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Chapter 1
General introduction

Genera/ i

Several conditions in the pre- and perinatal periods, such as intrauterine
growth retardation, fetal distress, asphyxia and peri-/intraventricular
haemorrhage, may disturb the structural and functional integrity of the
central nervous system (CNS) of the fetus/infant. Infants who have suffered
from these adverse conditions are therefore at risk of developing neurological
and neurodevelopmental disturbances. Information on CNS function in these
infants is of substantial importance, since the early detection of neurological
and neurodevelopmental problems may help to predict prognosis, allows
possible interventions to stimulate future neurological development and
forms the basis for adequate support of the family at early stages.
Over the past 30 years, several examination schemes for the neurological and
neurobehavioural assessment of the full-term neonate have been developed
(Brazelton 1973; Saint-Anne Dargassies 1977; Prechtl 1979; Dubowitz and
Dubowitz 1981). However, various factors limit the clinical value of this
neonatal neurological examination:
. the neurological examination, based on the assessment of the responses to
certain stimuli, mainly evaluates the integrity of subcortical neuroanatomic
structures, especially of the brainstem (Graziani et al. 1977). Nowadays, the
infant's nervous system is recognized as a primarily active organ system,
being too complex to be explained merely on the basis of reflexes and
reactions (Touwen 1984);
. neurological abnormalities in the neonatal period are usually unspecific
with respect to etiology and furthermore non-localizing with respect to
neuroanatomic structures (Graziani et al. 1977);
. the infant's reflex and behavioural responses are influenced by other factors
such as behavioural state, environmental stimulation, prior handling and
postural position (Beintema 1968; Graziani et al. 1977);
. the clinical situation (incubator, monitoring, minimal handling etc) may
limit the possibility to carry out a complete neurological examination.
Therefore, from a clinical point of view, the relationship between brain activity, as reflected by the neurological examination, and brain structures is
difficult to assess in the neonatal period.
Over the past decade, a growing interest has arisen in spontaneous motility
as an indicator of central nervous system function in the fetus and the newborn infant. The complex and variable display of infant motor behaviour
demonstrates the involvement of large parts of the nervous system and
reflects the integration of the two main properties of the infant's brain: the
generation of motor patterns and the reaction to stimulation (Touwen 1984).
It is known from studies on spontaneous motility of the fetus (de Vries et
al. 1982,1985; Bekedam et al. 1985; Prechtl 1985,1988; Visser et al. 1985) and
the preterm infant (Gesell and Amatruda 1945; Prechtl et al. 1979; Vies 1988;
Vies et al. 1988a, 1988b, 1988c, 1989; Cioni et al. 1990; Ferrari et al. 1990) that
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observation of posture and of quantitative and especially qualitative aspects
of spontaneous motor behaviour is a non-invasive procedure which, in addition to the neurological examination, may yield extra information on the
condition of the nervous system in the newborn. Although spontaneous
motility of the fetus and the preterm infant has been investigated thoroughly,
information on spontaneous motor behaviour in healthy full-term infants is
limited (Hopkins and Prechtl 1984; Prechtl and Hopkins 1989; Erkinjuntti
1988; Cioni et al. 1988; Hadders-Algra et al. 1992).
One of the conditions which may influence CNS development is intrauterine
growth retardation, a frequent complication of pregnancy (Chiswick 1985).
Intrauterine malnutrition has been demonstrated to modify several processes
in the development of the brain, such as neuronal and glial cell multiplication,
myelination, synaptogenesis and dendritic branching (Dobbing and Sands
1971,1973; Dobbing 1974; Sarma and Rao 1974; Chase 1972,1976), leading to
diffuse quantitative deficits and distortion of quantitative relationships between CNS structures (Dobbing 1979).
The neurological and developmental consequences of these changes in
brain development for the infant have been subject to extensive study. Followup studies have shown an increased risk for minor neurological dysfunction
and neurodevelopmental and behavioural problems at school age in full-term
small for gestational age (SGA) infants (Fitzhardinge and Steven 1972; Low et
al. 1978; Walther and Ramaekers 1982; Harvey et al. 1982; Villar et al. 1984;
Hill et al. 1984; Ounsted et al. 1988; Hadders-Algra et al. 1988).
Significant differences in neonatal neurological and neurobehavioural performance between full-term SGA and appropriate for gestational age (AGA)
infants have been described by several authors (Michaelis et al. 1970; Als et al.
1976; Low et al. 1978; Jurgens-van der Zee et al. 1979; Frederickson and Brown
1980; Ounsted et al. 1988). According to Als et al. (1976), the SGA infant
appears in general to be more stressed on handling than his AGA counterpart.
This could influence the results of a neurological examination which involves
frequent manipulations. Such a disadvantage is not encountered in observational studies of spontaneous motor behaviour.
77ie aim o/ t/ie present i«z;esfigation UMS:
1. to provide an accurate description of spontaneous motor behaviour in
healthy full-term infants;
2. to investigate the influence of intrauterine growth retardation on spontaneous motor behaviour;
3. to investigate whether spontaneous motor behaviour in the newborn is
related to future neurological development.
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2.1

Spontaneous motility and posture in the full-term newborn

In the past 30 years several authors have developed and tested methods for
the neurological and neurobehavioural assessment of the full-term neonate
(Prechtl 1979; Dubowitz and Dubowitz 1981; Brazelton 1973; Saint-Anne
Dargassies 1977). The majority of the studies on neurological development
and motor behaviour of full-term newborns have used one of these examination methods. Studies of spontaneous motor behaviour in healthy full-term
infants are scarce.
To study spontaneous motor behaviour, the following features can be
observed: quantitative aspects of motility, posture, the influence of head
position on posture, and quality of movement.
2.1.7 Quantitatiue aspects o/spontaneous mofi7ify

A description of quantitative aspects of motility in 10 healthy full-term infants
observed during an one hour video recording on the first and fourth day of
postnatal life was published by Cioni et al. (1989). These authors found large
inter-individual differences in the rates of specific motor patterns, but observed an intra-individual consistency of these rates on day one and four.
Erkinjuntti (1988) studied duration and number of body movements during
sleep in healthy and neurologically damaged infants using the static charge
sensitive bed at the ages of 1 week, 1 month and 3 months. He found no
significant differences between healthy and neurologically damaged infants.
None of the authors mentioned above, studied the influence of head position
on the distribution of limb movements.
in conc/usion:
Information on quantitative aspects of motility in healthy full-term newborn
infants is scarce.
2.1.2 Posture
Resting posture, as a reflection of muscle tone, can be used for the evaluation
of central nervous system maturation in the neonate (Amiel-Tison 1968;
Prechtl 1979). Several authors (Andre-Thomas and Saint-Anne Dargassies
1952; Amiel-Tison 1968; Saint-Anne Dargassies 1977; Prechtl 1979; Dubowitz
and Dubowitz 1981; Touwen 1984) have described a preference posture in
full-term infants which consisted of a full flexed position of all limbs. Cioni et
al. (1989) could not confirm this preference posture in a study on spontaneous
posture and motility in healthy full-term infants. They observed a large interand intra-individual variability in postural repertoire. Muhiudeen et al. (1984)
described the above-mentioned full flexion posture in 3-day old full-term
infants as a neutral position to which all infants returned before another
posture was assumed.
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Amiel-Tison (1968, 1986) described an increase of muscle tone in flexor
muscles in caudocephalic progression from 28 to 40 weeks gestational age, as
a reflection of CNS maturation, resulting in a full flexion posture of all limbs
at term age. Later, within the first year of life, there is a decrease in flexor tone
in a cephalocaudal direction, starting with the upper extremities and proceeding to the lower extremities. Prechtl et al. (1979) and Vies et al. (1989) could
not demonstrate a correlation between preference posture and gestational
age.
Head position preference to the right was observed by Gesell and Halverson (1942), Turkewitz and Creighton (1974), Casaer (1979) and Hopkins et al.
(1987). Cioni et al. (1989) and Vies et al. (1991) could not confirm this head
position preference.
In conclusion:
There is no consensus in the literature with regard to the existence of a
preference position for head and limbs in healthy full-term neonates.
2.23 .Asymmetric To«ic N«* Re/ïex
This reflex was first described by Magnus and de Kleyn (1912). They investigated the influence of head position on the extremities in decerebrated
animals, and demonstrated an increase in tone of the extension muscles on the
side that the head was turned to and a decrease in tone of the extension
muscles on the opposite side. The animals were decerebrated to prevent
voluntary movements. Furthermore, both labyrinths were removed to
prevent the occurrence of labyrinth reflexes.
According to Beyers et al. (1938) spontaneous active rotation of the head is
often a better way of demonstrating tonic reflexes than a passive head turning.
This concurs with Magnus and de Kleyn (1912) who could not demonstrate
the ATNR in full-term newborns. According to the authors this was due to the
presence of active resistance and voluntary movements.
Gesell (1938) found the reflex present in the spontaneous waking postures
as a dominating characteristic of normal infancy in the first 3 months of life in
healthy infants. He stated that the persistence of the ATNR after the age of 6
months was pathological and indicative of retarded, arrested or defective
development. Pacella and Barrera (1940) found a consistent ATNR in 16 out
of 30 full-term newborn infants. In the remaining 14 infants the reflex was
variable and inconsistent.
Several authors have demonstrated a peak incidence of the reflex at 2
months of age, and a decrease in incidence from this age onwards (Paine et al.
1964; Capute et al. 1984). Capute et al. (1984) reported the presence of the
reflex at birth in the majority of 381 full-term infants, with a peak incidence at
2 months. They concluded that: 1) a complete absence of the ATNR at birth is
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abnormal; 2) an obligatory ATNR is abnormal; 3) a persistent ATNR after the
age of 1 year is abnormal.
In contrast, Magnus (1924), Vasella and Karlsson (1962), Paine et al. (1964)
and Prechtl and Beintema (1976) found the ATNR to be rare in newborn
infants. Cioni et al. (1989) investigated the occurrence of asymmetric tonic
neck postures (ATNP) in the most frequently occurring postures in full-term
newboms. Their results indicated that an ATNP is rare and, if present, inconsistent in normal full-term newborns.
The discrepancy between the percentages of occurrence of the ATNR
reported in the literature may be explained by the variable definition and
scoring of the ATNR and the different methods used to study the ATNR
(passively elicited versus spontaneous patterns).
/n conc/usion:
There is no consensus in the literature concerning the influence of head
position and head position change on body posture in healthy full-term
neonatet.
2.1.4 Quu/ih/ of movement
Hopkins and Prechtl were the first to describe the developmental changes in
the quality of spontaneous movements in full-term infants (Hopkins and
Prechtl 1984; Prechtl and Hopkins 1986). They analyzed the qualitative
aspects of general movements (GM), based mainly on Gestalt-perception,
from 3 to 18 weeks in 12 healthy full-term infants. In addition to these 12
infants, 11 healthy awake newborn infants were videorecorded during the
first hour after birth. All newborn infants in the first hour after birth showed
GM with a writhing quality ("squirming, cramped movements which spread,
with waxing and waning, throughout the whole body"). All infants observed
at the age of three weeks also showed general movements with a writhing
movement quality, but they were of higher speed and less languid in appearance than those of the newborn infants in the first hour after birth. At the
age of six weeks, most infants displayed a "wiggling-oscillating" movement
quality ("irregular, oscillatory, waving-like movements, which are most
noticeable in partially or fully extended arms, with a frequency of 2 to 3 Hz").
The most striking change however, occurred at 9 weeks when a fidgety
quality appeared in most infants ("restless but elegant rounded movements
which are seen throughout the whole body. They are smooth in appearance
and may go on continually during wakefulness"). Later movements became
more voluntary-like and goal-directed. The occurrence of the fidgety quality
of GM is considered by the authors to be the first major transition in postnatal
neurological development. In a recent publication Hadders-Algra et al. (1992)
described the existence of 'tight' and loose' writhing movements in healthy
full-term infants from 2 to 10 weeks of age. At 4 weeks fidgety movements
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became apparent. They were almost constantly present between 8 and 12
weeks of age. The authors found no relationship between general movement
development and birth weight. However, all infants studied had a birth
weight within the normal full-term range (2560-4930, median 3600 gm). Wiggling-oscillating movements occurred at 4 weeks. Saccadic, 'swiping' and
'swatting' movements originated at 8 weeks. This development showed no
relation with gestational age at birth. Furthermore, no associations were
found between the development of the form of the GM and the items of the
neurological examination. They found no sex differences at the ages at which
the developmental changes in the form of movements and other aspects of the
neurological repertoire occurred. However, none of those studies accurately
describe the method by which the classification of the movements was
developed. In the publication of Hopkins and Prechtl (1984) a pilot-study was
described in which two observers commented on the general movements of
six infants. Similar comments in the transcripts of both observers were used
as a basis for the classification system. From the description however, it is not
clear whether the observers had been given instructions concerning the items
which had to be observed, how many general movements were studied, and
in what percentage of the general movements the comments were similar.
Furthermore, in the studies mentioned, neither the number of general movements judged per infant, nor the percentage of general movements per infant
showing the particular quality of movement, was mentioned. Furthermore,
the definitions of the observed movement qualities (e.g. 'tight and loose
writhing') are very difficult to interpret for people unfamiliar with this
method of observation.
Shirataki et al. (1987) studied the developmental changes of quality of
movements as described by Hopkins and Prechtl in 5 high-risk and 5 low-risk
infants of varying postmenstrual age. They described an abnormally slow
development of the different general movement qualities in the high-risk
infants.
According to Ferrari and co-workers, the assessment of quality of GM as
normal or abnormal, is a sensitive and specific diagnostic procedure concerning the prediction of absence or presence of a brain lesion in preterm infants
(Ferrari et al. 1990). According to these authors, the existence of certain
developmental trajectories of abnormal aspects of quality of movement is a
predictor of neurological outcome.
in
Qualitative aspects of spontaneous motor behaviour have been described in
full-term infants from 2 to 18 weeks of age. Only one description of quality of
movement of healthy full-term infants during the first postnatal week is
reported in the literature. However, this is a description of quality of movement in the first hour after birth, when the infant is still recovering from birth
(Escardo and de Coriat 1960).
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2.2

The hill-term small for gestational age infant

2.2.2 /nrrodwcfioH
The full-term small for gestational age (SGA) infant is born with a low birth
weight due to intrauterine growth retardation (IUGR) and has to be distinguished from preterm infants born with a low birth weight due to a short
gestation. Apart from the difference in the process leading to the observed low
birth weight, these groups also present different perinatal and postnatal
problems which may influence outcome (van Gils 1971).
2.2.2 /let«o/ogy o/ infraMfmwe grourt/z retardation
Full-term SGA infants constitute a heterogenous group with respect to aetiology, onset and duration of the growth restriction. The factors associated with
reduced fetal growth can be of fetal, maternal or placental origin (table 2.1).
Fetal growth is determined by the intrinsic growth potential of the fetus
and by an extrinsic factor, namely the support it receives through the placenta
from the mother (Cassady 1981). Therefore, impaired fetal growth can be
caused by factors affecting the intrinsic growth potential or by factors which
reduce nutrition. Most of the fetal causes impair the intrinsic growth potential
of the fetus, whereas maternal and placental causes often lead to intrauterine
malnutrition on the basis of reduced uteroplacental blood flow and/or reduction of the supply of energy and nutrients across the placenta (Allen 1984;
Gross and Sokol 1989).
The severity of the growth retardation does not only depend on the aetiology, but also on the time of onset and duration of the growth retarding insult.
On this basis two types of growth retardation can be distinguished. Terms as
chronic versus subacute fetal distress, proportionate versus disproportionate
growth retardation, symmetrical versus asymmetrical growth retardation and
soft tissue type versus skeletal type growth retardation are most frequently
used (Warshaw 1985; Miller and Hassanein 1973; Jones and Roberton 1984;
Winick 1983; Keirse 1984; Adair 1989). In this review we will use the terms
proportionate and disproportionate growth retardation.
Proportionate growth retardation is described as a symmetric reduction in
birth weight, length and skull circumference. It is caused by factors acting
early in pregnancy (before the third trimester), for instance fetal factors such
as chromosomal anomalies, genetic syndromes, congenital infections or
maternal factors like malnutrition, smoking and abuse of alcohol and drugs
(Pearce and Campbell 1985). Short stature of the parents (particularly of the
mother) can also result in proportionate growth retardation. The infant who
is significantly SGA (birth weight below the 2.3 percentile) on the basis of
parental short stature alone is thought to be rare (Allen 1984; Lubchenco 1976;
Usher 1970; Scott and Usher 1966).
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.2 Factors associated wit/i JL/GR
m A/Jen 1984, Gross and SotoH 1989, Si/mons 1989)
Fetal conditions:

Genetic:
- Parental size
- Chromosomal disorders
- Syndromes
- Inborn errors of metabolism
Congenital infections:
- Toxoplasmosis
- Rubella
- Cytomegalovirus
- Herpes virus

Maternal conditions:

Malnutrition
Low socio-economic status
Chronic hypertension
Chronic renal vascular disease
Collagen vascular disease
Hemoglobinopathies
Cyanotic congenital heart disease
Thyrotoxicosis
Preeclampsia
Metabolic abnormalities in maternal blood
Uterine structural abnormalities
Cigarette, alcohol or drug abuse
Therapeutic drugs
Radiation

Placental disorders:

Chorioangioma
Hydatiform degeneration
Single umbilical artery
Twin-to-twin transfusion syndrome

Idiopathic

Disproportionate growth retardation is characterized by low birth weight,
normal length and skull circumference but loss of subcutaneous tissue. It is
associated with factors acting predominantly in the third trimester of pregnancy, such as pregnancy induced hypertension (PIH), which leads to
reduced uteroplacental blood flow (Pearce and Campbell 1985; Warshaw
1985).
These two groups often overlap because asymmetry due to influences in
later pregnancy may be superimposed on pathologies in early pregnancy
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which produce a symmetrically small fetus (Pearce and Campbell 1985).
Recently, Kramer et al. (1989) suggested that proportionality amongst intrauterine growth-retarded infants is a continuum, with progressive disproportionality as severity of growth retardation increases. In an important
percentage (34-50%) of all SGA infants no obvious cause for their growth
retardation can be identified (Allen 1984; Gross and Sokol 1989).
2.2.3 Menti/iicflfion o/ f/ie /L/GR in/anf
g
curves
In the studies reviewed, different growth curves are used, for instance, those
of Lubchenco (1963), Usher-McLean (1969), Kloosterman (1969) and Babson
(1970). In the Netherlands the Dutch Neonatal Society suggested the use of the
Kloosterman intrauterine growth curves, making allowance for sex and
parity, as a reference standard for intrauterine growth (Versluys 1980).
Btrf/i weig/if cenfi/es
Using an intrauterine growth curve, different birth weight centiles (2.3, 3, 5
and 10) are arbitrarily chosen as a cut-off point for normal fetal growth. Most
authors prefer to define SGA as birth weight that is more than 2 standard
deviations below the mean for gestational age and sex, corresponding with
the 2.3 birth weight centile (Gruenwald 1963; Fitzhardinge and Steven 1972;
Leijon et al. 1980; Ounsted et al. 1981; Hawdon et al. 1990).
Whatever centile or other definition is taken as a cutoff point for normal
fetal growth, there will always be some infants malnourished in utero who on
the basis of their large skeletal sizes will not fit into this limit and will
therefore not be recognised as intrauterine growth-retarded (Pearce and
Campbell 1985).
Ponderal
Rhorer's Ponderal index can be used to define subgroups of intrauterine
growth-retarded infants according to their clinical appearance (proportional
versus disproportional).
_ , ...
weigt/i in grams x 100
Pondera/index = •=—* . * ..—r—*
JengfJi m centimeters^
Infants with a low ponderal index (PI) for their gestational age e.g. below the
third (Miller and Hassanein 1973) or 10th (Walther 1982) percentile, are
identified as disproportionate or wasted IUGR infants.
According to Miller and Hassanein (1973), the PI is not significantly affected by sex, race, fetal age or parity. Another advantage is that it also
identifies those infants who are not identified as growth-retarded on the basis
of birth weight for gestational age, because their skeletal sizes are large and
their birth weights are consequently well above the cutoff levels generally
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used in diagnosing IUGR, but who are severely malnourished as is expressed
by a loss of subcutaneous fat (Miller and Hassanein 1973).
However, if the PI is the only criterium used to screen for intrauterine
growth-retarded infants, without taking into account birth weight for gestational age, infants with severe prolonged (proportional) intrauterine growth
retardation (and thus a normal PI) are not identified as such.
Another disadvantage of using the PI as the only criterium for growth
retardation is that it is subject to error because of methodological difficulties
in neonatal length assessment. As length is cubed in the PI, a small error may
cause a large difference (Gross and Sokol 1989).
2.2.4 Jn/ÏHence o/prenató/ ma/nufnfjon on brain deue/opmenf
The influence of nutrition, especially undernutrition, on brain development
has been the subject of extensive research in the past 20 years.
An important issue to consider is the vulnerable period in brain development. The brain seems to be especially vulnerable to nutritional deprivation
during the brain growth spurt (Dobbing 1974; Dobbing and Sands 1970,1971,
1973).
The brain growth spurt is defined as a transient period of growth when the
brain is growing most rapidly, extending from 18 weeks gestational age to the
end of the second postnatal year (Dobbing 1974).
Some important processes in brain development are: neuroblast multiplication, proliferation of glial cells, migration of neuroblasts and glial cells, differentiation of neurons and glial cells, especially dendritic branching and
synaptogenesis, cell death and selective elimination of neuronal processes,
and myelination (table 2.2).
Neurob/osf m p
Rapid neuroblast multiplication takes place from 10 to 18 weeks gestational
age in most parts of the brain. This period is not usually subject to growth
restriction, as the nutritional requirements of the fetus are still negligible this
early in gestation (Dobbing 1974; Dobbing and Sands 1973). In the cerebellum
there are granular neurons which start dividing later, during the brain growth
spurt, and therefore could be numerically affected by intrauterine malnutrition. This may have consequences for the development of motor coordination
and therefore may be responsible for the later "clumsy child" (Brandt 1981).
However, many other factors may influence neuronal multiplication in all
parts of the brain, e.g. X-radiation, infection, therapeutic drugs and
chromosomal anomalies.
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.2 Timing o/</i/jfcrmf processes in
Developmental process

Peak time period

Neuroblast multiplication
dial cell proliferation
Neuronal migration
Dendritic branching and synaptogenesis
Cell death and selective elimination
of neuronal processes
Myelination

10 -18 weeks g.a.
18 weeks g.a. - 2 years
12-20 weeks g.a.
18 weeks g.a. - 80 years
24 weeks g.a. - several years
25 weeks g.a. - 20 years

