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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 

Age -Specific
Ontogenetic Adaptation

of the Developing Nervous System

Age -Specific
General Movement 

Patterns

Age -Specific
Vulnerability

Age -Specific
Abnormal 

General Movement 
Patterns

Age -Adequate
General Movement Assessment

Early
Intervention

Desired

D A M A G E

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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Abstract

Background: In several high-risk groups of children, the quality of fi dgety movements (FMs) and other movement 
and postural patterns around three months’ post-term age, is related to neurological outcome. These qualitative 
aspects of the early motor repertoire have, however, not been investigated in healthy infants born at term. 
Aim: To investigate the early motor repertoire of healthy, full term infants at around three months’ post-term age.
Patients and methods: After informed consent, 85 full term infants were included in the study. Video-recordings 
were made of the infants’ early motor repertoire at around three months and assessed by means of the motor 
optimality score.
Results: The motor optimality score awarded at around three months’ post-term age (median 26; range 10-
28) was correlated with post-term age (Spearman’s rho: 0.345; p<0.001). Age-adequacy, a smooth and variable 
movement quality of the early motor repertoire, the number of normal movement and postural patterns, and the 
number of midline skills increased with increasing post-term age. Abnormal movement and postural patterns 
and monotony of the early motor repertoire were less often observed with increasing post-term age.
Conclusion: Most term infants obtained a high motor optimality score at the age of three months post-term. 
The most frequently seen deviations from the norm included monotony and jerkiness of the concurrent motor 
repertoire. Several aspects of the early motor repertoire around three months’ post-term age were associated 
with post-term age.

Introduction

During the last few decades, newer approaches for assessing the nervous system have lead to 

renewed interest in the neurological assessment of newborns and young infants. Nowadays, it 

is generally accepted that the young nervous system is not a simple collection of refl exes, but a 

complex organism producing endogenously generated behaviour that is put to use for its adaptive 

needs.1 

Prechtl’s method of assessing the quality of the early motor repertoire allows us to evaluate the 

age-specifi c repertoire of the central nervous system both reliably and in a non-invasive manner.2 

The method is based on visual Gestalt perception of spontaneous general movements (GMs) in 

infants up to the age of fi ve months post-term.2 GMs are movements that involve the whole body 

in a variable sequence of arm, leg, neck, and trunk movements. They emerge during early foetal 

life3 and persist until three to four months’ post-term age. At around six to nine weeks’ post-term, 

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

emerge. FMs remain present until sixteen to twenty weeks’ post-term.4 During this period, the motor 

repertoire also consists of a large variety of other movement and postural patterns that are referred 

to as the concurrent motor repertoire.5,6 

Several studies have investigated qualitative aspects of the early motor repertoire of groups of 

infants at risk for neurological problems later in life, e.g. preterm infants. Less is known about the 

quality of the early motor repertoire of healthy infants who are born at term. Furthermore, it is 

unknown how and when items of the concurrent motor repertoire emerge in infants born at term. 

Our aim was, therefore, to investigate the early motor repertoire of healthy, full term infants.
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Patients and methods

Study population

After informed consent 87 infants were included. This prospective cohort study was part of the 

Groningen-Infant-COMPARE (GIC) study that was launched within the European COMPARE study. 

The GIC study cohort was established between October 2001 and November 2002. It consisted 

of 90 white, healthy, and randomly selected pregnant women who met the following inclusion 

criteria: giving birth to a single, healthy, full term infant, and living in the northern provinces of the 

Netherlands.7 

The study population was part of an extensive research project on the infl uence of exposure to 

brominated fl ame retardants during pregnancy on the neurological and developmental outcome of 

infants. The study was approved by the Medical Ethical Committee of the University Medical Center 

Groningen.

Recording and evaluation of the spontaneous motor repertoire around three months’ post-term age

Video-recordings of approximately ten minutes were made of the infants between nine and sixteen 

weeks’ post-term age. The recordings were made during periods of active wakefulness between 

feeds, with the partially dressed infants lying in supine position. The recordings were later evaluated 

off -line by JLMB and AFB according to Einspieler et al.4 Both observers were unaware of the infant’s 

clinical history and neurological status. Previous studies using this method showed that high inter-

observer reliability scores are achieved.4,6

The motor optimality score was used to judge the motor repertoire.4,5 It is the sum of fi ve components: 

1. The quality of the FMs, 2. The presence and normality of movement patterns, 3. The presence 

and normality of postural patterns, 4. The age-adequacy of the concurrent motor repertoire, 5. 

The quality of the concurrent motor repertoire.4,5 Together these components provide the basis for 

calculating a motor optimality score with a minimum score of fi ve points and a maximum (optimal) 

score of 28 points.5 

FMs are movements of small amplitude, moderate speed and variable acceleration of the neck, 

trunk, and limbs in all directions.8 They are present continually or intermittently in the awake infant, 

except during periods of fussing or crying. FMs may be seen as early as six weeks after birth, but 

they usually appear around the ninth week and persist until the age of fi fteen to twenty weeks post-

term.4 We assessed the quality of FMs as normal, abnormal (amplitude, speed, and jerkiness were 

exaggerated), or absent FMs (no FMs during the entire recording). 

The movement repertoire during this period consists of a large variety of movement patterns. The 

number and variety of these movements increases with age.9 A score for the presence and normality 

of movement patterns was derived from the relative frequency of their occurrence; normality was 

defi ned by the preponderance of normal patterns during the observation period and abnormality 

by the preponderance of abnormal patterns. The presence and normality of several postural patterns 
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were also scored. Normality was again defi ned by the preponderance of normal postural patterns 

during the observation period and abnormality by the preponderance of abnormal patterns. 

The occurrence of all specifi c movement and postural patterns provided the basis for scoring the 

age-adequacy of the concurrent motor repertoire (all movement and postural patterns besides 

FMs) as age-adequate, reduced, or absent. The age-adequacy of the concurrent motor repertoire was 

scored absent if less than fi ve normal movement and postural patterns were observed, reduced in 

case fi ve or six observed movement and postural patterns were observed, and age-adequate in case 

seven or more movement and postural patterns were observed.

The last item to be judged was the quality of the concurrent motor repertoire. The quality of the 

concurrent motor repertoire was considered normal if it was smooth, variable, fl uent, and complex. 

Reduced complexity (monotony), jerkiness and a cramped character or both, were considered to 

be signs of abnormality and scored separately.10-12 Diff erences in the degree of monotony, jerkiness, 

and cramped character were not scored. 

The assessment of neurological outcome at school age

All children were invited prospectively to participate in an extensive follow-up programme. It 

entailed the assessment of motor performance, cognition, and behaviour at the age of fi ve to six 

years. Parents gave their informed consent. The follow-up programme was approved separately by 

the Medical Ethical Committee of the University Medical Center Groningen.

To determine the children’s motor outcome we administered the Movement ABC, a standardised 

test of motor skills for children aged four to twelve years.13,14 The tasks composing the Movement 

ABC are representative of the motor skills that are required of children attending elementary school 

and are adapted to the child’s age. 

Statistical analysis

Statistical analysis was performed using the SPSS package for Windows, version 16.0. The Spearman 

Rank test was applied to evaluate the associations between the early motor repertoire and post-term 

age. Throughout the analyses p <0.05 (two-tailed) was considered to be statistically signifi cant.
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Results 

Of the 85 infants video-recorded at around the age of three months post-term, 90% developed 

normally (Movement ABC scores above the 15th percentile), 5% of the infants had a Movement 

ABC score between the 5th and 15th percentile, and 5% had a Movement ABC score under the 5th 

percentile. 

Analysis of the motor repertoire at around three months’ post-term age of infants born at term

Analysis of the early motor repertoire at around three months’ post-term age showed a median 

motor optimality score of 26 (range: 10-28). With increasing post-term age, higher motor optimality 

scores were observed (Spearman’s rho: 0.345; p<0.001). More detailed examination of the diff erent 

components of the motor optimality score revealed that 81 infants (95%) had normal FMs, whereas 

four infants (5%) showed abnormal FMs, while FMs were absent in none of the infants. The quality 

of the FMs did not correlate with post-term age.  A higher motor optimality score, excluding the 

FMs score, however, correlated signifi cantly with increasing post-term age (Spearman’s rho: 0.402; 

p<0.001). 

With increasing post-term age, the quality of the concurrent motor repertoire became increasingly 

normal (Spearman’s rho: 0.380; p<0.001). In 50 infants (59%) the quality of the concurrent motor 

repertoire was normal and smooth, 34 infants (40%) had an abnormal quality and one infant (1%) 

Figure 1. Association between the percentages of infants who showed a smooth versus a monotonous 
movement character, and post-term age. Diff erences between the groups were tested by Spearman’s Rank test 
0.380; p<0.001 and 0.365; p<0.01).
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showed a cramped-synchronised concurrent motor repertoire. Further analysis of the 34 infants 

with an abnormal quality of the concurrent motor repertoire revealed that in sixteen infants (19%) 

it was monotonous, seventeen infants showed jerkiness (20%), and six infants (7%) were cramped. 

Combinations of abnormalities occurred in fi ve of the infants with an abnormal concurrent motor 

repertoire: three infants showed monotony and jerkiness, one infant was cramped and jerky, 

and one infant was cramped and monotonous. Only the presence of a monotonous concurrent 

motor repertoire correlated with post-term age. With increasing post-term age, monotony of the 

concurrent movement repertoire decreased (Spearman’s rho: -0.365; p<0.01) (Figure 1).

Analysis of the quantitative components of the early motor repertoire showed that 49 infants (58%) 

had an age-adequate motor repertoire, seventeen infants (20%) had reduced age-adequacy, and 

in nineteen infants (22%) an age-adequate motor repertoire was absent at around the age of three 

months post-term. Age-adequacy of the early motor repertoire correlated signifi cantly with post-

term age (Spearman’s rho: 0.375; p<0.001) (Table 1). With increasing post-term age the number of 

normal movement and postural patterns increased (Spearman’s rho: 0.436; p<0.001 and rho: 0.269; 

p<0.05) (Figure 2), whereas the number of abnormal movement and postural patterns decreased 

(Spearman’s rho: -0.245; p<0.05 and rho: -0.311; p<0.01) (Table 1). 

On examining specifi c movement and postural patterns in more detail we found that with 

increasing post-term age, the number of midline skills (hand-hand and foot-foot contacts) increased 

signifi cantly (Spearman’s rho: 0.295; p<0.01) (Figure 3). Furthermore, leg-lifting with fl exed knees 

and various fi nger movements were also observed more frequently with increasing post-term age. 

(Spearman’s rho: 0.328; p<0.01; rho: 0.296; p<0.01) Predominant fi sting decreased with increasing 

post-term age (Spearman’s rho: -0.296; p<0.01). 

Table 1. The number of normal and abnormal movement and postural patterns at diff erent gestational ages

Week Number NMP AMP NPP APP

50 5 5 (2-8) 0 (0-0) 4 (3-4) 0 (0-1)

51 12 6 (2-9) 0 (0-2) 4 (2-5) 0 (0-3)

52 15 4 (1-10) 0 (0-1) 3 (2-4) 1 (0-3)

53 19 7 (3-10) 0 (0-2) 4 (3-4) 0 (0-2)

54 13 7 (2-11) 0 (0-1) 4 (3-4) 1 (0-2)

55 14 7 (5-13) 0 (0-0) 4 (3-4) 0 (0-1)

56 4 9.5 (9-11) 0 (0-0) 4 (4-4) 0 (0-0)

57 3 10 (9-11) 0 (0-0) 4 (4-4) 0 (0-0)

Total 85 7 (1-13) 0 (0-2) 4 (2-5) 0 (0-3)

NMP: normal movement patterns (median and range)
AMP: abnormal movement patterns (median and range)
NPP: normal postural patterns (median and range)
APP: abnormal postural patterns (median and range)
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Discussion

The present study described the development of the early motor repertoire of healthy, full term 

infants at around the age of three to four months post-term. With increasing post-term age, the early 

motor repertoire became smoother and more complex, while the number of normal movement 

Figure 3. Association between the percentages of infants who showed midline skills (hand-hand contact and 
foot-foot contact) and post-term age. Diff erences between groups were tested by Spearman’s Rank test (0.295; 
p<0.01).

Figure 2. Association between the number of normal movement patterns and post-term age. Diff erences 
between the groups were tested by Spearman’s Rank test (0.436; p<0.001).
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and postural patterns also increased. Conversely, the number of abnormal movement and postural 

patterns decreased with increasing post-term age, as did monotony of the concurrent motor 

repertoire.  

The results of our study are in line with previous work on the assessment of the early motor 

repertoire. Analyses of the early motor repertoire of infants with neurological impairments showed 

that the motor optimality score is associated with neurological outcome.  Furthermore, in these 

study populations, several qualitative and quantitative aspects of the early motor repertoire are 

associated with neurological outcome at school age.6,12 The present study also showed that the 

number of midline skills increased with increasing post-term age. Previously, Gesell and Amatruda 

described the cephalocaudal (head-to-tail) progression of early gross motor development.15 The 

biological value of this sequence is obvious. Early stabilisation of the head makes feeding easier, 

and it also enables the newborn child to become aware of the world. The infant’s orientation moves 

from being body-orientated to environment-orientated with increasing post-term age. 

There are at least two interpretations for the fact that complexity and smoothness of the early motor 

repertoire, both of which are signs of normality, increased with increasing post-term age. Cortical 

areas increase their level of activity markedly during the second and third months post-term, as 

do the cerebellar cortex and the basal ganglia, areas involved in networks with important motor, 

cognitive, and behavioural functions.16 A second interpretation is that with the infant’s exploration 

of the environment, several motor strategies integrating and refi ning neural input and output that 

start at two months of age, lead to better neurological performance.17 

In this study we did not report on the relation between the early motor repertoire and neurological 

outcome at school age. Our aim was to describe the normal development of the early motor 

repertoire. Since most healthy, full term infants will develop normally, our study would probably 

be underpowered to detect relevant predictors. Nevertheless, it remains interesting whether these 

abnormal aspects of the early motor repertoire are associated with neurological fi ndings at school 

age. Therefore, detailed comparative studies between preterm and term infants are needed to 

investigate the correlation between the early motor repertoire and neurological outcome at school 

age.

