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Chapter 1

Introduction

During the last decades, neonatal survival rates have increased signifi cantly due to improved 

neonatal intensive care.1 In comparison to previous data in the Netherlands, neonatal mortality 

rates have declined in early preterm infants (24-32 weeks’ gestational age), late preterm infants 

(32-36.6 weeks’ gestational age) and also in infants born at term.2 Much of this decline in neonatal 

mortality can be attributed to the increasingly widespread use of antenatal steroids and postnatal 

surfactant therapy.3,4 These improvements in survival rates are, however, accompanied by a 

greater burden of disability in this population. The overall prevalence of cerebral palsy (CP) did not 

increase, but previous studies showed that the incidence of CP is much higher in early preterm 

infants in comparison to infants born at later gestational ages.5,6 In contrast, the prevalence of minor 

neurological dysfunction (MND) has increased during the last decades.5,7,8 This increase could be 

explained by an actual increase in its prevalence, but also by improved recognition of MND. 

Neurological functioning at school age can be assessed by Touwen’s age-specifi c neurological 

examination.9 It consists of six subcategories: posture and muscle tone, refl exes, choreiform 

dyskinesia, coordination and balance, fi ne manipulative ability, and rarely occurring dysfunctions, 

including excessive associated movements. MND can be clustered in simple and complex MND: 

simple MND denotes the presence of dysfunction in one or two subcategories, and complex MND 

the presence of dysfunction in two or more subcategories.10,11 

In addition, behavioural, cognitive, and attention problems are observed more often in this 

population nowadays.12-14 In line with these tendencies, one of the important goals of modern 

neonatology is to identify neurological impairments in these infants at an early stage as possible. 

The advent of sophisticated neurophysiological and neuro-imaging techniques have provided 

additional information on the aetiology of neurological damage in the newborn brain.15-18 Until 

recently, most of these techniques, although widely used in older children and adults, had not 

been used frequently in infants, the main reason being the lack of age-appropriate normative data. 

Moreover, even though the above mentioned techniques produce excellent images, they cannot 

evaluate functional performance, and previous studies found that not all abnormalities revealed by 

ultrasound evaluation lead to functional impairments.19,20

Neurological background

The neurological assessment of newborns and young infants has led to increased attention 

for developmental aspects of the nervous system. A fundamental new insight is the concept of 

ontogenetic adaptation that has far reaching consequences.21 This concept acknowledges that 

during development, the functional repertoire of the developing neural structure must meet the 

requirements of the organism and its environment.22 
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In comparison to neonatal infra-human primates, the human neonate is less adapted to the extra-

uterine environment with regards to its non-vital functions. Pregnancy in humans is relatively short 

given the allometric measurements of maternal body weight, brain weight, metabolic rate, and 

maximal life span.22,23 To a certain extent, the fi rst two months after term are a continuation of foetal 

behaviour that is followed by a major transformation of many neural functions at the age of three 

months. Only then is the young human infant better adapted to the requirements of extra-uterine 

life.24,25 This delay seems to be specifi c for humans.22   

At three months, the infant’s muscle power increases, its body posture changes from body-oriented 

to space-oriented postural control,26 visual attention and binocular vision develop, social smiling 

occurs, cooing (a new form of vocalization), emerges, and general movement patterns change their 

form.22,23,27 These changes occur during a relatively short period of a few weeks. Increased muscle 

power makes movements more eff ective, the onset of antigravity postures and orientation of the 

infant in space, and the onset of true social interaction are signs of a more eff ective ontogenetic 

adaptation of the infant to its new environment. 

From this follows that at diff erent ages we are dealing with infants with qualitatively diff erent nervous 

systems. These diff erences involve both the structure of the nervous system and the functional 

repertoire. A consequence of the age-specifi c diff erences of the developing nervous system is the 

age-specifi c vulnerability of the nervous tissue (Figure 1).22 
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Figure 1. Consequences of age-specifi c diff erences on the developing nervous system (with permission of C. 
Einspieler)
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Spontaneous movements in foetuses and young infants

Nowadays, it is generally accepted that the young nervous system is not a simple collection of 

refl exes, but a complex system that produces a great deal of endogenously generated behaviour.28 

Endogenously, i.e. without being constantly triggered by specifi c sensory input, the young nervous 

system produces a variety of motor patterns.29 In the human foetus, a large variety of specifi c 

movement patterns such as startles, twitches, isolated limb movements, stretches, and breathing 

movements emerge at nine to twelve weeks’ postmenstrual age. These endogenously generated 

movement patterns continue after birth, irrespective of the time of birth.24,27 Previous research 

showed that these endogenously generated movements are not based on refl ex activity, but on 

intraspinal generation, the so-called central pattern generators (CPGs). CPGs are neural circuits that 

generate periodic motor and sensory commands for rhythmic movements such as locomotion.30 

Well-known examples of CPGs are the central mechanisms for breathing, sucking, and chewing, 

and those for locomotion such as swimming, crawling, and walking. These rhythmic patterns can be 

generated continuously (e.g. breathing) or episodically (e.g. locomotion) in which case short or long 

bouts of rhythmic activity are interspersed with periods of quiescence. 