Pro/j/ieraf KM o/^/ta/ ce//s
Glial multiplication is the process occupying the first part of the brain growth
spurt starting at 18 weeks gestational age extending well into the second
postnatal year (Dobbing 1974).
Two sorts of glial cells can be distinguished: astrocytes and
oligodendrocytes. Astrocytes play a nutritive and supportive role in neuronal
homeostasis and in the reaction to metabolic and structural insults. They
originate from radial glial cells which serve as guides for migration of
neuroblasts. Later in pregnancy these radial glial cells proliferate and are
transformed into astrocytes (Volpe 1986). Oligodendrocytes are responsible
for the synthesis of myelin lipids and formation of myelin sheaths. As prenatal
malnutrition influences oligodendrocyte multiplication, it wül also influence
myelination indirectly.
Chase (1976) demonstrated that total DNA (i.e. DNA in neurons as well as
in glial cells) of SGA newborn brain is approximately 81 % of total DNA of
AGA newborn brain for cerebrum/brainstem fractions, and only 65 % for
cerebellar DNA. In contrast, Sarma and Rao (1974) found a decreased cellularity only in the cerebrum, not in the cerebellum. However, the differences
in bodyweight in their study groups were less marked than in the infants
studied by Chase.
Migrafion
Neurons migrate from their site of origin in the ventricular and subventricular
zones to the loci within the CNS where they will stay for life. The peak time
for migration is in the third to fifth months of gestation. At 20 to 24 weeks
gestation, the cerebral cortex has essentially its full complement of neurons
(Volpe 1986). Rees et al. (1988) demonstrated that neuronal migration was not
significantly affected by intrauterine growth retardation in fetal sheep brain.
In the literature no data were available concerning the effect of intrauterine
malnutrition on neuronal migration in human brain.
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brandling and synaptogenesis
These two processes which are very important to normal brain development
also coincide with the brain growth spurt, commencing at 18 weeks gestational age and according to Herschkowitz (1989) persisting up to 80 years.
According to Dobbing (1979) even moderate fetal malnutrition during the
brain growth spurt period can reduce the number of synapses per neuron by
40 %. Thomas et al. (1979) demonstrated a 37% and 31% deficit in synaps-toneuron ratio in respectively frontal cortex and cerebellar granular layer of rats
undernourished from birth to 30 days of age. Bedi (1986) found no significant
difference in synaps-to-neuron ratio between rats undernourished in early life
and control rats at 160 days of age. He concluded that the deficits in synapsto-neuron ratios, produced as a result of undernutrition in early life, were
reversible. Rees et al. (1988) demonstrated a significant reduction in the
growth of the neuropil (which is the space between neuronal cell bodies and
includes axons, dendrites, synapses and glial cell processes) in fetal sheep
affected by intrauterine growth retardation. The functional consequences of
such a reduction are still unknown (Brandt 1981).
Ce// death and se/ecfrue e/immafion o/neuronai processes
These are two "regressive events" that are of major importance in brain
development.
Cell death serves to adjust the size of each neuronal population to the size
or functional need of its projection field. Furthermore, it eliminates neurons
which axons have grown towards the wrong target or an inappropriate region
within the target range.
The selective elimination of neuronal processes results in the removal of
terminal axonal branches and their synapses. The two "regressive events" are
restricted to the organisational period of brain development from 6 months
gestational age to several postnatal years. It is likely that they are modified
when the brain is injured. Therefore, after this period the plasticity of developing brain decreases (Volpe 1986).
The phase of glial multiplication is followed by a period of rapid myelinarion.
This period occupies the second half of the brain growth spurt. The brain
growth spurt ends as myelination is completed towards the end of the second
postnatal year. The peak velocity of myelination is around birth when only a
small fraction of adult myelin is present, turning into slow myelination at the
age of 1 year. In some areas of the brain myelination goes on for over two
decades (Herschkowitz 1988).
Chase et al (1972) and Sarma and Rao (1974) demonstrated a lower myelin
lipid content of SGA newborn brain compared to AGA newborn brain.
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/« conc/usion:
There seems to be no doubt that prenatal malnutrition can influence brain
development. Lts consequences are dependent on timing and duration of the
insult. Nutritional deprivation in early pregnancy (before 18 weeks gestational age) will merely influence neuroblast proliferation whereas nutritional
deprivation in later pregnancy will influence glial cell multiplication,
neuronal differentiation and migration, and myelination. However, the functional consequences of these alterations in brain development still remain to
be resolved.
2.2.5 Nconata/ neuro/ogica/ and be/winoura/ dew/opmeMt of SG/1 «ewboms
The neonatal period is the only period in which we can assess the influence of
intrauterine malnutrition on the function of the CNS and its development,
before the extrauterine environment can exert its influence. Several authors
studied neonatal neurological and neurobehavioural performance in fullterm SGA newborns (Michaelis et al. 1970; Als et al. 1976; Low et al. 1978;
Jurgens-van der Zee et al. 1979; Frederickson and Brown 1980; Ounsted et al.
1988). The results are summarized in table 2.3.
Significant differences between full-term SGA and AGA newborns were
found, not only in reflex behaviour (Moro, ATNR, crawling, sucking, rooting,
stepping, gripping and placing responses), but also in tone, quality of movement, activity, visual activity and responsiveness. Als et al. (1976) described
the typical underweight newborn as showing poor responsiveness to social
stimuli and as giving an overall impression of stress when handled.
On the other hand, Ounsted et al. (1988) did not find any differences
between full-term SGA and AGA infants until the age of 2 months, when SGA
infants became noticeably retarded.
In conc/usicm:
Marked differences in neonatal neurological and behavioural development
between full-term SGA and AGA newborns have been described by several
authors. They all used neurological and /or behavioural examination methods.
However, as SGA newboms seem to be more stressed on handling (Als et al.
1976), this could also influence the results of those examinations in which
frequent manipulations are necessary. Therefore, it is important to investigate
whether these differences also exist in spontaneous motor behaviour. To our
knowledge no studies on spontaneous motor behaviour in full-term SGA
newborns, have been published until now.
2.2.6 Outcome o//u/J-term SGA m/nnts
Despite the numerous follow-up studies of SGA infants published in the past
20 years, there is no unequivocal answer to the question considering the effect
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Tofek 2 3 Sfuoïes on mronata/ bWtaricur of ^/f-term SG/4 netoborns.
Author

Control group
criteria

Assessment

Findings SGA

22FT-SGA
<P10

2S FT-AGA

N.E.

different Moro
sustained ATNR
frequent windmill motors
infrequent head lifting
toss rhythmic head turning
poor standing response
poor stepping movements

10 FTunderweight
PUP10

10FT-full-weight
PI > P10

Low et al. 1978

86FT-SGA
<P10

97 FT-AGA
P10-P90

Behavioural studies lower activity score
less visual activity

Jurgensvan der Zee et
al. 1979

184 FTSGA
15PT-SGA
<P10

1247 FT-AGA
61 PT-AGA
P10-P90

N.E.

more neurological abnormalities,
especially in academic SGA Infants

Frederickson and
Brown 1980

9FT-SGA
<P10

16 FT-AGA
>P10

More

weaker 2nd phase of Moro
longer 2nd phase of grip response

137FT-SGA

170 FT-AGA
>-2sd

neurobehavioura 1
assessment

Study group

SGA-criteria
Mchaetsetal.1970

Als et sri. 1976

Ounstedetal. 1988

<-2sd

P10-P90

BN8AS

poor lone

tow actvtty levels
poor hand-to-mouth coordination
jerky movements
poor crawling and walking
poor sucking and rooting
poor responsiveness
poor defensive reactions

Grip-response

no differences with AGA infants

FT=FuJ7-ferm; PT=Preterm; SGA = Smal/ /or gestafionaf ag
gestofiona/ age; N.E.=Neuro/ogica/ exammafion; BNBi4S=Broze/fon Ncowata/
Sca/e; P/= Pomfera/ /mlex; s<i=stan<iar(i oVviations

/or

of intrauterine growth retardation on neurodevelopmental outcome in small
for gestational age infants.
As the population of SGA infants is not a homogeneous one, and the
follow-up studies show a great variation in design, it is not surprising that
they do not all get the same results.
In tables 2.4a and 2.4b follow-up studies of full-term SGA infants published
in the past two decades are summarized. The results of the studies show
considerable discrepancies.
In a short-term follow-up study Low et al. (1978), as well as Ounsted et al.
(1988), found significantly lower mental and psychomotor developmental
indices (MDI and PDI) at the postnatal age of 12 months in the intrauterine
growth retarded infants as compared to the infants in the control group. No
significant neurological differences were observed.
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TaWe 2.4a Fo//ottFiip studies o//u/f-term SGi4 infants.
Authors

Year of birth

Study group
SGA criteria

Control group FoRow-up assessment
criteria
method and age

Rtzhwdmgtand
tevtn
1072

1960-1966

96FT-S6A
<P3

36FT-AGA

Neurological exam.
Speech assessment
EEG
Developmental tast
School evaluation
4-6 years

SGAgroup:1%CP,6%
convulsions. 25% minor
neurological dysfunction. EEG
abnormalities in 59% of the
boys and 69% of the girls.
Speech defects in 33% of the
boys and 26% of the girls.
Average IQ 95 for boys and
101 for girls but poor school
performance in 50% of the
boys and 36% of the girls.

low et al.
1978

early 1970s

86FT-SGA
<P10

97 FT-AGA
>P25

Neur. examination
Developmental test
1 year

No neurological differences.
Significantly lower MDI and
PDItorSGA infants.

Walther
and
Ramaekers
1882

1976-1977

25FT-SGA
BW<P10
PI < P10

25FT-AQA
BW>P10
PI>P25

Neurological exam.
BSQandBOR
3 years

No major neurological defects,
but significantly more
neurological dysfunction and
behavioural problems in the
SGA group.

Harvtyat
al. 1982

?

S1FTSGA
<P10

51 FT-AGA
>P10

Developmental test
3-7 years

Lower scores only in SGA
infants whose head growth
began to slow before 26
weeks gestation, not in other
SGA infants.

Lowetal.
1982

early 1970s

76FT-SGA
<P10

88 FT-AGA
>P25

Neurological exam.
No significant differences
Developmental test
between SGA and control
Language assessment group
School evaluation
6 years

Westwood
«tal. 1983

1960-1966

33FT-SGA
<P3

33 FT-AGA

Neurological exam.
Developmental test
13-19 years

Hit et al.
1984

1964-1965

33 FT-CIMN
loss of
subcut.tissue

13 FT-CIWN Neurological exam.
abundance of Developmental test
subcut.ttssue 12-14 years

P25-P75

Results

No significant differences
between SGA and control
group
No major neurological
impairment.42%ofCIMN
infants were mentally retarded
or had a learning disabiity

FT-FuM-term; PT=preterm; Neuro/ogica/ exam.= NeMro/ogica/ exam/ration; P/=Pondera/
index; CJMN= Clinically infrauterine ma/nourished; C/WN= C/inical/y intreuterine u«//
nourished; BW=birr7i wetgnf; Deoe/opmenfa/ test inc/udes e»ery neurodeueJopmenfa/ test
including inte/Jigence tests. BSQ=be/wwour screening questionnaire; BOJ?= Benatróur
observation report; MDJ= mentaJ deüelopmenta/ index; PD/= Phycnomoter deue/opmenta/
index
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TflWe 2.4b More /o//ou>-up studies of |*u//-term SGA in^infs.
Authors

Yearo»brti

Study group
SGA criteria

Control group
criteria

rofow-up assessrnsrtit Rtaute
method and age

ViRaretal.
1964

1969-1977

S9FT-SGA
<P10

146 FT-AGA
P10-P90

Developmental last
3 years

SGA infants scored lower than
AGAinfants.SGA infants with
a PI < P10 scored tower than
SGA infants with a PI > P10

HaddersAlgraetal.
1988

1977-1978

166FTSGA

<P10

206 FT-AGA
>P10

Neurological exam.
Behavioural
queslonnairM
6 years

More neurological
abnormalities in SGA group,
asp. in infants with BW < P2,3.
No behavioural differences

Ounstedet
al.
1968

1973-1977

137 SGA
<-2sd

170 SGA
>-2sd

Neurobehavtoural
assessment
2,6 and 12 months

significantly tower
neurobehavtoural «cores in
SGA infants from 2 month!
onwards.

Berg 1989

1960s

467FT-SGA

<P10

4068 FT-AGA Neurological exam.
7 years
>P10

30FT-SGA
<P2
(only boys)

30 FT-AGA
>P2
(only boys)

Hawdonet
al. 1990

1973-1974

Neurological exam.
Developmental test
10-11 years

No significant differences in
absence of hypoxia-related
(actors. In presence of
hypoxta-ivtotd fwtore more
neurological abnormaHes In
the SGA infants, esp. in
infants with symmetric IUGR
2 cases in SGA group
profoundly disabled and
excluded from testing. No
differences in intelligence and
school achievement More
behavioural abnormalities
(esp. features of "attention
deficit disorder") in SGA group

P/=Pofzdera/ index; FT=FK//-ferm; Newro/ogica/ exam.= Neuro/o^ica/ examination;
B W=birr7i

In their long-term follow-up studies Villar et al. (1984) and Hill et al. (1984)
found significant differences in neurodevelopmental scores and IQ, SGA
infants scoring lower than the AGA infants. Harvey et al. (1982) only found
this difference in infants whose head growth began to slow down before 26
weeks gestation, whereas SGA infants whose head growth began to slow
down later in gestation scored comparable to AGA infants. Fitzhardinge and
Steven (1972) found an increased risk of major neurological abnormalities
such as cerebral palsy (CP) and seizures in SGA infants. Minor neurological
dysfunction (e.g hyperactivity, short attention span, learning problems, poor
fine coordination, and hyperreflexia) was found by several authors (Fitzhardinge and Steven 1972; Hadders-Algra et al. 1988; Walther and Ramaekers
1981). Berg (1989) found an increased risk of neurological abnormalities in

27

Rgprgu; o/tfe f/

IUGR infants only in the presence of hypoxia-related factors, especially in
those infants with symmetrical IUGR. No distinction was made between
major and minor neurological abnormalities. Villar et al. (1984) observed that
SGA infants with an appropriate PI (symmetrical IUGR) scored lower than
SGA infants with a low PI (asymmetrical IUGR), while both groups scored
lower than the AGA infants. Walther and Ramaekers (1982) compared SGA
infants who suffered asymmetrical IUGR with AGA infants and found significantly more neurological dysfunction and behavioural problems in the
SGA infants.
In contrast to the studies mentioned above neither Low et al. (1982) nor
Westwood et al. (1983) and Hawdon et al. (1990) found significant differences
between SGA and AGA infants. The studygroup of Westwood et al. consisted
of part of the cohort studied by Fitzhardinge and Steven at an earlier age.
For an extensive review of the follow-up studies of SGA infants see the
review articles of Allen (1984) and Teberg et al. (1988).
/n COHC/USIOM:

From the studies mentioned above it can be concluded that although there
may be a slightly increased risk of major neurological problems, the vast
majority of the full-term SGA infants will have no major handicap. However,
there is clear evidence of an increased risk of minor neurological dysfunction
and neurodevelopmental and behavioural problems at around school age in
term SGA infants who suffered from symmetrical IUGR as well as in those
who suffered from asymmetrical IUGR. The risk increases in the presence of
neonatal problems (Berg 1989; Hadders-Algra et al. 1988).
2.3

Conclusions

1. Many factors may cause or are associated with intrauterine growth retardation, but in an important percentage of SGA infants no cause for the
growth retardation can be identified.
2. Prenatal malnutrition can influence many processes in brain growth and
development.
3. From follow-up studies of full-term SGA infants it can be concluded that
symmetrically as well as asymmetrically growth retarded SGA infants are
at an increased risk for minor neurological dysfunction, behavioural and
school problems at later age, and that the risk increases in the presence of
neonatal problems.
4. Marked differences in neonatal neurological and behavioural development between SGA and AGA infants have been described, but knowledge
of spontaneous motor behaviour in full-term SGA and AGA infants is very
limited.
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Chapter 3
Infants and methods

3.1

3.1.1
3.1.2
3.1.3
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3.2.3
3.2.4
3.2.5

Infants
Inclusion criteria
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Methods
Neonatal neurological examination
Observation session
Playback
Follow-up
Statistical analysis
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3.1

Infants

3.1.2 /nc/usion criteria
m/arj/s:

. postmenstrual age at birth 37-42 weeks;
. birth weight between the 10th and 97.7 centile of the Dutch Kloosterman
intrauterine growth curves (Kloosterman 1970).
SG/4 m/an/s;
. postmenstrual age at birth 37-42 weeks;
. birth weight below the 2.3 centile of the Dutch Kloosterman intrauterine
growth curves (Kloosterman 1970).
By definition, postmenstrual age is the interval between the first day of the last
menstrual period and the day of birth. If the last menstrual period was uncertain,
postmenstrual age was corrected by using the fetal biparietal diameter, measured
by means of ultrasound before the 20th week of pregnancy.
3.2.2 Exc/usion criteria
1. non-Caucasian parents;
2. no spontaneous vaginal delivery;
3. apgar score at 1 or 5 minutes < 6;
4. umbilical artery pH £ 7.10;
5. congenital malformations, infections or chromosomal abnormalities;
6. abnormal cranial ultrasound scan;
7. intensive care needed at the time of observation.
AGA infants born after a complicated pregnancy were excluded from the
study. A complicated pregnancy was defined as:
. presence of criteria selected from Kloosterman (1983) as mentioned in appendix I;
• hypertension (maximum diastolic blood pressure > 90 mmHg, measured at
2 or more occasions);
. regular use of medication other than ferro-therapy or vitamins;
. presence of pregnancy-induced diabetes mellitus;
. alcohol- or drug abuse.
Furthermore, AGA infants were excluded from the study if they showed
deviant neurological findings at the neonatal neurological examination .
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3.1 J
The infants were enrolled in the study after obtaining informed consent from
the parents.
Group I: 15 full-term AGA infants.
Group II: 15 full-term SGA infants.
The infants were born between November 1989 and October 1991. Of the
infants of group I, five were born at home, whereas ten infants were born in
the hospital. In only one case a medical indication for clinical delivery existed
(an ovarian cyst, removed a few days post partum). Fourteen of the infants of
group II were born clinically, mostly because of a suspected intrauterine
growth retardation. One of the infants was born at home and was transported
to the hospital immediately after delivery.
A summary of neonatal parameters of the two groups is listed in table 3.1.
The pH of the umbilical artery was measured in 75% of the AGA infants
and in 93% of the SGA infants. Most SGA infants were proportionally growth
retarded as can be seen from the symmetrical reduction of birth weight, birth
length and skull circumference.
Maternal and infant data are shown in Appendix Ha and lib.
3.2. SMmrnan/ of clinica/ c/mracf eristics o/bot/i groups o/in/ants. MafiflM, raMge and
p-üfl/ue CMflnn-VWii'fwey U tesf).

Parameter

Postmenstrual age (weeks)
birth weight (grams)
birth length (cm)
skull circumference (cm)
Apgar 1'
Apgar 5'
pH umbilical artery

AGA

SGA

n=15

n = 15

p-value

39.5 (37.5-41)
3430 (2750-4100)
50.0 (47.0-53.0)
34.2 (32.0-36.5)
9 (7-10)
10 (9-10)
7.23(7.15-7.48)

39.0 (37.5-41)
2240 (1580-2480)
45.0 (39.5-48.0)
32.5 (30.5-34.8)
9 (6-9)
10 (8-10)
7.28(7.14-7.34)

n.s.
p< 0.01
p< 0.01
p< 0.01
n.s.
n.s.
n.s.

n.s. = no
3-2

Methods

3.2.1 Neonata/ neuro/ogicaf examination
An extensive neurological examination (Prechtl 1979) was performed between the 3rd and 8th postnatal day. The results of the examination were
divided in the categories "normal", "suspect" and "abnormal".
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3.2.2 OfeeraitKm session
The infants were observed between their third and eighth postnatal day.
During the video recording session, the infants were lying supine in an
incubator or radiant warmer at neutral temperature, wearing only a loose
diaper. At the beginning of the observation session, the head was held in the
midline until no lateral pressure was felt (Cioni et al. 1986). Each recording
lasted 3 hours. Most of the observation sessions started one hour before a feed.
The infants were videotaped with one camera, which was placed at the foot
of the incubator. In this position the infants were seen from above. A time code
signal was superimposed on the tape. The observer was able to see the infant
from all sides. Spoken comments on opening and closing of the eyes and
crying were recorded on the audio channel of the videocamera. All observations and videotapes were made by the same person (VvK-M).
3.2J PfoyfracJfc
After the observation session, the observer scored the various variables of
spontaneous motor behaviour.
The results were analyzed with respect to the following items:
• quantitative aspects of motility
. posture
• the influence of change of head position on limb position
• quality of movement
ts o/motor
During playback of the videotape, a series of items described below were
scored and these data were fed into a personal computer, using an eventdetecting programme. For each item, incidence (in absolute number and in
rate/10 minutes) or duration (in seconds and in percentage of total time) was
determined. The following items were registered (definitions adapted from
Cioni et al. 1989 and Vies 1988):
1. Eyes open or closed;
2. Head position left, right or middle;
3. Dummy in or out;
4. General movements: series of gross movements of variable speed and
amplitude which involve all parts of the body, without distinctive patterning or sequencing of body parts;
5. Stretches: complex movement patterns, consisting of overextension of the
spine, retroflexion of the head, flexion of the arms or external rotation at
the shoulder. The legs may or may not be extended;
6. Startles: brief generalized contraction of all muscles. They can incidentally
be superimposed on a general movement;
7. Twitches: isolated, rapid movement of one limb. These movements were
registered for each limb separately;
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8. Cloni: rhythmical movements in rapid succession (3-5 Hz) of moderate to
large amplitude of one or more extremities. Duration of bouts may vary
from a few beats to several seconds. They were registered for each limb
separately;
9. Isolated arm and leg movements: movement of one arm or leg without
movements of any other part of the body. Registered for each limb separately;
10. Hand-face contact left or right: left or right hand touching any part of the
face other than the mouth;
11. Hand-mouth contact left or right: left or right hand touching the mouth;
12. Crying;
13. Manipulation.
The head position preference could be determined from the incidence and
duration of the different head positions. After every manipulation the head
was held in the midline until no lateral pressure was felt. Therefore, only
spontaneous and no imposed head positions were analyzed.
States were defined as:
• State A (sleep state): eyes closed, no crying;
• State B (wakefulness): eyes open, no crying;
• State C (crying state): crying.
Since no polygraphic registration of respiration was performed, regularity
and irregularity of respiration were not taken into account when defining the
state of the infant. The aim of this state classification was not to study the
occurrence of states in the 2 groups of infants, but to define a frame of
reference for the occurrence of the different movement patterns in the two
groups. Therefore, a one-second window was used, to include as much data
as possible. No differentiation was made between rest/activity periods
during sleep and wakefulness (or quiet and active sleep/wakefulness), absence of general movements being considered as "rest" and presence of
general movements as "activity" periods, for the following reason: since
general movements do not occur simultaneously with other movement patterns, general movements would only occur in "active" states, all other movement patterns only in "quiet" states. Since the aim of this part of the study was
to give a quantitative description of the occurrence of different movement
patterns in several states, this definition would have been very artificial,
leading to an a priori distribution of the movement patterns over the different
states.
The influence of head position on limb movements was studied in two ways.
Firstly, the frequency of occurrence of limb movements during a left-sided
head position was compared to the frequency of occurrence of limb movements during a right-sided head position. Secondly, the frequency of occurrence of movements of left arm and leg was compared to the frequency of
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occurrence of movements of right arm and leg during a left- or right-sided
head position.
Posfwre
During the observation session posture was assessed every minute and a
sketch was made if the infant was not moving. After the observation session,
sketches that were missed during the observation were drawn from the
videotape.
For the purpose of analysis, each posture was described by a code consisting of 5 numbers, the first number indicating head position, manipulation or
feeding, the next four numbers indicating the position of respectively the right
arm, left arm, right leg and left leg (Vies 1989). The postures of the limbs were
classified (using a graduated arc) in terms of abduction or adduction and
internal or external rotation of the shoulder or hip and of flexion or extension
of the elbow or knee.
The degree of abduction and adduction of the shoulder and hip was
divided in 7 classes:
1. neutral
2. adduction
3.0 < abduction < 90 degrees
4. 90 degrees abduction
5. 90 < abduction < 180 degrees
6.180 degrees abduction
7. abduction > 180 degrees
The position of the elbows and knees was classified in terms of degree of
flexion and extension and of internal and external rotation of shoulder and
hip. This also resulted in 7 classes:
1. fully extended ( = 180 degrees)
2. partly extended ( > 90, < 180 degrees) + external rotation
3. partly extended ( > 90, < 180 degrees) + internal rotation
4. partly flexed ( £ 60, S 90) + external rotation
5. partly flexed ( £ 60, £ 90) + internal rotation
6. fully flexed ( < 60) + external rotation
7. fully flexed ( < 60) + internal rotation
The classification of the position of each limb therefore resulted in 7 x 7 = 49
(theoretical) categories. As the sketches were drawn in a two-dimensional
plane, (ante-) flexion of shoulder and hip were not taken into account. The
limb positions according to the above mentioned classification are therefore
simplifications of the real three-dimensional positions.
All postures were classified and coded by the same person (KF).
The inter- and intra-observer agreement for sketching and scoring of the
limb positions was determined for the two investigators involved. They
simultaneously sketched and classified 120 randomly selected limb positions
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during the playback of one videotape. One hundred and fifteen sketches and
classifications of both investigators were identical (inter-observer agreement
96%). The same 120 limb positions were sketched and coded again one week
later. The intra-observer agreements were 95% and 98%.
Posture was analyzed in several ways, considering:
1. the complete observed posture
2. abduction/adduction and flexion/extension
3. flexion/extension
4. abduction/adduction
Furthermore each limb position was analyzed separately, considering:
5. abduction/adduction
6. flexion /extension
During manipulation, feeding and movements of the infant, postures were
not assessed. Furthermore, the postures occurring when the infant was sucking on a dummy (because of prolonged crying), were excluded from the final
analysis, as they were not considered to reflect resting posture but rather
posture during activity.
The total number of postural assessments (M), the number of different
postures (N), the posture occurring most frequently and the longest uninterrupted posture were determined for every infant. If, due to manipulation and
frequent movements, the postural assessments of an infant were considered
to be insufficient (< 10 minutes) for an analysis of (preference) posture, the
infant was excluded from the postural analysis.
A preference posture was defined as the posture occurring most frequently, provided that it occurred at least 5 times and at least 2 times as often as
would be expected on the basis of chance. In formula:
M
2^7
X = /ra/Hency o/occurrence
M = foto/ number o/postura/ data
N = number o/rfijjjferent postures o/(«e in/ant
M/N = /regency o/occurrence us luou/d be expecfed on f«e basis o/cnance
77i« in/iluence o/cnange o//zeod position on /imb position
The influence of a spontaneous head rotation on the position of the extremities
was studied. For this purpose every head turning was registered during
playback of the videotape. Only head turnings without lateral, dorsal or
ventral flexion were analyzed. Head turnings occurring during a startle were
excluded from the analysis. The body posture just before, immediately and
one minute after a spontaneous head turning were noted. Postures were
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classified according to the method described before. The degree of flexion/extension was analyzed.
The positions of the limbs on the face side before and after a spontaneous
head turning were compared with the positions of the limbs on the occiput
side before and after the head turning. The analysis was performed for head
turnings during sleep (state A), wakefulness (state B) and crying (state C). The
occurrence of an asymmetric tonic neck posture (ATNP) in the resting postures was studied. As this posture is not considered in relation to a head
turning, but to a head position, it is called ATNP instead of ATNR. An ATNP
was defined as a posture in which the face-side extremities were relatively
more extended than the occiput-side extremities. All postures were classified
as ATNP, ATNP of arms, ATNP of legs or no ATNP. In the classification only
the degree of flexion and extension as classified in the analysis of posture as
described in the previous section (fully extended, partly extended, partly
flexed, fully flexed) were considered.
Q y
/ ovement
Since general movements (GM) are complex and have a high frequency of
occurrence in the newborn, they are the best suitable movement pattern for
the assessment of movement quality (Prechtl 1990).
The quality of movement can be judged by observation of the following
items: onset and end of movement, speed, variability in speed, speed of arms
compared to speed of legs, force against gravity, amplitude, variability in
amplitude, amplitude of arms compared to amplitude of legs, fluency,
variability in the overall pattern of the movement, variability in the movement
patterns of arms and legs, participation of head and trunk, participation of all
four extremities, and the presence of fine distal movements.
However, the value of an assessment of these qualitative aspects of movement depends on the consistency of this assessment. The inter- and intra-observer agreement is a measure for the objectivity and reliability of such a
judgement. The intra- and inter-observer agreement for the judgement of
several aspects of quality of GM in full-term infants was determined in a
separate study. Since a different group of infants was used, this study is
described separately in chapter 4.
Quality of movement was studied in both groups by observation of the above
mentioned items. Furthermore, a global judgment of the movement quality as
normal or abnormal was given. All GM with a minimal duration of 20 seconds
were collected from the videotapes of each individual infant. The exact timing
of beginning and end of the movement was noted, as well as the state of the
child during this GM.
Since the quality of movement might be influenced by vigorous crying, the
GM in state C were excluded from the qualitative analysis. Furthermore, GM
during sucking and during hiccups were excluded.
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All GM were judged by the same observer. The scoring form used for this
analysis is shown in Appendix III. The definitions of the items used are given
in Appendix IV.
The judgements of the different GM of every infant were coded and fed into
a personal computer. A computer database program was developed for
storage of the data. The number of GM, the mean duration of the GM and the
frequency of occurrence (% of total number of GM) of the different categories
of every item, were calculated for both states (A, B) in every infant. The degree
of correlation between the different items was determined by calculation of
the Spearman rank-order correlation coefficient. The items showing significant mutual correlation were used to extract dominant patterns of quality
of movement from the GM in each group (pattern analysis).
3.2.4 Fo//ou>-up
All infants were seen by a child neurologist and a medical psychologist at 9
months of age. A neurological examination and the Bayley Scales of Infant
Development with Psychomotor (PDI) and Mental (MDI) developmental
indexes (normal range 100 ± 16) were performed. We have used the Dutch
adaptation (van der Meulen and Smirkovsky 1982) of the Bayley Scales of
Infant Development (Bayley 1969), which is commonly being used in the
Netherlands.
3.2.5 Statistical ana/yszs