In conclusion, this study showed that several aspects of the early motor repertoire of healthy, term 

infants at around three months’ post-term age were associated with post-term age. With increasing 

post-term age, the early motor repertoire becomes more complex. Also, more midline skills and 

normal movement and postural patterns were observed. In contrast, abnormal movement and 

postural patterns and monotony of the early motor repertoire were observed less frequently with 

increasing post-term age. Further investigations in infants born at term, are warranted to detect 

possible associations between the early motor repertoire and neurological outcome at school age.
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Abstract

Objective: The quality of the spontaneous motor repertoire at 3 to 4 months post-term has a high predictive 
power for later cerebral palsy (CP). The predictive power of the quality of the motor repertoire at this early age 
for minor neurological dysfunction (MND) is, as yet, less clear. Our aim was to investigate the predictive value of 
the quality of the early motor repertoire for the development of MND at school age.
Study design: Video-recordings of the spontaneous motor repertoire were made between 6 and 24 weeks post-
term in 82 preterm infants (gestational age 29.7±1.9 w, birth weight 1183±302 g) in this prospective cohort study. 
We assessed several qualitative aspects of the motor repertoire. At 7 to 11 years of age, Touwens’ neurological 
examination was performed. Children were classifi ed as neurologically normal, MND and CP. 
Results: At 7 to 11 years of age, 15 children (18%) had CP, 49 (60%) were neurologically normal, and 18 (22%) 
had MND. Multiple logistic regression analysis showed that 2 items in the motor repertoire had independent 
prognostic value for MND at school age: the quality of FMs and the quality of the concurrent motor repertoire, 
both at particularly 11-16 weeks post-term. In 7 of 11 children (64%), abnormal FMs evolved into MND. Normal 
FMs were followed by MND in 10 of 49 children (20%) (p<0.05). When FMs were normal, the quality of the 
concurrent motor repertoire provided additional information. Nine of the 28 children (32%) with normal FMs 
and an abnormal concurrent motor repertoire developed abnormally (8 MND, 1 CP). Only one of 21 children (5%) 
with normal FMs and a normal concurrent motor repertoire developed abnormally (MND) (p<0.05). 
Conclusions: The quality of the early motor repertoire, in particular an abnormal quality of FMs and an abnormal 
quality of the concurrent motor repertoire at 11-16 weeks post-term, is associated with the development of 
MND at 7 to 11 years of age. The absence of such abnormalities is associated with low risk for later neurological 
problems. Assessment of the quality of the early motor repertoire enables the accurate early identifi cation of 
individual infants at high and low risk for later neurological problems. 

Introduction

Neurological and developmental complications are common in infants born preterm. Estimates of 

their prevalence range from 10% to more than 50%.1,2 Well-documented sequelae of preterm birth 

that persist into childhood and adolescence include motor, cognitive and behavioral impairments 

ranging in severity from cerebral palsy (CP) and sensory loss to minor neurological dysfunction 

(MND), learning disabilities, and attention and behavior problems.3-6

The early identifi cation of infants at highest risk remains diffi  cult. Gestational age and birth weight are 

two rather rough early indicators. Neuro-imaging (brain ultrasound and MRI)7-9 and specifi c clinical risk 

scores10 are slightly more accurate. In the last 15 years, the quality of spontaneous general movements 

(GMs), assessed following Prechtl’s method, has emerged as a reliable and valid predictor of severe 

neurological defi cits, e.g. CP, for the individual infant.11,12 This method is based on visual Gestalt 

perception of the quality of GMs in the preterm, term and post-term periods, up to 5 months post-

term. Normal GMs are characterised by complexity, variability and fl uency, whereas abnormal GMs 

are characterised by reduced complexity, variability and fl uency. At 6 to 9 weeks post-term age, the 

character of the GMs gradually changes into so-called “fi dgety” GMs (FMs). The quality of these FMs, 

which can be observed up to 20 weeks post-term, is a particularly accurate marker for neurological 

outcome: most infants (96%) with normal FMs have normal neurological outcomes, while most 
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infants (95%) in whom FMs are absent during this particular age period develop CP.13,14 An early 

indicator with comparable prognostic value for the milder defi cits (e.g. MND), which are far more 

prevalent than CP in this population, has not yet been identifi ed. 

Previously, associations have been found between the development of MND in childhood and the 

quality of GMs at 2-4 months post-term.15,16 Groen et al showed that abnormal GMs at 8-17 weeks 

post-term were predictors for coordination problems and fi ne manipulative disability at school age.17 

However, the predictive value of GMs in Groen et al’s study, in which movement quality was assessed 

globally, was only fair. They based the degree of abnormality of the GMs on the extent to which the 

complexity and variation of spontaneous movements were reduced. Further, the abnormality of FMs 

and in particular their absence, despite its high predictive value for CP,13 were not taken into account.  

In an earlier study, we followed a diff erent approach, carrying out separate global assessments of 

diff erent qualitative aspects of the motor repertoire.18 We found that both an abnormal quality of 

FMs and a monotonous character of concurrent movements increased the probability of developing 

MND at 2 years of age.11,19 The question then arises whether the assessment of the quality of FMs, 

in conjunction with the assessment of the quality of the concurrent motor repertoire, also has 

predictive value for MND at school age. Since FMs emerge at 6 weeks and disappear around 20 

weeks post-term, we investigated whether the quality of the motor repertoire at 6 to 24 weeks post-

term has prognostic value for MND at the age of 7-11 years in preterm infants. 

Methods

Subjects

The study group consisted of 82 infants (50 boys and 32 girls) born preterm between September 

1992 and October 1997 and admitted to the Neonatal Intensive Care Unit (NICU) of the Beatrix 

Children’s Hospital of the University Medical Center of Groningen (UMCG). The infants were members 

of a larger group of 99 infants who were included in prospective studies of the prognostic value of 

the quality of GMs for neurological and developmental fi ndings. The results of these studies have 

been reported previously.14,20-25 The study group can be considered a representative sample of the 

preterm infant population in our NICU (tertiary referral centre) during the mid-nineties.

Seven infants died during the fi rst few months of life, mostly due to severe respiratory problems as 

seen in bronchopulmonary dysplasia. Conditions which could interfere with normal neurological 

development became apparent in three infants (two infants: blindness due to retinopathy of 

prematurity; one infant: morbus Duchenne). Five of the remaining 89 infants could not be traced. 

Two families refused to participate. Obstetrical and neonatal data are listed in table 1 grouped 

according to the neurological status at school age.  All parents gave written, informed consent. The 

ethical review board of the UMCG approved the study.
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Recording and evaluation of the motor repertoire between 6 and 24 weeks post-term

Video recordings, approximately 10 minutes long, were made of the infants at approximately 

6-8, 12-14 and 18-21 weeks during the post-term period. The timing and frequency of the video 

recordings diff ered for a few infants for logistic or family reasons. The recordings were made either 

at the outpatient clinic or at home, during periods of active wakefulness between feeds, with the 

partly dressed infants lying in supine position.  

In toto, 214 recordings (median 3 per infant, mean duration 9:01 minutes) were available for analysis. 

The recordings of all infants were ordered according to increasing post-term age and evaluated off -

line by JLMB, AFB and CE according to Einspieler et al.11 Two of the observers were unaware of the 

infant’s clinical history and neurological status; one knew the infant’s clinical history. The quality 

Table 1. Clinical characteristics and risk factors of the study group, according to neurological fi ndings at school age. 
Data are expressed as median (P25-75), or N (%). 

 Children who developed Children who developed Children who developed CP 
 normally or simple MND complex MND     
Number 49 18 15
Gestational Age 30.1 wk (28.6 – 31.7 wk) 28.9 wk (27.8 – 31.0 wk) 28.7 wk (27.7-30.0 wk)a

Birth Weight (BW) 1160 g (950 – 1343 g) 1165 g (898 – 1333 g) 1220 g (870-1460 g)
Male infants 23 (47) 12 (67) 12 (80)
IUGR (BW < P5)1 12 (24) 4 (22) 1 (7)
Prenatal steroids 34 (71) 11 (61) 9 (60)
Apgar score at 5’ 8 (8 – 9) 8 (5 – 8.3)b 6 (5 – 7)b

Umbilical pH 7.28 (7.25 – 7.31) 7.26 (7.21 – 7.33) 7.26 (7.21 – 7.33)
Ventilator support 
(IPPV of HFOV)2 23 (47) 11 (61) 15 (100)b,d

Septicaemia 17 (35) 7 (39) 5 (33)
ICH3 gr1-2 11 (22) 6 (33) 2 (13)
ICH3 gr 3-4 none none 5 (33)b,c

PVL4 gr1 19 (39) 14 (78)b 8 (53) 
PVL4 gr 2-3 none none 4 (27)b,c

BPD5 11 (22) 5 (28) 9 (60)b

Postnatal steroids 3 (6) 4 (22) 9 (60)b,c

1 IUGR is intra-uterine growth restriction, birth weight according to the Dutch weight centiles of Kloosterman.44

2 IPPV is intermittent positive pressure ventilation, HFOV is high frequency oscillatory ventilation.
3 ICH is intracranial haemorrhage graded according to Papile et al.45

4 PVL is periventricular leukomalacia graded according to de Vries et al.46 PVL grade 1 is also called prolonged 
fl aring.
5 BPD is Bronchopulmonary dysplasia, defi ned as oxygen dependency at 36 weeks postmenstrual age. 

a P< 0.05, compared with infants who developed normally or simple MND
b P< 0.01, compared with infants who developed normally or simple MND
c P< 0.05, compared with infants who developed complex MND
d P< 0.01, compared with infants who developed complex MND
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of the motor repertoire could not be judged in 10 of the 214 recordings (4.7%), due to crying, 

sleepiness or hiccups.

We assessed the quality of FMs and the quality of the concurrent motor repertoire separately during 

diff erent runs of the videotapes. For further analysis, we clustered the video recordings between the 

ages of 6-10 weeks post-term (early fi dgety movements’ period), 11-16 weeks (mid-fi dgety movements’ 

period) 17-24 weeks (late or post-fi dgety movements’ period). If two recordings were made of the 

same infant during the same age period, the recording closest to the median age of the particular 

age period was selected. We chose these periods (1) because of the age-related characteristics of 

the quality of FMs and (2) because, with time, the number of movement patterns, and therefore the 

complexity of the motor repertoire increases considerably.11,26,27 

The quality of fi dgety movements (FMs) 

FMs are of small amplitude, moderate speed and variable acceleration of neck, trunk and limbs in 

all directions. They are continual in the awake infant, except during fussing and crying.13 FMs may 

be seen as early as 6 weeks post-term but usually appear around 9 weeks and persist until 15 to 20 

weeks.11 We assessed the quality of FMs as normal, abnormal (amplitude, speed and jerkiness were 

exaggerated) or absence of FMs (no FMs observed between 6 and 20 weeks’ post-term). When FMs 

were present, their temporal organisation was scored as continual (++), intermittent (+) or sporadic 

(+/-)28 and their spatial organisation was scored as proximal (more prominent in the trunk, neck, 

shoulders and hips), distal (more prominent in the wrists and ankles), or equally prominent in the 

proximal and distal parts of the body.11

Quality of the concurrent motor repertoire

The quality of the concurrent motor repertoire was considered to be normal if it was smooth, 

variable, fl uent and complex. Reduced complexity (monotony), jerkiness and/ or stiff ness were 

considered to be signs of abnormality, and were scored separately.17,21 Diff erences in degree of 

monotony, jerkiness and stiff ness were not scored. 

Inter-scorer reliability

To check inter-observer reliability, 145 randomly selected recordings were assessed by three 

observers. Cohen’s kappa was 0.87 for the quality of fi dgety movements and 0.91 for the quality of 

the concurrent motor repertoire. 

Assessment of neurological and motor fi ndings at 7 to 11 years of age

Follow-up consisting of pediatric and neurological examinations was performed at regular 

intervals. At 6 years of age, 15 children were diagnosed with CP according to Hagberg’s criteria.29 A 

neurological examination according to Touwen30 was performed between 7 and 11 years of age on 

the remaining 67. This examination is designed to detect signs of minor neurological dysfunction. 
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Following Hadders-Algra, six subcategories of function were assessed:31,32 posture and muscle 

tone, refl exes, choreiform dyskinesia, coordination and balance, fi ne manipulative ability and rarely 

occurring dysfunctions, including an excess of associated movements. The children were classifi ed 

as neurologically normal, simple MND, or complex MND. Simple MND denoted the presence of 

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

than two subcategories.16,32 Since simple MND has limited clinical and functional signifi cance, 

as opposed to complex MND,17,32 the normal and simple-MND groups were analysed as a single 

group. Further, because the aim of the study was to evaluate the signifi cance of the quality of the 

movement repertoire for minor neurological defi cits, the analysis was performed both with and 

without the children with CP.

In addition, the Movement ABC, a test of motor skill for children in the age range 4 to 12 years,33 was 

administered. The Movement ABC, which is widely used in practice and in research, yields a score 

for total movement quality, based on separate scores for fi ne motor skills, ball skills and balance. The 

tasks which comprise the Movement ABC are representative of the motor skills that are required of 

children attending elementary school. They are adapted to the age of the child.

Statistical analysis

Statistical analysis was performed using SPSS package for Windows, version 14.0. Fisher’s exact test 

and Chi2 test for trend were used to evaluate the associations between the categorical parameters of 

the quality of FMs and the concurrent motor repertoire on the one hand and neurological fi ndings at 

school age on the other. The Kruskal-Wallis test and the Mann-Whitney U test were applied to evaluate 

the associations between clinical data and later neurological fi ndings. To assess the infl uence of the 

diff erent clinical and movement-quality-related factors on later neurological fi ndings, backward 

multiple logistic regression analysis was performed. Only factors that were signifi cant in the 

univariate analyses were included in the model. Throughout the analyses p <0.05 (two-tailed tested) 

was considered to be statistically signifi cant.

Results

The neurological and movement ABC fi ndings at school age 

At 7 to 11 years of age, 15 children had developed cerebral palsy (5 unilateral, 8 bilateral, 2 dyskinetic 

cerebral palsy). Of the remaining 67 children, 36 were neurologically normal, 13 had developed 

simple MND and 18 had complex MND. Most children with complex MND had abnormalities in the 

clusters coordination/ balance and fi ne manipulative ability. This combination of abnormal clusters 

was present in only 3 infants with simple MND. 

All clusters of the neurological test except refl exes correlated signifi cantly with the Movement ABC 

scores. The total score and all subtest scores on the Movement-ABC were similar for children classifi ed 
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as normal and simple MND. The total score and the subtest scores for fi ne motor and ball skills for 

children classifi ed as simple and complex MND diff ered signifi cantly (Mann Whitney U test, p=0.002, 

p=0.022 and p=0.018 respectively). The diff erence in scores for balance almost reached statistical 

signifi cance (p=0.056). These fi ndings confi rm the proposed diff erences in functional consequences 

between simple and complex MND and support the decision to combine the normal and simple 

MND groups for further analysis. For the purpose of clarity, this combined group is referred to as 

normal in this paper. 

Relationship between clinical data at birth and neurological fi ndings at school age  

The associations between the peri- and neonatal clinical data and the neurological fi ndings at 

school age are shown in Table 1. Several clinical data diff ered signifi cantly between infants with 

CP and those who developed complex MND or were classifi ed as normal. Hardly any diff erences 

in clinical data existed between infants who developed complex MND and infants who were 

classifi ed as normal. Only a lower Apgar score at 5 minutes and the presence of prolonged fl aring 

(periventricular leukomalacia grade 1) were more often seen in the MND infants. 