In addition, there are many non-rhythmic movement patterns, particularly in the human foetus 

and young infant, all of which are endogenously generated, i.e. without any recognisable external 

stimulus. Prechtl et al. suggested that in these cases the generating neural mechanisms should also 

be called CPGs because the relevant motor patterns (e. g. general movements, startles, stretches, 

yawns) are also constant in form and thus easily recognisable every time they occur.29,31 Their 

periodic or episodic occurrence, as documented in many actograms of foetal motility, pleads for 

central generation.32,33

Figure 2. The developmental course of general movements (with permission of C. Einspieler)
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General movements (GMs) are endogenously generated movement patterns. They occur frequently 

and last long enough to be properly observed. They involve the whole body in a variable sequence 

of arm, leg, neck, and trunk movements. They wax and wane in intensity, force, and speed and they 

have a gradual beginning and end. Rotations along the axis of the limbs and slight changes in the 

direction of movements make them fl uent and elegant and create the impression of complexity 

and variability.34 Before term we refer to these movements as foetal or preterm GMs; at term age 

until approximately six to nine weeks’ post-term age they are called writhing movements.27,35 By 

and large, even though age-related minor diff erences do occur, GMs look similar from early foetal 

life until the end of the second month post-term (Figure 2). At six to nine weeks’ post-term age, 

writhing GMs gradually disappear and fi dgety GMs, also called fi dgety movements (FMs), gradually 

emerge.27,36 FMs are present up to the end of the fi rst half year of life after which intentional and 

antigravity movements start to dominate (Figure 2).

Preterm GMs

There are no observable diff erences between foetal and preterm GMs. This indicates that neither 

maturation nor the increase of the force of gravity after birth has an infl uence on the appearance 

of GMs. The GMs of a preterm infant may occasionally have large amplitudes and are often of fast 

speed.37,38

Writhing Movements

At term age and during the fi rst two months’ post-term age, GMs are usually referred to as writhing 

movements. They are characterised by small to moderate amplitude and by slow to moderate speed. 

Typically, they are elliptical in form, which creates the impression of a writhing quality.26,27,35,39   

Fidgety Movements

At six to nine weeks’ post-term age, writhing movements gradually disappear and FMs gradually 

emerge.27,35,37,40 FMs are movements of small amplitude, moderate speed, and variable acceleration 

of neck, trunk, and limbs in all directions. They are continually present in the awake infant except 

when the infant is fussing or crying.35,38

Besides FMs, the motor repertoire around the age of three months post-term also consists of a 

variety of other movement and postural patterns such as leg-lifting, trunk rotation, and wiggling-

oscillating arm movements. With increasing age these movement and postural patterns increase in 

number and variety (Table 1).27,40 

The quality of general movements in case of neurological impairments

Previously, several authors who had studied neurological impairments emphasised the diff erences 

in the quality of GMs, and not in quantity.37,41-43 The quality of GMs is probably modulated by 

corticospinal or reticulospinal pathways and can, therefore, be aff ected by impairment in these 
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structures. Previous studies showed the occurrence of abnormal GMs in infants with a disruption of 

corticospinal projections by periventricular lesions of the corona radiata (leukomalacia) or hypoxic-

ischemic lesions.19,36,41,44-46 Abnormal GMs lack complexity and variability and either have a poor-

repertoire, cramped-synchronised, or a chaotic character. Except for cramped- synchronised GMs, 

the predictive value of abnormal GMs for neurological outcome is low.35,36,47 Cramped-synchronised 

GMs are seen more often in infants who later develop spastic CP.41

An abnormal quality of FMs is even more strongly related to abnormal neurological outcome. The 

absence of FMs is a good predictor of the development of neurological impairments, especially of 

CP.29 In contrast, normal FMs, observed between nine and twenty weeks’ post-term age, predict a 

Table 1. Movement patterns that may occur together with fi dgety movements  (According to Einspieler et al.35)

Movement Pattern Defi nition Period of Occurrence

Wiggling-Oscillating 
Arm Movements

Irregular, oscillatory, wave-like movements; most 
noticeable in partially or fully extended arms, where 
they have a frequency of 2 to 3 Hz; small amplitude 
and moderate speed; should be clearly distinguished 
from tremulous movements, which are less smooth in 
appearance and have a more regular rhythm.