All data were analyzed using non-parametric statistics.
For analyzing differences within one group, the Friedman two way
analysis of variance followed by the Wilcoxon matched-pairs signed-ranks
test, or the Wilcoxon matched-pairs signed-ranks test with Bonferroni correction for multiple testing were used.
For analyzing differences between the two groups the 2-tailed Mann-Whitney U test was used. Correlations between variables in each group were
determined by calculating the Spearman rank-order correlation coefficient.
Statistical significance was defined by a p-value < 0.05.
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Chapter 4
Inter- and intra-observer agreement in the assessment
of the quality of spontaneous movements in the
newborn
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4.1

Introduction

In the past decade, a growing interest has risen regarding the analysis of
qualitative aspects of spontaneous movements as an assessment for normality
or abnormality of central nervous system function in the newborn (Hopkins
and Prechtl 1984; Prechtl and Hopkins 1986; Shirataki 1987; Prechtl 1990;
Ferrari et al. 1990). In a recent study from Ferrari et al. (1990), it was shown
that the assessment of the quality of spontaneous movements had a high
sensitivity and specificity for the prediction of brain lesions in preterm infants
of 26-36 weeks gestational age.
The quality of movement can be assessed by the observation of several
aspects of a particular movement, such as the onset and end of the movement,
variability in speed and amplitude, overall speed, overall amplitude, speed
and amplitude of the arms compared to speed and amplitude of the legs,
fluency, variability (or stereotypy) in the overall pattern of the movement,
variability in the movement patterns of arms and legs, participation of head
and trunk, participation of all four extremities, and the presence of fine distal
movements.
However, the value of an assessment of these qualitative aspects of movement depends on the consistency of this assessment. Before the assessment of
the quality of movement can be used for diagnostic or prognostic purposes,
an objective and reliable judgement of the quality of movement should be
obtained. The inter- and intra-observer agreement is a measure for the objectivity and reliability of such a judgement. In the literature, data on inter- and
intra-observer agreement in the assessment of qualitative aspects of movement in newborn infants are scarce (Prechtl 1990). Agreement rates corrected
for chance are not available in the literature.
The aim of this study was to determine the inter- and intra-observer agreement with a correction for chance agreement (kappa statistics) for the judgement of several aspects of the quality of general movements in healthy and
high-risk full-term newborns.
4.2

Materials and methods

As part of a study concerning spontaneous motor behaviour in healthy and
high-risk full-term infants, 3-hour lasting videotape recordings were made of
50 infants between the 3rd and 9th postnatal day. All general movements
lasting more than 20 seconds were collected from the videotapes. The interand intra-observer agreement for the assessment of several items (table 4.1)
related to the quality of general movements, was studied.
The degree of inter- and intra-observer agreement was analyzed by kappa
statistics (tc). Kappa (K) is a statistic tool, developed to calculate the agreement
between two observers (pairwise agreement), with a correction for agreement
by chance.
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Kappa (K) = Po - Pe / 1 - Pe in which Po is the observed agreement and Pe
is the agreement that is to be expected by chance when judgements are
statistically independent (Cohen 1960). Kappa values vary between 0 and 1. If
kappa is 0, there is only chance agreement, whereas with a kappa value of 1,
perfect agreement exists between the observations of the 2 observers, none of
which is determined by chance.
It should be mentioned, however, that high kappa values only relate to the
degree of agreement between observers, but they do not prove the validity of
the observations.
As the items were judged by 4 observers to determine inter-observer
agreement, we also calculated the group kappa (Schouten 1982) for each item.
The group kappa is a group measure of pairwise inter-observer agreement
and is calculated from the average Po and Pe determined for paired observers.
The value of kappa is influenced by the proportion of subjects in each
category (Altman 1990). If two studies are compared, one with equal and one
with unequal proportions in each category, kappa will be lower in the study
with an unequal prevalence of the categories, even if the observed agreement
is the same. The reason for this difference is that the chance expected frequencies of agreement (Pe) are very different. The kappa values from these two
studies are therefore not comparable. In order to obtain optimal kappa values,
which are a real reflection of inter-observer agreement, it is therefore desirable
that within each item the different categories are present in an equal percentage of the movements to be analyzed.
Therefore, for every item (table 4.1) a test tape was constructed, consisting
of 20-30 general movements with a proportional distribution over its
categories. For instance, the test tape for the item onset of movement (item 1)
consisted of 15 general movements showing an abrupt onset and 15 general
movements showing a smooth onset.
TaWe 4.1 Qiw/ztafiee aspects o/ motor be/wuiour /or H>/HC/I inter- and infra-obsemer agreement coutó be determined.
Item

Categories

1. Onset of movement
2. Speed
3. Speed of arms compared to legs
4. Amplitude
5. Amplitude of arms compared to legs
6. Fluency
7. Variability in movement pattern
8. Variability in arm patterns
9. Variability in leg patterns
10. Global judgement of the movement

smooth / abrupt
predominantly fast / predominantly slow
equal / lower
predominantly large / predominantly small
equal/ larger / smaller
fluent / not fluent
present / absent
present / absent
present / absent
normal / abnormal
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For construction of the test tapes, all general movements, which were
collected from the 50 videotapes, were analyzed by the author (VvK-M) The
occurrence of the different categories of the items was listed for every movement Fifteen general movements were randomly selected for every category
of each .tern and copied to the test tape. These first judgements of the movements given by the first author (observer 1), were used in the determination
of the inter-observer agreement with the three other observers.
Kappa values cannot be calculated if all subjects are allocated to one
category. As the category absent of the items "end of the movement", "variability in speed and amplitude", "participation of head and trunk", "participation of the limbs" and "presence of fine distal movements", did not occur in
our material, these items were excluded from the analysis. For the item "speed
of arms compared to speed of legs", the category "speed of arms higher than
speed of legs" did not occur in our material and was therefore excluded from
analysis.
The test tapes were independently analyzed by 3 observers: 2 physiotherapists (observer 2 and 3 ) and 1 research fellow involved in studies on
preterm infant motor behaviour (observer 4). The observers were not aware
of the patient history, nor were they aware that the categories of the items
were expected to occur with an approximately equal distribution. As the
observers were not trained in the judgement of the different items, a list of
definitions of the items was handed out to them before the first observation
session (Appendix IV).
Inter-observer agreement was calculated for the group of 4 observers
(group I). As observer 1 was the only person who was experienced in the
judgment of the different items and had constructed the test tapes, group
kappa values for observers 2,3 and 4 (group II) were calculated separately.
For the assessment of the intra-observer agreement, 3 observers judged the
general movements on the test tapes a second time (observers 1-3). The
interval between the two observation sessions was 2 months or longer. Kappa
values were calculated to determine the chance corrected degree of agreement
between the first and the second judgement.
4.3

Results

Pairwise and group inter-observer agreement corrected for chance, calculated
for the ten items is summarized in table 4.2. When comparing the kappa
values for paired observers it is clear that for some items, especially items 4
and 8, considerable variability in kappa values between the observer pairs
exists. However, no combination of observers scored consistently better or
worse than the other pairs. Therefore, the estimation of the group kappa does
not alter the information as obtained from the kappa values for pairwise
agreement, but gives an impression of the overall degree of agreement within
the group.
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Tat/e 4.2 Painoise M-FJ and ^n>«p iwter-o&smwr a^r«m«if /br fen aspects o/ mopement
qua/ify. Po= obsenwf agreement, Pe= agreement to be expected by c/wnce when ymigemen/s
are statisf/ca//y im/epemient, Jt= Jbippa tu/ue. A-F are f/ie possib/f combinations o/observers
2 , 2 , 3 and 4. Group ƒ is the group infer-obsertw agreement /or observers 1,2,3 and 4. Group
ƒ/ is the group inter-obseroer agreement /or observers 2 , 3 and 4.
Item

Pair
observers

A
1-2

B
1-3

C
1-4

D
2-3

E
2-4

F
3-4

group
I

group
II

1

Po
Pe
k

0.87
0.52
0.72

0.90
0.50
0.80

0.90
0.50
0.80

0.90
0.51
0.79

0.83
0.51
0.65

0.87
0.49
0.75

0.88
0.51
0.76

0.87
0.50
0.74

2

Po
Pe
k

0.87
0.49
0.74

0.83
0.50
0.67

0.67
0.50
0.80

0.90
0.51
0.79

0.90
0.51
0.80

0.87
0.51
0.73

0.88
0.50
0.76

0.89
0.51
0.78

3

Po
Pe
k

0.75
0.53
0.47

0.75
0.53
0.47

0.80
0.54
0.57

0.80
0.55
056

0.85
0.56
0.66

0.75
0.56
0.43

0.78
0.55
0.51

0.80
0.56
0.55

4

Po
Pe
k

0.73
0.51
0.45

0.77
0.52
0.52

0.77
0.50
0.54

0.65
0.58
0.17

0.65
0.49
0.31

0.62
0.48
0.27

0.70
0.51
0.39

0.64
0.52
0.25

5

Po
Pe
k

0.88
0.38
0.81

0.73
0.37
0.57

0.73
0.37
0.57

0.69
0.37
0.51

0.77
0.40
0.62

0.69
0.38
0.50

0.75
0.38
0.60

0.72
0.38
0.55

6

Po
Pe
k

0.87
0.50
0.74

0.90
0.50
0.80

0.80
0.51
0.59

0.90
0.50
0.80

0.77
0.50
0.54

0.80
0.51
0.59

0.84
0.50
0.68

0.82
0.50
0.64

7

Po
Pe
k

0.78
0.50
056

0.67
0.50
0.34

0.67
0.50
0.34

0.78
0.57
0.49

0.67
0.55
0.27

0.78
0.65
0.37

0.73
0.55
0.40

0.74
0.59
0.37

8

Po
Pe
k

0.86
0.50
0.72

0.64
0.50
0.28

0.82
0.50
0.64

0.68
0.52
0.33

0.86
0.52
0.71

0.73
0.60
0.33

0.77
0.52
0.52

0.76
0.55
0.47

9

Po
Pe
k

0.65
0.50
030

0.73
0.49
0.47

0.73
0.50
0.46

0.76
0.60
0.40

0.77
0.64
0.36

0.69
0.60
0.23

0.72
0.56
036

0.74
0.61
0.33

10

Po
Pe
k

0.89
0.50
0.78

0.93
0.50
0.86

0.93
0.50
0.86

0.%
0.52
0.92

0.89
0.46
0.80

0.93
0.52
0.85

0.92
0.50
0.84

0.93
0.50
0.86
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Item

10
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Observer
Po
Pe
k

0.97
0.50
0.94

0.86
0.49
0.73

0.90
0.51
0.80

Po
Pe
k

0.90
0.50
0.80

0.77
0.50
034

0.93
0.53
0.85

Po
Pe
k

0.95
031
0.90

0.75
0.56
0.43

0.80
0.61
0.49

Po
Pe
k

0.85
050
0.70

0.58
0.50
0.16

0.69
037
030

Po
Pe
k

0.96
0.37
0.94

0.62
0.41
0.36

0.69
0.35
0.52

Po
Pe
k

0.97
0.50
0.94

0.93
0.50
0.86

0.80
0.50
0.60

Po
Pe
k

0.94
0.50
0.88

0.78
0.57
0.49

0.72
0.56
0.36

Po
Pe
k

0.82
0.50
0.64

0.77
0.57
0.47

0.86
0.52
0.71

Po
Pe
k

0.85
0.50
0.70

0.81
0.62
0.50

0.85
0.60
0.63

Po
Pe
k

1.00
0.50
1.00

0.89
052
0.77

0.85
0.51
0.69

o/ mopemgnf qm/i'f

Considering the group kappas (group I) for individual parameters (i.e. item
1-9), kappa values varied between 0.36 and 0.76 with the lowest value for the
item "variability in leg patterns" and the highest value for the items "onset of
movement" and "speed". For the global judgement of the movement (normal/abnormal) we calculated a kappa value of 0.84. Although the observed
agreement (Po) for every item seems satisfactory, the agreement after correction for chance agreement is substantially lower for some of the items (e.g.
items 4, 7, and 9). This confirms the importance of a correction for chance
agreement, because otherwise the inter-observer agreement and thus the
value of a judgement might be overestimated.
Comparing the group kappa values of group I and II, it appears that there
is only a very small difference in the kappa values. The fact that observer 1 is
experienced in the judgement of the different items whereas the others are
not, does not appear to make any difference in the inter-observer agreement.
In table 4.3 the intra-observer agreement of observer 1, 2 and 3 is given.
Concerning the intra-observer agreement there is considerable variability, not
only between the 3 observers, but also between the different items that were
tested.
Observer 1 had the highest kappa values for 8 of the 10 items, although she
had the longest time interval between the observations (approximately 4
months). This is probably due to the fact that she was more experienced.
4.4

Discussion

Although absolute definitions for the interpretation of kappa values are not
available, Altman (1992) and Landis and Koch (1977) gave the following
indications for the level of inter-observer agreement: the strength of agreement is poor for K values <0.20, fair for K values between 0.21 and 0.40 (3
items), moderate for K values between 0.41 and 0.60 (3 items), good for K
values between 0.61 and 0.80 (3 items) and very good for K values >0.81 (1
item). Therefore, the results of this study confirm that several qualitative
aspects of motility in the newborn can be reliably assessed by observers of
different disciplines with experience in observing infant motor behaviour
(group K values 0.51-1.0). However, the items "amplitude", "variability in
movement pattern" and "variability in leg patterns" appeared to be quite
difficult to judge.
The inter- and intra-observer agreement on the global judgement of the
movement corrected for chance turned out to be high (group I kappa = 0.84;
kappa values for intra-observer agreement 1.00,0.77 and 0.69). Prechtl (1990),
in a study on spontaneous motor behaviour in newborn infants, also found a
very high inter-observer agreement for the global judgement of the movement
as normal or abnormal (average 90%, range 75-100%). However, no correction
was made for the percentage of agreement that could be expected by chance.
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The inter-observer agreement for the detaüed judgement of different qualitative aspects of movement was not determined.
From our results it would seem to be easier to give a general judgement on
normality or abnormality of a movement than to judge the different qualitative aspects separately. This may be ascribed to the fact that the global
judgement is not merely a linear summation of the judgement of the separate
items, but a complex partly unconscious integration. Furthermore, the
categories of the more detailed aspects of quality of movement are difficult to
define and the inter- and intra-observer agreement would therefore be sensitive to the observational experience of the observer.
However, although the global judgement appears to be the most reliable,
most of the more detailed qualitative aspects can also be reliably assessed and
they can give important additional information on the character of the quality
of the movement.
In general, low inter-observer agreement can be caused by several factors
such as inexperience of the observers (Sacket 1985), differences between
observers regarding boundary lines of categories, personality differences and
mistakes in scoring (van den Berghe et al. 1979). Furthermore, kappa values
are influenced by the proportion of subjects in each category and the number
of categories (Cohen 1960).
Inter-observer agreement for the detailed aspects of quality of movement
might therefore be further improved by prior training of all observers and if
necessary, better definitions of the categories.
In summary we can conclude that the judgement of several aspects of the
quality of general movements in full-term infants is a reproducible and
therefore reliable clinical tool for evaluating motor behaviour in the neonatal
period.
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Chapter 5
Spontaneous motor behaviour in full-term
appropriate for gestational age newborn infants

5.1

Neurological examination

5.2

Quantitative aspects of motor behaviour

5.3

Posture

5.4

Influence of head position change on body posture

5.5

Quality of movement

5.6

Follow-up at the age of 9 months

47

5.1

Neurological examination

All infants in the AGA group had a normal neonatal neurological examination.
Quantitative aspects of motor behaviour

5.2

The duration of the complete observation session ranged from 154.82 to 199.42
min. (median 181.50 min.). The total observation time of the 15 infants was 45
hours. An example of an actogram is shown in figure 5.1. During the observation session most infants had to be manipulated several times due to nursing
routines such as feeding and changing diapers, and persistent crying. The
median duration of manipulation per observation session was 33.97 min.,
ranging from 0.00 to 79.45 min. As manipulation might influence motility the
manipulation time was excluded from the analysis. The remaining observation time ranged from 119.97 to 175.93 min., median 136.83 min. All percentages and rates are calculated using the total observation time with subtraction
of manipulation time. This will be referred to as real observation time.
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A wide interindividual variability existed in the percentage of real observation time spent in the different states. A significantly lower percentage of
time was spent in state C than in states A and B (p-values 0.016 and 0.040
respectively). The median percentage of the real observation time spent in
state A was 62% (range 0-100%). The median percentage of the real observation time spent in state B was 25% (range 1-99%). The median percentage of
the real observation time spent in state C was 9% (range 0-55%). The occurrence of the different movement patterns and some other variables in the total
observation session is shown in tables 5.1 and 5.2. In tables 5.3 and 5.4 the
occurrence of the movement patterns in the different states is shown.
Tabfe 5.1 Occurrence o/ di/jferent mowmenf parents o/ varying durafion during t«e «a/
obsen*jf;on fime. Percentage (%) o/real obsenwfion time, median f range).
Movement pattern

Percentage of real observation time

Head left
Head right
Head in midline
Dummy in
General movements
Hand-face contact left hand
Hand-face contact right hand
Hand-mouth contact left hand
Hand-mouth contact right hand

52% (0-100)
44% (0-100)
1% (0-7)
3% (0-46)
35% (5-68)
2% (0-13)
1 % (0-6)
l%(0-2)
0% (0-13)

Table 5.2 Occurrence o/ dj^ferenf movement patterns o/ limited duration during t/ie real
observation time. Total number during real observation time, median (range).
Movement pattern

Total number during observation

Stretch
Startle
Twitch left arm
Twitch right arm
Twitch left leg
Twitch right leg
Clonus left arm
Clonus right arm
Clonus left leg
Clonus right leg
Isolated left arm movement
Isolated right arm movement
Isolated left leg movement
Isolated right leg movement

2 (0-15)
23 (2-57)
1 (0-12)
1 (0-18)
18 (0-72)
17 (0-52)
0 (0-4)
0 (0-2)
2 (0-27)
2 (0-24)
41 (26-95)
53 (27-69)
53 (17-162)
60 (34-154)

49

i'n/anfs
TaWc 5.3 Occurrence o/movement patterns o/iwrying duration in different states.
Percentage (%) o/tota/ time o/tne state concerned, median (range).
Movement pattern

State A

State B

State C

General movements
Hand-face contact LA
Hand-face contact RA
Hand-mouth contact LA
Hand-mouth contact RA

9% (3-40)
l%(0-8)
0% (0-6)
0% (0-3)
0% (0-36)

55% (26-77)
2% (0-21)
3% (0- 10)
1% (0-25)
0% (0-14)

99 (86-100)
0 (0-9)
0 (0-55)
0(0-4)
0 (0-46)

LA= left arm; RA=right arm; LL=left leg; RL= right leg

TaWe 5.4 Occurrence of movement patterns o/ Jimifed duration in different states.
Kate/20 min. o/ rea/ observation time, median (range).

Movement pattern
Stretch
Startle
Twitches LA
Twitches RA
Twitches LL
Twitches RL
Cloni LA
Cloni RA
Cloni LL
Cloni RL
Isolated movements
Isolated movements
Isolated movements
Isolated movements

State A
0.30
2.44
0.12
0.20
1.74
1.68
0.00
0.00
0.27
0.17
LA 2.92
RA 3.14
LL 5.09
RL 4.77

(0.00-1.39)
(0.34-8.30)
(0.00-1.16)
(0.00-1.16)
(0.00-4.98)
(0.00-4.70)
(0.00-0.39)
(0.00-0.19)
(0.00-0.75)
(0.00-1.55)
(1.79-6.78)
(1.24-8.87)
(1.87-11.19)
(3.03-9.66)

State B

State C

0.00
0.59
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.72
5.09
5.17
5.71

0.00 (0.00)
0.00(0.00-1.79)
0.00(0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00-0.63)
0.00 (0.00)
0.00 (0.00-2.20)
0.00 (0.00-2.20)
0.00(0.00-1.90)
0.00(0.00-1.26)

(0.00-1.09)
(0.00- 2.35)
(0.00-0.18)
(0.00-0.48)
(0.00- 0.97)
(0.00- 0.74)
(0.00-0.18)
(0.00)
(0.00-0.69)
(0.00- 0.55)
(0.00- 0.87)
(0.00- 8.84)
(1.46- 8.29)
(2.02-9.76)

LA» left arm; RA=right arm; LL=left leg; RL=rightleg.
Head position
A median of 52% of the real observation time was spent with the head turned to
the left (range 0-100%), against a median of 44% to the right (range 0-100%). A
head position with the head in the midline was rare (median 1 %, range 0-7%).
In state B a significantly higher percentage of time was spent with the head
to the left than in states A and C (p-values < 0.05). However, the significance
was low. No significant difference between the 3 states could be demonstrated
for a head position to the right or in the midline.
As the duration of a head position to the left or to the right could be
influenced by the presence of a dummy, the percentages were also calculated
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with exclusion of time spent sucking a dummy. This lead to a median percentage of 53% spent with the head turned to the left (range 0-100%) and a median
of 44% spent with the head turned to the right side (range 0-99%). No
significant difference between time spent with a head position to the left and
to the right could be demonstrated (Wilcoxon matched-pairs signed-ranks
test).
Genera/ mouemerrts
A median of 29% of the real observation time was spent in general movements
(range 5-68%). This percentage was highest in state C, with a median of 99%
of the total state C time spent in general movements. The median percentage
of time spent in general movements in states A and B was 9% (range 3-40%)
and 55% (range 26-77%) respectively. The differences in occurrence of general
movements between the states were statistically significant (p-values < 0.01).
Sfrefdies
The occurrence of stretches was rare. In the real observation time a median of
2 stretches was observed (rate/10 min.=0.17), with a minimum of 0 and a
maximum number of 15 stretches. They occurred significantly more in state
A, than in states B and C (both p-values 0.035). In state A the median rate of
occurrence was 0.30/10 min. (range 0.00-1.39/10 min.). In state B a median of
0.00/10 min. was observed (range 0.00-1.09/10 min.). In state C no stretches
were observed.
Stert/es
In the complete observation a median of 23 startles were seen (range 2-57). The
median rate of startles in state A was 2.44/10 min. (range 0.34-8.30/10 min.),
in state B 0.59 /10 min. (range 0.00-2.35). In state C startles were rare, with a
maximum rate of occurrence of 1.79/10 min. (median and minimum 0.00/10
min.). The difference in occurrence of startles between the 3 states was statistically significant (p-values <0.02).