Relationship between qualitative aspects of the motor repertoire and neurological fi ndings at school 

age

a. Quality of fi dgety movements between 6 and 24 weeks post-term

The associations between the quality of FMs and the neurological fi ndings at school age for each 

age-period are shown in Table 2. The absence of FMs at 11-16 weeks post-term was most strongly 

Table 2. Association between quality of GMs at post-term ages of 6-10 weeks, 11-16 weeks and 17-24 weeks 
and neurological fi ndings at school age. The numbers in the boxes refer to the numbers of infants. For all age 
periods, these associations were highly signifi cant (6-10wk post-term: Chi2 test for trend = 28.5, p<0.001; 11-
16wk post-term: Chi2 test for trend = 62.4, p<0.001; 17-24 wk post-term: Chi2 test for trend = 7.6, p=0.011).

Neurological fi ndings at school age
Post-term 
age Quality of FMs Normal/ Simple

MND
Complex 

MND Cerebral Palsy Total

6-10 weeks Normal FMs 30 7 37
Abnormal FMs 2 2 4
Absence of FMs 2 6 11 19
Total 34 15 11 60

11-16 weeks Normal FMs 39 9 1 49
Abnormal FMs 4 7 11
Absence of FMs 1 12 13
Total 43 17 13 73

17-24 weeks Normal FMs 21 4 1 26
Abnormal FMs 1 2 3
Absence of FMs 12 4 8 24
Total 34 10 9 53
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associated with adverse neurological outcome, preceding CP in 12 of 13 infants (92%), complex 

MND in one infant and never being observed in an infant later classifi ed as normal. Absence of 

FMs at 6-10 weeks and at 17-24 weeks, however, was observed in several infants later classifi ed as 

normal. In all of these infants, FMs were present at 11-16 weeks. In some infants they were normal. 

In others they were abnormal. 

Abnormal FMs were observed most frequently at 11-16 weeks post-term. They preceded complex 

MND in 7 of 11 cases (64%). The remaining 4 infants (36%) were later classifi ed as normal. Abnormal 

FMs were rare at both 6-10 weeks and 17-24 weeks. However, all but one of the infants who showed 

abnormal FMs at 11-16 weeks had either absent or abnormal FMs both before (6-10 weeks) and after 

(17-24 weeks) that period. Only one infant was inconsistent, showing normal FMs at 6-10 weeks. 

At any age, approximately 80% of infants who showed normal FMs were classifi ed as normal at school 

age. Normal FMs preceded CP in only one infant. Again, the association between the presence of 

normal FMs and normal neurological outcome was strongest at 11-16 weeks.  However, normal FMs 

at 11-16 weeks preceded complex MND in 9 of 49 infants (18%). 

Overall, the quality of FMs at 11-16 weeks had the strongest association with neurological outcome. 

However, while it diff erentiated the infants with complex MND from the infants with CP very well, 

it diff erentiated the infants with complex MND from the normal infants less clearly. Only half of the 

infants who developed complex MND (8 of 17 infants) had abnormal FMs at 11-16 weeks. The other 

half (9 of 17 infants) had normal FMs.

The groups did not diff er on the detailed aspects of FMs, such as the temporal characteristics and 

proximal – distal predominance.

b. Quality of the concurrent motor repertoire between 6 and 24 weeks post-term

The associations between the quality of the concurrent motor repertoire in each age period and the 

neurological fi ndings at school age are shown in Table 3. At all ages the concurrent motor repertoire 

was frequently abnormal, ranging from 68% to 72% of all infants. The association between the 

quality of the concurrent motor repertoire and neurological fi ndings was strongest at 11-16 weeks 

post-term. A normal concurrent motor repertoire at this age distinguished the infants who were later 

classifi ed as normal from those who developed either complex MND or CP (Figure 1a), preceding 

complex MND in only 1 of 21 infants (5%), and never preceding CP (Table 3). An abnormal concurrent 

motor repertoire, however, had less predictive value, preceding complex MND in 16 (31%), and CP 

in 13 of 52 infants (25%). Thus, nearly half of the infants (23 of 52, 44%) whose concurrent motor 

repertoire was abnormal at 11-16 weeks were later classifi ed as normal. 

Three types of concurrent motor repertoire abnormality were scored: monotony, jerkiness 

and stiff ness. Of these, only monotony was associated with later complex MND (Figure 1b). The 

concurrent motor repertoire was monotonous in 80% of infants who later developed complex MND, 

as opposed to 30% of infants later classifi ed as normal. Jerkiness and stiff ness at any age did not 

diff erentiate between the two groups (Figure 1c-d). 
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Table 3. Association between the quality of the concurrent motor repertoire at post-term ages of 6-10 weeks, 
11-16 weeks and 17-24 weeks and neurological fi ndings at school age. Signs of abnormality of the concurrent 
motor repertoire included a reduced complexity (monotony), jerkiness and / or stiff ness. The numbers in the 
boxes refer to the number of infants. For all age periods, these associations were signifi cant. (6-10wk post-term: 
Chi2 test for trend = 12.0, p=0.001; 11-16wk post-term: Chi2 test for trend = 16.3, p<0.001; 17-24 wk post-term: 
Chi2 test for trend = 7.0, p<0.01).

Figure 1. Relationship between the quality of the concurrent motor repertoire and neurological fi ndings at 
school age. For the groups of infants classifi ed as either normal, complex MND or CP at school age, the bars rep-
resent the percentage of infants with an abnormal quality of the concurrent motor repertoire (a), in particular a 
monotonous character (b), a jerky character (c) or a stiff  character (d). Diff erences between groups were tested 
by the Fisher’s exact test. (* = p<0.05; ** = p<0.01; *** = p<0.001) 

Neurological fi ndings at school age

Post-term 
age

Quality of 
concurrent motor 
repertoire

Normal/ Simple
MND Complex MND Cerebral 

Palsy Total

6-10 weeks Normal 13 4 17
Abnormal 21 11 11 43
Total 34 15 11 60

11-16 weeks Normal 20 1 21
Abnormal 23 16 13 52
Total 43 17 13 73

17-24 weeks Normal 15 2 17
Abnormal 19 8 9 36
Total 34 10 9 53
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Prognostic value of combining several qualitative characteristics of the motor repertoire for later complex 

MND

At 11-16 weeks post-term, two aspects of the motor repertoire had particularly high prognostic 

value for the development of complex MND. These were the quality of FMs and the quality of 

the concurrent motor repertoire. Their prognostic value for neurological fi ndings at school age is 

shown in Table 4. When FMs were absent, the concurrent motor repertoire was always abnormal, 

a combination which was highly predictive for the development of CP.  When FMs were abnormal, 

the concurrent motor repertoire was also always abnormal. This combination preceded the 

development of complex MND in 7 of 11 infants (64%). When FMs were normal, the presence of an 

abnormal concurrent motor repertoire preceded the development of complex MND (or worse) in 9 

of 28 infants (32%). Finally, when both FMs and the concurrent motor repertoire were normal, only 

1 infant of 21 (5%) developed complex MND.  

Since the diff erent qualitative aspects of the motor repertoire are likely to be interdependent, 

we performed a multiple logistic regression analysis to investigate which aspects contributed 

independently to the development of complex MND. Infants who had developed CP were excluded 

from the analysis, leaving 60 infants, recorded at 11-16 weeks, for further analysis. Aspects of the 

motor repertoire and clinical data which had shown signifi cant associations with later neurological 

outcome were entered as predictors: quality of FMs, quality of the concurrent motor repertoire, 

Apgar score at 5 minutes, presence of prolonged fl aring (periventricular leukomalacia grade 1). Only 

the quality of FMs (LR 4.7; 95% CI 0.99 – 22.5, p=0.05), the quality of the concurrent motor repertoire 

(LR 14.3; 95% CI 1.1 - 192, p=0.045) and Apgar score at 5 minutes (LR 0.53; 95% CI 0.32 – 0.87, p=0.012) 

remained in the model. When we combined the qualitative characteristics of the motor repertoire as 

a single measure, LR for development of complex MND was 2.7 (95% CI 1.5 – 4.9, p=0.001).   

Table 4. Association between the combination of quality of FMs and the quality of the concurrent motor 
repertoire, at 11-16 weeks post-term and neurological fi ndings at school age. In case of normal FMs, the quality 
of the concurrent motor repertoire had additional predictive value for neurological fi ndings at school age. (Chi2 
test for trend = 5.2, p=0.022). 

Neurological fi ndings at school age

Quality of FMs at 
11-16 weeks post-
term 

Quality of concurrent 
motor repertoire at 11-
16 weeks post-term

Normal/ Simple
MND

Complex 
MND

Cerebral 
Palsy Total

Normal FMs Smooth and variable 20 1 21
Abnormal: monotonous, 
jerky and/ or stiff 19 8 1 28

Abnormal FMs Smooth and variable
Abnormal: monotonous, 
jerky and/ or stiff 

4 7 11

Absence of FMs Smooth and variable
Abnormal: monotonous, 
jerky and/ or stiff 1 12 13
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Discussion

The present study demonstrates that, in children born preterm, the quality of the motor repertoire 

at 11-16 weeks post-term is related to clinically relevant, minor neurological dysfunction (complex 

MND) at 7 to 11 years of age. Both characteristics predictive for an abnormal outcome and 

characteristics predictive for a normal outcome were identifi ed. Indicative for an abnormal outcome 

was the presence of abnormal FMs, which was followed by complex MND in nearly two thirds of the 

cases. Features that were predictive of normal fi ndings at school age were normal FMs in conjunction 

with a normal concurrent motor repertoire at 11-16 weeks. The quality of FMs also diff erentiated 

infants developing complex MND from infants developing CP. FMs were absent at 11-16 weeks post-

term in most infants developing CP in contrast to infants developing complex MND. 

The assessment of the quality of the motor repertoire at this very young age adds considerably to 

the individual risk assessment of preterm infants for the development of clinically relevant, complex 

MND at school age. Clinical characteristics from the perinatal period hardly diff erentiated infants 

developing complex MND from infants later classifi ed as normal. Only prolonged fl aring (PVL grade 1) 

and a low Apgar score at 5 minutes were associated with development of complex MND. Prolonged 

fl aring has previously been associated with minor neurological signs and perceptual-motor diffi  culties 

in preterm infants,9 but this was not confi rmed in a recent study.34 Low Apgar scores have also been 

associated with neurological and developmental disabilities, but prediction in the individual infant is 

very poor,35 as is interobserver reliability.36 In the present study, multiple logistic regression showed 

the combined measure of qualitative aspects of the motor repertoire at 11-16 weeks post-term to be 

a strong predictor of later MND. 

Our fi ndings are in line with previous studies that have investigated the quality of the motor 

repertoire at an early age as a predictor for MND.15-17,19 In addition, the present study emphasises the 

importance of the assessment of FMs. We confi rmed the absence of FMs to be highly predictive for the 

development of CP. In addition, we demonstrated that the presence of abnormal FMs was closely related 

to the development of complex MND at school age. Previously, abnormal FMs have been associated 

with poorer fi ne motor abilities during midpuberty.37 The biological function of FMs, as a transient, 

age-specifi c, distinct form of GMs, is still unclear. It has been speculated that one of the ontogenetic, 

adaptive functions of these small movements is the optimal calibration of the proprioceptive 

system.38,39 Our fi ndings that abnormal FMs frequently precede clinically relevant abnormalities of 

coordination, balance and fi ne motor abilities at school age support this speculation. 

Approximately half of the infants who developed complex MND had normal FMs. There must be 

another explanation for why these infants developed complex MND. In almost all cases, the quality 

of the concurrent repertoire was abnormal at 11-16 weeks. In particular, a monotonous, but not a 

jerky or stiff  concurrent motor repertoire, was associated with the later development of complex 

MND. This association was not as strong as the presence of abnormal FMs. Several infants with normal 

FMs in conjunction with an abnormal concurrent repertoire were later classifi ed as normal. However, 
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this combination posed a risk of approximately 30% for the development of complex MND. Other 

investigators have also found that, while reduced variability of spontaneous motility at this young age 

increases the risk for later neurological abnormalities, a small majority of these infants will develop 

normally.16,17,40 Apparently, reduced variability of the concurrent motor repertoire at this age hampers 

normal motor development in some but not all infants. Why this is so is an important question. 

Perhaps a more detailed analysis of specifi c movement and postural patterns could improve the 

assessment of the risk for developing complex MND in infants who combine normal FMs with an 

abnormal concurrent repertoire. 

The strongest associations between the quality of early movements and the development of complex 

MND were seen at 11-16 weeks post-term age. The quality of FMs and of the concurrent repertoire at 

6-10 and 17-24 weeks post-term age was less predictive for the development of MND. Previous studies 

in normally developing children have shown that FMs can be absent before 9 weeks and after 16 weeks 

post-term age.11 This is consistent with the notion that this period can be considered a period of major 

transformation of the nervous system.41 During this transformation many neural functions (postural 

control, control of visual attention, sucking pattern, social smiling and pleasure vocalisations, motor 

behavior) change during a relatively short period of several weeks.11,41 The present study suggests that 

the period of 11 to 16 weeks post-term is important not only for the prediction of major neurological 

sequelae, but also, at least in preterm infants, for the prediction of minor neurological defi cits, such as 

complex MND. 

In the present study we were also able to identify infants at low risk for developing complex MND. 

Normal quality of the concurrent motor repertoire at 11-16 weeks post-term, in combination with 

normal FMs, was an excellent marker for a normal neurological outcome at school age. This is an 

important observation for distinguishing between infants who need close surveillance and those 

who do not. It may also help decide whether early intervention is indicated (e.g. physical therapy), 

especially when resources are limited. 

There are at least two interpretations of our results. The fi rst is that normal FMs in conjunction with 

a smooth, variable concurrent motor repertoire provide a broad measure of the quality of early 

central nervous system development. Cortical areas increase their level of activity markedly during 

the second and third months post-term, as do the cerebellar cortex and the basal ganglia, areas 

which are involved in networks with important motor, cognitive and behavioral functions.42 The 

presence of normal FMs in conjunction with a normal concurrent motor repertoire may be an index 

of the quality of early central nervous system development in diff erent areas of the brain. On the 

other hand, a monotonous motor repertoire might refl ect an abnormal development of the cortical 

and integrative processes that occur at this age. 

A second interpretation is that normal FMs in conjunction with a smooth, variable concurrent motor 

repertoire refl ect the role this kind of motor activity plays in the early development of coordination, 

balance and fi ne motor abilities. The infants’ exploration of the environment, varying several 

motor strategies, integrating and refi ning neural input and output leads to a better neurological 
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development.43 The absence of a smooth, variable motor repertoire at this age might hamper the 

infants’ abilities to interact with the world around them during a phase in which sensorimotor 

activity drives motor development.

