to assess
and restore an ideal muscle synergy to stabilize the core.
Dynamic Neuromuscular Stabilization (DNS) concept (Kolá�r
and Kobesová, 2010; Frank et al., 2013) may serve such a
purpose. DNS assessment is based on comparing the pa-
tient’s stabilization pattern with the stabilization patterns
typical for physiological development. A healthy infant
automatically utilizes ideal muscular synergy to stabilize
their spine, pelvis and chest in various positions. DNS is
based on the developmental positions and describes a set
of functional tests to assess the quality of patient’s sta-
bilization and to recognize a key link in dysfunction. The
treatment is based on developmental positions (see
Fig. 9). The goal is to achieve optimal muscle coordination
by placing the patient into various developmental posi-
tions while bringing the supporting joints and segments
into a functionally centrated position. At first, the patient
is manually and verbally guided to recognize the differ-
ence between the poor and the optimal stabilizing ste-
reotype. Then, the patient is instructed to maintain the
optimal pattern in different positions and later also during
a movement. Since the stereotype of stabilization is
closely related to a respiratory pattern (Kolar et al., 2009,
2010, 2011), the DNS assessment always includes the
evaluation of a breathing pattern. The training also ad-
dresses simultaneous stabilizing and respiratory functions.
The ultimate goal of DNS is to teach the patient the
integration of an optimal pattern of breathing and stabi-
lization within the activities of daily living and sport
performance.
al kinesiology: Three levels of motor control in the assessment and
erapies (2013), http://dx.doi.org/10.1016/j.jbmt.2013.04.002



Figure 9 Examples of exercise in developmental positions. Through verbal and manual guidance the patient is instructed to
achieve the same quality of posturalelocomotion function. A: An oblique sitting position corresponding with developmental
posture at 8 months of age. B: A crawling position corresponding with developmental posture at 10 months of age. C: A “high
kneeling” position corresponding with developmental posture at 10e11 months of age. D: A squat position corresponding with
developmental posture at 12 months of age.
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Cortical function

The cortical level of motor integration presents the highest
level of CNS control. It incorporates gnostic function, such
as multisensory integration, allowing for body image, self-
location and first-person perspective (Ionta et al., 2011)
The better the body perception, the better the quality of
phasic movement, the better the ability to perform isolated
movement in only one segment and the better the ability to
relax.

Even with the eyes closed, it should be possible to
“read” one’s own body (Mon-Williams et al., 1999). We
know if we are sitting or standing, if our elbow is flexed or
extended, if we wear short or long sleeves, if our posture is
static or dynamic, etc. With our eyes closed, we should be
able to demonstrate our body proportions. For example, we
should be able to quite precisely draw the size of the foot,
demonstrate the width of the pelvis (Fig. 10), or the size of
the mouth. Body perception, primarily proprioception, al-
lows differentiation of an object’s weight, position and
motion. We can “read” a joint position (Mon-Williams
et al., 1999) and repeatedly perform the same move-
ment. These principles are critical in both sport perfor-
mance and rehabilitation. The better the body image the
more precise and efficient the movement is. Clumsiness
Figure 10 The body perception test: using the hands, the
person demonstrates the width of their pelvis.

Please cite this article in press as: Kobesova, A., Kolar, P., Development
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and poor coordination may be related to abnormal propri-
oceptive control (Adib et al., 2005).

Visual perception is also essential for purposeful move-
ment (Mon-Williams et al., 1999). It allows for estimation of
distance and speed as well as facilitation of an adequate
and coordinated motor response within our surroundings.
For example, the earlier a tennis player sees an
approaching ball, the quicker the estimate of the angle,
direction, and speed of the ball. Continuing the tennis
example, an individual’s quality of visual perception would
be a key aspect to success (Moreno et al., 2005; Ghasemi
et al., 2011). Visual perception and integration at a
cortical level enables us to mimic body positions, move-
ments, or gestures of another personda critical aspect in
sport and rehabilitation.

Vestibular perception is important not only for postural
balance (Angelaki and Cullen, 2008), but also for vertical
line perception. The perception of visual vertical is altered
in individuals with idiopathic scoliosis (�Cakrt et al., 2011)
and may play a role in the development of scoliosis.
Whether an individual with idiopathic scoliosis perceives
vertical line differently because of the scoliosis, or if the
scoliosis is in fact a consequence of abnormal vertical line
perception, is a topic open to discussion.

Even skin perception influences our motion (Edin and
Johansson, 1995). Skin input contributes to both dynamic
position and velocity sense (Cordo et al., 2001). Very often,
the perceptiveness at the segment is restored after
manipulation or mobilization, which in turn allows for a
longer lasting effect of the manual technique applied.

Altered multi-sensory CNS integration may result in poor
motor planning, poor motor re-education (Polatajko and
Cantin, 2005), or a difficulty performing the simplest task.
Such individuals cannot adjust their muscle strength to the
actual demand, and usually activate too many unnecessary
muscles for stabilization, making the movements ineffi-
cient. They demonstrate poor diadochokinesis as well as
poor fluency and speed adjustment. A person with altered
sensory integration can barely perform selective move-
ments in only one joint, and usually have great difficulty
relaxing postural muscles.