Twitches of the arms occurred only sporadically with a median of 1 for each
arm in the complete observation session (range left arm 0-12; right arm 0-18).
They occurred significantly more often during sleep (state A) than during
wakefulness and crying. Only for the left arm the difference in occurrence
between sleep and wakefulness was not significant. No significant difference
existed between states B and C.
Twitches were seen more often in the legs than in the arms with a median
occurrence in the complete observation session of 18 for the left leg (range
0-72) and 17 (range 0-52) for the right leg. The rate of occurrence was highest
in state A (left leg median 1.74/10 min., right leg 1.68/10 min.). The median
rate of occurrence in state B was 0.00/10 min. for each leg. The difference
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between state A and B was statistically significant (p-values < 0.01). No
significant difference existed between state B and state C.
C/o«»
The occurrence of cloni of the arms was rare. In most infants no cloni were
observed during the complete observation session (range left arm 0-4; right
arm 0-2). The range of the rate of occurrence in state A was 0.00-1.16/10 min.
for each arm. In state B the range of the rate of occurrence was 0.00-0.18/10
min. for the left arm and 0.00-0.48/10 min. for the right arm. In state C no cloni
of the arms occurred. The only significant difference in occurrence of cloni
was found between states A and C.
Cloni were seen more often in the legs than in the arms with a median
number in the complete observation session of 2 for the left leg (range 0-27)
and 2 for the right leg (range 0-24). The rate of occurrence was highest in state
A (left leg median 0.27/10 min., range 0.00-0.75/10 min.; right leg median
0.17/10 min., range 0.00-1.55/10 min.). The median rate of occurrence in
states B and C was 0.00/10 min. for both legs. Statistical significance could
only be demonstrated for the difference between states A and C (p<0.05).
//mi? movements
Isolated arm movements occurred frequently during the complete observation session (left arm median 41, range 26-41; right arm median 53, range
27-96). They occurred significantly more often in states A and B than in state
C. The median rate of occurrence in state A was 2.92/10 min. for the left arm
(range 1.79-6.78/10 min.) and 3.14/10 min. for the right arm (range 1.248.87/10 min.). In state B, isolated movements of the left arm occurred with a
median of 3.72/10 min. (range 0.00-8.66). The median rate of occurrence for
the right arm was 5.09/10 min. (range 0.00-8.84). The occurrence in state C
was significantly lower (table 5.4). No significant difference in the rate of
occurrence of isolated arm movements between states A and state B could be
demonstrated.
Isolated leg movements occurred with a median of 53 for the left leg and 60
for the right leg during the complete observation session (left leg range
17-162); right leg range 34-154). They also occurred significantly more often in
States A and B than in state C. The median rate of occurrence in state A was
5.09/10 min. for the left leg (range 1.87-11.19/10 min.) and 4.77/10 min. for
the right leg (range 3.03-9.66/10 min.). In state B, isolated movements of the
left leg occurred with a median of 5.17/10 min. (range 1.46-8.29). The median
rate of occurrence for the right leg was 5.71/10 min. (range 2.02-9.76). No
difference in the rate of occurrence between states A and B could be
demonstrated for both legs.
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Hand-/ace contort
In state A a median of 1% and 0% was spent in hand-face contact of respectively the left hand (range 0-8%) and the right hand (range 0-6%). In state B a
median of 2% and 3% was spent in hand-face contact of respectively the left
hand (range 0-21%) and the right hand (range 0-10%). A median of 0% was
spent in hand-face contact of the left and right hand in state C. A significant
difference in the percentage of time spent in hand-face contact could only be
demonstrated for the left hand between state C and states A and B (p < 0.05).
contort
In state A a median of 0% was spent in hand-mouth contact of the left hand
(range 0-3%) and the right hand (range 0-36%). In state B a median of 1 % and
0% was spent in hand-mouth contact of respectively the left hand (range
0-25%) and the right hand (range 0-14%). A median of 0% was spent in
hand-mouth contact of the left and right hand in state C. Only the difference
between the occurrence of hand-mouth contact of the left hand in states B and
state C was statistically significant (p<0.05).
77» in/7«ence o/head posif/on on /imp mownrnfs
Firstly, the frequency of occurrence of limb movements during a left-sided
head position was compared to the frequency of occurrence of limb movements during a right-sided head position in infants who showed periods of
right-sided and periods of left-sided head position (10 infants).
A significantly higher percentage of time was spent with hand-mouth
contact of the left arm during a head position to the left than during a head
position to the right (p<0.05). Furthermore, during a left-sided head position,
isolated movements of the left leg occurred significantly more often than
during a right-sided head position (p<0.05). No other significant differences
in occurrence of limb movements between a right-sided and a left-sided head
position could be demonstrated.
Secondly, the frequency of occurrence of movements of the left arm and leg
was compared to the frequency of occurrence of movements of the right arm
and leg during a left- or right-sided head position (Wilcoxon-matched-pairs
signed-ranks test).
During a left-sided head position twitches occurred with a higher frequency in the right arm than in the left. Furthermore, cloni had a higher frequency
of occurrence in the left than in the right leg. However, these differences failed
to reach statistical significance. A significantly higher percentage of the time
with a left-sided head position was spent in hand-face and hand-mouth
contact of the left hand, than of the right hand (p<0.05). The only significant
difference between movements of the left and right extremities during a right
sided head position was the higher percentage of time spent in hand-mouth
contact of the right hand (p<0.05).
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1. No significant head position preference could be demonstrated in the AGA
infants.
2. In state C a significantly higher percentage of time was spent in general
movements than in states A and B. Furthermore, the percentage of time
spent in general movements in state B was significantly higher than in state
A. Startles, stretches and twitches occurred significantly more in state A
than in states B and C.
3. Head position influences the occurrence of hand-face and hand-mouth
contact. The hand on the side the head is turned to spent a higher percentage of time in contact with the face and/or the mouth than the contralateral
hand.
4. All movement patterns except hand-face and hand-mouth contact have a
symmetrical distribution, independent of the head position.
5.3

Posture

Fourteen infants were included in the final analysis of posture. One infant was
excluded from the postural analysis because, due to manipulation and frequent movements, the postural data were considered to be insufficient (< 10
minutes) for an analysis of (preference) posture (AGA infant 1). The median
number of postural data was 85 (range 14-154).
First the data on the complete posture were analyzed (analysis 1). Eleven
AGA infants (79%) showed a preference posture. However, these postures
were all different (Figure 5.2); there was no dominant group preference
posture. The median percentage of the postural observation time during
which the preference posture was observed was 11.8% (range 4.1-33.3%).
The median duration of the longest uninterrupted posture was 7 minutes
(range 2-17). The preference posture and the longest uninterrupted posture
were identical in 7 infants. Each infant had a wide postural repertoire, with a
median number of 35 (range 11-86) different postures. The most frequently
observed combinations of the position of both arms, both legs, left arm-left
leg, right arm-right leg, left arm-right leg and right arm-left leg, were calculated for every infant. No dominant group combination could be
demonstrated.
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Using a reduced number of classes in analyses 2 (considering only abduction/adduction and flexion/extension) and 3 (considering only flexion/extension), we were unable to demonstrate a dominant group preference
posture in this group. In analysis 4, however, considering only abduction and
adduction in shoulder and hip, a preference posture was found in 12 infants.
Nine of these infants (75%) showed a preference posture with all four limbs
in 0-90 degrees abduction.
Finally the four limbs were analyzed separately considering only abduction/adduction (analysis 5) and flexion/extension (analysis 6). With regard to
the degree of abduction and adduction of the four limbs there was a clear
preference for an abduction of 0-90 degrees of all four limbs (Figure 5.3). A
position with an abduction of 0-90 degrees occurred significantly more often
than all other categories of abduction/adduction in all limbs (Wilcoxon
matched-pairs signed-ranks test with Bonferroni correction, p-values < 0.05).
Only in the left leg was the difference between the occurrence of a position
with 0-90 degrees abduction and a position with an abduction of 90 degrees
not statistically significant.
With regard to the degree of flexion and extension of the elbows and knees,
there was considerable interindividual variability (Figure 5.4). However, a
fully extended position occurred significantly less often than the other
categories of flexion and extension (Wilcoxon matched-pair signed-ranks test
with Bonferroni correction, p-values < 0.05). Only in the right arm was the
difference between the occurrence of a fully extended and a partly flexed
position of the elbow not statistically significant.
Jn conc/usion:
1. There was a wide inter-individual variability in postural repertoire in
these full-term AGA infants.
2. Most of these AGA infants showed a real preference posture, but, there
was no group preference posture.
3. Considering the positions of the limbs separately, a preference for a position of 0-90 degrees abduction was demonstrated for all limbs.
5.4 Influence of head position change on body posture
A total number of 91 "pure" head turnings (without lateral, dorsal or ventral
flexion) were analyzed (median 2.5; range 0-18). Forty-eight head turnings
(53%) were directed to the right, 43 head turnings (47%) were directed to the
left. Of the total amount of 91 head turnings, 27 (30%) were noted during state
A, 56 (61%) during state B (9%) and eight during state C.
Five infants showed no spontaneous head turnings without lateral, dorsal
or ventral flexion. They were excluded from further analysis. Three of the
remaining 10 infants, showed only pure spontaneous head turnings to the
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/4bd.= abduction.
right. The other seven infants showed head turnings to the right as well as to
the left. The median number of head turnings in these ten infants was 10
(range 1-18).
Table 5.5 shows the relationship between the direction of the head turning
and the positional changes of the limbs. There was a wide intra- and interindividual variability with respect to the posiHonal changes of the limbs after a
spontaneous head turning, as can be concluded from the wide ranges of the
percentages of the occurrence of various positional changes.
Neither a head turning to the right nor a head turning to the left was
followed by a dominant reaction pattern of one of the four limbs. There were
no significant differences between the occurrence of flexion, extension or no
positional change (Wilcoxon matched-pairs signed-ranks test with Bonferroni
correction).
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ext.= /u//y extended, part. ext.= part/y extended, port. /lex. = part/y /ïexed, /M//. /7ex. = /«//y
/ïexed.
In table 5.6 the occurrence of several reaction patterns, such as the asymmetric tonic neck reflex (ATNR) as described in the literature (Magnus and de
Kleyn, 1912), and several derived patterns is shown. A wide interindividual
variability existed. A "pure" ATNR as described in the literature was rare. It
occurred only after 6 of the 91 head turnings (7%). No significant difference
between the occurrence of the ATNR, ATNR-derived patterns, and "no
change" could be demonstrated.
The number of pure head turnings per infant per state was variable. State
A: median 2 (0-8); state B: median 5 (0-11); state C: median 0 (0-6). The
occurrence of the ATNR and ATNR-derived patterns in the different states is
summarized in table 5.7. As most infants had a very small number of head
turnings per state, the data for all infants were pooled and no statistical
analysis was performed. However, the differences in the occurrence of the
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Pos/tona/ cfcan^cs o/ fne /imbs a/fer spontaneous neaa" turnings to tóe ngnf m 20
in/ante a«d (o tóe /e/ï in 7 AGi4 in/ante. Percentages o/ /lexion, extension and no
pos/fiona/ c/wnge (median,
d
head turning change
right

left

flexion
extension
no change
flexion
extension

no change

right

arm

29% (0-75)
33% (0-100)
33% (0-100)
57% (20-100)
14% (0-44)
33% (0-40)

left arm

right

37% (0-100)
23% (0-100)
25% (0-86)
27% (0-50)
40% (0-100)
29% (0-60)

leg

left leg

19% (0-100)
50% (0-100)
19% (0-66)
50% (20-100)
20% (0-40)
29% (0-50)

54% (0-100)
7% (0-100)
23% (0-66)
0% (0-20)
66% (29-100)
27% (0-57%)

TaWe 5.6 Frequency o/occurrence C% o/tota/ number o/head f u m i n g o/iwrrous patterns
o/positiona/ c/ianges a/ter a /lead turning in AGA in/ants, median f range).

Pattern

Frequency of
occurrence

No change
Extension face extremities + occiput extremities (ATNR)
Extension face extremities + flexion occiput arm
Extension face extremities + flexion occiput leg
Flexion occiput extremities + extension face arm
Flexion occiput extremities + extension face leg
Extension face extremities
Flexion occiput extremities
Extension face arm + flexion occiput arm
Extension face leg + flexion occiput leg
All other patterns

0%
0%
0%
7%
0%
0%
9%
4%
0%
0%
39.5%

(0-6)
(0-23)
(0-17)
(0-34)
(0-9)
(0-15)
(0-100)
(0-100)
(0-9)
(0-28)
(0^7)

ATNR and ATNR-derived patterns between the different states, as can be
seen in the table, were small.
The tonic character of the influence of a head turning on body posture was
investigated by studying the duration of the assumed position of the extremities after a head turning. In 72 head turnings (79%), the position assumed
after the head turning lasted less than one second. Four positions lasted 1 to
5 seconds, 3 positions lasted 6 to 10 seconds, 2 positions lasted 11 to 20 seconds
and 10 positions lasted more than 20 seconds. The duration of the 6 asymmetric tonic neck positions was less than 1 second in 4 positions, whereas the
other two positions lasted more than 20 seconds. From these results it may be
concluded that a possible influence of a head position change on body posture
was not tonic in character.
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Tob/e 5.7 Frequency of occurrence o/ mrious patterns o/ positona/ diangei; a/fcr a head
fuming in tóe different states (data /or a/I in/onfs are pooled).
State

Pattern

A

B

No change
Extension face extremities
+ occiput extremities (ATNR)
Extension face extremities
+ flexion occiput arm
Extension face extremities
+ flexion occiput leg
Flexion occiput extremities
+ extension face arm
Flexion occiput extremities
+ extension face leg
Extension face extremities
Flexion occiput extremities
Extension face arm
+ Flexion occiput arm
Extension face leg
+ Flexion occiput leg
All other patterns

•

1(2%)

2 (7%)
14 (52%)

3(5%)
23(41%)

2 (26%)
3 (39%)

40 (44%)

Total number of head turnings

27

56

8

91

C

Total
1(1%)

5(9%)

-

6(7%)

2(4%)

-

3(3%)

8 (14%)

1 (13%)

10(11%)

-

1(2%)

1 (13%)

2(2%)

2(7%)
3(11%)
4 (15%)

3(5%)
5(9%)
3(5%)

-

5(5%)
8(9%)
7(8%)

-

2(4%)

-

2 (2%)

1(4%)

1(4%)

7(8%)

The occurrence of an asymmetric neck posture in the resting postures was
studied. An asymmetric tonic neck posture (ATNP) was defined as a posture
in which the face-side extremities were relatively more extended than the
occiput-side extremities. All postures were classified as asymmetric tonic
neck posture (ATNP), asymmetric tonic neck position of arms, asymmetric
tonic neck position of legs or no ATNP. The median percentage of asymmetric
tonic neck postures was 6% (range 0-25%). The median percentage of an
ATNP of the arms was 24% (range 7-45%). The occurrence of an ATNP of the
legs ranged from 0% to 37% (median 19%). In a median percentage of 54%
(range 18-75%) no ATNP existed. The results for every infant are shown in
figure 5.5. Significant differences existed between the occurrence of the 4
classifications (Wilcoxon signed ranks test with Bonferroni correction, all
p-values < 0.05). Postures without any ATNP-derived pattern occurred in a
significantly higher percentage than postures with an ATNP or an ATNP of
arms or legs only. Furthermore, an ATNP occurred in a significantly lower
percentage than postures with an ATNP of arms or legs only. No significant
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difference existed between the occurrence of postures with an ATNP of the
arms and the occurrence of postures with an ATNP of the legs only.
/« conc/usibn:
1. The occurrence of an ATNR following a spontaneous head rumine in
full-term AGA infant is rare.
2. Considerable interindividual variability exists in the occurrence of several
ATNR-derived patterns. No significant flexion/extension pattern could be
demonstrated.
3. A possible influence of head turning on body position in AGA infants has
no tonic character. The majority of positions assumed after a spontaneous
head turning lasted less than one second.
5.5

Quality of movement

Gfnera/ amj/ysi's
A total number of 106 general movements could be judged regarding the
qualitative aspects of the movement. Thirty-two (30%) general movements
were observed in state A and 74 (70%) in state B. One infant did not show

in/awfs

general movements with a minimal duration of 20 seconds and was therefore
excluded from the analysis (AGA infant 11). The analysis thus included
general movements of 14 AGA infants.
There was a median number of 8 general movements per infant (range
2-15). The mean duration of the general movements per AGA infant ranged
from 31 to 75 seconds, median 40 seconds (table 5.8). The general movements
during state A and state B were analyzed separately. Five infants showed
general movements with a minimal duration of 20 seconds in both state A and
state B. Two infants showed general movements with a duration of more than
20 seconds in state A only, seven infants showed general movements in state
Bonly.
No significant differences existed in the mean duration of the general
movements, nor in the frequency of occurrence of the different categories per
item between state A and state B. Therefore, the general analysis was carried
out without taking into consideration the state of the infant.
In table 5.9 the relative frequency (median and range) of the different
categories per item are shown. All items, except item 3 and item 7, showed a
significant difference between the frequency of occurrence of their categories
(all p-values < 0.05).
The existence of significant correlations between the different items was
tested (Spearman rank-order correlation coefficient) to investigate whether
different patterns (types) of movement quality could be isolated from the total
group of general movements. The results are shown in table 5.10.
As any significant pattern would most likely be determined by the detailed
items of movement quality which showed significant mutual correlation, we
decided to use the items 3,9,10,11 and 12 in our search for different types of
movement quality. The global judgment is a complex integration of the more
detailed aspects of movement quality and is therefore already a certain classification of the movement quality. Therefore, this judgment was not considered in the search for different types of movement quality.
From the 106 general movements, 3 dominant patterns could be classified
(Table 5.11).
Type I general movements are characterized by a fluent performance of
the movement, with variable speed and amplitude. The movement pattern is
variable, which also holds true for the movement patterns of arms and legs
separately. The movements mostly have a smooth onset and end. The speed
may be predominantly fast or predominantly slow.
Type II general movements are fast movements with an abrupt and jerky
appearance. They are variable in speed and amplitude and they are complex
and variable, not stereotyped. Most of them have a predominantly large
amplitude.

61

i'n/ants
Tab/e 5.8 Date concerning t/ie genera/ ana/ysis o/ tne genera/ movements.
Number of infants included
Total number of general movements
Number of general movements in state A
Number of general movements in state B
General movements per infants (median, range)
Average duration (median, range)

14
106
32 (30%)
74 (70%)
8 (2-15)
40 (31-75)

TaWe 5.9 Re/afii>e/reawenoes (%) o/tne different categones per item. Median and range.
Category
1. Onset of movement

abrupt
smooth
2. Variability in speed
absent
present
3. Overall speed
predominantly fast
predominantly slow
4. Speed of arms compared to legs
higher
lower
equal
5. Force against gravity
absent
present
6. Variability in amplitude
absent
present
7. Overall amplitude
predominantly large
predominantly small
8. amplitude of arms compared to legs larger
smaller
equal
9. Fluency
not fluent: tremulous
flapping
abrupt, jerky
fluent
10. Variability in movement pattern
absent
present
11. Variability in arm patterns
absent
present
12. Variability in leg patterns
absent
present
13. Fine distal movements
absent
present
14. End of movement
absent
present
15. Global judgement
abnormal
normal
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Relative frequency
27% (0-50)
74% (50-100)
0% (0)
100% (0)
77% (0-100)
24% (0-100)
0% (0-17)
12% (0-64)
89% (36-100)
0% (0)
100% (0)
0%(0)
100% (0)
81% (0-100)
20% (0-100)
0% (0-33)
6% (0-67)
83% (33-100)
0% (0-10)
0%(0-ll)
25% (0-87)
71% (13-100)
0% (0-50)
100% (11-100)
19% (0-62)
82% (31-100)
0%(0-40)
100% (60-100)
0%(0)
100% (0)
0% (0-25)
100% (75-100)
14% (0-75)
87% (25-100)
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Tabfc 5.10 Signi/ïcant correlations (+ = p <0.05) between tne items o/ mowrmen/ quality.
ITEM

1

2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

3

4

5

6

7

8

9

10

11

-f
+
+

+
+
+

+
+

+

+

+

+

+

12

13

14

15

+

TaWe5.Il C/iaracteristics o/the types CMU) o/morement quality.

Type
Characteristic

I

II

III

Speed (3)
Fluency (9): fluent
abrupt,jerky
tremulous/flapping
variability in overall movement pattern (10)
variability in arm patterns (11)
variability in leg patterns (12)
Speed: fast (+), slow (-), fast or slow (±); all other characteristics: present (+), absent (-).

Type III general movements are characterized by an abrupt and jerky
performance. Furthermore, they have lost their variability and complexity in
the overall movement pattern, as well as in the patterns of arms and legs. It
makes a stereotyped impression. These movements mostly have a predominantly high speed and large amplitude.
All general movements which were characterized by another pattern of
quality of movement were judged "unclassified".
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Figure 5.6 Occurrence o/ tóe dj/jferenf types o/ ^ua/ify o/genera/ roowmente in tóe ,4G/1
in/anfs.
TaWe 5.22 Occurrence o/ di/jferenf movement types (%) in tóe AG/l infante. Median and
range.
Occurrence
median (range)
1
H
HI
Unclassified

67 (0-100)
17(0-100)
0 (0-33)
17 (0-46)

The frequency of occurrence of the general movement types was calculated
for the individual infants (figure 5.6). Median and range of the frequency of
occurrence of each type in the infants are shown in table 5.12.
Significant differences existed between the occurrence of the different
movement types (Friedman two-way analysis of variance, p<0.0001). Type I
movements occurred significantly more often than type II and III movements
(Wilcoxon matched-pairs signed-ranks test, p<0.01). Type II occurred more
often than type III movements (Wilcoxon matched-pairs siened-ranks test,
p<0.05).
*
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The frequency of occurrence of the different types of general movements in
states A and B were calculated. No significant differences between states A
and B existed (p>0.05).
The proportion of the total number of general movements of each type of
movement quality that was previously judged as normal or abnormal was
calculated. From type I 100% was judged as normal; 80% of the type II
movements were judged as normal. All type III movements were judged to be
abnormal.
/« conc/usion:
The normal repertoire of general movements in healthy full-term infants
consists of at least 3 different types of movement. Type I general movements
are characterized by a fluent performance of the movement, with variable
speed. The movement pattern is variable, not stereotyped. Type II general
movements are fast movements with an abrupt and jerky appearance. They
are complex and variable in pattern. Type III general movements are characterized by an abrupt and jerky performance. They have lost their variability
and complexity in movement pattern. Most of the movements have a
predominantly high speed.
5.6

Follow-up at the age of 9 months

The results of the neurological examination and the Bayley Scales of Infant
Development for each infant are shown in table 5.13. In the table also the
neonatal occurrence of the different types of movement quality is shown.
The results of the neurological examination were normal in all AGA infants
except infant 14. In this infant, an equinus position of both feet without
spontaneous dorsal flexion was observed. Furthermore, the tone in the lower
limbs was higher than in the upper limbs, in combination with higher tendon
reflexes in the lower limbs than in the upper limbs. No difference between left
and right limbs was observed.
Bay/ey Scales o/ /n/anf Deue/opmewf
The median Mental Developmental Index (MDI) was 106, ranging from 62 to
127. One of the infants had an MDI of 62, which is below the normal range
(infant 12). Another AGA infant had an MDI which was 127, which is well
above the normal range (infant 1).
The median Psychomotor Developmental Index (PDI) was 96 with a minimum of 78 and a maximum of 120. Two infants had a PDI below the normal
range (infant 5 and 6).

m/anfe
T«We 5.23 Fo/to^«p rcs«/fs at ffe ^e o/ 9 monffe m omfrinafim «»M ffe neonata/
nfc
'»"»•'"'»» «** «K occurrence o/Aft-renf typ» o/ mtmement f ua% in *GA
Infant N.N.E. Type I Type II Type III Unclassified MDI PDI
1
normal
80
0
0
20
127 105
normal
83
2
0
0
17
103 120
normal
55
3
0
0
45
104
%
normal
75
4
25
0
0
110 120
normal
63
5
13
11
13
104
78
normal
67
6
33
0
0
92
79
normal
75
7
25
0
0
110 110
normal
100
8
0
0
0
106 102
normal
67
9
22
11
0
108
91
normal
0
10
38
37
25
106
91
normal
56
12
11
11
22
62
87
normal
33
13
33
17
17
92
89
normal
13 33
14
33
21
107
85
0
normal
80
15
0
20
115 116

N.E. 9 months
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
normal
suspect
normal

N.N.E.: Neonatal Neurological Examination; N.E.: Neurological examination;
MDI: Mental Developmental Index; PDI: Psychomotor Developmental index.
To investigate whether there was significant correlation between the results
of the follow-up examination at the age of nine months and the neonatal
occurrence of the different types of movement quality (see section 5.5), Spearman rank correlations between the different movement types and the mental
(MDI) and psychomotor (PDI) developmental index at the age of nine months
were calculated.
A significantly positive correlation existed between the neonatal occurrence of type I general movements and the PDI at the age of 9 months
(correlation coefficient 0.6586, p<0.05). A significantly negative correlation
existed between the occurrence of type III general movements and the PDI at
9 months. No significant correlation existed between the different movement
types and the MDI at 9 months of age.
/n condusion:
1. Most AGA infants had normal neurological findings and normal results at
the Bayley Scales of Infant Development at the age of 9 months.
2. A significantly positive correlation existed between the neonatal occurrence of type I general movements and the PDI at the age of 9 months.
Furthermore, a significantly negative correlation existed between the
neonatal occurrence of type in general movements and the PDI at the age
of nine months.
°
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Chapter 6
Spontaneous motor behaviour in full-term small for
gestational age newborn infants
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Quantitative aspects of motor behaviour
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Follow-up at the age of 9 months
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6.1.