There are some limitations to the present study. First, we did not include a term control group. As we 

do not know how often e.g. an abnormal concurrent motor repertoire occurs in low and high risk term 

infants, these results cannot be generalised and have to be confi rmed in other groups of infants. For 

this reason, we did not provide data on the sensitivity and specifi city of the qualitative assessment of 

the motor repertoire as described here. A second limitation might be the selection of the infants who 

had taken part in several earlier studies examining the quality of general movements in several groups 

at risk for neurological abnormalities. However we consider the children in the present study to be a 

representative sample of a third level NICU, because both low risk and high risk preterm infants are 

included.  

Conclusions

In conclusion, we found that several aspects of the quality of the motor repertoire at 11-16 weeks 

post-term were related to complex MND at 7 to 11 years of age in children born preterm. Assessment 

of the quality of the motor repertoire at this age adds considerably to the assessment of the individual 

infant’s risk for developing clinically relevant complex MND at school age. The results of the present 

study suggest the following practical approach for identifying whether or not a preterm infant is at 

risk for later complex MND. First, at 11-16 weeks post-term, the assessment of the quality of FMs is 

important. Abnormal FMs identify those infants who run a high risk for developing complex MND (60-

70%). Normal FMs require a closer look at the concurrent motor repertoire. If FMs are normal at 11-16 

weeks post-term, a smooth, variable concurrent motor repertoire is a marker for a normal outcome 

and the risk for developing complex MND is low (5%). If the quality of the concurrent motor repertoire 

is monotonous, the risk for developing complex MND is approximately 30%. 

Our fi ndings enable the early identifi cation of individual preterm infants at increased risk for 

development of MND and thus off er opportunities for early intervention and treatment. Moreover, 

they enable the early identifi cation of individual preterm infants at very low risk for development of 

MND.
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Abstract

Background: Qualitative aspects of the motor repertoire, at 11-16 weeks post-term are predictive for minor 
neurological dysfunction (MND) at 7 to 11 years of age. Predictive value of quantitative aspects is unknown so far.
Aim: To investigate whether quantitative aspects of the motor repertoire between 6 and 24 weeks post-term also 
have predictive value for neurological outcome at 7 to 11 years of age.
Study design: Prospective cohort study.
Subjects: Preterm infants from whom several quantitative aspects of the motor repertoire were assessed 
between 6 and 24 weeks post-term.  
Outcome measures: Neurological outcome at 7-11 years of age was assessed according to Touwens’ neurological 
examination. Children were classifi ed as neurologically normal, or as having complex MND or cerebral palsy 
(CP). 
Results: Eighty-two children were included. At 7 to 11 years of age 15 children (18%) had developed CP, 49 (60%) 
were neurologically normal, and 18 (22%) had MND. Multiple logistic regression analysis showed that, when the 
qualitative aspects of the motor repertoire known to predict neurological outcome were taken into account, 
only the asymmetric tonic neck (ATN) posture provided additional predictive value. In case of normal  fi dgety 
movements (FMs) accompanied by an abnormal concurrent motor repertoire, the presence of an obligatory ATN 
increased the risk for developing complex MND to 75%; absence of an obligatory ATN reduced the risk to 15% 
(p<0.05).  
Conclusions: Quantitative aspects of the motor repertoire at 11-16 weeks post-term, in particular the presence 
of an obligatory ATN posture, contribute to the prediction of neurological outcome at 7 to 11 years of age. 

Introduction

Neurological and developmental sequelae are common in infants born preterm. However, the early 

identifi cation of individual infants at highest risk remains diffi  cult. Recently, Spittle et al. reviewed the 

clinimetric properties of neuromotor assessments for preterm infants during the fi rst year of life.1 

They showed that Prechtl’s assessment of the quality of general movements (GMs) off ers the best 

combination of reliability, sensitivity and specifi city for predicting cerebral palsy (CP) in the early 

months.1,2 For prediction of minor neurological dysfunction (MND) in preterm infants, the quality of 

the early motor repertoire between 2 and 5 months post-term has also been shown to have some 

predictive value.3-5 Using Prechtl’s method, several qualitative aspects of the motor repertoire at 11-

16 weeks post-term have been found to be related to neurological status at 7 to 11 years of age.2,5 The 

quality of fi dgety movements (FMs, continuous small movements of moderate speed in all directions, 

normally present between 9 and 16 weeks post-term) has the greatest predictive value. Abnormal 

FMs (FMs with exaggerated speed, amplitude and jerkiness) identify those infants who run a high risk 

for developing MND (60-70%).2,5 When FMs are normal, the quality of the concurrent motor repertoire 

provides additional information. Normal FMs at 11-16 weeks post-term accompanied by a smooth, 

variable concurrent motor repertoire are a marker for a normal outcome: the risk for developing MND 

is low (5%). If the concurrent motor repertoire is monotonous, the risk for developing MND increases 

to approximately 30%.5

Qualitative aspects of the motor repertoire clearly improve our ability to predict MND at school 



49

4

The quantity of the early motor repertoire in preterm infants

age. However, while Prechtl’s method focuses on qualitative aspects of the motor repertoire, it also 

takes quantitative aspects into account, for example, diff erences in the frequency with which normal 

and abnormal movement and postural patterns are displayed.2 The question then arises whether 

quantitative aspects of the motor repertoire can further improve the accuracy of prediction. The goal 

of this study was to investigate whether the quantitative aspects of the motor repertoire between 6 

and 24 weeks post-term have predictive value for neurological outcome at 7 to 11 years of age.

Methods

Subjects

The study group consisted of 82 infants (50 boys and 32 girls) born preterm between September 

1992 and October 1997 and admitted to the Neonatal Intensive Care Unit (NICU) of the Beatrix 

Children’s Hospital of the University Medical Center of Groningen (UMCG). The infants were members 

of a larger group of 99 infants who were included in prospective studies on the prognostic value of 

the quality of GMs for neurological and developmental fi ndings. The results of these studies have 

been reported previously.5-11 All infants were born before 34 weeks gestational age and written 

parenteral consent was obtained in the fi rst week after birth. Exclusion criteria were chromosomal 

abnormalities, congenital malformations and infants who died before 6 weeks post-term age. 

The study group can be considered a representative sample of the preterm infant population in 

our NICU (tertiary referral centre) during the mid-nineties. Seven infants died during the fi rst few 

months after birth, mostly due to severe respiratory problems such as bronchopulmonary dysplasia. 

Conditions which could interfere with normal neurological development became apparent in three 

infants (two infants: blindness due to retinopathy of prematurity; one infant: Duchenne muscular 

dystrophy). Five of the remaining 89 infants could not be traced. Two families refused to participate. 

Obstetrical and neonatal data are listed in Table 1, grouped according to the neurological status at 

school age.  The ethical review board of the UMCG approved the study. 

Recording and evaluation of the motor repertoire between 6 and 24 weeks post-term

Video recordings, approximately 10 minutes long, were made of the infants at approximately 6-8 

(n=60), 12-14 (n=73) and 18-21 weeks (n=53) during the post-term period. The timing and frequency 

of the video recordings diff ered for a few infants for logistic or family reasons. The recordings were 

made either at the outpatient clinic or at home, during periods of active wakefulness between feeds, 

with the partly dressed infants lying in supine position.  

In toto, 214 recordings (median 3 per infant, mean duration 9:01 minutes) were available for analysis. 

The recordings of all infants were ordered according to increasing post-term age and evaluated off -

line by JLMB, AFB and CE according to Einspieler et al.2 This evaluation took 10 to 15 minutes. Two 

of the observers were unaware of the infant’s clinical history and neurological status; one knew 

the infant’s clinical history but was unaware of the neurological status at school age. The motor 
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repertoire could not be evaluated in 10 of the 214 recordings (4.7%), due to crying, sleepiness or 

hiccups.

Three quantitative aspects of the motor repertoire were assessed during diff erent runs of the 

videotapes: the presence and normality of various movement patterns, the presence and normality 

of various postural patterns and the age adequacy of the motor repertoire.

The presence and normality of movement patterns

Between 6 and 24 weeks post-term, the typical movement repertoire consists of diverse movement 

patterns, which increase in number and variety with age.14 Specifi c movement patterns identifi ed 

in previous studies include wiggling-oscillating movements, saccadic movements, kicking, swipes, 

Table 1. Clinical characteristics and risk factors of the study group, according to neurological fi ndings at school age. 
Data are expressed as median (P25-75), or N (%). 

 Children who developed Childrenwho developed Children who developed CP 
 normally or simple MND complex MND     
Number 49 18 15
Gestational Age 30.1 wk (28.6 – 31.7 wk) 28.9 wk (27.8 – 31.0 wk) 28.7 wk (27.7-30.0 wk)a

Birth Weight (BW) 1160 g (950 – 1343 g) 1165 g (898 – 1333 g) 1220 g (870-1460 g)
Male infants 23 (47) 12 (67) 12 (80)
IUGR (BW < P5)1 12 (24) 4 (22) 1 (7)
Prenatal steroids 34 (71) 11 (61) 9 (60)
Apgar score at 5’ 8 (8 – 9) 8 (5 – 8.3)b 6 (5 – 7)b

Umbilical pH 7.28 (7.25 – 7.31) 7.26 (7.21 – 7.33) 7.26 (7.21 – 7.33)
Ventilator support 
(IPPV of HFOV)2 23 (47) 11 (61) 15 (100)b,d

Septicaemia 17 (35) 7 (39) 5 (33)
ICH3 gr1-2 11 (22) 6 (33) 2 (13)
ICH3 gr 3-4 none none 5 (33)b,c

PVL4 gr1 19 (39) 14 (78)b 8 (53) 
PVL4 gr 2-3 none none 4 (27)b,c

BPD5 11 (22) 5 (28) 9 (60)b

Postnatal steroids 3 (6) 4 (22) 9 (60)b,c

1 IUGR is intra-uterine growth restriction, birth weight according to the Dutch weight centiles of Kloosterman.44

2 IPPV is intermittent positive pressure ventilation, HFOV is high frequency oscillatory ventilation.
3 ICH is intracranial haemorrhage graded according to Papile et al.45

4 PVL is periventricular leukomalacia graded according to de Vries et al.46 PVL grade 1 is also called prolonged 
fl aring.
5 BPD is Bronchopulmonary dysplasia, defi ned as oxygen dependency at 36 weeks postmenstrual age. 

a P< 0.05, compared with infants who developed normally or simple MND
b P< 0.01, compared with infants who developed normally or simple MND
c P< 0.05, compared with infants who developed complex MND
d P< 0.01, compared with infants who developed complex MND
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mutual manipulation (fi ddling) of the fi ngers and of clothing, reaching and touching, legs lift with 

hand-knee contact, trunk rotation, axial rolling, hand regard, visual exploration and social interactive 

behaviour.14-16 In addition, foot-foot contact, hand-face contact and hand-mouth contact have been 

observed.16 Specifi c movement patterns which are clearly abnormal have also been described, e.g. 

circular arm movements 11 and abnormal segmental movements.10 The presence of 32 normal and 

abnormal movement patterns was registered on the score sheet (Addendum). A score for presence 

and normality of movement patterns was derived from the relative frequency of normal and 

abnormal patterns, being normal when more normal than abnormal patterns were observed and 

abnormal when more abnormal than normal patterns were observed. 

The presence and normality of postural patterns

The presence and the normality of nine diff erent postural patterns were scored. Normal patterns 

included variable hand and fi nger postures. Abnormal postures included a predominantly fl at 

posture, extensor postures, predominant fi sting, abnormal fi nger spreading and limited fi nger 

movements. The presence of the asymmetric tonic neck (ATN) posture was also recorded. When 

it was present, we noted whether spontaneous fl exion of the extended arm was or was not 

possible (obligatory ATN). A score for presence and normality of postural patterns was derived from 

the relative frequency of normal and abnormal patterns, being normal when more normal than 

abnormal patterns were observed, and abnormal when more abnormal than normal patterns were 

observed.

The age-adequacy of the concurrent movement repertoire

The occurrence of several specifi c movement patterns provided the basis for scoring the presence 

or absence of antigravity movements, movements of the arms and/or legs towards the midline, 

and fi ddling movements.17 In combination with the number of movement and postural patterns 

observed, this refl ects the age-adequacy of the concurrent motor repertoire, which can be judged 

to be age-adequate, reduced or absent. This is a quantitative measurement: the sum of several 

movement patterns which refl ects normal neurological development.15,18 Excluded were those 

movement patterns which are usually present such as smiles, mouth movements and tongue 

movements. With this in mind, the age-adequacy of the concurrent motor repertoire was scored 

absent when less than fi ve movement patterns were observed, reduced in case fi ve or six observed 

movement patterns were observed and age-adequate in case seven or more movement patterns 

were observed.

Motor optimality score

Together, the quality of the FMs (normal, abnormal or absent), the age-adequacy of the concurrent 

motor repertoire, the presence and normality of movement and postural patterns and the quality 

of the concurrent motor repertoire (normal or abnormal) between 6 and 24 weeks post-term, 
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provide the basis for calculating the composite motor optimality score. This score can range from a 

minimum of 5 points to a maximum (optimal) of 28 points (see addendum). The scores for the three 

quantitative items (presence and normality of movement and postural patterns and age-adequacy 

of the concurrent motor repertoire) provided the basis for calculating a quantitative sub-score which 

can range from 3 to 12 points.

Inter-scorer reliability

To check inter-observer reliability, 145 randomly selected recordings were assessed by three 

observers. Cohen’s kappa19 was 0.89 for the age-adequacy of the concurrent movement repertoire. 

Observers disagreed over the presence of some normal and abnormal movement patterns in 

16 recordings (11%). In those 16 recordings, with a median number of 10 movement patterns 

per recording, one (n=14) or two (n=2) movement patterns were not scored by either one of the 

observers. Observers disagreed over the presence of normal and abnormal postures in 15 recordings 

(10%). In those recordings, with a median of 4 postural patterns per recording, one postural pattern 

was not scored by one of the observers. 

Assessment of neurological and motor fi ndings at 7 to 11 years of age

At 6 years of age, 15 children were diagnosed with CP according to Hagberg’s criteria.20 A 

neurological examination according to Touwen 21 was performed between 7 and 11 years of age 

on the remaining 67 children. This examination is designed to detect signs of minor neurological 

dysfunction. Following Hadders-Algra, six subcategories of function were assessed22,23: posture and 

muscle tone, refl exes, choreiform dyskinesia, coordination and balance, fi ne manipulative ability 

and rarely occurring dysfunctions, including an excess of associated movements. The children were 

classifi ed as neurologically normal, simple MND, or complex MND. Simple MND denoted the presence 

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

than two subcategories.23,24 Since simple MND has limited clinical and functional signifi cance, as 

opposed to complex MND4,23, the normal and simple-MND groups were analysed as a single group. 

Further, because the aim of the study was to evaluate the signifi cance of the quantitative aspects of 

the movement repertoire for minor neurological defi cits, the analysis was performed both with and 

without the children with CP. 