Research shows that insufficient uni- or multi-sensory
integration at the cortical level may lead to painful syn-
dromes within the locomotor system (Flor et al., 1997;
Imamura et al., 2009). Injuries, degenerative joint disor-
ders, enthesopathies, orthopedic problems resulting from
chronic overload and repetitive stress injuries are typical
consequences. These disorders are usually considered to be
primary diagnoses rather than a consequence of an altered
sensorimotor integration and CNS control which is more
likely to be the real etiology. The therapy then only targets
“the diagnosis” rather than the primary etiology. Conse-
quently, the chosen therapy usually ends up being unsuc-
cessful in the long run.

In patients with poor integration of afferent informa-
tion (i.e. where poor body image is a key problem), it is
advised to integrate body perception training within the
rehabilitation program. The patient may be taught to
focus on a particular body part with compromised sensory
perception. First, with the eyes closed, the patient may
be instructed to realize the initial position in a segment,
then to slowly move the segment while focusing on
al kinesiology: Three levels of motor control in the assessment and
erapies (2013), http://dx.doi.org/10.1016/j.jbmt.2013.04.002



Figure 11 An example of body image training in the area of pelvis: The patient is instructed to imagine sitting on a clock and to
slowly move the pelvis around the clock (the range of movement is rather small) while fully focusing on the precise selective pelvic
movement and maintaining proper course stability as well as avoiding any pathological synkinesis (e.g. lumbar spine extension and
flexion within pelvic rotation).
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movement in this segment only. The rest of the body
should be relaxed. The patient is instructed to train iso-
lated movement in one particular segment while fully
realizing the course of the movement, its direction and
range. Any pathological synkinesis or any substitutive
patterns need to be avoided. The patient should also learn
how to isolate a movement in one segment only and how
to switch between muscle activation and relaxation. The
patient learns how to “read their own body” without vi-
sual control (see Fig. 11). Feldenkrais concepts can also
be utilized to train cortical control of movement accuracy
and body image (Feldenkrais, 1999).

Developmental dyspraxia or developmental
coordination disorder

In childhood, insufficient uni- or multi-sensory integration is
usually diagnosed as developmental dyspraxia or develop-
mental coordination disorder (DCD) (Polatajko and Cantin,
2005; Gibbs et al., 2007; Kirby and Sugden, 2007). The
Movement Assessment Battery for Children (MABC)
(Henderson et al., 2007) and BruininkseOseretsky Test of
Motor Proficiency (BOTMP) (Wilson et al., 1995) can be used
to diagnose developmental dyspraxia. Children with DCD
who are involved in sports often complain of nonspecific
symptoms such as exhaustion, acute headache, vertigo and
nausea, especially during increased athletic activity (Gibbs
et al., 2007; Henderson et al., 2007). Such complaints are
usually considered vertebrogenic or psychosomatic. The
symptoms of DCD are to a certain extent resistant to con-
ventional treatment. An appropriate therapy should be
introduced as soon as the diagnosis is established (Hung and
Pang, 2010). Sport activities should be integrated within
the treatment strategy and team sports are especially
recommended. The therapeutic procedures should become
a routine part of activities of daily living (ADL) (Schott
et al., 2007; Poulsen et al., 2008).

Cerebellar function

The cerebellum is involved in all three levels of integration
and matures simultaneously with other parts of the brain.
This plays an important role in muscle tone regulation,
postural and balance maintenance. It helps to regulate the
movement’s accuracy, including very precise movements,
such as playing musical instruments (Beaton and Mariën,
Please cite this article in press as: Kobesova, A., Kolar, P., Development
treatment of the motor system, Journal of Bodywork & Movement Th
2010). The cerebellum coordinates movements in time
and space and plays an important role in cognition (Beaton
and Mariën, 2010) and speech (De Smet et al., 2007). It
develops during ontogenesis. At 3 months of age, the
functional activity in the cerebellum increases substantially
(Chugani, 1998; Hadders-Algra, 2005) and its maturation
continues along with the rest of the brain until adulthood.
According to Hadders-Algra, the nervous system obtains its
adult configuration at approximately 30 years of age. Based
on the available research (Grossberg and Paine, 2000;
Katanoda et al., 2001), we assume that it is especially the
maturation of the cerebellar cortex and frontal and parietal
cortices that allows for hand motor dexterity that is suffi-
cient for writing at the age of 6, the age that, in most
countries, correlates with the beginning of school educa-
tion which is the age at which hand movement accuracy
allows for writing. Also, at that age, language and cognitive
functions are sufficiently developed. All three aspects play
a critical role in school education as well as in
rehabilitation.
Conclusion

General neurophysiological principles are presented, which
may be utilized in both the functional diagnosis and the
treatment of locomotor system dysfunctions, as well as in
many other cases involving neurologic and/or orthopaedic
diagnoses. Motor stereotypes are seen to be organized at
different levels of the CNS which may be potentially useful
in both clinical assessment and treatment. A set of dynamic
movement tests may be used to identify important
dysfunctional features in a compromised postural-locomo-
tor pattern. Postural exercises based on ideal ontogenetic
patterns may be used to achieve optimal postural function
and phasic movements. It is suggested that these methods
should not be conceived as comprising a treatment tech-
nique, but rather an educational approach based on
neurophysiology of individuals with chronic musculoskeletal
pain.
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