Neurological examination

In the SGA group the neurological examination was normal in eight infants
beven infants had deviant neurological findings: three infants showed slight
hyperexcitability (infant 2, 8 and 13); in one of them this was combined with
a preference position of head and eyes to the right (infant 13). Hypertonia was
found in one infant (infant 14), whereas one infant had hypertonia of the legs
only (infant 10). Two infants showed hypotonia (infant 6 and 12); one of them
also had jerky eye movements (infant 6).
6.2

Quantitative aspects of motor behaviour

The median duration of the complete observation session was 179.85 min
(range 120.57 to 191.53 min.). The total observation time of the 15 infants
together was 43 hours and 51 minutes. An example of an actogram is shown
in figure 6.1. During the observation session most infants had to be maniputeted several times due to nursing routines such as feeding and changing
diapers and persistent crying. The duration of manipulation per observation
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TaMe 6.1 Occurrence o/ di/jfrrent motwmmf patterns of trying duration dunn^tóernri
ofcertwribn time. Percentage (%) o/re»/ observation time, median (range).
Movement pattern

Percentage of real observation time

Head left
Head right
Head in midline
Dummy in
General movement
Hand-face contact left hand
Hand-face contactrighthand
Hand-mouth contact left hand
Hand-mouth contactrighthand

34% (0-98)
62% (1-100)
0% (0- 5)
9% (0-43)
43% (15-66)
5% (0-29)
7% (0-34)
0% (0-10)
0% (0-3)

session ranged from 13.63 to 99.35 min. (median 23.20 min.). As manipulation
might influence motility the manipulation time was excluded from the
analysis. The median duration of the remaining observation time was 150.73
min. (range 76.78 to 169.85 min.). All percentages and rates in this section are
calculated using the total observation time with subtraction of manipulation
time. This will be referred to as real observation time.
A significantly lower percentage of time was spent in state C than in states
A and B (p-values 0.0066 and 0.0045 respectively).
The median percentage of the real observation time spent in state A was
43% (range 6-100%). The median percentage of the real observation time spent
in state B was 44% (range 0-75%). The median percentage of the real observation time spent in state C was 9% (range 0-55%).
The occurrence of the different movement patterns and some other variables in the total observation session is shown in tables 6.1 and 6.2.
In tables 6.3 and 6.4 the occurrence of the movement patterns in the
different states is shown.
Head posif IOM
A median of 34% of the real observation time was spent with the head turned
to the left (range 0-98%), as opposed to a median of 62% to the right (range
1-100%). A head position with the head in the midline was rare (median 0%,
range 0-5%).
As the duration of a head position could be influenced by the presence of a
dummy, the percentages were also calculated with exclusion of time spent
sucking a dummy. This led to a median percentage of 53% spent with the head
turned to the left (range 0-100%) and a median of 44% spent with the head
turned to the right side (range 0-99%). No significant difference between time
spent with a head position to the left and to the right could be demonstrated
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TaWe 6.2 Occurrence of di^renf movement patterns o/ /mntaf durafion dunne tfce re«J
otoeruatton time. 7oto/ numfrer d « n ^ rea/ observation time, median (range).
Movement pattern

Total number

Stretch
Startle
Twitch left arm
Twitch right arm
Twitch left leg
Twitch right leg
Clonus left arm
Clonus right arm
Clonus left leg
Clonus right leg
Isolated left arm movement
Isolated right arm movement
Isolated left leg movement
Isolated right leg movement

2 (0-14)
12 (6-30)
1 (0.9)
0 (0-12)
9 (0-40)
8 (0-42)
0 (0)
0 (0-1)
1 (0-24)
2 (0- 9)
43 (13-101)
39 (11-148)
52 (19-152)
61 (23-146)

TaWe 6.3 Occurrence o/mocement paf terns o/i>arying duration m drflèrenf states. Percentage % o/tote/ time o/t/ie state concerned, median (range).
Movement pattern

State A

State B

State C

General movements
Hand-face contact LA
Hand-face contact RA
Hand-mouth contact LA
Hand-mouth contact RA

15% (2-32)
5% (0-38)
5% (0-33)
0%(0-12)
0%(0-5)

62% (28-71)
4% (0-36)
9% (0-45)
0%(0-16)
0%(0-27)

99(89-100)
1(0-9)
1(0-7)
0(0-12)
0(0-1)

LA= left arm; RA=right arm; LL=left leg; RL= right leg.

(Wilcoxon matched pairs signed ranks test). There was no significant difference in the percentages of time spent with the head on the left or right side
between states A, B or C.
Genera/ movements
A median of 43% of the real observation time was spent in general movements
(range 15-66%). This percentage was highest in state C, with a median percentage
of 99% (range 86-100%). The median percentage of time spent in general movements in states A and B was 15% and 62% respectively. The difference between
the three states was statistically significant (all p-values < 0.01).
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TaWe 6.4 OccMJTence o/ ranwnen* patterns o/ ii'miterf duration in
min. o/r«/ obsmwtion ttmi, metfuin (range).
Movement pattern
Stretch
Startle
Twitches LA
Twitches RA
Twitches LL
Twitches RL
Cloni LA
Cloni RA
Cloni LL
Cloni RL
Isolated movements LA
Isolated movements RA
Isolated movements LL
Isolated movements RL

State A

State B

0.27
1.84
0.17
0.00
1.16
1.04
0.00
0.00
0.00
0.15
3.35
2.56
5.31
5.23

0.00
0.43
0.00
0.00
0.00
0.11
0.00
0.00
0.00
0.00
3.47
3.14
3.10
3.51

(0.00-1.08)
(0.58-3.54)
(0.00-1.17)
(0.00-1.56)
(0.00- 5.36)
(0.00-5.21)
(0.00)
(0.00-0.13)
(0.00-2.14)
(0.00-1.17)
(0.00- 7.36)
(0.34-11.60)
(0.85-10.77)
(0.85-11.34)

(0.00-0.29)
(0.00-1.45)
(0.00- 0.12)
(0.00- 0.27)
(0.00-1.60)
(0.00-2.90)
(0.00)
(0.00)
(0.00-0.14)
(0.00- 0.27)
(0.00- 6.02)
(0.00-10.87)
(0.00- 6.97)
(0.00-10.15)

states. Rate/20
State C
0.00 (0.00)
0.00(0.00-1.09)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00-2.93)
0.00 (0.00-2.93)
0.00 (0.00-2.20)
0.00(0.00-1.47)

LA= left arm; RA=right arm; LL=left leg; RL= right leg.

Sfrefc/zes
The occurrence of stretches was rare. In the real observation time a median of
2 stretches was observed (media rate/10 min.=0.13), with a minimum of 0 and
a maximum number of 14 stretches. Stretches occurred significantly more
often in state A (median 0.27/10 min., range 0.00-1.08/10 min.) than in states
B (median of 0.00/10 min., range 0.00-1.09/10 min.) and C. None of the infants
showed stretches in state C.
Sterf fes

In the complete observation a median of 12 startles was seen (range 6-30). The
median rate of startles in state A was 1.84/10 min. (range 0.58-3.54/10 min.),
in state B 0.43 /10 min. (range 0.00-1.45). In state C startles were rare, with a
maximum rate of occurrence of 1.09/10 min. (median and minimum 0.00/10
min.). The difference in occurrence of startles between state A and states B and
C was statistically significant (p-values <0.01), just like the difference between
state B and state C.
Twitches of the arms occurred sporadically with a median of 1 in the complete
observation session (range left arm 0-9; right arm 0-12).
They occurred more often during sleep (state A), with a median rate of
occurrence of 0.17 and 0.00/10 min. for the left and right arm respectively,
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than during wakefulness (state B) and crying (state C). The difference between
state A and states B and C was significant only for the left arm.
Twitches were seen more often in the legs than in the arms with a median
occurrence in the complete observation session of 9 for the left leg (range 0-40)
and 8 (range 0-42) for the right leg. The rate of occurrence was highest in state
A (left leg median 1.16/10 min., right leg median 1.04/10 min.). The difference
between state A and states B and C was statistically significant for both legs
(p <0 01). The difference between states B and C was significant only for the
right leg.
C/oni
The occurrence of cloni of the arms was rare. In most infants no cloni were
observed during the complete observation session (left arm: cloni in none of
the infants, right arm: range 0-1). Cloni were seen more often in the legs than
in the arms with a median occurrence in the complete observation session of
1 for the left leg (range 0-24) and 2 for the right leg (range 0-9). The rate of
occurrence was slightly higher in state A . For the left leg no significant
difference between the three states could be demonstrated. For the right leg
only the difference between the rate of occurrence in state A (median 0.15/10
mm.) and state C (median 0.00/10 min.) was significant (p<0.05).
mouemenfs
Isolated arm movements occurred frequently during the complete observation session (left arm median 43, range 13-101; right arm median 39, range
11-148). In both arms they occurred significantly less in state C than in states
A and B. No significant difference could be demonstrated between states A
and B. The median rate of occurrence in state A was 3.35/10 min. for the left
arm and 2.56/10 min. for the right arm. In state B, isolated movements of the
left arm occurred with a median of 3.47/10 min. (range 0.00-6.02). The median
rate of occurrence for the right arm was 3.14/10 min. (range 0.00-10.87). The
rate of isolated left and right arm movements in state C was generally low
with a median of 0.00/10 min. (range 0.00-2.93/10 min. for both arms).
Isolated leg movements occurred with a median of 52 for the left leg and 61
for the right leg during the complete observation session (left leg range 19-152;
right leg range 23-146). In both legs they occurred significantly less often in
state C than in states A and B. The median rate of occurrence in state A was
5.31/10 min. for the left leg (range 0.85-10.77/10 min.) and 5.23/10 min. for
the right leg (range 0.85-11.34/10 min.). In state B, isolated movements of the
left leg occurred with a median of 3.10 min. (range 0.00-6.97). The median rate
of occurrence for the right leg was 3.51/10 min. (range 0.00-10.15). The
difference between states A and B was not statistically significant. The occurrence of isolated leg movements in state C was rare in most of the infants with
a median of 0.00/10 min. for both legs (left leg range 0.00-2.20/10 min.; right
leg 0.00-1.47/10 min.)-
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Hand-/ace contacf
A significant difference existed in the percentage of time spent in hand-face
contact of the left hand between states B and C only, of the right hand between
all three states. In state A a median of 5% was spent in hand-face contact of
the left hand (range 0-38%) and the right hand (range 0-33%). In state B a
median of 4% and 9% was spent in hand-face contact of respectively the left
hand (range 0-36%) and the right hand (range 0-45%). A median of 1% was
spent in hand-face contact of the left and right hand in state C.
Hand-mowfn confacf
In state A median of 0% was spent in hand-mouth contact of the left hand
(range 0-12%) and the right hand (range 0-5%). In state B median of 0% was
spent in hand-mouth contact of the left hand (range 0-16%) and the right hand
(range 0-27%). A median of 0% was spent in hand-mouth contact of the left
and right hand in state C. The difference between the three states was not
statistically significant.
TTie «n/luence o/fteadposition on /imb mowmenfs
Firstly, the frequency of occurrence of limb movements during a left-sided
head position was compared to the frequency of occurrence of limb movements during a right-sided head position in infants who showed both periods
with the head turned to the left, and periods with the head turned to the right
(8 infants).
Significant differences could be demonstrated between the percentage of
time spent in hand-mouth contact of the left and right arm during a right or
left-sided head position. A significantly higher percentage of time was spent
with hand-mouth contact of the left arm during a head position to the left than
during a head position to the right (Wilcoxon signed ranks test, p<0.05).
Furthermore, a significantly higher percentage of time was spent with handmouth contact of the right arm during a head position to the right than during
a head position to the left (Wilcoxon signed ranks test, p<0.05). No other
significant differences between a right-sided and left-sided head position
could be demonstrated.
Secondly, the frequency of occurrence of movements of left arm and leg
was compared to the frequency of occurrence of movements of right arm and
leg during a left- or right-sided head position (Wilcoxon matched pairs signed
ranks test).
A significantly higher percentage of the time with a left-sided head position
was spent in hand-face and hand-mouth contact of the left hand than of the
right hand (p-values 0.01).
During a right-sided head position isolated movements of the left arm had
a significantly higher rate of occurrence (median 2.88/10 min.) than isolated
movements of the right arm (median 1.98/10 min.). Furthermore, a higher
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percentage of time was spent in hand-mouth contact of the right hand than of
the left hand (p< 0.01).

1. No significant head position preference could be demonstrated in the SGA
infants.
2. In state C a significantly higher percentage of time was spent in general
movements than in states A and B. Furthermore, the percentage of time
spent in general movements was significantly higher in state B than in state
A. Startles, stretches and twitches of the legs occurred significantly more
in state A than in states B and C. Isolated movements occurred more often
in states A and B than in state C.
3. Head position influences hand-mouth contact. The hand on the side that
the head is turned to spends a higher percentage of time in contact with
the mouth than the contralateral hand.
4. All movement patterns except hand-face and hand-mouth contact show a
symmetrical distribution, independent of head position.
6.3

Posture

Fourteen infants were included in the final analysis of posture. One SGA
infant was excluded from the postural analysis because, due to manipulation
and frequent movements, the postural data were considered to be insufficient
(< 10 minutes) for analysis of (preference) posture (SGA infant 13). The
median number of postural data was 57 (range 11-123).
Considering the complete posture, 11 infants (79%) showed a preference
posture. The postures were all different (Figure 6.2); there was no dominant
group preference posture.
The median percentage of the postural observation time during which the
preference posture was observed was 16 (6-43).
The median duration of the longest uninterrupted posture was 7 minutes
(2-13). The preference posture and the longest uninterrupted posture were
identical in 7 infants. Each infant had a wide postural repertoire, with a
median number of 26 different postures (range 7-61).
The most frequently observed combinations of the positions of 2 limbs were
calculated for every infant. In 10 infants (71%), the most frequently occurring
combination of left and right arm was a combination in which both arms were
abducted 0-90 degrees, externally rotated in the shoulder and fully flexed (<
60 degrees) in the elbow. No other dominant group combinations could be
demonstrated.
Using a reduced number of classes in analyses 2 and 3, no dominant group
preference posture could be demonstrated. In analysis 4, considering only
abduction and adduction in shoulder and hip, a preference posture was found
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Figure 6 J Pre^rrence posfure o//w/f-fmn SGA in/nnfs.
in 10 SGA infants. Nine of these SGA infants (90%) showed a preference
posture with all four limbs in 0-90 degrees abduction.
The four limbs were analyzed separately considering abduction /adduction
(analysis 5) and flexion/extension (analysis 6). With regard to the degree of
abduction and adduction of the four limbs there was a clear preference for an
abduction of 0-90 degrees of all four limbs (Figure 6.3). A position with an
abduction of 0-90 degrees occurred significantly more often than all other
categories of abduction/adduction in all limbs (p<0.05).
With regard to the degree of flexion and extension of elbows and knees,
there was considerable interindividual variability (Figure 6.4). However, a
fully extended position occurred significantly less often than the other
categories of flexion and extension (p<0.05). Only in the left arm no significant
difference existed between the occurrence of a fully extended and a partly
extended position of the elbow. Furthermore, in the left elbow a fully flexed
position occurred significantly more often than all other categories of
flexion/extension (Wilcoxon matched pairs signed ranks test with Bonferroni
correction, p<0.05).
Jn conc/wsion:
1. There was a wide inter-individual variability in postural repertoire in
full-term SGA infants.
2. Most SGA infants showed a real preference posture, but, there was no
group preference posture.
3. Considering the positions of the limbs separately, a preference for a position of 0-90 degrees abduction was demonstrated for all limbs.
6.4

Influence of head position change on body posture

A total of 96 "pure" head turnings (without lateral, dorsal or ventral flexion)
were analyzed (median 0.5; range 0-36). Fifty-two head turnings (54%) were
directed to the right, 44 head turnings (46%) were directed to the left. Of the
total amount of 96 head turnings, 34 were noted during state A, 53 during
state B and nine during state C.
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Seven infants showed no spontaneous head turnings without lateral, dorsal
or ventral flexion. They were excluded from further analysis. The median
number of head turnings of the remaining 8 infants was 6, with a minimum
of 1 and a maximum of 36 head turnings. One infant showed only pure
spontaneous head turnings to the right, whereas one infant showed only pure
spontaneous head turnings to the left. The other 6 infants showed head
turnings both to the right and to the left.
Table 6.5 shows the relationship between the direction of the head turning
and the positional changes of the limbs. There was a wide intra- and interindividual variability.

«J**Ü?L* *T"* *"™*"* to the right nor a head turning to the left was
followed by a dominant reaction pattern of one of the four limbs. There were
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Figure 6.4 Degree o//ïexzon and extension o/ tóe /bwr /»mbs «n /«//-ferm SG/l in/ants.
FM//. exf .= ^<//y extended, part. ext.= part/y extended, port. //ex. = part/y /Jexed, /u//. /lex.
/u//y flexed.

no significant differences between the occurrence of flexion, extension or no
positional change (Wilcoxon matched-pairs signed-ranks test with Bonferroni
correction p> 0.05).
A wide interindividual variability was found in the occurrence of several
reaction patterns, such as asymmetric tonic neck reaction (ATNR) as
described in the literature (Magnus and de Kleyn 1912), and several ATNRderived patterns (table 6.6). No significant differences between the occurrence
of the ATNR, ATNR-derived patterns, and "no change" could be
demonstrated. An ATNR occurred after 9 of the 96 head turnings (9%). The
number of head turnings per infant per state was very variable. State A:
median 1 (0-24); state B: median 6 (0-20); state C: median 0 (0-6). The occurrence of the ATNR and ATNR-derived patterns in the different states is
summarized in table 6.7. As most infants had a very small number of head
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Pos/ftonai c/wn^es o/fhe /imfcs a/ter spontaneous n#«f turnings to fne n^nf and to
f/ie /eft in 7 SGA in/anfs. Percentages o//üe«on, extension and no positional c/wn^e (median,
range).
head turning change

right arm

left arm

right leg

left leg

right

23% (0-33)
50% (0-100)
29% (0-67)
33% (0-100)
19% (0-100)
17% (0-100)

33% (0-100)
25% (0-67)
36% (0-50)
22% (0-50)
50% (0-100)
25% (0-100)

0% (0-43)
54% (0-100)
14% (0-100)
48% (0-100)
0% (0-24)
38% (0-100)

57% (0-100)
14% (0-67)
29% (0-50)
17% (0-100)
63% (0-100)
13% (0-31%)

left

flexion
extension
no change
flexion
extension
no change

turnings per state, the data for all infants were pooled and no statistical
analysis was performed. However, the differences in the occurrence of the
ATNR and ATNR-derived patterns between the different states, as shown in
the table, were small.
The tonic character of the influence of a head turning on body posture was
studied by observing the duration of the assumed position of the extremities
after a head turning. In 92 head turnings (96%), the position assumed after the
head turning lasted less than one second. One position lasted 6 to 10 seconds,
2 positions lasted 11 to 20 seconds and 1 position lasted more than 20 seconds.
The duration of the 9 asymmetric tonic neck positions was less than 1 second
in 8 positions, whereas one position lasted more than 10 seconds. It could be
concluded that a possible influence of a head position change on body posture
in this group of infants was not tonic in character.
The occurrence of an asymmetric neck posture in the resting postures
(section 6.1) was studied. An asymmetric tonic neck posture (ATNP) was
defined as a posture in which the face-side extremities were relatively more
extended than the occiput-side extremities. All postures were classified as
asymmetric tonic neck posture (ATNP), asymmetric tonic neck position of
arms, asymmetric tonic neck position of legs or no ATNP.
The median percentage of asymmetric tonic neck postures was 13% (range
0-28%). The median percentage of an ATNP of the arms was 18% (range
0-54%). The occurrence of an ATNP of the legs ranged from 0% to 50%
(median 14%). In a median percentage of 51% (range 18-86%) no ATNP
existed.
The results for each infant are shown in figure 6.5.
Postures without any ATNP-derived pattern occurred in a significantly
higher percentage than postures with an ATNP or an ATNP of arms or legs
(Wilcoxon matched-pairs signed-ranks test with Bonferroni correction, p <
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ToWe 6.6 Fre^uCTicy cooccurrence (% of fote/ nMmber of /wad furnm^s) o/iwriows
of posifioru/ c/wnges a/ïer a taad turning, median Cran^e).

Pattern

Frequency of occurrence

No change
Extension face extremities* occiput extremities (ATNR)
Extension face extremities* flexion occiput arm
Extension face extremities* flexion occiput leg
Flexion occiput extremities* extension face arm
Flexion occiput extremities* extension face leg
Extension face extremities
Flexion occiput extremities
Extension face arm + Flexion occiput arm
Extension face leg* Flexion occiput leg
All other patterns

0% (0)
11 % (0-50)
0% (0-13)
0% (0-15)
0% (0-20)
0% (0-6)
11 % (0-100)
0% (0-8)
0% (0-3)
0% (0-8)
50% (0-100)

Tab/e 6.7 Frequency o/ occurrence o/ oon'ous paffrms of posifiona/ changes a/ier a «earf
turning in (ne different states ((iata o/a// in/anfs are poo/ejj.
State
Pattern

Total

B

No change
Extension face extremities
+ occiput extremities (ATNR)
Extension face extremities
+ flexion occiput arm
Extension face extremities
+ flexion occiput leg
Flexion occiput extremities
+ extension face arm
Flexion occiput extremities
+ extension face leg
Extension face extremities
Flexion occiput extremities
Extension face arm
+ flexion occiput arm
Extension face leg
+ flexion occiput leg
All other patterns

1 (3%)
18 (53%)

4 (8%)
26 (49%)

Total number of head turnings

53

36

4 (12%)

5(9%)

-

9(9%)

1 (3%)

-

-

1(1%)

2 (6%)

5 (9%)

1 (11%)

8 (8%)

1 (3%)

1 (2%)

1 (11%)

3(3%)

2 (6%)
2(6%)
3(9%)

2 (4%)
8 (15%)
1(2%)

2 (22%)
1 (11%)

4 (4%)
12 (13%)
5(5%)

-

1 (2%)

1 (11%)
3 (33%)

1(1%)
6(6%)
43 (49%)
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0.05). No significant differences existed between the occurrence of an ATNP,
of an ATNP of the arms and of an ATNP of the legs only.
/« conc/usion:

1. The occurrence of an ATNR following a spontaneous head turning in
full-term SGA infants is rare.
2. Considerable interindividual variability exists in the occurrence of several
ATNR-derived patterns. No significant flexion/extension pattern could be
demonstrated.
3. The majority of positions assumed after a spontaneous head turning lasted
less than one second.
6.5

Quality of movement

Genera/
One hundred and eighty-seven general movements could be judged with
regard to the qualitative aspects of the movement. Twenty-four general movements (13%) were observed in state A and 163 (87%) in state B. There was a
median number of 13 general movements (range 2-16) in this group. The mean
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Tabfc 6.# Dato conarrmng the gfnera/ ana/ysis o/ fJie genera/ mowmenfs.
Number of infants included
Total number of general movements
number of general movements in state A
number of general movements in state B
general movements per infants (median, range)
average duration (median, range)

15
187
24 (13%)
163 (87%)
13 (2-16)
52 (36-67)

duration of the general movements per infant ranged from 36 to 67 seconds
(median 52 seconds) (table 6.8).
The general movements during state A and state B were analyzed separately. Six infants showed general movements with a minimal duration of 20
seconds in both state A and state B. One infant showed general movements
with a duration of more than 20 seconds in state A only, 8 infants showed
general movements in state B only.
There were no significant differences in the mean duration of the general
movements, nor in the frequencies of occurrence of the different categories
per item between state A and state B (Wilcoxon matched pairs signed ranks
test, p>0.05). Therefore, the general analysis was carried out without taking
into consideration the state of the infant.
In table 6.9 the relative frequencies (median and range) of the different
categories per item are shown. All items except the items 3,10,11,12 and 15
showed significant differences between the frequency of occurrence of their
categories (p<0.05).
ana/ysis
In this group of infants the same items as in the AGA infants (items 3, 9,10,
11 and 12) were used in the search for different types of movement quality.
From the 187 general movements in the SGA group, 5 dominant patterns
could be isolated. Three of them were identical to the 3 patterns classified in
the AGA group (table 6.10, type I, II and III). The remaining 2 patterns (table
6.10, type IV and V) were not seen in the AGA infants.
Type I general movements are characterized by a fluent performance of the
movement, with variable speed and amplitude. The movement pattern is
variable, which also holds true for the movement patterns of arms and legs
separately. The movements mostly have a smooth onset and end. The speed
may be predominantly fast or predominantly slow.
Type II general movements are fast movements with an abrupt and jerky
appearance. They are variable in speed and amplitude and they are complex
and variable, not stereotyped. Most of them have a predominantly large
amplitude.
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Tab/e 6.9 Relflfj'üe /requenries (%) o///ie different categories per item. Median and range.
Item
1. Onset of movement

Category

abrupt
smooth
2. Variability in speed
absent
present
3. Overall speed
predominantly fast
predominantly slow
4. Speed of arms compared to legs
higher
lower
equal
5. Force against gravity
absent
present
6. Variability in amplitude
absent
present
7. Overall amplitude
predominantly large
predominantly small
8. amplitude of arms compared to legs larger
smaller
equal
9. Fluency
not fluent: tremulous
flapping
abrupt, jerky
fluent
10. Variability in movement pattern
absent
present
11. Variability in arm patterns
absent
present
12. Variability in leg patterns
absent
present
13. Fine distal movements
absent
present
14. End of movement
absent
present
15. Global judgement
abnormal
normal
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Relative frequency
9% (0-44)
91% (13-100)
0% (0-8)
100% (92-100)
50% (0-94)
50% (6-100)
0% (0-50)
0% (0-62)
93% (38-100)
0% (0)
100% (0)
0% (0)
100% (0)
67% (31-100)
33% (0-69)
8% (0-100)
8% (0-69)
67% (0-100)
17% (0-92)
0% (0-67)
8% (0-62)
56% (0-100)
50% (0-100)
50% (0-100)
69% (0-100)
31% (0-100)
50% (0-100)
50% (0-100)
0%(0)
100% (0)
0% (0-9)
100% (91-100)
50% (0-100)
50% (0-100)

in/ante
Tatk 6.10 C/uracifrisf ics o/ tfurrypes (I- V) o/ motwimf quality.