Data analysis 

For further analysis, we clustered the video recordings between the ages of 6-10 weeks post-term 

(early fi dgety movements’ period), 11-16 weeks (mid-fi dgety movements’ period) 17-24 weeks (late or 

post-fi dgety movements’ period). If two recordings were made of the same infant during the same age 

period, the recording closest to the median age of the particular age period was selected as reported 

previously by Bruggink et al.5 

The associations between the motor optimality scores and the scores for the three quantitative 
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components of the motor repertoire in each age period and the neurological status at school age 

were investigated. Because the aim of the study was to evaluate the signifi cance of quantitative 

aspects of the movement repertoire for mild neurological defi cits, the analysis was performed both 

with and without the children with CP. When signifi cant correlations with a quantitative score were 

found, the analysis was extended to the specifi c movement or postural patterns on which the score 

was based. 

A multiple logistic regression was performed to determine which aspects of the movement repertoire 

showed the strongest independent associations with the later neurological status. 

Statistical analysis

Statistical analysis was performed using SPSS package for Windows, version 14.0. Fisher’s exact 

test and Chi2 test for trend were used to evaluate the associations between normal and abnormal 

movement and postural patterns and the age adequacy of the motor repertoire on the one hand 

and neurological fi ndings at school age on the other. The Kruskal-Wallis test and the Mann-Whitney 

U test were applied to evaluate the associations between motor optimality scores, clinical data and 

later neurological fi ndings. To assess the infl uence of the diff erent clinical, movement-quality-related 

factors and movement-quantity-related factors on later neurological fi ndings, backward multiple 

logistic regression analysis was performed. Only factors that were signifi cant in the univariate 

analyses were included in the model. Throughout the analyses p<0.05 (two-tailed tested) was 

considered to be statistically signifi cant.

Results

The neurological fi ndings at school age 

At follow-up, 15 children had developed cerebral palsy. Of the remaining 67 children, 36 were 

neurologically normal, 13 had developed simple MND and 18 had complex MND. For the purpose of 

clarity, those infants who developed normally and those who developed simple MND are referred 

to as “normal” in the rest of this paper. 

Association between the quantitative aspects of the motor repertoire between 6 and 24 weeks post-term 

and neurological fi ndings at school age.

1.    Motor optimality score

The association between the motor optimality scores in each age-period and neurological status 

at school age is presented in Figure 1. Figure 1a shows the composite motor optimality score with 

both qualitative and quantitative aspects. Figure 1b shows the motor optimality score based on the 

scores for the quantitative components. 

The motor optimality scores of normal and CP infants diff ered substantially during all age-periods. 

The scores of normal and complex MND infants diff ered only at 11-16 weeks post-term. This was 
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true both with and without the quality of FMs included in the scores. The associations between the 

neurological fi ndings and each of the quantitative components of the motor optimality score were 

further analysed to identify which components diff erentiated between normal and complex MND 

children.

2.    Normal and abnormal movement patterns 

The number of normal movement patterns increased gradually in all infants (Figure 2), but was 

consistently lower in infants later classifi ed as CP than in infants later classifi ed as normal. Infants 

later classifi ed as complex MND also showed slightly, but signifi cantly, fewer movement patterns 

at 11-16 weeks than infants later classifi ed as normal. Further, more detailed analysis showed that 

several clusters of normal movement patterns also diff erentiated these two groups (Figure 3). 

Movements of arms and legs towards the midline, and antigravity movements (the latter nearly 

signifi cant, Fisher’s exact test p=0.07), emerged earlier in normal infants than in infants who later 

developed complex MND with the developmental courses diverging most noticeably at 11-16 

weeks. Abnormal movement patterns were rare and decreased in number between 6 and 24 weeks 

in all groups. They were more frequent in all age periods in infants later classifi ed as CP. However, 

they did not diff erentiate infants later classifi ed as normal or complex MND.

3.    Normal and abnormal postural patterns

The number of normal and abnormal postural patterns in each age period is shown in Figure 4. 

Figure 1. Association between motor optimality scores at post-term ages of 6-10 weeks, 11-16 weeks and 17-24 
weeks and neurological fi ndings at school age. A) Composite motor optimality scores with both qualitative and 
quantitative aspects. B)  Motor optimality scores with only the quantitative aspects. Diff erences between groups 
were tested by Kruskal Wallis and Mann Whitney U tests. (* = p<0.05; ** = p<0.01; *** = p<0.001).  
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Figure 2. Association between number of movement patterns at post-term ages of 6-10 weeks, 11-16 weeks 
and 17-24 weeks and neurological fi ndings at school age. A) For normal movement patterns. B) For abnormal 
movement patterns. Diff erences between groups were tested by Kruskal Wallis and Man Whitney U tests. (* = 
p<0.05; ** = p<0.01; *** = p<0.001).

Figure 3.  Association between the frequencies of several clusters of normal movement patterns at post-term 
ages of 6-10 weeks, 11-16 weeks and 17-24 weeks and neurological fi ndings at school age.  A) For midline 
movements. B) For antigravity movements. C) For leg midline movements. D) For fi ddling movements. 
Diff erences between groups were tested by the Chi 2 test for trend (** = p<0.01).
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Figure 4. Association between postural patterns at post-term ages of 6-10 weeks, 11-16 weeks and 17-24 weeks 
and neurological fi ndings at school age. A) For normal postural patterns. B) For abnormal postural patterns. 
Diff erences between groups were tested by Kruskal Wallis and Man Whitney U tests. (* = p<0.05; ** = p<0.01; *** 
= p<0.001).

Figure 5. Association between frequencies of several normal and abnormal postural patterns at post-term ages 
of 6-10 weeks, 11-16 weeks and 17-24 weeks and neurological fi ndings at school age. A) For predominant fl at 
posture. B) For variable fi nger postures. C) For extended arm posture. D: For obligatory ATN posture. Diff erences 
between groups were tested by the Chi 2 test for trend test. (* = p<0.05; ** = p<0.01; *** = p<0.001).
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Infants later classifi ed as normal displayed slightly but signifi cantly more normal postural patterns 

at all age periods, and fewer abnormal postural patterns at 11-16 and 17-24 weeks than infants 

who developed CP. They also displayed more normal postural patterns and fewer abnormal patterns 

than infants who developed complex MND at 11-16 weeks. The diff erence between the numbers 

of normal and abnormal postural patterns, an item on the motor optimality score, diff erentiated 

normal from complex MND infants at 11-16 weeks. (Chi2-test for trend = 4.5, p<0.05).

More detailed analysis identifi ed 1 normal and 3 abnormal postural patterns which contributed to 

the diff erence (Figure 5). The presence of an obligatory ATN posture at 11-16 weeks post-term was 

the most striking, occurring in 35% of infants who developed complex MND, as opposed to 7% of 

infants later classifi ed as normal.

A predominantly fl at posture and predominantly spontaneous extended arm postures were also 

observed more frequently in infants who developed complex MND than in infants later classifi ed 

as normal, whereas variable fi nger postures were observed less frequently in those who developed 

complex MND than those later classifi ed as normal. However, these diff erences failed to reach 

statistical signifi cance, with p-values around 0.06 – 0.16, 2-sided. 

4.    Age-adequacy of the motor repertoire 

The association between the age-adequacy of the concurrent motor repertoire and the neurological 

fi ndings at school age is shown in Table 2. The age-adequacy of the concurrent motor repertoire was 

reduced or absent at all age periods in 11 of the 13 infants who later developed CP. While reduced 

age-adequacy at some period was not uncommon in infants later classifi ed as normal, reduced 

adequacy between 11 and 16 weeks post-term was strongly associated with the neurological 

condition at school age, diff erentiating both infants who later developed CP and infants who later 

Table 2. Association between age-adequacy of the motor repertoire at post-term ages of 6-10 weeks, 11-16 
weeks and 17-24 weeks and neurological fi ndings at school age. The numbers in the boxes refer to the number 
of infants. For all age periods, these associations were signifi cant. (6-10 weeks post-term: Chi2 test for trend = 8.8, 
p<0.01; 11-16 weeks post-term: Chi2 test for trend = 26.7, p<0.001; 17-24 weeks post-term: Chi2 test for trend = 
7.7, p<0.01).

Neurological fi ndings at school age
Post-term 
age (weeks)

Age adequacy 
of the motor 
repertoire

Normal/Simple 
MND

Complex 
MND

Cerebral 
Palsy

Total

6-10 Age-adequate 18 6 24
Reduced/absent 16 9 11 36
Total 34 15 11 60

11-16 Age-adequate 32 4 13 36
Reduced/absent 11 13 37
Total 43 17 13 73

17-24 Age-adequate 23 3 2 28
Reduced/absent 11 7 7 25
Total 34 10 9 53
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developed complex MND from the infants later classifi ed as normal. Twenty-six of 37 infants (70%) 

with reduced age-adequacy at 11-16 weeks developed abnormally (35% CP and 35% complex MND), 

as opposed to 4 of 32 (11% complex MND) of infants with an age-adequate repertoire (Fisher’s exact 

test, p<0.001). 

5.    Prognostic value of several characteristics of the motor repertoire at 11-16 weeks for later  complex         

 MND (logistic regression)

Several aspects of the motor repertoire at 11-16 weeks had prognostic value for the development 

of complex MND. Since the diff erent aspects of the motor repertoire are likely to be interdependent, 

we performed a multiple logistic regression analysis to investigate which aspects contributed 

independently to the development of complex MND. Infants who had developed CP were excluded 

from the analysis, leaving 60 infants recorded at 11-16 weeks, for further analysis. Aspects of the 

motor repertoire which had shown signifi cant associations with later neurological outcome, quality 

of FMs, quality of the concurrent motor repertoire, age-adequacy of the motor repertoire, quality 

of postural patterns, obligatory ATN posture and presence of movements towards the midline were 

entered as predictors. Only the quality of FMs (LR 14.5; 95% CI 3.0 - 70, p=0.001) and presence of an 

obligatory ATN posture (LR 15.7; 95% CI 2.7 - 90, p=0.002) remained in the model. 

Because abnormal FMs preceded complex MND in 64% of cases, we repeated the analysis without 

the infants who had abnormal FMs at 11-16 weeks (N=48), to learn more about the basis of complex 

MND in children with normal FMs. Again, aspects of the motor repertoire which had shown 

Neurological fi ndings at school age

Quality of 
FMs at 11-16 
weeks post-
term

Quality of the 
concurrent motor 
repertoire at 11-16 
weeks post-term

Absence or 
presence 
of an 
obligatory 
ATN posture

Normal/
Simple 
MND

Complex 
MND

Cerebral 
Palsy

Total

Normal FMs Smooth and variable absent 19 1 20
present 1 1

Abnormal: 
monotonous, jerky 
and/or stiff 

absent 17 3 20

present 2 5 1 8

Abnormal FMs Abnormal: 
monotonous, jerky 
and/or stiff 

absent 4 6 10

present 1 1

Absent FMs Abnormal: 
monotonous, jerky 
and/or stiff 

absent 1 6 7

present 6 6

Total 43 17 13 73

Table 3. Association between various characteristics of the motor repertoire at 11-16 weeks post-term and neu-
rological fi ndings at school age. For normal FMs, in conjunction with an abnormal movement character, the 
association between presence or absence of an obligatory ATN posture and neurological fi ndings at school age 
was signifi cant. (Chi2 test for trend = 9.6, p=0.002)
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signifi cant associations with later neurological outcome in this subgroup – quality of the concurrent 

motor repertoire, age-adequacy of the motor repertoire, obligatory ATN posture, predominant fl at 

posture, presence of leg movements towards the midline and presence of antigravity movements 

- were entered as predictors. The presence of an obligatory ATN (LR 8.6; 95% CI 1.3 - 59, p=0.028), 

quality of the concurrent motor repertoire (LR 10.5; 95% CI 1.0 - 110, p=0.05) and the presence of 

antigravity movements (LR 0.080; 95% CI 0.007 – 0.91, p=0.028) remained in the model at p<0.05. 

When the analysis was repeated with the clinical variables added to the model (Apgar score at 5 

minutes, presence of prolonged fl aring), both Apgar scores at 5 minutes and an obligatory ATN 

remained at p<0.05.  

The prognostic value of the quality of FMs in combination with quality of the concurrent motor 

repertoire and (absence or) presence of an obligatory ATN posture at 11-16 weeks post-term for 

neurological fi ndings at school age is shown in Table 3. If both FMs and quality of the concurrent 

motor repertoire were normal, only 5% of infants developed complex MND. If FMs were normal 

but the concurrent motor repertoire was abnormal, the absence or presence of an obligatory 

ATN became relevant as predictor: 15% of infants in whom obligatory ATN was absent developed 

complex MND or worse, in contrast to 75% of the infants in whom obligatory ATN was present. 

When FMs were abnormal or absent, the presence of obligatory ATN posture was of no additional 

predictive value.

Discussion

The present study demonstrates that, in infants born preterm, quantitative aspects of the motor 

repertoire at 11-16 weeks post-term contribute to the prediction of neurological outcome at 7 to 

11 years of age. However, of all movement and postural patterns, only the ATN posture contributed 

independently to neurological outcome. We found that if an infant had normal FMs but an abnormal 

concurrent motor repertoire, the presence of an obligatory ATN increased the risk of developing 

complex MND or worse to 75%, whereas absence of an obligatory ATN reduced the risk to 15%.  The 

ATN posture was of no additional predictive value when FMs were abnormal or absent. 

Previous studies of preterm infants have shown that the obligatory ATN posture disappears around 

3 months post-term age.25,26 Delay in reaching this developmental milestone could be a sign of 

impaired maturation of the nervous system. Presence of an obligatory ATN posture could also be a 

sign of neurological damage. Zafeiriou et al.27 reported that the ATN posture persists longer in CP 

infants than in infants who develop normally. They also found retention of the ATN refl ex in infants 

with developmental delay.27 This is in accordance with our fi ndings that a persistent ATN posture, in 

combination with normal FMs and an abnormal concurrent motor repertoire, has predictive value 

for the development of MND. 

The association between neurological outcome and the persistence of an obligatory ATN posture 

may also refl ect the crucial role of motor activity in normal neurological development. It restricts the 
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infant’s ability to interact with the world and to explore the spontaneous motor repertoire during a 

vulnerable period in development.28,29

Signifi cant diff erences in the quantitative aspects of the motor repertoire between infants classifi ed 

normal and infants with complex MND were seen only at 11-16 weeks post-term, a fi nding which 

emphasises the importance of this period as a period of major transformation of the nervous system.29,30 

During this period the infant becomes adapted to the requirements for the extrauterine life.30 

Impairments in the quality of the motor repertoire around 3 months post-term age have previously 

been shown to be highly predictive for severe neurological damage.29,31 Earlier we demonstrated 

that specifi c qualitative aspects of the early motor repertoire at this age are also predictive for minor 

neurological dysfunction.5 In this study we have shown that while the qualitative aspects of the 

motor repertoire are the strongest predictor for the development of minor neurological damage, 

when considered in conjunction with qualitative aspects, quantitative aspects can increase the 

accuracy of prediction. Previously, quantitative aspects of the spontaneous motor repertoire, 

during fetal, preterm and term age, have also been found to be inferior to qualitative aspects as 

predictors.8,32-34

Quantitative aspects of the motor repertoire between 11 and 16 weeks post-term also diff erentiated 

between infants who developed MND and those who developed CP. This underlines the validity 

of the motor optimality score. For clinical purposes CP can already correctly be identifi ed, at this 

age, by the absence of FMs.31 Therefore the contribution of the other components of the motor 

optimality score to the prediction of CP is relatively low.  