Six to fourteen weeks’ 
post-term age.

Saccadic Arm 

Movements

Jerky, zigzag movements, which continually vary 
in direction; most noticeable in partially or fully 
extended arms; moderate to large amplitude and 
moderate speed. 

Six to fi fteen weeks’ post-
term age.

Swiping Movements Movements with a sudden but fl uid onset and 
smooth off set and a ballistic appearance; can go in 
downward or upward direction; most noticeable in 
extended arms, but also in partially or fully extended 
legs; large amplitude and high speed. 

Six to twenty weeks’ post-
term age.

Mutual 
Manipulation of 
Fingers

The hands are brought together in the midline 
and the fi ngers touch, stroke, or grasp each other 
repetitively.

From twelve weeks’ post-
term age onwards.

Manipulation 
(Fiddling) of 
Clothing

The fi ngers of one or both hands repeatedly touch, 
stroke or grasp some object or clothing.

From twelve weeks’ post-
term age onwards.

Reaching and 
Touching

One or both arms extend to some object in the 
immediate environment. The fi ngers touch the 
surface of the object.

From twelve weeks’ post-
term age onwards.

Leg-lifting Both legs lift vertically upward; partially or fully 
extended at the knees; hips are tilted upward slightly; 
one or both hands touching or grasping the knees; 
sometimes with antefl exion of the head. 

From fi fteen weeks’ post-
term age onwards.

Trunk rotation As a result of the soles of the feet pushing down on 
the surface, one side of the hips is lifted and rotated.

From twelve weeks’ post-
term age onwards.

Axial rolling The whole body is turned from lying in a supine 
position to a prone position in a movement starting 
from the head. Sometimes the infant returns to a 
supine position.

From eighteen weeks’ 
post-term age onwards
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normal outcome.29,36 Abnormal FMs, i.e. fi dgety-like movements but with exaggerated amplitude 

and speed, were found to be poor predictors of the development of CP.35 

Although it seems that CP can be predicted by assessing an infant’s motor repertoire around three 

months’ post-term age, several aspects of the early motor repertoire have not yet been investigated. 

The predictive value of the early motor repertoire for less severe neurological impairments, like 

MND, is unclear.48 The same holds true for cognitive and behavioural impairments; recently some 

correlations with the early motor repertoire were found.49

Conclusion

Improved neonatal care during the last decades has led to increased survival rates. The rise in 

survival rates has, however, led to more neurological sequelae in this population of infants. It 

remains a major challenge to identify, at as early a stage as possible, those infants at risk for the 

development of neurological damage. Prechtl’s method of the qualitative assessment of the early 

motor repertoire showed that absence of FMs around three months’ post-term age predicts the 

development of CP.  Apart from FMs, the early motor repertoire consists of several other movement 

and postural patterns. The question arises whether these aspects of the early motor repertoire could 

also have predictive value for later neurological functioning.

Aims of the thesis

The objective of this thesis was twofold. First, to investigate the development of the early motor 

repertoire in normal and high-risk infants, particularly at around three months’ post-term age. 

Both qualitative and quantitative aspects of the early motor repertoire were taken into account. 

The second aim was to investigate the relation between this early motor repertoire and functional 

outcome at school age in specifi c groups at risk for an abnormal neurological development. The 

thesis consists of three parts.

Part 1.  The early motor repertoire - qualitative and quantitative aspects

In Chapter 2 we provide an overview of the qualitative and quantitative aspects of the early motor 

repertoire of healthy infants born at term. In Chapter 3 we analyse the predictive value of the 

quality of the early motor repertoire in preterm infants for the development of MND at school age. 

In Chapter 4 we investigate the predictive value of the quantity of the early motor repertoire in 

preterm infants for the development of MND at school age. 

Part 2. The early motor repertoire - neurological outcome in various high-risk groups 

In chapter 5 we describe the association between the early motor repertoire in preterm infants and 

the functional outcome in infants with CP at school age.

Neurological damage is often observed in infants with inborn errors of metabolism (IEM).50-52 This is 
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probably due to the neurotoxic eff ects of accumulation of metabolites. In chapter 6 we investigate 

the association between the early motor repertoire and neurological outcome in infants with an 

IEM. Treating extremely low birth weight infants with postnatal corticosteroids is controversial, 

especially because of the known negative infl uence of these drugs on the neurological status of the 

newborn.53-55 In chapter 7 we describe the infl uence of dexamethasone treatment immediately after 

birth on neurological outcome in extremely low birth weight infants. Outcome was investigated by 

assessing the early motor repertoire. 

Part 3. The early motor repertoire - cognitive outcome

In chapter 8 we describe the association between the early motor repertoire and intelligence at 

school age. 
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