Type
Characteristic

Speed (3)
Fluency (9):

fluent

abrupt,jerky
tremulous /flapping
variability in overall movement pattern (10)
variability inarm patterns (11)
variability in leg patterns (12)

I

II

III

IV

V

±
•

+

+

+

±

+

+

+
+
+

-

+
+
+

-

+
-

Speed: fast (+), slow (-), fast or slow (±); all other characteristics: present (+), absent (-).
Type III general movements are characterized by an abrupt and jerky
performance. Furthermore, they have lost their variability and complexity in
the overall movement pattern, as well as in the patterns of arms and legs, they
make a stereotyped impression. Mostly the movements have a predominantly
high speed and large amplitude.
Type IV general movements are performed fluently with a predominantly
slow speed. They are stereotyped, without variability in the overall movement pattern and in the patterns of arms and legs.
Type V general movements are performed tremulous, sometimes flapping, with a stereotyped character. There is no variability in the overall
movement pattern, nor in the patterns of arms and legs. They may have a fast
or slow speed.
All general movements with another pattern of movement quality were
judged "unclassified". The frequency of occurrence of the general movement
types was calculated for the individual infants (figure 6.6). Median and range
of the frequency of occurrence of each type in the SGA group are shown in
table 6.11.
Significant differences between the occurrence of the types of general movements existed in the SGA infants (Friedman two-way analysis of variance
p<0.05). Type I general movements occurred significantly more often than
type II, III and IV (Wilcoxon matched-pairs signed-ranks test p <0.005). Type
V general movements occurred significantly more often than type IV general
movements in this group (Wilcoxon matched-pairs signed-ranks test p<0.05).
The frequency of occurrence of the different types of general movements in
states A and B were calculated. No significant differences between states A
and 6 existed.
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Tatte 6.22 Occurrence o/ di/jferent movement types (%) in tne S&4 in^jnfs. Median and
range.
Type

Occurrence
median (range)

I
II
UI
IV
V

25 (0-100)
0(0-44)
0(0-56)
0 (0-27)
25(0-38)
19 (0-69)

Unclassified

The proportion of the total number of general movements of each type of
movement quality that was previously judged as normal or abnormal was
calculated. From type I, 100% was judged as normal. 75% of the type II
movements were judged as normal. All type III movements were judged to be
abnormal. Thirty-one percent of the type IV movements were judged to be
normal. All type V movements were judged to be abnormal.
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Jn conc/usion:
The repertoire of general movements in full-term SGA infants consists of at
least 5 different types of movement. Three of them were identical to the
movement types identified in the AGA infants (type I, II and III). The remaining two patterns (IV and V) were unique for the SGA infants. Type IV general
movements are performed fluently with a predominantly slow speed. They
are stereotyped, without variability in the overall movement pattern and in
the patterns of arms and legs. Type V general movements are performed
tremulously, sometimes flapping, with a stereotyped character. They may
have a fast or slow speed.
6.6

Follow-up at the age of 9 months

The results of the neurological examination and the Bayley Scales of Infant
Development for each infant are shown in table 6.12.
Due to social circumstances follow-up results of infant number 10 could not
be obtained. Furthermore, due to organisational problems the results of the
neurological examination of infant number 5 are missing.
Newro/ogica/ examination
The neurological examination was normal in 10 SGA infants. Three infants
had deviant neurological findings. Infant 6 showed a dominant extension
pattern of the legs. In infant 7 a distinct plagiocephalia existed, probably due
to a head position preference to the right. Infant 11 had developed a slight
right hemiplegia with a higher tone of the right limbs compared to the left
limbs.
Bay/ey Sca/cs o/ Jn/aMf DeueJopmenf
The median Mental Developmental Index (MDI) was 105, ranging from 64 to
130. One of the infants had an MDI of 64, which is below the normal range
(infant 6). SGA infant 3 had an MDI which was 130, which is well above the
normal range.
The median Psychomotor Developmental Index (PDI) was 96 with a minimum of 73 and a maximum of 132. Two infants had a PDI below the normal
range (infants 3 and 11), whereas two others had a PDI above the normal
range (infants 4 and 7).
In order to investigate whether there was a significant correlation between the
results of the follow-up examination at the age of nine months and the
neonatal occurrence of the different movement types (see section 6.5), Spearman rank correlations between the occurrence of different movement types
and the mental (MDI) and psychomotor (PDI) developmental index at the age
of 9 months were calculated.
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6.12 Fo//cw-up resu/fs af fne age o/ 9 monf/is m awnWnafion IOTM tóe neonate/
neuro/og/ca/ exam/mitow amf /to» occurrence o/different fypes o/mooemenf <jnfl/ity in SGi4
m/anfs.

Infant N.N.E
1
2
3
4

normal
suspect
normal
normal

5

normal
suspect
normal
suspect
normal
normal
suspect

6

7
8
9
11
12
13

suspect

14
15

suspect
normal

type type
II
I
0
56
0
13
50
36
67
0
25
36
19
0
100
6

0
44
8
0
0

0
13

0
6
0
6
0
0

25

type
III
0
0
31
31
0
0
7
0
56

0
6

8
0
6

type type unclas- MDI PDI
V sified
IV

N.E.
9 months

0
0
0
13
8
27
0
8
0
0
0
0
0
0

normal
normal
normal
normal
?
suspect
suspect
normal
normal

50
0
46
25
8
27
0
83
0
36
0

58

50
0
23
18
34
10
13
9
13
28
69
34

0
38

25

0

93
112
130
108
99
64
119
93
119
106
100
103
108
104

114
96
73
132
81
81
127
%
100
77
96
85
109
96

suspect
normal
normal
normal
normal

N.N.E: Neonatal neurological examination; N.E.:Neurological examination; MDI:
Mental Developmental Index; PDI: Psychomotor Developmental Index.
No significant correlation between the occurrence of one of the 5 movement
types and the PDI at the age of nine months could be demonstrated. However,
for the MDI a significant positive correlation with type II (correlation coefficient 0.6105, p=0.03) and type III (correlation coefficient 0.5941, p=0.03) was
found.
Jn COMC/MSIOW:

1. Most SGA infants had normal neurological findings and normal results at
the Bayley Scales of Infant Development at the age of nine months.
2. No significant correlations existed between the neonatal occurrence of the
5 different types of movement quality and the PDI at the age of nine
months. However, for the MDI a significant positive correlation with type
II and type HI was found.
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7.1

Neurological examination

Since deviant neonatal neurological findings were an exclusion criterion for
the AGA infants, all infants in the AGA group had a normal neonatal
neurological examination. In the SGA group 7 infants (47%) had deviant
neonatal neurological findings.
7.2

Quantitative aspects of motor behaviour

There was no significant difference between the two groups of infants considering the duration of the complete observation session, nor considering the
real observation time (=observation time with exclusion of manipulation
time).
No significant difference existed between the two groups considering the
percentage of time spent in states A, B and C.
Head posit/on
No significant difference existed between the AGA and SGA infants when
considering the percentage of the real observation time and of the real observation time with exclusion of the time when sucking a dummy, spent with a
head position to the right, left or in the middle.
There was no significant difference between AGA and SGA infants considering the percentages of time spent with the head turned to the left, to the
right or in the midline in the three states.
Genera/ ana/ysis wif/iowf considering ffte sfafe of ffce m/anfs
Considering the duration or frequency of occurrence of the different movement patterns in the real observation time, two significant differences were
found.
Firstly, the percentage of time spent with hand-face contact of the right arm
was significantly higher in SGA infants (p<0.01). This could not be explained
by a higher percentage of time spent with the head to the right in SGA infants,
as no significant difference in the percentage of time spent with the head to
the right between the two groups existed, as was mentioned earlier.
Secondly, in the AGA infants, a significantly higher rate of occurrence of
startles existed (median 1.67/10 minutes against 0.98/10 minutes in SGA
infants; p<0.05).
No other significant differences could be demonstrated.
The only significant difference between the two groups, found in this state,
was the percentage of time spent with hand-face contact of the right hand,
which was significantly higher in SGA infants (p< 0.001). No other significant
differences between the two groups could be demonstrated when considering
state A separately. Twitches of the right arm occurred more in the AGA
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infante, however, this difference failed to reach statistical significance. The
significant difference in the occurrence of startles between the AGA and SGA
infante, as was found in the general analysis, could not be demonstrated in
this state.
B
During wakefulness, the SGA infante spent a significantly higher percentage
of time in hand-face contact of the right hand (p< 0.05), as was also
demonstrated for the general analysis and for state A. No other differences
between the AGA and SGA infante were found, although the percentage of
time spent in general movements and the rate of occurrence of twitches of the
right leg was higher in SGA infants (p=0.089 and 0.088 resp.), and the rate of
occurrence of isolated left leg movements was higher in AGA infants
(p=0.089). However, these differences failed to reach statistical significance.
C
No significant differences in the occurrence of different movement patterns
between AGA and SGA infants during crying could be demonstrated.
m/Iuence o/fcoidposifion on /imb moiwnente
An influence of head position on symmetry of limb movement was
demonstrated for the percentage of observation time spent in hand-face or
hand-mouth contact, which was generally higher for the hand ipsilateral to
the face in both groups. In the SGA group, during a right-sided head position,
significantly more isolated movements occurred in the left arm than in the
right arm. In the AGA group this difference could not be demonstrated. In
both groups of infants all other movement patterns showed a symmetrical
distribution independent of head position.
Jn conc/Ksion:
1. The percentage of time spent in hand-face contact of the right hand was
significantly higher in the SGA group, independent of the state of the
infant. The difference was not explained by a difference in percentage of
time spent with the head to the right.
2. A significantly higher rate of occurrence of startles was found in the AGA
infante. However, the difference could not be demonstrated in the analysis
of each state separately.
7.3

Posture

Fourteen infante of each group were included in the final analysis of posture.
There was no significant difference between the two groups in the number of
postural data (AGA group: median 85, range 14-154; SGA group median 57,
range 11-123; p=0.09).
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In both groups, 11 infants (79%) showed a preference posture (analysis 1).
There was no dominant group preference posture in either of the groups.
When considering the median percentage of the postural observation time
during which the preference posture was observed, no significant difference
between the two groups existed (p=0.12). Each infant had a wide postural
repertoire, with a median number of 35 different postures in the AGA group
and 26 in the SGA group (p=0.12).
In 10 infants in the SGA group (71%), the most frequently occurring combination of left and right arm position was a posture in which both arms were
abducted 0-90 degrees, externally rotated in the shoulder and fully flexed (<
60 degrees) in the elbow. There was no such dominant group combination in
the AGA group. Neither in the SGA nor in the AGA group could other
dominant group combinations be demonstrated.
Using a reduced number of classes (analyses 2 and 3), we were unable to
demonstrate a dominant group preference posture in either of the groups. In
analysis 4, considering only abduction and adduction in shoulder and hip, a
preference posture was found in 12 AGA and 10 SGA infants. Of these infants
9 AGA (75%) and 9 SGA (90%) showed a preference posture with all four
limbs in 0-90 degrees abduction.
In the separate analysis of the four limbs considering only abduction /adduction (analysis 5) a preference for an abduction of 0-90 degrees of all four limbs
in both groups was found. There were no significant differences in the degree
of abduction and adduction of the limbs between the AGA and SGA infants
(table 7.1).
With regard to the degree of flexion and extension of elbows and knees
(analysis 6), there was considerable interindividual variability. However,
there were significant differences between the two groups in the degree of
flexion and extension of the arms (table 7.2). A fully flexed position of the right
and left arm occurred significantly more often in the SGA group (p-values
respectively 0.02 and 0.03). A full extension of the right arm occurred significantly more often in the AGA group (p=0.03). There were no significant
differences with regard to flexion and extension of the legs.
/n conc/usion:
1. There was a wide inter-individual variability in postural repertoire in
healthy full-term AGA and SGA infants. Most infants showed a real
preference posture, but, there was no group preference posture in either of
the groups.
2. The SGA group showed significantly more often a fully flexed position of
the arms in comparison to the AGA group.
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ToWe 7.1 Degree of oWurtton and adduction /or seponife /imis «n tne AGA and tne SGA
m^infs. Median andrangeo/percentage (%) of postura/ obsenwHon time.
Limb

Posture

AGA infants

SGA infants

Right arm neutral
adduction
0° < abduction < 90"
abduction = 90"
90° < abduction < 180°
abduction = 180°
abduction > 180°

9(0-64)
0(0-34)
80 (24-100)
1 (0 -36)
0(0-6)
0(0-5)
0(0-1)

0(0-44)
0(0-13)
80 (29-100)
5 (0-27)
5 (0-24)
0(0-1)
0(0)

Left arm

neutral
adduction
0° < abduction < 90°
abduction = 90°
90° < abduction < 180°
abduction = 180°
abduction > 180°

3(0-30)
0(0-44)
86 (52-100)
4(0-22)
1(0-9)
0(0)
0(0-1)

3(0-40)
1(0-37)
83 (1-100)
0(0-9)
0(0-11)
0 (0-18)
0 (0-12)

Right leg

neutral
adduction
0° < abduction < 90°
abduction = 90°
90° < abduction < 180°
abduction = 180°
abduction > 180°

1(0-54)
0(0-40)
80 (27-100)
0(0-63)
0 (0-24)
0(0)

0(0-56)
0 (0-24)
91 (22-100)
1 (0-26)
0(0-72)
0(0)

neutral
adduction
0° < abduction < 90°
abduction = 90°
90° < abduction < 180°
abduction = 180°
abduction > 180°

2 (0-39)
0(0-4)
77 (9-100)
7 (0-56)
0 (0-16)
0(0)
0(0)

Left leg

7.4

0(0)

0(0)
0(0-50)
0(0-26)
74 (22-100)
1(0-50)
0(0-22)
0(0)
0(0)

Influence of head position change on body posture

Five AGA infants and seven SGA infants showed no pure head turnings.
Therefore, 10 AGA infants and 8 SGA infants were included in the final
analysis. A total of 91 head turnings in the AGA group and 96 head turnings
in the SGA group were analyzed.
Analysis of the head turnings to the right and to the left separately
demonstrated no significant differences in the occurrence of a flexion or

SGi4 perst» i4GA in/nnts
Tflhk 7.2 Degree o//Iexion and extension o/e/bcras and Jtnees m tóe AGA and the SGA grc /p.
Median and range /iw percentage of postura/ obsercwtion time.

Limb

Posture

AGA

SGA infants

Right arm fully extended
partly extended
partly flexed
fully flexed

6 (0-29)
36(4-58)
22 (6-79)
29 (5-65)

0 (0-12)»
18 (5-56)
20 (0-76)
44 (19-95)»

Left arm

fully extended
partly extended
partly flexed
fully flexed

2(0-25)
25 (7-92)
28 (1-58)
38(3-84)

0 (0-27)
18 (0-59)
14 (0-37)
60 (20-91)»

Right leg

fully extended
partly extended
partly flexed
fully flexed

0(0)
39 (3-93)
28(3-67)
9 (0 -94)

0(0-2)
45 (6-79)
30 (14-52)
13 (0 -78)

Left leg

fully extended
partly extended
partly flexed
fully flexed

0(0)
36 (4-100)
28(0-67)
17 (0 -83)

0(0)
36 (2-73)
39 (9-51)
27 (0-84)

• p-value<0.05
extension pattern or no positional change between SGA and AGA infants
(Mann-Whitney U-test).
The occurrence of the different patterns of reaction after a head turning is
shown in figure 7.1. No significant differences in the occurrence of the ATNR,
ATNR-derived-patterns, "no change" and "all other patterns" could be
demonstrated between the AGA and SGA infants (Mann-Whitney U test).
Analyzing the occurrence of an asymmetric neck posture in the resting postures, no significant differences between AGA and SGA infants could be
demonstrated when considering the percentage of resting postures spent in
ATNP, ATNP of arms or legs and postures without ATNP.
In conc/usion:
No significant differences between AGA and SGA infants existed, concerning
the influence of head position change on limb position. In both groups the
occurrence of an ATNR following a spontaneous head turning was rare.
Considerable interindividual variability existed in the occurrence of several
ATNR-derived patterns in both AGA and SGA infants.
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Figure 7.1 Occurrence o/ di/jferenf patterns o/positiona/ c/wnge /b//oiwng o «ad furning in
/1&4 and SGA infante. 1= No c/wnge; 2= Extensionfaceexfrem/fies + /?exion o/occt)wf
extremities (ATNR); 3= Extensionfaceextremities + /lexion occiput arm; 4=£x/e«sion face
extremities + /Iexion occiput /eg; 5= F/exion occiput extremities + extensionfacearm; 6=
F/exion occiput extremities + extensionfacefeg;7= Extensionfaceextremities; 8= F/exion
occiput extremities; 9= Extensionfacearm + //exion occiput arm; 10= Extensionface/eg +
/ïexion occiput /eg; I2=>1// other patterns.

7.5

Quality of movement

General ana/ysis
Significant differences existed between the SGA and AGA infants in the
frequency of occurrence of the categories of the items 9,10,11,12 and 15. The
general movements of the SGA infants more often showed a tremulous
component (Mann-Whitney U test, p<0.05). The variability in the total pattern
of the movement (item 10) and in the movement patterns of arms (item 11)
and legs (item 12) separately was more often absent in the SGA infant (MannWhitney U test, p<0.01). They showed movements with a monotonous,
stereotyped character more frequently.
Pattern ana/ysis
From the 106 general movements in the AGA group, 3 dominant patterns
could be classified (table 5.11, type I, D and HI). From the 187 general move-
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TaWe 7.3 Occurrence o/ di/jferent movement types (%) in tne 2 groups o/ in/onts. Median
fronge).
Group
Type

AGA

SGA

I
II
III
IV
V

67 (0-100)
17 (0-100)
0(0-33)
0(0)
0(0)
17(0-46)

25 (0-100)»
0(0-44)
0(0-56)
0 (0-27)»
25 (0-38)»
19 (0-69)

Unclassified
• p-value < 0.05

ments in the SGA group, 5 dominant patterns could be isolated. Three of them
were identical to the 3 patterns classified in the AGA group (type I, II and III).
The remaining 2 patterns (table 6.10, type IV and V) were not seen in the AGA
infants.
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The occurrence of the different types of general movements was calculated for
the total number of general movements in both groups. The results are shown
in figure 7.2. Median and range of the frequency of occurrence of each type in
the infants in both groups are shown in table 7.3.
The frequency of occurrence of the different types of general movements in
states A and B were calculated for both groups. No significant differences
between states A and B existed in either of the groups.
When comparing the frequency of occurrence of the different movement
types between the two groups, significant differences could be demonstrated
(table 7.3). Type I was significantly more often present in the AGA group
(Mann-Whitney U test, p= 0.008). Type IV and V were not present in the AGA
group, they only occurred in the SGA group (Mann-Whitney U test p-values
<0.01).
^
/n conc/usion;
Signifkant differences in the quality of movement between AGA and SGA
infants were demonstrated. Type I general movements occurred significantly
more often in AGA infants, whereas type IV and V general movements were
only observed in the SGA infants.
7.6

Follow-up at the age of 9 months

Newro/ogica/
In the AGA group 1 infant and in the SGA group 3 infants had deviant
neurological findings at the age of nine months.
Bay/ey Sca/es o/ m/anf deue/opmenf
There was no significant difference between the two groups considering the
PDI and MDI at nine months. In the AGA group the MDI ranged from 62 to
127 (median 106) and the PDI ranged from 78 to 120 (median 96). In the SGA
group the MDI ranged from 64 to 130 (median 105) and the PDI ranged from
73 to 132 (median 96).
In the AGA group, a significant positive correlation existed between the
neonatal occurrence of type I general movements and the PDI at the age of 9
months. A significant negative correlation existed between the occurrence of
type HI general movements and the PDI at 9 months. No significant correlation existed between the different movement types and the MDI at 9 months
of age. In the SGA infants, no significant correlation between the occurrence
of the 5 movement types and the PDI at the age of nine months could be
demonstrated. However, for the MDI a significant positive correlation with
type II and type III was found.
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/« conc/ws/on:
1. No significant difference in MDI and PDI at the age of nine months could
be demonstrated between the two groups of infants.
2. In the AGA infants a significant correlation existed between the occurrence
of type I and III general movements and the PDI at the age of nine months.
In the SGA infants a significant correlation between the occurrence of
types II and III and the MDI was found.
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Chapter 8
General discussion

The objective of this investigation was threefold: Firstly, to provide an accurate description of spontaneous motor behaviour in healthy full-term AGA
infants, secondly, to study the influence of IUGR on spontaneous motor
behaviour in full-term SGA infants, and thirdly to investigate whether alteration of spontaneous motor behaviour in the neonatal period is related to
future neurological and neuropsychological development.
It is of substantial importance to have information on CNS function in infants
at risk for neurological and neurodevelopmental disturbances, since early
detection of neurological and neurodevelopmental problems may help to
predict prognosis, and allows possible interventions to stimulate future
neurological development. As the conventional neonatal neurological examination has several disadvantages, a new instrument was sought which
firstly could provide information on CNS function in the neonatal period and,
secondly, could provide a prognostic indication concerning future neurological and behavioural development.
From studies on spontaneous motility in the fetus (de Vries et al. 1982,1985;
Bekedam et al. 1985; Prechtl 1985, 1988; Visser et al. 1985) and the preterm
infant (Gesell and Amatruda 1945; Prechtl et al. 1979; Vies 1988; Vies et al.
1988a, 1988b, 1988c, 1989) it was known that observation of spontaneous
motor behaviour is a non-invasive procedure which, in addition to the
neurological examination, may give extra information on the condition of the
nervous system in the newborn.
To study spontaneous motor behaviour, the following features can be
observed: quantitative aspects of motility, posture, the influence of head
position and head position change on body posture and limb movements, and
quality of movement. However, information on different aspects of spontaneous motor behaviour in healthy full-term infants was limited (Hopkins
and Prechtl 1984; Prechtl and Hopkins 1986; Erkunjintti 1988; Cioni et al. 1989;
Hadders-Algra et al. 1992). Furthermore, with regard to the assessment of
quality of movement, which is a new method of observation, inter- and
intra-observer agreement rates corrected for chance were not available in the
literature.