Conclusions

In conclusion, we found that several aspects of the early motor repertoire at 11-16 weeks post-

term were related to clinically relevant MND at 7 to 11 years of age. The results of the present study 

and our previous study on the qualitative aspects of the quality of the motor repertoire 5, suggest 

the following practical approach for identifying whether or not a preterm infant is at risk for later 

complex MND. First, the assessment of the quality of FMs, between 11-16 weeks post-term, is 

important. Abnormal FMs identify infants who run a high risk for developing complex MND (60-

70%). Infants with normal FMs require a closer look at the quality of concurrent movements. If FMs 

are normal at 11-16 weeks post-term, a smooth, variable concurrent motor repertoire is a marker for 

a normal outcome and the risk for developing MND is low (5%). If the concurrent motor repertoire is 

abnormal, the presence of a spontaneous obligatory ATN posture identifi es the infants at high risk 

for developing MND (75%), whereas the absence of an obligatory ATN is associated with a relatively 

low risk for MND (15%). Our fi ndings enable the early identifi cation of individual preterm infants 

at signifi cantly increased risk for the development of MND and thus off er opportunities for early 

intervention and treatment. They also enable the early identifi cation of individual preterm infants at 

very low risk for development of MND.



61

4

The quantity of the early motor repertoire in preterm infants

References

1.  Spittle AJ, Orton J, Doyle LW, Boyd R. Early developmental intervention programs post hospital discharge 
to prevent motor and cognitive impairments in preterm infants. Cochrane Database Syst Rev 2007.

2.  Einspieler C, Bos AF, Ferrari F, Cioni G, Prechtl HFR. Prechtl’s method on the qualitative assessment of 
general movements in preterm, term and young infants. London, UK: McKeith Press; 2004.

3.  Hadders-Algra M, Groothuis AMC. Quality of general movements in infancy is related to neurological 
dysfunction, ADHD, and agressive behaviour. Dev Med Child Neurol 1999; 41:381-91.

4.  Groen SE, de Blecourt ACE, Postema K, Hadders-Algra M. General movements in early infancy predict 
neuromotor development at 9 to 12 years of age. Dev Med Child Neurol 2005; 47:731-8.

5.  Bruggink JL, Einspieler C, Butcher PR, Van Braeckel KN, Prechtl HF, Bos AF. The quality of the early motor 
repertoire in preterm infants predicts minor neurologic dysfunction at school age. J Pediatr 2008; 153:32-
9.

6.  Bos AF, Martijn A, Okken A, Prechtl HFR. Quality of general movements in preterm infants with transient 
periventricular echodensities. Acta Paediatr 1998; 87:328-35.

7.  Bos AF, van Asperen RM, de Leeuw DM, Prechtl HFR. The infl uence of septicaemia on spontaneous motility 
in preterm infants. Early Hum Dev 1997; 50:61-70.

8.  Bos AF, van Loon AJ, Hadders-Algra M, Martijn A, Okken A, Prechtl HFR. Spontaneous motility in preterm, 
small for gestational age infants. II. Qualitative aspects. Early Hum Dev 1997; 50:131-47.

9.  Bos AF, Martijn A, van Asperen RM, Hadders-Algra M, Okken A, Prechtl HFR. Qualitative assessment of 
general movements in high risk preterm infants with chronic lung disease requiring dexamethasone 
therapy. J Pediatr 1998; 132:300-6.

10.  Cioni G, Bos AF, Einspieler C, Ferrari F, Martijn A, Paolicelli PB et al. Early neurological signs in preterm 
infants with unilateral intraparenchymal echodensity. Neuropediatrics 2000; 31:240-51.

11.  Einspieler C, Cioni G, Paolicelli PB, Bos AF, Dressler A, Ferrari F et al. The early markers for later dyskinetic 
cerebral palsy are diff erent from those for spastic cerebral palsy. Neuropediatrics 2002; 33:73-8.

12.  de Vries LS, Eken P, Dubowitz LMS. The spectrum of leukomalacia using cranial ultrasound. Behav Brain Res 
1992; 49:1-6.

13.  Papile L, Burstein J, Burstein R, Koffl  er H. Incidence and evolution of subependymal and intraventricular 
hemorrhage: A study of infants with birth weights less than 1500 gm. J Pediatr 1978; 92:529-34.

14.  Hopkins B, Prechtl HFR. A qualitative approach to the development of movements during early infancy. In: 
Prechtl HFR, editor. Continuity of Neural Functions from Prenatal to Postnatal Life. Oxford, UK: Blackwell 
Scientifi c Publications Ltd.; 1984. p. 179-97.

15.  Hadders-Algra M, Prechtl HFR. Developmental course of general movements in early infancy. I. Descriptive 
analysis of change in form. Early Hum Dev 1992; 28:201-13.

16.  Einspieler C. Abnormal spontaneous movements in infants with repeated sleep apnoeas. Early Hum Dev 
1994; 36:31-48.

17.  Prechtl HFR. General movement assessment as a method of developmental neurology. New paradigms 
and their consequences. Dev Med Child Neurol 2001; 43:836-42.

18.  Prechtl HFR, Hopkins B. Developmental transformations of spontaneous movements in early infancy. Early 
Hum Dev 1986; 14:233-8.

19.  Cohen J. A coeffi  cient of agreement for nominal scales. Educ Psychol Meas 1960; 20:37-46.

20.  Hagberg B, Hagberg G, Olow I. The changing panorama of cerebral palsy in Sweden 1954-1970. I. Analysis 
of the general changes. Acta Paediatr Scand 1975; 64:187-92.

21.  Touwen BCL. Examination of the child with minor neurological dysfunction. London, UK: William 
Heinemann Medical Books Ltd.; 1979.



62

Chapter 4

22.  Hadders-Algra M, Huisjes HJ, Touwen BCL. Perinatal Correlates of Major and Minor Neurological Dysfunction 
at School Age - A Multivariate-Analysis. Dev Med Child Neurol 1988; 30:472-81.

23.  Hadders-Algra M. Two distinct forms of minor neurological dysfunction: perspectives emerging from a 
review of data of the Groningen Perinatal Project. Dev Med Child Neurol 2002; 44:561-71.

24.  Hadders-Algra M, Mavinkurve-Groothuis AMC, Groen SE, Stremmelaar EF, Martijn A, Butcher PR. Quality of 
general movements and the development of minor neurological dysfunction at toddler and school age. 
Clin Rehabil 2004; 18:287-99.

25.  Cioni G, Prechtl HFR. Preterm and early postterm motor behaviour in low-risk premature infants. Early Hum 
Dev 1990; 23:159-91.

26.  Ferrari F, Bertoncelli N, Roversi MF, Cattani S, Ori L, Ranzi A. Motor and postural behavior in low-risk preterm 
infants from 30-33 to 46-54 weeks’ postmenstrual age: an observational study. Prenat Neonat Med 2001; 
6:166-83.

27.  Zafeiriou DI, Tsikoulas IG, Kremenopoulos GM. Prospective follow-up of primitive refl ex profi les in high-risk 
infants: clues to an early diagnosis of cerebral palsy. Pediatr Neurol 1995; 13:148-52.

28.  Butcher PR, Bos AF, van Braeckel KNJA, Stremmelaar EF, Bouma JM. The quality of infants’spontaneous 
movements: an early predictor of intelligence and behaviour at school age. J Child Psychol Psychiatry 
2009;in press.

29.  Einspieler C, Prechtl HFR. Prechtl’s assessment of general movements: A diagnostic tool for the functional 
assessment of the young nervous system. Ment Retard Dev Disabil Res Rev 2005; 11:61-7.

30.  Prechtl HFR. Continuity of Neural Functions from Prenatal to Postnatal Life. Oxford, UK: Blackwell Scientifi c 
Publications Ltd.; 1984.

31.  Prechtl HFR, Einspieler C, Cioni G, Bos AF, Ferrari F, Sontheimer D. An early marker for neurological defi cits 
after perinatal brain lesions. Lancet 1997; 349:1361-3.

32.  Erkinjuntti M. Body movements during sleep in healthy and neurologically damaged infants. Early Hum 
Dev 1988; 16:283-92.

33.  Sival DA, Visser GHA, Prechtl HFR. Fetal breathing movements are not a good indicator of lung development 
after premature rupture of membranes and oligohydramnios--a preliminary study. Early Hum Dev 1992; 
28:133-43.

34.  Bos AF, van Loon AJ, Martijn A, van Asperen RM, Okken A, Prechtl HFR. Spontaneous motility in preterm, 
small for gestational age infants. I. Quantitative aspects. Early Hum Dev 1997; 50:115-29.

35.  Kloosterman GJ. On intrauterine growth. The signifi cance of prenatal care. Int J Gynaecol Obstet 1970; 
8:895-912.



63

4

The quantity of the early motor repertoire in preterm infants



64



65

The early motor repertoire is related to the level of self 
mobility in children with cerebral palsy at school age

Janneke LM Bruggink1

Giovanni Cioni2

Christa Einspieler3

Carel GB Maathuis4

Rosa Pascale2 

Arend F Bos1

1 Department of Pediatrics, Division of Neonatology, Beatrix Children’s Hospital, 

University Medical Center Groningen, University of Groningen, Groningen, the Netherlands
2 Department of Developmental Neuroscience, Stella Maris Scientifi c Institute, University of Pisa - 

Medical School, Pisa, Italy
3 Institute of Physiology, Developmental Physiology and Developmental Neurology, 

Center for Physiological Medicine, Medical University, Graz, Austria
4 Department of Rehabilitation, University Medical Center Groningen, University of Groningen, 

Groningen, the Netherlands

 

Developmental Medicine & Child Neurology 2009;in press.

5CHAPTE
R



66

Chapter 5

Abstract

Aim: To determine the predictive value of the early motor repertoire for the level of self-mobility in children with 
cerebral palsy (CP) at school age. 
Methods: Video-recordings were made at 11-17 weeks post-term of 37 preterm infants (20 male/17 female) who 
later developed CP. The early motor repertoire was assessed by obtaining a motor optimality score. At 6-12 years, 
children were classifi ed according to the Gross Motor Function Classifi cation System (GMFCS). 
Results: Of 37 children (gestational ages: 29.1weeks [SD 1.9], birth-weights 1273g [SD 324]) nine had unilateral 
and 28 had bilateral spastic CP. Twelve children had GMFCS-level I, three level II, ten level III, four level IV and 
eight had level V. The absence of the age-adequate motor repertoire, a cramped motor repertoire, an abnormal 
kicking pattern, and a non-fl at posture were associated with lower levels of self-mobility (Chi2-for-trend-test, 
p<0.05). Predictive for a low level of self-mobility was a cramped motor repertoire/ non-fl at posture (PPV 100%, 
NPV 54%). Predictive for a high level of self-mobility was a non-cramped repertoire/ fl at posture (PPV 80%, NPV 
74%). 
Interpretation: Several aspects of the motor repertoire at 11-17 weeks post-term predicted the degree of 
functional limitations in children with CP at school age.

Introduction

Neurological and developmental impairment is common in preterm born infants. Several studies 

showed that approximately 10% of infants born before 32 weeks’ gestational age develop 

cerebral palsy (CP).1 There are several indicators for the early identifi cation of infants at highest 

risk. Gestational age and birth weight are two rather rough early indicators. Neuro-imaging (brain 

ultrasound and MRI)2,3 and specifi c clinical risk scores4 are more accurate. The quality of spontaneous 

general movements (GMs), assessed in the individual infant using Prechtl’s method, has emerged as 

a reliable and valid predictor of CP.5-8 This method is based on visual Gestalt perception of the quality 

of GMs in preterm infants and infants from term up to the age of 5 months post-term. Normal GMs 

are characterised by complexity, variability and fl uency, whereas abnormal GMs are characterised 

by reduced complexity, variability and fl uency. At 6 to 9 weeks’ post-term age, the character of the 

GMs gradually changes into so-called fi dgety movements (FMs). Particularly the presence of these 

FMs, that can be observed until 20 weeks post-term, is an accurate marker for neurological outcome: 

most infants (96%) with normal FMs have a normal neurological outcome, while most infants (95%) 

in whom FMs are absent during this particular period develop CP.9 However, the absence of FMs does 

not predict the level of self mobility in the children who develop CP. 

The motor repertoire between 6 and 20 weeks post-term does not only consist of FMs but of other 

movement and postural patterns as well. Previous studies showed that several qualitative and 

quantitative aspects of these movement and postural patterns are predictive of the development 

of minor neurological dysfunction (MND) at school age.10,11 This raised the question whether these 

aspects of the early motor repertoire might also have predictive value for the severity of the functional 

limitations of CP at school age. The aim of the study was therefore to investigate the predictive value 

of the motor repertoire at 11 to 17 weeks post-term, in relation to clinical data, for the level of self 
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mobility in children with CP at 6 to 12 years of age.

Methods

Participants

After informed consent a total number of 347 children were prospectively included in studies 

investigating the relationship between the early motor repertoire and neurological and 

developmental data at follow-up. Inclusion criteria were born before 34 weeks’ gestational age, 

exclusion criteria were congenital malformations and chromosomal abnormalities. Previously, 

several studies have reported on parts of the study population.6,10,12 For this study, data analysis 

was performed in those children who developed CP, by the age of at least six years (n=37). Twenty 

infants were born and treated at the tertiary neonatal intensive care unit (NICU) of the University 

Medical Center Groningen (UMCG) between 1992 and 2000. Seventeen infants were treated at the 

Stella Maris Institute Pisa between 1988 and 2001. The ethical review boards of the UMCG and the 

Stella Maris Institute Pisa approved the study design. Patient characteristics are listed in Table 1. 

Recording and evaluation of the spontaneous motor repertoire between 11 and 17 weeks’ post-term 

age

Video recordings, approximately 5 to 10 minutes long, were made of the infants between the age 

of 11 to 17 weeks post-term. The recordings were made either at the outpatient clinic or at home, 

during periods of active wakefulness between feeds, with the partially dressed infants lying in 

supine position. All recordings of those infants who developed CP, were later evaluated off -line by 

Table 1. The clinical characteristics and risk factors of the study group according to neurological fi ndings at 6 
to 12 years of age. Data are expressed as median (P25-75), or N (%). 

GMFCS Level 1 - 2 Level 3 – 5 

Number 15 22
Age (y) at GMFCS 9 y (7 -11y) 8.5y (6-11.3 y)
Unilateral or bilateral 9/ 6 0/ 22a
Gestational Ages 28.8 weeks (27.1 – 31.0 weeks) 29.4 wk (27.9 – 30.3 wk)
Birth Weights (BW) 1225 g (870 – 1485 g) 1306 g (1063-1453 g)
Male/female infants 10/5 10/12
ICH1 gr1-2 2 (13) 7 (32)
ICH1 gr 3-4 8 (53) 1(45) a
PVL2 gr1 11(73) 8 (36)
PVL2 gr 2-3 1 (7) 12 (55) a

1ICH is intracranial haemorrhage graded according to Papile et al.13

2 PVL is periventricular leukomalacia graded according to De Vries et al.14 PVL grade 1 is also called prolonged 
fl aring.
a p< 0.05, compared to children with a GMFCS level 1 – 2, (Chi2 test for trend)
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JLMB, AFB and partly by CE according to Einspieler et al.7 The observers were unaware of the infant’s 

clinical history and the degree of functional impairment.

The motor optimality score was used to judge the motor repertoire.7,11 It is the sum of fi ve components: 

1. the quality of the FMs, 2. the presence and normality of movement patterns, 3. the presence and 

normality of postural patterns, 4. the age-adequacy of the concurrent motor repertoire, 5. the quality 

of the concurrent motor repertoire.7,11 Together these components provide the basis for calculating 

a motor optimality score, with a minimum of 5 points, and a maximum (optimal) score of 28 points.11 

Previous data on this method reported on the inter-observer reliability: a Cohen’s kappa of 0.87 was 

found for the quality of FMs, 0.91 for the quality of the concurrent motor repertoire, and 0.89 for the 

age-adequacy of the concurrent motor repertoire.10,11

FMs are movements of small amplitude, moderate speed and variable acceleration of the neck, 

trunk and limbs in all directions.9 They are continually or intermittently present in the awake infant, 

except during periods of fussing or crying. FMs may be seen as early as 6 weeks post-term but 

usually appear around the 9th week and persist until 15 to 20 weeks post-term.7 We assessed the 

quality of FMs as normal, abnormal (amplitude, speed and jerkiness were exaggerated) or absence 

of FMs (FMs were not observed during the entire recording). 

The movement repertoire during this age consists of a large variety of movement patterns. The 

number and variety of these movements increase with age.15 A score for the presence and normality 

of movement patterns was derived from the relative frequency of their occurrence; normality being 

defi ned by the preponderance of normal patterns during the observation period and abnormality 

by the preponderance of abnormal patterns. The presence and normality of several postural patterns 

were also scored. Normality was again defi ned by the preponderance of normal postural patterns 

during the observation period and abnormality by the preponderance of abnormal patterns. 

The occurrence of all specifi c movement and postural patterns provided the basis for scoring the 

age-adequacy of the concurrent motor repertoire (all movement and postural patterns besides 

FMs) as age-adequate, reduced or absent. The age-adequacy of the concurrent motor repertoire was 

scored absent when less than fi ve normal movement and postural patterns were observed, reduced 

in case fi ve or six observed movement and postural patterns were observed and age-adequate in 

case seven or more movement and postural patterns were observed.

The last item to be judged was the quality of the concurrent motor repertoire. The quality of the 

concurrent motor repertoire was considered normal if it was smooth, variable, fl uent and complex. 

Reduced complexity (monotony), jerkiness and/or a cramped character were considered to be signs 

of abnormality, and were scored separately.16-18 Diff erences in the degree of monotony, jerkiness 

and cramped character were not scored. 

Functional assessment of the neurological and motor fi ndings at 6 to 12 years of age

The diagnosis of CP was based on a recently proposed defi nition.19 Between 6 and 12 years of age 

a functional assessment was obtained in all children who had developed CP. They were scored and 
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classifi ed by a physiatrist, according to the Gross Motor Function Classifi cation System (GMFCS). The 

GMFCS provides a standardised method of classifying the gross motor function of children with CP.20 

The GMFCS is based on a 5-level classifi cation system, the higher the level, the more severe the CP. 

The distinction between the levels of motor function is based on functional limitations and the need 

for assistive technology including mobility devices and wheeled mobility.20,21 

Statistical analysis

Statistical analysis was performed using the SPSS package for Windows, version 14.0. The Chi2 test for 

trend was applied to evaluate the association between the GMFCS and the motor optimality score 

and its various components. Univariate analysis was performed to evaluate the association of several 

components of the motor optimality score with the degree of functional limitations in children with 

CP. Next, multiple logistic regression analysis was performed to evaluate the independent predictors of 

the degree of functional limitations in children with CP. In case of logistic regression analysis (whether 

univariate or multiple) the analysis was performed in two groups of GMFCS; those infants who did 

not need a wheelchair to mobilise (GMFCS levels I and II, high level of self mobility) versus those 

infants who did need a wheelchair to mobilise (GMFCS levels III to V, low level of self mobility). The 

predictive value of several components of the early motor repertoire for a low level of self mobility 

was assessed by calculating sensitivity, specifi city, positive predictive values (PPV) and negative 

predictive values (NPV), including 95% confi dence intervals (CI). Throughout the analyses p <0.05 

(two-tailed) was considered to be statistically signifi cant.

Results

Of the thirty-seven children who developed CP, nine showed spastic type with unilateral involvement, 

whereas twenty-eight showed bilateral involvement. Twelve children (32%) had GMFCS level I, three 

children (8%) GMFCS level II, ten children (27%) GMFCS level III, four children (11%) GMFCS level IV, 

and eight children (22%) had GMFCS level V. 

The relationship between the motor repertoire at the age of 11 to 17 weeks post-term and neurological 

fi ndings at 6 to 12 years of age

The higher the motor optimality score of the infants, the better the GMFCS level (Chi2 test for trend = 

4.9; p=0.027). The motor optimality score was median 9 (range 7 to 15) in the group with a low level 

of self mobility (GMFCS III to V), and median 12 (range 9-22) in the group with a high level of self 

mobility (GMFCS I and II). The optimal cut-off  point of the motor optimality score for distinguishing 

between these two groups, determined by the receiver operating characteristics curve, was 9. Using 

this cut-off  point, the PPV for limited self mobility was 70% (95% CI: 53-87), and the NPV was 70% 

(95% CI: 42-98) (Table 2a). 

The associations between each of the components of the motor optimality score and the neurological 
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Table 2a. Sensitivity, specifi city, positive predictive value and negative predictive value of the motor optimality 
score, a non-fl at posture, a cramped movement character and combinations of posture and movement character, 
for a low level of self mobility (GMFCS levels III to V) at school age. 

Motor 
optimality 
score ≤ 9

Cramped 
movement 
character

Non-fl at 
posture

Combined: 
cramped 
non-fl at

Sensitivity (95% CI)* 86 (72-100) 64 (44-84) 68 (49-87) 41 (20-62)
Specifi city (95% CI) 47 (22-72) 80 (60-100) 73 (51-95) 100 (94-100)
Positive predictive value (95% CI) 70 (53-87) 82 (64-100) 79 (61-97) 100 (90-100)

Negative predictive value (95% CI) 70 (42-98) 60 (39-81) 61 (38-84) 54 (36-72)

Figure 1. The association between several aspects of the early motor repertoire at the age of 11 to 17 weeks 
post-term and GMFCS level at school age. Each dot represents an individual child. These associations were 
signifi cant. A: the age-adequacy of the motor repertoire (Chi2 test for trend = 5.3; p= 0.021). B: the quality of the 
kicking pattern (quadratic model, Chi2 test for trend = 6.2; p=0.012). C: the presence or absence of a fl at posture 
(Chi2 test for trend = 6.1; p=0.017). D: the presence or absence of a cramped movement character (Chi2 test for 
trend = 8.0; p=0.005).

fi ndings at school age were further analysed to identify which of these components diff erentiated 

between children on a lower versus higher GMFCS level.

Concerning FMs, thirty-three infants (89%) showed an absence of FMs at the age of 11 to 17 weeks 

post-term, one infant (3%) had abnormal FMs and three infants (8%) had FMs of a normal quality. 

The infants with normal FMs had GMFCS level I (n=2) or II (n=1), the one infant with abnormal FMs 

had GMFCS level III. No association existed between the quality of FMs and GMFCS levels. 
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Analysis of the age-adequacy of the motor repertoire showed an association with the age-adequacy 

and GMFCS levels at school age (Figure 1a). The concurrent motor repertoire was age-adequate in 

only two children (5%). Infants in whom the age-adequate repertoire was absent were more often 

on a higher GMFCS level when compared to those with a normal or reduced age-adequacy (Chi2 

test for trend = 5.3; p=0.021). Univariate analysis by logistic regression (high versus low level of self 

mobility), revealed a likelihood ratio (LR) of 10.5 (95% CI: 1.1-102; p=0.043). 

The analysis of the presence and normality of movement patterns showed that no association 

existed between the number of normal and abnormal movement patterns and the GMFCS level. 

More detailed analysis of particular movement patterns revealed that monotonous, repetitive 

kicking was common in our study group. The quality of the kicking pattern showed a trend towards 

being more often observed in children with higher GMFCS levels, but this was not signifi cant for the 

association including all GMFCS levels separately. The raw data revealed that abnormal kicking was 

frequently observed in GMFCS levels II to IV, but less frequently in GMFCS levels I and V. (fi gure 1b). 

We therefore applied a quadratic transformation. For that purpose, we replaced the number of -2 

for GMFCS level I, -1 for GMFCS level II, 0 for GMFCS level III, 1 for GMFCS level IV and 2 for GMFCS 

level V. Next, we squared these numbers, and analysed the relationship between the result and the 

quality of the kicking pattern with the Chi2 test for trend. It showed a signifi cant relationship (Chi2 

test for trend = 6.2; p=0.012). 

Concerning the presence and normality of postural patterns, no diff erences were observed 

between the number of normal and abnormal postural patterns in relation to the GMFCS levels. 

However, more detailed analysis of the postural patterns showed that a predominantly fl at posture 

diff erentiated between infants classifi ed on lower and higher GMFCS levels (Chi2 for trend = 6.1; 

p=0.013) (Figure 1c). A predominantly fl at posture was scored when the infant, lying in supine, had 

all four limbs mainly lying on the surface. Antigravity movements and fl exion in hips and knees 

were rare. Arms and legs hardly came above the level of the trunk. A normal, predominantly non-fl at 

posture was scored when the infant, lying in supine, had antigravity movements, with arms or legs 

moving above the level of the trunk. Flexion of hips and knees was frequently observed. Infants with 

a predominantly fl at posture more often had a high level of self mobility when compared to those 

without a predominantly fl at posture (LR 5.9; 95% CI 1.4-25.2; p=0.017), with PPV of 79% (95% CI: 

61-97) and NPV of 61% (95% CI: 38-84) (Table 2a). 

At 11 to 17 weeks post-term, none of the infants had a normal quality of the concurrent motor 

repertoire. The abnormal quality noted in all cases was monotony, seventeen children were also 

jerky and seventeen were also cramped. Six infants showed cramped synchronised movements. 

Jerkiness of the concurrent motor repertoire did not diff erentiate between children classifi ed on 

lower and higher GMFCS levels. A cramped character of the concurrent motor repertoire, however, 

was associated with a higher GMFCS level (Chi2 test for trend = 8.0; p=0.005) (Figure 1d). Fourteen 

infants with a cramped movement character had a GMFCS level of III and more (LR 7.0; 95% Cl: 1.5-

32.5, p=0.013), with PPV of 82% (95% CI: 64-100) and NPV of 60% (95% CI: 39-81) (Table 2a).
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The prognostic value of combining several qualitative characteristics of the motor repertoire for the level 

of self mobility in CP

At 11 to 17 weeks post-term, fi ve aspects of the motor repertoire had a particularly high prognostic 

value for the degree of functional limitations in infants with CP. These were the motor optimality 

score, the age-adequacy of the concurrent motor repertoire, the quality of the kicking pattern, 

the presence of a fl at posture, and the presence of a cramped movement character. The diff erent 

qualitative aspects of the motor repertoire are likely to be interdependent. Therefore we performed 

a multiple logistic regression analysis to investigate which aspects contributed independently to 

the degree of functional limitations in infants with CP. When entering these aspects as predictors 

in a multiple logistic regression model we found that the presence of a non-fl at posture (LR 15.1 

(95% CI: 1.9-119; p=0.010), and a cramped movement repertoire (LR 18.2 (95% CI: 2.1-155; p=0.008) 

remained in the model as predictors of more severe functional limitations. The presence of an 

abnormal kicking pattern showed a trend towards more severe functional limitations (LR 7.0; 95% 

CI: 1.0-51; p=0.056). 

Combining these aspects further diff erentiated between the degrees of functional limitations in 

infants with CP (Figure 2). Infants with a non-fl at posture combined with a cramped movement 

character more often had a low level of self mobility, with PPV of 100% (95% CI: 90-100) and NPV of 

54% (95% CI: 36-72) (Table 2a). In contrast, infants with a fl at posture combined with a non-cramped 

movement character more often had a high level of self mobility, with PPV of 80% (95% CI: 55-100) 

and NPV of 74% (95% CI: 57-91) (Table 2b).

The relationship between clinical data at birth and neurological fi ndings at school age

The associations between the clinical data and the neurological fi ndings at 6 to12 years of age are 

shown in Table 1. Hardly any diff erence in clinical data existed between children with a lower GMFCS 

level when compared to those with a higher GMFCS level. Only the presence of an intraventricular 

haemorrhage and periventricular leukomalacia diff ered between the groups. 

In order to investigate which aspects contributed independently to the development of more severe 

functional limitations again a multiple logistic regression analysis was performed, now also including 

Table 2b. Sensitivity, specifi city, positive predictive value and negative predictive value of the combination of 
a non-cramped movement character and fl at posture, for a high level of self mobility (GMFCS levels I to II) at 
school age. 

Combined: non-cramped
fl at

Sensitivity (95% CI)* 53 (28-78)
Specifi city (95% CI) 91 (79-100)
Positive predictive value (95% CI) 80 (55-100)
Negative predictive value (95% CI) 74 (57-91)

* CI is confi dence interval
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clinical data. Possible predictors were: the presence and grading of intraventricular haemorrhages, 

the presence of cystic periventricular leukomalacia, the quality of the kicking pattern, the presence 

of a non-fl at posture, and the presence of a cramped movement character. Only the presence of 

an intraventricular haemorrhage grade 3/4 (associated with a lower GMFCS level, LR: 0.32; 95% CI 

0.12–0.84, p=0.020), the presence of a non-fl at posture (LR 9.7; 95% CI 1.18–80, p=0.034), and the 

presence of a cramped movement character (LR 19.7; 95% CI 1.7-225, p=0.016) remained in the 

model. Combining the various aspects of the motor repertoire (presence of cramped character and 

non-fl at posture) as a single measure, LR for a low level of self mobility was 13.2 (95% CI 2.2–79, 

p=0.005).