Genera/ discussion

Therefore, before the observation of spontaneous motor behaviour could
be used as a clinical tool to study infants at risk, inter- and intra-observer
agreement for the assessment of quality of movement in the full-term newborn had to be determined (Chapter 4), and the different aspects of spontaneous motor behaviour in a group of healthy full-term AGA infants had to
be described (Chapter 5).
Reliability of the assessment of quality of movement in the newborn
The results of the reliability study confirm that several qualitative aspects of
motility in the newborn can be reliably assessed by observers of different
disciplines with a certain experience in observing infant motor behaviour.
However, the items "amplitude", "variability in movement pattern" and
"variability in leg patterns" appeared to be quite difficult to judge. The interand intra-observer agreement corrected for chance for the global judgement
of the movement was high. It seemed to be easier to give a general judgement
on normality or abnormality of a movement than to judge the different
qualitative aspects separately. This may be ascribed to the fact that the global
judgement is not merely a linear summation, but a complex partly unconscious integration of the judgement of the separate items. Furthermore, the
categories of the more detailed aspects of quality of movement are difficult to
define and the inter- and intra-observer agreement would therefore be sensitive to the observational experience of the observer.
In summary we can conclude that the judgement of the quality of general
movements in full-term infants is a reproducible and therefore reliable clinical
tool for evaluating motor behaviour in the neonatal period.
Full-term AGA infants

In this thesis a detailed description of quantitative aspects of motility, posture,
influence of head position on limb position and quality of spontaneous motor
behaviour in healthy full-term AGA infants is given (Chapter 5).
Regarding the quantitative aspects of motor behaviour, an important finding
in the AGA infants was the absence of a significant head position preference.
This finding is in agreement with the results of Cioni et al. (1989) who studied
head position preference in the resting posture of 10 healthy full-term infants
on the first and fourth postnatal days. Furthermore, they confirm the results
of Vies et al. (1991) who studied supine and prone head orientation preference
in 62 full-term infants at three different times within 24 hours after birth.
In contrast, several authors (Gesell and Halverson 1942; Turkewitz and
Creighton 1974; Casaer 1979; Hopkins et al. 1987) observed a head position
preference to the right in full-term infants. However, the results of Gesell and
Halverson were obtained from the observation of only one infant. In the study
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of Hopkins et al. only one of the 12 infants was able to turn his head across the
midline spontaneously. Their conclusion is therefore based on the head position assumed after only one release from the midline position in each infant.
In the AGA infants, the majority of movement patterns were state related.
In state C a significantly higher percentage of time was spent in general
movements than in states A and B. Most small movements (twitches, cloni
and isolated limb movements) occurred significantly less often in state C than
in states A and B. The percentage of time spent in general movements was
significantly higher in state B than in state A. Startles, stretches and twitches
most frequently occurred during sleep (state A). The differences are probably
explained by the state of arousal which is highest during crying and lowest
during sleep. Apparently a higher state of arousal finds expression in an
increase of gross motor activity or a suppression of isolated limb movements.
An influence of head position on symmetry of limb movements could only
be demonstrated for the percentage of observation time spent in hand-face or
hand-mouth contact, which was generally higher for the hand ipsilateral to
the face. This might be explained by the shorter distance of the ipsilateral
hand to the mouth and face. The ispilateral hand therefore has an easier
starting-position. For hand-mouth contact this concurs with the results of
Hopkins et al. (1987). However, in contrast to our results they did not find a
relationship between hand-face contact and head position. A clinically important finding, is that all other movement patterns show a symmetrical distribution, independent of head position. As a consequence, head position is not
important in the observation of quantitative aspects of spontaneous motor
behaviour.
Studying postural behaviour in the AGA infants, the main finding was that a
wide inter-individual variability in postural repertoire existed in this group
of infants. Although most AGA infants showed a real preference posture, no
group preference posture could be demonstrated.
This is in contrast to the results of several authors (Andre-Thomas and
Saint-Anne Dargassies 1952; Amiel-Tison 1968; Saint-Anne Dargassies 1977;
Prechtl 1979; Dubowitz and Dubowitz 1981; Touwen 1984) who described a
preference posture in full-term infants which consisted of a fully flexed
position of all limbs. However, our results are in agreement with the results
of Cioni et al. (1989) who could not confirm this preference posture in a study
on spontaneous posture and motility in healthy full-term infants. They also
observed a large inter- and intra-individual variability in postural repertoire.
The Asymmetric Tonic Neck Reflex (ATNR) was first described by Magnus
and de Kleyn (1912). They investigated the influence of head position on the
extremities in decerebrated animals, and demonstrated an increase in tone of
the extension muscles on the side that the head was turned to and a decrease
in tone of the extension muscles on the opposite side. The animals were
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decerebrated to prevent voluntary movements. Furthermore, both labyrinths
were removed to prevent the occurrence of labyrinth reflexes.
Extrapolation of the results obtained from animal experiments to the
human, especially the human neonate, needs very careful consideration with
regard to interspecies differences. When the results are obtained from animals
in which the normal anatomy is completely altered by the experimental
methodology (decerebrated animals with removed labyrinths), it is impossible to translate the results to the healthy human baby (with an intact CNS
anatomy and labyrinths). Therefore, the description of the ATNR by Magnus
and de Kleyn (1912) should not have been applied to human newborns. This
was also reported by Magnus and de Kleyn (1912) who could not demonstrate
the ATNR, as described in their animals experiments, in full-term human
newboms. Our results confirm that the occurrence of an ATNR following a
spontaneous head turning in full-term AGA infants is rare. Considerable
interindividual variability exists in the occurrence of several ATNR-derived
patterns. This is in agreement with the results of several authors (Magnus
1924; Vasella and Karlsson 1962; Paine et al. 1964; Prechtl and Beintema 1976).
The majority of positions assumed after a spontaneous head turning had no
tonic character as they lasted less than one second. The occurrence of an
asymmetric tonic neck posture (ATNP) in the resting postures was rare
(median 6%). This concurs with the results of Cioni et al. (1989), who found
only a small percentage of (inconsistent) ATNP in the preference postures of
normal full-term infants.
The discrepancy between the percentages of occurrence of the ATNR
reported in the literature might be explained by variable definition and
scoring of the ATNR, and by the different methods of studying the ATNR:
passively elicited versus spontaneous patterns.
From our results we may conclude that the influence of head position and
change of head position on body posture is not reflected by an asymmetric
tonic neck reflex as described by Magnus and de Kleyn (1912). Probably the
ATNR should not be considered as a true reflex, but as an inconsistently
occurring response to a change of head position, which does not dominate
other reaction patterns which may occur after a (spontaneous) head position
change. We therefore propose that the term ATNR should be abolished, and
replaced by a more general term such as "head turning-limb reaction", which
in this study seemed to follow no specific pattern, but could be almost any
possible combination of positional change of the four limbs.
Studying the quality of spontaneous general movements in the AGA infants,
3 different types of general movements could be distinguished. Since the
infants in the present study were healthy full-term infants, these three different types of general movements could be taken as the normal repertory of
quality of movement in full-term infants. This could be used as a reference for
the evaluation of quality of movement in high-risk full-term newborns. How-
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ever, in the judgment of the quality of each movement, an overall judgment
of the movement was also included. As no definition of normal and abnormal
general movements of full-term newborns was found in the literature, the
classification normal/abnormal was given according to the general impression and interpretation of the observer. All type I general movements and 80%
of the type II movements in the AGA group were judged to be normal.
However, all type HI movements and 20% of the type II movements were
judged to be abnormal. From these results it may be concluded that although
some type II and III general movements may give an impression of abnormality, they would have to be judged as general movements belonging to the
behavioural repertory of healthy full-term newborn infants. Since different
types of general movements may be present in one infant, it seems advisable
to evaluate the quality of several general movements before giving an overall
judgment of the quality of movement of the infant concerned.
In the AGA infants no difference could be demonstrated between the
frequency of occurrence of the different types of general movement during
sleep and wakefulness.
Hopkins and Prechtl gave a description of the quality of spontaneous
movements in full-term infants (Hopkins and Prechtl 1984; Prechtl and Hopkins 1986). They analyzed the qualitative aspects of general movements in 11
healthy awake newborn infants during the first hour after birth, thus at a time
when the infant was still recovering from birth (Escardo and de Coriat 1960).
All newborn infants showed general movements with a writhing quality
which were defined as "squirming, cramped movements which spread, with
waxing and waning, throughout the whole body. They are awkward and
often ungraceful in appearance. They are of small to moderate amplitude and
slow speed". In a recent publication Hadders-Algra et al. (1992) reported on
developmental changes of general movements in healthy full-term infants
from 2-18 weeks of age. They described the existence of 'tight' and loose'
writhing movements in healthy full-term infants from 2 to 10 weeks of age.
They found no relationship between general movement development and
birth weight. However, all infants studied had a birth weight within the
normal range (2560-4930, median 3600 gm).
The above-mentioned studies reported that newborn infants at one hour
after birth and at 2 weeks of age show general movements with a writhing
quality which may be loose or tight. However, neither of the studies mentioned above accurately described the method by which the classification of
the movements was developed. In the publication of Hopkins and Prechtl
(1984) a pilot-study was described in which two observers commented on the
general movements of six infants. Similar comments in the transcripts of both
observers were used as a basis for the classification system. However, from
the description it is not clear whether the observers received instructions
concerning the items which had to be observed, how many general movements were studied, and in what percentage of the general movements the
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comments were similar, resulting in a certain classification. Furthermore, no
data on inter-observer agreement corrected for chance for the different classifications were provided.
In none of the above mentioned studies was the number of general movements judged per infant, or the percentage of general movements per infant
showing a writhing quality of movement, mentioned. As the definitions of the
observed movement qualities, using terms as 'tight' and loose writhing',
squirming, are very difficult to interpret for people who are unfamiliar with
this method of observation, the results of these studies are difficult to compare
with the results of the present study. None of the three types (type I- III)
described above is completely covered by the definitions of the writhing
quality as given in the aforementioned studies. Probably the judgments of the
quality of movement were based on different features.
A significant positive correlation existed between the neonatal occurrence
of type I general movements and the PDI at the age of 9 months. Furthermore,
a significant negative correlation existed between the neonatal occurrence of
type III general movements and the PDI at the age of nine months.
Full-term SGA infants

Several conditions in the pre- and perinatal period may disturb the structural
and functional integrity of the central nervous system (CNS) of the fetus/infant. One of these conditions is intrauterine growth retardation, a frequent
complication of pregnancy (Chiswick 1985). Intrauterine malnutrition has
been demonstrated to modify several processes in brain development, such as
neuronal and glial cell multiplication, myelination, synaptogenesis and
dendritic branching (Dobbing and Sands 1971, 1973; Dobbing 1974; Sarma
and Rao 1974; Chase 1972,1976), leading to diffuse quantitative deficits and
distortion of quantitative relationships between CNS structures (Dobbing
1979).
Despite the numerous follow-up studies of SGA infants, there is no definite
answer to the question regarding the neurological and developmental consequences of these changes in brain development for the small for gestational
age infant. Reviewing these follow-up studies it can be concluded that although there may be a slightly increased risk of major neurological problems,
the vast majority of the full-term SGA infants will have no major handicap.
However, there is good evidence of an increased risk of minor neurological
dysfunction and neurodevelopmental and behavioural problems at around
school age in term SGA infants (Chapter 2).
Significant differences in neonatal neurological and neurobehavioural performance between full-term SGA and appropriate for gestational age (AGA)
infants were described by several authors (Michaelis et al. 1970; Als et al. 1976;
Low et al. 1978; Jurgens-van der Zee et al. 1979; Frederickson and Brown 1980;
Ounsted et al. 1988). According to Als et al. (1970) the SGA infant appears in
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general to be more stressed on handling than his AGA counter part. This
might influence the results of a neurological examination which involves
frequent manipulations, a disadvantage not encountered in observational
studies of spontaneous motor behaviour.
In this thesis posture, influence of head position on limb position, quantity
and quality spontaneous motor behaviour in full-term SGA infants are
described (Chapter 6) and a comparison with healthy full-term infants was
made (Chapter 7).
Studying quantitative aspects of motor behaviour in the SGA infants and
comparing them with the results of the AGA infants, the only difference
found was the percentage of time spent in hand-face contact of the right hand
which was significantly higher in the SGA group, independent of the state of
the infant. This difference cannot be explained by a difference in percentage
of time spent with the head to the right, as no such difference could be
demonstrated. We do not have an explanation for this solitary difference, nor
do we know the clinical significance of this finding. Head position in the SGA
infants only influenced the occurrence of hand-face and hand-mouth contact,
which was higher in the hand ipsilateral to the face. This concurs with the
results found in the AGA infants.
Just like in the AGA group, the analysis of the complete posture failed to
demonstrate a group preference posture in the SGA group. A wide inter-individual variability in posture was found. However, in the separate analysis
of the positions of the 4 limbs, the SGA infants as a group showed significantly
more often full flexion of the arms than the infants in the AGA group.
Furthermore, there was a dominant group combination of left and right arm
in the SGA group, in which both arms were in a fully flexed position. In the
AGA group there was no dominant group combination. These differences
might be due to an increased flexor tone in SGA infants. This is in agreement
with the results of Dubowitz et al. (1982) who described a relative hypertonia
of SGA infants. In contrast, our results do not concur with the results of Als et
al. (1976), who observed poor muscle tone in SGA infants. However, Als et al.
(1976) and Dubowitz et al. (1982), described tone judged by manipulation, and
not by observing resting posture. As muscle tone might be influenced by the
handling procedure, the results are difficult to compare.
Amiel-Tison (1968, 1986) described an increase of muscle tone in flexor
muscles in caudocephalic progression from 28 to 40 weeks postmenstrual age,
as a reflection of CNS maturation, resulting in a full flexion posture of all
limbs at term age. Within the first year of life, she describes a decrease in flexor
tone in a cephalocaudal direction, starting with the upper extremities and
proceeding to the lower extremities. Some studies have described the fact that
that prenatal stress can accelerate neurological and neurophysiological
maturation (Gould et al. 1977; Amiel-Tison 1980; Pettigrew et al. 1985). In this
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case we would expect the full-term SGA infant to show less flexion in the arms
compared to AGA infants, due to an accelerated CNS maturation. Other
studies showed that intrauterine growth retardation has an impact on neural
and glial multiplication and myelination (Chase et al. 1972; Sarma and Rao
1974; Dobbing 1979), therefore, we would rather expect the SGA infant to
show a delayed neurological maturation, and thus less flexion in the arms
than the full-term AGA infant as described for the preterm infant (AmielTison 1968,1986). According to Amiel-Tison's description of resting posture
as a reflection of CNS maturation, the increased occurrence of arm flexion in
resting posture of SGA infants can neither be explained by a delayed, nor by
an accelerated maturation. There are two possible explanations for this discrepancy. Firstly, intrauterine malnutrition might not cause a delay or acceleration in CNS development but an alteration of biochemical and
neurobiological composition of the brain, resulting in postural differences
between AGA and SGA infants instead of a delay or acceleration in postural
development. Secondly, posture might not be correlated to CNS maturation.
The results of Prechtl et al. (1979) and Vies et al. (1989) are in favour of the last
theory. They could not demonstrate a correlation between preference posture
and gestational age.
Oligohydramnios, a condition which occurs more often when the fetus is
growth retarded (Gross and Sokol 1989, Lin et al. 1990), might influence
postnatal posture due to intrauterine spatial restriction. However, in our SGA
group, oligohydramnios was diagnosed in only one infant (SGA infant 3).
Therefore, we do not believe that decreased intrauterine space had a major
influence on postnatal posture in the SGA group.
With regard to the influence of head position change on body posture, our
results suggest that, comparable to the AGA infants, the occurrence of an
ATNR following a spontaneous head turning in full-term SGA infants is rare.
No significant differences between AGA and SGA infants existed. The occurrence of an asymmetric tonic neck posture (ATNP) in the resting postures was
rare in both groups of infants (AGA median 6%, SGA median 13%)
In studying the quality of spontaneous general movements in the SGA
infants, 5 different types of general movements were identified. Three of them
were identical to the 3 types of general movements in the AGA infants, but
the other 2 movement types were completely different. These 2 types of
general movements were not seen in AGA infants and they are probably not
included in the normal repertory of healthy full-term infants. Both types are
monotonous, stereotyped movements with a lack of variability and complexity. Type IV movements are performed fluently, whereas type V movements have a tremulous or even flapping component. In the literature no
description of quality of movement in full-term SGA infants is available.
Differences in movement quality between normal and intrauterine growth
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retarded fetuses, were first described by Bekedam et al. (1985). In a more
recent study Sival et al. (1992) gave a description of quality of general movements in intrauterine growth retarded fetuses. They found no clear effect of
uncomplicated intrauterine growth retardation on the quality of general
movements. However, when reduction of amniotic fluid occurred, a decrease
in speed and amplitude was found. Furthermore, if abnormal fetal heart rate
patterns were present, the general movements had a poor repertoire. The
quality of general movements observed just before and after birth was identical in all infants with the exception of three infants with cerebral haemorrhages. As we did not study prenatal general movements, nor fetal heart rate
patterns, the results are difficult to compare. However, the type III, IV and V
general movements were all characterized by stereotyped, monotonous performance ("poor repertoire").
From the differences between the AGA and SGA infants, it may be concluded that the quality of movement, in addition to postural behaviour, is
another aspect of spontaneous motor behaviour which expresses alteration of
central nervous system development in full-term small for gestational age
infants.
Neither in AGA nor in SGA infants could a difference be demonstrated
between the frequency of occurrence of the different types of general movement during sleep and wakefulness. This implies that in the clinical situation
it is not important whether general movements are judged while the infant is
asleep or while it is awake. This is an important advantage to the conventional
neurological examination, as most of the responses tested in this examination
are suggested to be state-related (Prechtl 1974).
At follow-up at the age of nine months no differences between the AGA and
SGA infants could be demonstrated in the results of the neurological examination, nor in the mental and psychomotor development. Thus, although fullterm SGA infants in the neonatal period show motor behaviour which is
significantly different from full-term AGA infants, the results of their examination at the age of nine months are within the normal range. Two
explanations may be given for this observation.
Firstly, it could indicate that the SGA infants in this study were not severely
affected, or that the brain might exhibit catch-up growth involving the
developmental processes altered in utero, leading to a certain degree of
normalisation of quantitative relationships between CNS structures.
Secondly, at the age of nine months only a limited number of motor
functions have developed to a level at which they may be accurately tested.
Furthermore, the infant is still in the pre-linguistic period. Although, an
indication of normality of speech and language development may be given at
this age, the major part of linguistic development takes place in the second
year of life and developmental testing should therefore be postponed to at
least the end of the second postnatal year. Since follow-up studies
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demonstrated mainly minor neurological dysfunction, behavioural- speechand language disorders in SGA infants at around school age (Fitzhardinge
and Steven 1972; Harvey et al. 1982; Hill et al. 1984; Hadders-Algra et al. 1988),
long-term follow-up of these infants is necessary. Probably, long-term
developmental follow-up of SGA infants has more clinical value than followup at an early age.
An important clinical question was whether the observation of spontaneous motor behaviour, especially quality of movement could discriminate
between infants who are at risk for neurodevelopmental problems and infants
who are not. From the correlation of the neonatal quality of movement with
the PDI at 9 months of age it can be concluded that type I and HI general
movements in full-term AGA infants are related to outcome at the age of 9
months. In the SGA group the neonatal occurrence of types II and HI were
positively correlated to the mental development (MDI) at 9 months of age. No
other relations could be demonstrated. Thus, although type IV and V general
movements only occurred in SGA infants, they are not related to a better or
worse motor development (PDI) at the age of 9 months. However, as was
mentioned above, follow-up at later age is necessary in order to investigate
whether the different aspects of spontaneous motor behaviour are related to
long-term development.
Suggestions for future investigations
The difference in neonatal posture and quality of movement between AGA
and SGA infants may be explained by the influence of intrauterine malnutrition on CNS development. Follow-up at school age is necessary in order to
investigate the prognostic value of these findings.
Furthermore, the different aspects of spontaneous motor behaviour have to
be studied in other groups of infants who are at risk for neurological and
neurobehavioural developmental disorders to investigate their prognostic
value. A study considering this topic has been started in our department.
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Chapter 9
Summary and conclusions

This thesis describes the spontaneous motor behaviour in full-term appropriate for gestational age (AGA) and small for gestational age (SGA)
newborn infants. Several aspects of spontaneous motor behaviour in the first
postnatal week were studied. The influence of intrauterine growth retardation (IUGR) on spontaneous motor behaviour in full-term SGA infants and the
relationship between spontaneous motor behaviour in the neonatal period
and future neurological and neuropsychological development were studied.
In Chapter 2 the literature concerning spontaneous motor behaviour in fullterm AGA infants and the literature concerning aetiology of intrauterine
growth retardation, identification of the intrauterine growth retarded infant,
influence of prenatal malnutrition on brain development, neonatal neurological and behavioural development and outcome of small for gestational age
newborn infants is reviewed.
From the literature it is concluded that there are many factors that can cause
or are associated with intrauterine growth retardation, but that in an important percentage of SGA infants no cause for their growth retardation can be
identified. Furthermore, it can be concluded from the literature that prenatal
malnutrition can influence many processes in brain growth and development.
This might explain the differences in neonatal neurological and behavioural
development between SGA and AGA infants reported in the literature. Furthermore, an increased risk of minor neurological dysfunction, behavioural
and school problems at later age was demonstrated in follow-up studies of
full-term SGA infants.
From this review it is also concluded that knowledge of spontaneous motor
behaviour in full-term SGA and AGA infants is very limited.
In Chapter 3 infants and methods used in this study are described. Several
aspects of spontaneous motor behaviour were studied in full-term AGA and
SGA infants. Three-hour video recordings were made of each infant between
the third and eighth postnatal day. Subsequently, the various items of spontaneous motor behaviour were scored and analyzed.

107

Summary & cowcfasKms
Chapter 4 describes a study on inter- and intra-observer agreement in the
assessment of the quality of spontaneous movements in the newborn. The
inter- and intra-observer agreement for the assessment of several aspects of
the quality of spontaneous movements in newborn infants was analyzed by 4
observers. The agreement rates were corrected for chance by the use of kappa
statistics, which revealed kappa values ranging from 0.36 to 0.84. The level of
agreement on various items differed. A moderate-to-good agreement was
found for the items "onset of movement", "speed", "speed of arms compared
to legs", "amplitude of arms compared to legs", "fluency", "variability in arm
patterns" and "global judgement of the movement" (kappa values ranging
from 0.51 to 0.84). Less agreement occurred in the items "amplitude", "variability in movement pattern" and "variability in leg patterns" (kappa values
ranging from 0.36 to 0.40). Even though it is generally believed that qualitative
assessment of spontaneous motor behaviour is very subjective, our results
suggest that several qualitative aspects of infant motor behaviour can be
reliably judged.
We concluded that the judgement of the quality of general movements in
full-term infants is a reproducible and therefore reliable clinical tool for
evaluating motor behaviour in the neonatal period.
In Chapter 5 the results of the AGA infants are described. No head position
preference could be demonstrated. Most movement patterns were shown to
be state-related. No influence of head position on limb movements, other than
hand-face and hand-mouth contact, was found. No dominant group preference posture could be demonstrated in the study of postural behaviour.
The occurrence of an asymmetric tonic neck reflex (ATNR), as described in the
literature, was very scarce. The observation of quality of spontaneous general
movements yielded 3 different types of movement quality (type I, II and HI)
in this group of infants. The occurrence of type I and type III was related to
psychomotor development at the age of 9 months in this group of infants.
Chapter 6 describes the results of the SGA infants. No head position preference could be demonstrated in this group of infants. Most movement patterns were shown to be state-related. No influence of head position on limb
movements except hand-face and hand-mouth contact could be demonstrated. Although most infants showed a preference position, no dominant group
preference posture could be demonstrated. The occurrence of an ATNR as
described in the literature was very rare. From the observation of quality of
spontaneous general movements 5 different types of movement quality (type
I, II, III, IV and V) were distinguished. The occurrence of the types II and III
was related to mental development at the age of 9 months.
In Chapter 7 the results of the SGA infants are compared with the results of
the AGA infants. Some significant differences were found.
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Firstly, the percentage of time spent in hand-face contact of the right hand
was significantly higher in the SGA group, independent of the state of the
infant. The difference could not be explained by a difference in percentage of
time spent with the head to the right.
Secondly, the SGA infants showed significantly more often a fully flexed
position of the arms than the AGA infants.
Thirdly, in the observation of quality of spontaneous general movements
in the SGA infants 2 types of quality of movement were distinguished which
were not present in the AGA infants (types IV and V). Furthermore type I
general movements occurred significantly more often in AGA than in SGA
infants.
In Chapter 8 the findings presented in chapters 5, 6 and 7 are discussed in
relation to studies reported in the literature. Suggestions for future research
are presented.
Conclusions
The main conclusions of this study are the following:
1. There is a wide inter-individual variability in postural repertoire in healthy
appropriate for gestational age and small for gestational age full-term
infants. Most infants show a real preference posture, but no group preference posture was found in the two groups.
2. SGA infants significantly more often show a fully flexed position of the
arms than AGA infants.
3. The occurrence of a spontaneous ATNR as described by Magnus and de
Kleyn (1912) in full-term AGA and SGA infants is rare.
4. No significant head position preference exists in full-term AGA and SGA
infants.
5. Head position only significantly influences the occurrence of hand-face
and hand-mouth contact in healthy AGA and SGA infants. Therefore, head
position is not important when studying quantitative aspects of spontaneous motor behaviour.
6. The only significant difference in quantitative aspects of motor behaviour
between full-term AGA and SGA infants is the percentage of observation
time spent in hand-face contact of the right hand which is higher in SGA
infants.
7. The judgement of several aspects of quality of movement in full-term
newborn infants is a reproducible and therefore reliable clinical tool for the
evaluation of spontaneous motor behaviour in the neonatal period.
8. The normal repertoire of general movements in healthy full-term infants
consists of at least 3 different movement types which might be used as a
reference for normal spontaneous motor behaviour.
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9. In SGA infants five movement types were present. Two of them (types IV
and V) were not seen in AGA infants. It is not known whether they are
abnormal movement patterns, or just normal movement patterns for SGA
infants. Since these types of movement were present in infants at risk for
neurodevelopmental disorders, we might speculate that these patterns of
movement represent a neurological abnormality. In order to prove this
speculation, we have to study the quality of movement in infants with
proven structural CNS abnormalities such as periventricular leucomalacia
(PVL) or intracranial haemorrhage (ICH).
10. The differences in postural behaviour, and in qualitative and quantitative
aspects of spontaneous motor behaviour between full-term AGA and SGA
infants might be due to the influence of intrauterine malnutrition on
several processes in the development of the central nervous system.
11. At the age of 9 months no significant difference in psychomotor and
mental development between full-term AGA and SGA infants was found.
This could indicate that the SGA infants in this study were not severely
affected or that there was catch-up growth of the brain concerning the
developmental processes altered in utero, compensating for any major
neurological sequels. Long term follow-up must be planned to detect small
effects on neurodevelopment which could be correlated with the different
patterns of movement quality and posture described in the SGA group.
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Samenvatting en conclusies

In dit proefschrift wordt het spontane motorische gedrag beschreven van
a-terme pasgeborenen met een normaal geboortegewicht voor de zwangerschapsduur ("appropriate for gestational age infants") en a-terme pasgeborenen met een te laag geboortegewicht voor de zwangerschapsduur
("dysmaturen" of "small for gestational age infants"). De invloed van intrauteriene groeiretardatie op spontaan motorisch gedrag van a-terme dysmaturen werd onderzocht. Daarnaast werd de relatie russen spontaan motorisch
gedrag in de neonatale periode en de neurologische en neuropsychologische
ontwikkeling op latere leeftijd bestudeerd.
Hoofdstuk 2 geeft een overzicht van de relevante literatuur over spontane
houding en motoriek van pasgeborenen met een normaal geboortegewicht,
oorzaken van intra-uteriene groeiretardatie, identificatie van kinderen met
een intra-uteriene groeiretardatie, de invloed van prenatale ondervoeding op
de hersenontwikkeling en de neurologische ontwikkeling van dysmaturen in
de neonatale periode en op latere leeftijd.
Uit de literatuur wordt geconcludeerd dat er vele factoren zijn die intrauteriene groeiretardatie kunnen veroorzaken of daaraan gerelateerd zijn, doch dat
in een belangrijk percentage van de dysmaturen geen oorzaak voor de groeiretardatie gevonden wordt. Daarnaast kan geconcludeerd worden dat prenatale ondervoeding van invloed kan zijn op meerdere processen die belangrijk
zijn voor de groei en ontwikkeling van de hersenen. Dit zou een verklaring
kunnen zijn voor de in de literatuur beschreven verschillen in neonatale
neurologische ontwikkeling tussen dysmaturen en pasgeborenen met een
normaal geboortegewicht voor de zwangerschapsduur. In follow-up studies
wordt bovendien aangetoond dat dysmaturen een verhoogd risico hebben
voor lichte neurologische afwijkingen en gedrags- en leerproblemen op latere
leeftijd.
Uit de literatuurstudie wordt tevens geconcludeerd dat de bestaande gegevens over spontaan motorisch gedrag van è-terme dysmaturen en pasgeborenen met een normaal geboortegewicht voor de zwangerschapsduur beperkt
zijn.
In hoofdstuk 3 worden de twee studiegroepen en de gebruikte methoden
beschreven. Verschillende aspecten van het spontane motorische gedrag werden bestudeerd bij a-terme dysmaturen en è-terme pasgeborenen met een
normaal geboortegewicht voor de zwangerschapsduur. Van iedere pasgebo-
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rene werd een drie uur durende video-opname gemaakt tussen de derde en
achtste dag post-partum. Daarna werden de verschillende items van spontaan
motorisch gedrag (houding en motoriek) gescoord en geanalyseerd.
Hoofdstuk 4 beschrijft een studie betreffende de inter- en intrawaarnemer
overeenstemming bij de beoordeling van de kwaliteit van grote lichaamsbewegingen van a-terme pasgeborenen. Deze overeenstemming werd geanalyseerd in een groep van 4 observatoren. De mate van overeenstemming werd
gecorrigeerd voor toeval door het gebruik van de statistische waarde 'kappa'.
De gevonden kappa-waarden varieerden van 0,36 tot 0,84. De mate van
overeenstemming verschilde per item. Een matig tot goede overeenstemming
werd gevonden voor de items "start van de beweging", "snelheid", "snelheid
van de armen ten opzichte van de benen", "amplitudo van de armen ten
opzichte van de benen", "al dan niet vloeiende uitvoering van de beweging",
"variabiliteit van de armen" en "globale beoordeling" (kappa-waarden 0,51
tot 0,84). Er bestond minder overeenstemming bij de items "amplitudo",
"variabiliteit in het bewegingspatroon" en "variabiliteit van de benen" (kappa-waarden 0.36 tot 0.40).
Er werd geconcludeerd dat de beoordeling van verschillende aspecten van de
kwaliteit van grote lichaamsbewegingen van a-terme pasgeborenen een reproduceerbaar en dus betrouwbaar klinische instrument is voor de evaluatie
van motorisch gedrag in de neonatale periode.
In hoofdstuk 5 worden de resultaten van het onderzoek voor de pasgeborenen met een normaal geboortegewicht beschreven. Er bestond geen duidelijke
voorkeurspositie van het hoofd. De hoofdpositie was niet van invloed op het
voorkomen van de bewegingpatronen van de extremiteiten, met uitzondering
van hand-gezicht en hand-mondcontact. Het voorkomen van de meeste bewegingpatronen was toestand-afhankelijk. Bij de bestudering van de voorkomende houdingen kon geen gemeenschappelijke voorkeurshouding worden
aangetoond.
Het voorkomen van een "asymmetrische tonische nek reflex (ATNR)", zoals
beschreven in de literatuur, was zeldzaam.
De beoordeling van de kwaliteit van grote lichaamsbewegingen leverde drie
verschillende bewegingstypen op: type I, II en III. Het voorkomen van type I
en type III bij deze kinderen was gecorreleerd aan de motorische ontwikkeling op de leeftijd van 9 maanden.
Hoofdstuk 6 beschrijft de resultaten van het onderzoek bij de dysmaturen. Er
kon geen voorkeurpositie van het hoofd worden aangetoond. Er bestond geen
invloed van de hoofdpositie op het voorkomen van de verschillende bewegingen van de extremiteiten, uitgezonderd hand-gezicht en hand-mond contact.
De meeste bewegingen kwamen toestand-afhankelijk voor. Hoewel de meeste kinderen een voorkeurshouding vertoonden, kon er geen gemeenschappe-
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lijke voorkeurshouding binnen de groep worden aangetoond. Het voorkomen van een ATNR was zeldzaam.
Uit de analyse van de kwaliteit van grote lichaamsbewegingen kwamen 5
dominante bewegingstypen naar voren: type I-V. Het voorkomen van type II
en III was gecorreleerd aan de mentale ontwikkeling op de leeftijd van 9
maanden.
In hoofdstuk 7 worden de resultaten van de 2 groepen met elkaar vergeleken.
Er werden enige significante verschillen gevonden:
. Het percentage van de observatie tijd waarin hand-gezicht contact van de
rechterhand voorkwam was significant hoger bij de dysmaturen, onafhankelijk van de toestand (state) van het kind. Dit verschil werd niet verklaard
door een verschil in de tijd die doorgebracht werd met het hoofd naar rechts.
. De dysmaturen vertoonden significant vaker een sterk gebogen positie van
de armen.
' Bij de analyse van de kwaliteit van grote lichaamsbewegingen werden bij de
dysmaturen 2 bewegingstypen aangetoond die niet bij de pasgeborenen met
een normaal geboortegewicht voorkwamen (type IV en V). Bovendien
kwam type I significant vaker voor bij de kinderen met een normaal geboortegewicht dan bij de dysmaturen.
In hoofdstuk 8 worden de resultaten, gepresenteerd in de hoofdstukken 5, 6
en 7 besproken en vergeleken met de resultaten van studies beschreven in de
literatuur. Tevens worden suggesties gegeven voor toekomstige onderzoeken.
Conclusies
De belangrijkste conclusies van deze studie zijn de volgende:
1. Er is een grote individuele variatie in het houdings-repertoire van zowel
è-terme dysmaturen als van è-terme pasgeborenen met een normaal geboortegewicht voor de zwangerschapsduur. Het merendeel van de kinderen vertoond een voorkeurshouding, echter in geen van de twee groepen
kon een gemeenschappelijke voorkeurshouding worden aangetoond.
2. Dysmaturen vertonen significant vaker een volledige flexie van de armen
dan pasgeborenen met een normaal geboortegewicht voor de zwangerschapsduur.
3. Het voorkomen van een ATNR, zoals beschreven door Magnus en de
Kleyn (1912), bij è-terme dysmaturen en è-terme pasgeborenen met een
normaal geboortegewicht voor de zwangerschapsduur is zeldzaam.
4. Er bestaat geen significante voorkeurspositie van het hoofd bij dysmaturen
en pasgeborenen met een normaal geboortegewicht.
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5. De hoofdpositie beïnvloedt alleen het voorkomen van hand-gezicht- en
hand-mond contact. De positie van het hoofd is dus niet van belang bij de
bestudering van kwantitatieve aspecten van spontane motoriek bij pasgeborenen.
6. Het enige significante verschil in kwantitatieve aspecten van motorisch
gedrag tussen dysmaturen en pasgeborenen met een normaal geboortegewicht voor de zwangerschapsduur is het percentage van de observatie-tijd doorgebracht met hand-gezicht contact van de rechterhand. Dit
percentage is hoger bij de dysmaturen.
7. De beoordeling van verschillende aspecten van kwaliteit van bewegen bij
de pasgeborene is een reproduceerbare en dus betrouwbare methode voor
de evaluatie van spontane motoriek in de neonatale periode.
8. Het normale repertoire van grote lichaamsbewegingen in gezonde a-terme
pasgeborenen bestaat uit tenminste 3 verschillende bewegingstypen.
Dezen zouden gebruikt kunnen worden als referentie voor normaal spontaan (motorisch) gedrag.
9. Bij de dysmaturen komen 5 verschillende typen grote lichaamsbewegingen voor. Twee van hen (type IV en V) komen niet voor bij pasgeborenen
met een normaal geboortegewicht. Het is niet bekend of dit abnormale
bewegingspatronen zijn, of normale bewegingspatronen voor dysmaturen. Aangezien deze bewegingspatronen voorkwamen bij kinderen met
een verhoogd risico voor ontwikkelingsneurologische stoornissen, kunnen we speculeren dat zij een uiting zijn van een neurologische afwijking.
Om deze hypothese te bewijzen moeten we de kwaliteit van bewegen
bestuderen van kinderen met bewezen structurele afwijkingen van het
zenuwstelsel, zoals intracraniële bloedingen of periventriculaire leucomalacie.
10. De verschillen in houding en motoriek tussen a-terme dysmaturen en
a-terme pasgeborenen met een normaal geboortegewicht voor de
zwangerschapsduur worden mogelijk veroorzaakt door de invloed van
intra-uteriene malnutritie op de verschillende processen die betrokken zijn
bij de ontwikkeling van het centraal zenuwstelsel.
11. Op de leeftijd van 9 maanden werd er geen significant verschil in mentale
en motorische ontwikkeling russen a-terme dysmaturen en a-terme pasgeborenen met een normaal geboortegewicht aangetoond. Dit zou kunnen
betekenen dat de dysmaturen in deze studie niet ernstig waren aangedaan
of dat er inhaal-groei optrad met betrekking tot de verschillende processen
van de hersenontwikkeling, zodat ernstige neurologische afwijkingen op
latere leeftijd voorkomen werden. Follow-up op langere termijn is noodzakelijk om lichte afwijkingen in de neurologische ontwikkeling op te
sporen die mogelijk gecorreleerd zijn aan de verschillende neonatale bewegingstypen en houdingen die in de groep dysmaturen gevonden werden.
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Appendices

Appendix I
Exclusion criteria (adapted from Kloosterman 1983)

A Diseases in/?uencmg or iw/Juenced by pregnancy:
. neurological diseases: epilepsy, subarachnoidal haemorrhage, multiple
sclerosis, brain rumour, psychiatric disorders;
. internal diseases: active tuberculosis, severe chronic obstructive pulmonary
disease (COPD), cardiovascular diseases, M. Addison, hypo- and hyperthyroidism, thrombosis and embolism;
. essential hypertension, diabetes mellitus, renal disease, active rhesus antagonism.
B. Obsferrica/ comp/icafi'ons:
.
•
•
•
•

hypertension (blood pressure > 90 mmHg diastolic);
severe vaginal blood loss during pregnancy;
hyperemesis gravidarum with acetonuria;
adnex tumour requiring treatment;
severe pregnancy-induced hypertension (PIH), defined as a condition with
blood pressure (BP) higher than 150/95 or diastolic persistent 90, measured
on two independent occasions;
• preeclampsia defined as PIH complicated by proteinuria of at least 100
mg/24 hours;
. eclampsia;
• Hemolysis, Elevated Liver function tests, Low Platelet counts (HELLP)
syndrome;
. delivery between the 22nd and 37th week of pregnancy;
• prolonged ruptured membranes (>24 h);
. clinically significant hydramnion;
• pyelitis;
. fetal abnormalities, demonstrated or suspected by antenatal diagnostics;
. multiple pregnancy;
. rhesus sensibilisation;
• laparotomy after the 26th week;
. all mechanical problems leading to operative delivery;
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.Appendix TIn Mafenza/ and m/nwf data of ,/4Gi4
Data

Infant
Characterisfc

1

Maternal

Age
G/P/A
Max. diastole BP
Sex
Gestabonal age
Birth weight
Birth length
Ponderal index
Head circumferenoB
Apgari'
Apgar5'
Ph umbiScaJ artery

32
1AVD
90

Infant

2

32
1/0/0
70
m
1
40w6d 40w6d
3440
4100
50.0
53.0
2.75
2.70
35.5
8
9
10
10
7.30
-

3

4

5

32
2/1/0
85
f
38w2d
2750
52.0
1.96
34.0
10
10
-

26
2/1/0
75
f
39w
3630
50.0
2.90
35.0
9
10
7.29

31
25
3/2/0
1/0/0
80
85
f
m
38w3d 39w2d
2800
3580
475
49.0
3.04
2.60
34.0
33.0
7
8
10
9
7.16
7.23

6

7

32
2AV1
80

8

27
1AV0
75
m
f
40w6d 40w
3440
3210
52.0
50.0
2.44
2.57
32.0
34.0
7
8
10
9
7.16
7.15

9

10

11

34
35
33
2/1/0
3/2/0
1AV0
80
75
m
1
m
39w5d 40w5d 39w5d
3050
3920
3620
47.0
50.0
50.0
2.94
3.14
2.90
345
35.5
355
9
9
9
10
10
10
7.21
7.34
7.16

12

13

14

15

33
5/3/1
80

33
1/0/0
90
f
37w4d
2900
48.0
2.62
.
.

37
4/3A)
75
m
40w5d
3420
50.5
2.66
35.0
9
10
7.33

31
2/1/0
70

m
39w5d
3210
49.0
2.73
34.0
9
10
7.48

10
-

G/P/i4«Grflüzda/Para/i4lwrtzons; Ma*, dzasto/zc BP= Maximum dzasto/zc Wood pressure; m=m<i/e; /=/emafc; io=a*eJfcs; d=days

m
39w3d
3805
50.5
2.95
36.5

9
10
-

Appendix 77b A4aterna/ and mjfanf dato o/SGJ4 in/imte
Data

1

2

3

Age
CVP/A

29
4/30

31
1AV0

Max.dastofcBP

80
f

80
m

37
34
3/2/0
3/1/1
75
65
f
f
37w6d 41w
2480
2110
44.5
45.0
2.40
2.72
33.0
31.4
9
9
10
10
757
7 JO

Infant

4

5

6

7

8

8

10

11

12

13

14

15

22
3/1/1
60
f
39w2d
2450
45.0
2.70
33.0
9
10
757

29
2/1/0
75
f
3 7 * 5d
1960
44.4
255
33.0
6
8
7.18

26
1/0/0
70
f
4Ow 3d
2240
45.0
2.46
315
9
10
7.30

34
5/1/3
90
m
38*
2280
44.0
2.67
33.0
9
10
759

19
100
80
f
40w5d
2230
45.0
2.45
335
8
9
757

32
1/QA)
70
(
39*
2300
465
259
32i>
8
9
733

31

27
100
85
1
4 0 * Id
2060
44.0
2.42
315
9
10
-

28
4/1/2
80
f
41*
2720
48.0
2.46
.

24
2/0/1
.

42
2/0/1
70
f

Charactwtefc
Maternal

Infant

Sex
Gestabonalage
Birth weight
Birth length
Ponderal index

38w3d 38w2d
1580
39.5
2.56

Head arcumterenn

32.0

ApgarV
Apgar5'

9
10

Ph umbiical artoiy

7.30

2270
46.0
2.33
305
9
9
7.34

2/1/0
65

m
3 9 * 1d
2410
475
255
33.4
8
10
757

8
9
7.30

G/P/A=Gnrotda/Para/i4bortions; Max. diasto/ic BP= Maximum diastofc Mood pressure; m=maie;/^/emafe; tp=uvefcs; d=days

8

1
4 0 * 6d
2270
44.0
256
305
8
9
7.14

39* 3d
2200

465
2.19

325
9
10
750

Appendix HI Quality Score of General Movements

Registration number
GM number
Tape position
State
Item
1. Onset of movement
2. Variability in speed
3. Overall speed

Categories

l=abrupt / 2=smooth
l=absent / 2=present
l=predominantly fast
2=predominantly slow
4. Speed of arms compared to legs 1= higher
2= lower
3= equal
5. Force against gravity
1= absent / 2= present
6. Variability in amplitude
1= absent / 2= present
7. Overall amplitude
1= predominantly large
2= predominantly small
8. Amplitude arms compared to legs 1= larger
2= smaller
3= equal
9. Fluency
1= not fluent:
a= tremulous
b= flapping
c= abrupt, jerky
2= fluent
10. Variability in movement pattern 1= absent / 2= present
11. Variability in arm patterns
1= absent / 2= present
12. Variability in leg patterns
1= absent / 2= present
13. Fine distal movements
1= absent / 2= present
14. End of movement
1= abrupt / 2= smooth
15. Global judgement
1= abnormal /2= normal
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Score
I1
[1
[]
[]
[]
[]
[]
[]

Appendix IV

Explanations of terms used in the quality score of general movements. Several
items are not mentioned here as they do not need any further explanation.
Onsef of mouemenf :
the item is judged as "smooth" if the movement has a gradual onset, beginning in one limb and spreading slowly to the other limbs, with a gradual
increase in intensity. The item is scored "abrupt" if the movement begins with
a sudden movement of one or more limbs and with a high intensity.
Speed:
the item is judged to be "predominantly fast" if most of the components of the
movement have a high speed, and "predominantly slow" if most components
have low speed. The observer has to give his own interpretation concerning
"high" and "low" speed.
Speed o/arms compared to fegs:
judged as "equal" if arms and legs have the same speed, "lower" if the arms
move more slowly than the legs, "higher" if the arms move faster than the
legs.
Amp/ifude:
the amplitude of the general movement is judged to be "predominantly large"
if most of the movements of arms and legs have a large amplitude, i.e. if the
movements in respectively elbow and/or shoulder or knee and/or hip have
an amplitude which is equal to or larger than 50% of the maximal amplitude.
Otherwise the amplitude of the general movement is judged to be
"predominantly small".
v4mp/zïude o/arms comparedto/egs:
judged as "equal", "larger" or "smaller" if the movements of the arms have
respectively the same, a larger or a smaller amplitude than the movements of
the legs.
F/uency:
The movement is judged to be "fluent" if it is continuous with gradual
accelerations and decelerations, without tremulous components. The move-
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ment is judged as "not fluent" if it is tremulous or abrupt and jerky with
sudden accelerations and decelerations (Touwen 1990).
in mouemen/ pattern, arm patterns, /eg patterns:
Judged to be "present" if various patterns are present in the total general
movement, in the movements of the arms and in the movements of the legs.
Otherwise the items are scored as "absent".
the quality of the general movement is judged as "normal" or "abnormal"
according to the general impression and interpretation of the observer.
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Dr. H. Kingma, beste Herman, jij hebt me geleerd om wetenschappelijk,
maar vooral logisch te denken. Je hebt me wegwijs gemaakt in de wirwar van
statistische bewerkingen, en tot op het laatste moment alle ideeën bekritiseerd. Het is er nooit slechter op geworden! Bedankt.
Dhr. H. Caberg, beste Bèr, bedankt voor de manier waarop je altijd de race
tegen de klok bent aangegaan om de computerprogrammatuur niet alleen op

128

tijd, maar ook nog zeer gebruikersvriendelijk te maken. Het heeft jou heel wat
vrije uurtjes gekost en mij er des te meer bespaard!
Katinka Folmer, lieve Katinka, ontzettend bedankt voor alle uren die je,
soms tot vervelens toe, voor de video hebt doorgebracht. Ik hoop dat je met
even veel volharding je studie beëindigt en misschien kan ik dan ooit terugdoen wat jij voor mij gedaan hebt.
Robert van Oostenbrugge, Liesbeth Palmans en Anita Stevens bedank ik
voor hun inzet bij het totstandkomen van hoofdstuk 4.
Alle verpleegkundigen van de kraamafdeling, die mij gewaarschuwd hebben wanneer er een gezonde zuigeling op hun afdeling verbleef, en de
verpleegkundigen van de neonatologie, die altijd bereid waren te helpen bij
de video-opnamen, en natuurlijk Annemiek, die mij leerde zo efficiënt
mogelijk de gebruikte couveuse te poetsen, en die het mij zo vaak uit handen
nam.
Alle ouders van de kinderen die hun kind na enkele dagen al voor enige
uren "uitleenden", en er soms in hun kraamdagen speciaal voor naar het
ziekenhuis kwamen.
Alle AIO's en niet-AIO's van de vrijdagmiddag meiden groep, waarin met
veel plezier heel wat gal gespuugd werd en keiharde kritiek geleverd werd.
Ik hoop dat er nog vele promotie-feesten uit voortvloeien. Irene, ik zal jouw
boekje straks ook met plezier "muggeziften"!
Lisette Heuts-van Raak, beste Lisette, bedankt voor het delen van alle smart
en je veelvuldige computerkundige Eerste Hulp Bij Ongelukken.
Alle collega-assistenten neurologie die altijd bereid waren om even het sein
over te nemen als ik weer eens iets te bespreken had, en die mijn taak hebben
overgenomen in de tijd die ik kreeg om dit proefschrift af te ronden.
De secretaresses van de Neurologie wil ik hier bedanken voor het feit dat
zij altijd bereid waren te helpen en nooit mopperden als ik weer eens
langdurig een van de computers in beslag nam. Thera, bedankt voor de
"laatste" correcties.
De medewerkers van de AV-dienst bedank ik voor hun zeer gewaardeerde
en veel gevraagde audio-visuele bijstand.
Ook Drs. V. Nanninga-van den Neste en Dr. O. van Nieuwenhuizen mogen
in dit dankwoord niet ontbreken. Zij hebben nog tijdens mijn studie de eerste
steen voor mijn kindemeurologische en wetenschappelijke interesse gelegd.
Mijn ouders bedank ik voor de manier waarop zij mij altijd gestimuleerd
hebben om dat te gaan doen wat ik zelf het liefst wilde, en voor hun nooit
aflatende interesse in alles waar ik mee bezig ben.
Lieve Wouter, bedankt voor de vele "harten" die jij me onder de riem stak
als het niet ging zoals ik het wilde, voor de manier waarop je al die jaren mijn
onderzoeks-enthousiasme deelde en voor het feit dat je er gewoon altijd was.

129

Curriculum Vitae

The author of this thesis was born on the November 6,1962, in Geleen, The
Netherlands. She attended secondary school (Atheneum B) and graduated in
1981. After studying Physiotherapy for one year she started medical training
at the University of Utrecht in august 1982. After graduation in October 1989
she became a research fellow at the department of Neurology of the University Hospital Maastricht (Prof. dr. P.J.M. van der Lugt). In November 1992 she
started her specialist training in neurology at the Department of Neurology of
the University Hospital Maastricht (Prof. dr. J. Troost).

131

Datawyse | Urwereitaire Pefs Maastricht
ISBN 90 5278 094 3