Discussion

The present study demonstrates that in children with CP the motor repertoire between the age 

of 11 and 17 weeks post-term is associated with the level of self mobility at school age. A lower 

motor optimality score that is representative of the early motor repertoire is indicative of a lower 

level of self mobility. Previous studies already showed that the absence of FMs is predictive of the 

development of CP,6,9 but this feature cannot predict the degree of later functional limitations. To 

the best of our knowledge, this is the fi rst report on the predictive value of the qualitative and 

quantitative aspects of the motor repertoire at the age of the fi dgety movements, condensed into 

Figure 2. The association between the combination of the presence or absence of a fl at posture and the 
presence or absence of a cramped movement character at the age of 11 to 17 weeks post-term and GMFCS level 
at school age. Each dot represents an individual child. These associations were signifi cant (LR: 10.4; 95%CI: 2.2-
49; p=0.003).
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the motor optimality score, for the level of self mobility in children with CP.

Several components of the motor optimality score were associated with functional limitations at 

6 to 12 years of age. Firstly, the quality of the concurrent motor repertoire, if scored as cramped 

at 11 to 17 weeks post-term, was associated with more severe functional limitations when 

compared to a non-cramped motor repertoire. Previously, the predominant presence of cramped-

synchronised movements (an abnormal type of GM) during the preterm to early post-term period, 

was also found to be predictive of the development and severity of CP.6 The earlier the onset of 

these cramped-synchronised movements, the more severe the CP.6 In the present study only six 

infants had cramped-synchronised movements at 11 to 17 weeks of age. An association was now 

also found with the cramped (and non-synchronised) character of the concurrent motor repertoire 

and the degree of functional limitation in children with CP. Apparently, a cramped character of the 

concurrent motor repertoire in combination with the absence of FMs has some predictive value for 

children developing CP. This association is not seen in infants with normal or abnormal FMs who do 

not develop CP.10,18

Secondly, the age-adequacy of the motor repertoire, if scored as absent at 11 to 17 weeks post-term, 

was associated with more severe functional limitations when compared to a reduced or normal age-

adequacy. This fi nding underscores the importance of the presence and normality of movement and 

postural patterns as predictors of the level of self mobility in children with CP. Of all the observed 

movement and postural patterns, only a monotonous kicking pattern at 11 to 17 weeks post-term 

was associated with more severe functional limitations at school age, whereas a predominantly fl at 

posture was associated with less severe functional limitations.

Thirdly, a fl at posture was associated with less severe functional limitations in children with CP, 

especially in case of a non-cramped movement character. In general, a fl at posture can be considered 

as an abnormal sign. Apparently, in children without FMs, at risk for developing CP, a fl at posture 

is a favorable sign for later functional limitations. Previously, Touwen et al. stated that shoulder 

retraction, hyperextension of neck and trunk in the fi rst months of life (mimicking a fl at posture) 

were not predictive of later neurological impairment.22 We now add that a predominant fl at posture 

accompanied by a non-cramped movement character is an independent predictor of less severe 

functional limitations in infants with CP. 

The spontaneous kicking pattern in young infants has also been investigated previously,23-26 but 

these studies only reported on the diff erences between low risk and high risk infants. They showed 

no diff erence when looking at either the quantity of the kicking patterns or the presence of a 

monotonous and repetitive kicking pattern at the age of 6 and 12 weeks post-term between low 

risk and neurologically impaired infants.23-25 However, at 3 to 5 months post-term, abnormal kicking 

patterns were more often observed in neurologically impaired infants.24,26 The fi ndings of the present 

study indicated that in the group of children who developed CP the persistence of monotonous and 

repetitive kicking at the age of 11 to 17 weeks post-term was associated with more severe functional 

limitations. The persistence of a monotonous, repetitive kicking pattern could be due to delayed 
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maturation in those infants, or it could be the result of more severe neurological impairment at 

this particular age. Our study also showed that the absence of a kicking pattern combined with a 

cramped movement character was associated with more severe functional limitations of children 

with CP. This is probably caused by the incapacity of cramped infants to make kicking movements 

because their movements are too cramped. 

Previous studies showed that infants with higher grade intracranial haemorrhage or periventricular 

leukomalacia are prone to develop adverse neurological outcome.2 In the present study, children 

with higher graded leukomalacia were mostly represented in the group with higher GMFCS levels 

whereas children with higher graded haemorrhages were represented more in the group with 

lower GMFCS levels. We cannot fully explain these fi ndings. It might be due to selection. Unilateral 

grade 3/4 haemorrhages result more often in unilateral spastic CP in comparison with grade 2/3 

periventricular leukomalacia.2 Unilateral CP is in general associated with a higher level of self 

mobility in comparison to bilateral spastic CP. However, these fi ndings might also be just by chance, 

as the numbers of children in both categories of ultrasound abnormalities are very small. 

There are some limitations to our study. One was the distribution of the children with CP over the 

diff erent GMFCS levels. Firstly, this was due to our inclusion criteria, of only those infants born before 

34 weeks’ gestational age. Therefore, the distribution of our study group may not be representative 

for the general CP population.27-29 Secondly, the consequence of combining two diff erent follow-up 

groups: a NICU follow-up program (Groningen) and a rehabilitation follow-up program (Pisa), in 

which possibly more infants with severe functional limitations were included, could have caused 

bias. It should further be noted that the confi dence intervals around LRs, sensitivity, specifi city, PPV 

and NPV are very wide, because of the relatively small sample size. Estimates for the individual child 

may be imprecise. Although it is very tempting, one should also keep in mind that 11 to 17 weeks’ 

post-term age is very early to predict and talk to parents about severity of CP at the age of 6 years 

and older. When talking to the individual family, one should realise that variation in development 

is very wide. It therefore seems prudent to counsel parents thoughtfully, and observe children 

carefully without labelling them too soon. 

Conclusion

Our study demonstrates that the motor repertoire of infants at the age of 11 to 17 weeks post-

term was, to a considerable extent, associated with the level of self mobility in children with CP. 

Most predictive for the development of CP with a low level of self mobility was a non-fl at posture 

combined with the presence of a cramped movement character, with PPV 100 % (95% CI: 90-100) 

and NPV 54% (95% CI: 36-72). Most predictive for the development of CP with a high level of self 

mobility was a fl at posture combined with a non-cramped movement character, with PPV 80% (95% 

CI: 55-100) and NPV 74% (95% CI: 57-91).
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Abstract

Background: Predicting later outcome in neonates presenting with severe inborn errors of metabolism (IEM) 
is diffi  cult. The assessment of the early motor repertoire is a reliable method of evaluating the integrity of the 
central nervous system in young infants. This method is based on an age-specifi c qualitative assessment of 
general movements (GMs, 0-8weeks of age), fi dgety movements (FMs) and the concurrent motor repertoire 
(9-20weeks of age). 
Aim: To determine the quality of the early motor repertoire (at 0-20 weeks post-term age) in relation to later 
neurological outcome in infants with severe IEM. 
Study design: Prospective cohort study. The quality of the motor repertoire was assessed from serial videotape 
recordings.
Subjects: Five infants with IEM. Four presented with a severe IEM in the neonatal period: an undefi ned 
gluconeogenesis defect, propionic acidemia, arginosuccinate synthetase and arginosuccinate lyase defi ciency. 
One neonate was antenatally diagnosed with arginosuccinate synthetase defi ciency.
Outcome measures: Outcome at the age of at least 18m was determined by neurological examination and 
developmental tests.
Results: All infants initially had abnormal GMs: hypokinesia, followed by GMS of a poor repertoire. The quality of 
the early motor repertoire normalised in 3 infants, and remained abnormal in 2. The more severe and persistent 
abnormalities of the motor repertoire were considered with the more abnormal neurological and developmental 
scores, later on. 
Conclusions: The quality of the early motor repertoire might be related to later neurological outcome in infants 
with inborn errors of metabolism.

Introduction

General knowledge about inborn errors of metabolism (IEM) has improved in the last decade. 

Many IEM, including urea cycle disorders and organic acidemias may lead to the accumulation 

of ammonia, a toxic product of amino acid metabolism. Other IEM that may compromise brain 

function include defects in the mitochondrial respiratory chain and disorders in gluconeogenesis.1,2 

Hyperammonaemia may present at any age and leads to neurodevelopmental sequelae of varying 

severity.3-5 In general, the age of onset, duration and degree of hyperammonaemia predict the 

prognosis and the extent to which the neurological changes may be reversible.3,6,7 In urea cycle 

defects, the duration and peak levels of ammonia are reported to be directly related to neurological 

outcome, while the onset and duration of symptoms are considered clues as to the severity of the 

neurodevelopmental sequelae.8 There remains a large degree of variability in the neurological 

outcome of infants presenting with severe IEM in the neonatal period.4

A method which suitably predicts neurological outcome in young infants without IEM is Prechtl’s 

method based on the qualitative assessment of the early motor repertoire.9,10 This method is based 

on visual Gestalt perception of the quality of GMs in infants up to the age of 5 months post-term. 

GMs are movements that involve the whole body in a variable sequence of arm, leg, neck and 

trunk movements. They arise during early fetal life,11 and persist until 3 to 4 months post-term age. 

Normal GMs wax and wane in intensity, force and speed, are complex and variable, and have a 
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gradual beginning and end.12 There are several types of abnormal GMs: Poor-repertoire GMs are 

abnormal GMs with a monotonous component, and movements of diff erent parts of the body do 

not occur in the complex way as seen in normal GMs.13 Cramped-synchronised and chaotic GMs 

are also abnormal GMs. Cramped-synchronised GMs appear rigid and lack a normal smooth, fl uent 

character. All limb and trunk muscles contract and relax almost simultaneously.13,14 Chaotic GMs are 

rare; they are characterised by movements of all limbs with a large amplitude, and occur in a chaotic 

order without any fl uency or smoothness.14-16

Around 6 to 9 weeks post-term age, GMs gradually disappear and fi dgety movements (FMs) emerge 

which remain until 16 to 20 weeks’ post-term.10 FMs are movements of small amplitude, moderate 

speed and variable acceleration of the neck, trunk and limbs in all directions.9 FMs are intermittently 

or continually present in the awake infant, except during periods of fussing or crying. The quality of 

FMs can be judged as normal, or abnormal (amplitude, speed and jerkiness are exaggerated) and 

there may even be a complete absence of FMs (no FMs observed between 6 and 20 weeks’ post-

term). During this period, the motor repertoire also consists of a large variety of other movement 

and postural patterns, the so-called concurrent motor repertoire.17,18 Previous studies have shown 

that the quality of FMs and the concurrent motor repertoire is a powerful tool for the early and 

specifi c prediction of cerebral palsy (CP) and complex minor neurological dysfunction (MND) in 

several populations at risk.9,18-20

It is not known whether the quality of GMs, FMs and concurrent repertoire is aff ected in infants with 

IEM. It is also not known if, by using this technique, the neurological outcome in patients presenting 

with an IEM in the neonatal period could be predicted in the fi rst few months of life. Therefore, the 

aim of our study was to investigate (1) the course of the spontaneous motor repertoire during the 

fi rst months of age, and (2) its relationship to the later neurological and developmental fi ndings in 

infants presenting with a severe IEM in the neonatal period.

Patients and methods

Infants

Five infants were included in our study after acquiring informed consent. All infants were treated at 

the University Medical Center Groningen between June 1999 and December 2002 and had an IEM 

causing hyperammonaemia or lactic acidemia. One infant was antenatally diagnosed with an IEM, 

the other infants were all diagnosed with an IEM around the 3rd postnatal day. Patient characteristics 

are listed in Table 1. The ethical committee of our hospital approved the study.

Recording and evaluation of the spontaneous motor repertoire during the fi rst 5 months of age

Serial video recordings, approximately 30 minutes long, were made of the infants in the fi rst or 

second week after birth up to the age of 20 weeks. The fi rst video recording was made as soon as the 

diagnosis of an IEM was considered. Further recordings were made every 2 weeks until discharge and 
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at 6 to 10 weeks, at 11 to 16 weeks and at 16 to 22 weeks post-term age at the outpatient clinic. They 

were made during periods of active wakefulness between feeds, with the partially dressed infants 

lying in supine position. The recordings were later evaluated off -line by JLMB and AFB according to 

Einspieler et al.10 Both observers were unaware of the infant’s clinical history and neurological status. 

Previous studies have shown that this method has a high inter-observer reliability.10,17

The longitudinal trajectories of the quality of the motor repertoire were assessed from the serial 

measurements, in an age-specifi c way. From birth until around 8 weeks’ post-term, we judged 

the motor repertoire as normal, abnormal (poor repertoire, cramped synchronised or chaotic) or 

hypokinetic (no GM observed during a recording of at least 45 minutes).21,22 From the recordings 

made after the 9th week of life, we assessed the quality of FMs as normal, abnormal (amplitude, speed 

and jerkiness were exaggerated) or the absence of FMs (no FMs observed between 9 and 20 weeks 

post-term). The same recordings were used to judge the quality of the concurrent motor repertoire 

as normal if it was smooth, variable, fl uent and complex. Reduced complexity (monotony), jerkiness 

and/ or stiff ness were considered to be signs of abnormality.15,17,23,24 

Neurological and developmental follow-up assessment at 2-3 years of age 

At around 2 to 3 years of age, neurological and developmental follow-up was performed. It 

contained a neurological examination in accordance with Touwen.25 The children were classifi ed 

as being neurologically normal, having mild neurological defi cits (e.g. coordination or gross motor 

problems) or abnormal. The Bayley Scales of Infant Development (BSID)-II26 or Snijders- Oomen non 

verbal intelligence test (SON-R 2½ -7)27 was performed to evaluate the mental and psychomotor 

status.

Neurological and developmental follow-up assessment at 4 to 8 years of age

Between 4 and 8 years of age, neuropsychological follow-up was determined by using the Wechsler 

Intelligence Scale for Children-Revised (WISC-R)28 or the Snijders-Oomen non verbal intelligence test 

(SON-R 5½-7).27 Test results, which were two standard deviations below the mean, were considered 

to be abnormal.

Clinical characteristics:

Clinical characteristics and parameters of all infants in the neonatal period like: birth weight, gender, 

presentation of IEM, maximum value of toxic metabolites and complications were registered. 

Furthermore, clinical characteristics beyond the neonatal period, such as admissions for metabolic 

derangement and maximum values of toxic metabolites, were retrieved.

Results

Five infants (n=5) were included in the study. Two infants (case 1 and 2) had arginosuccinate 
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synthetase defi ciency (ASS). Case 3 was diagnosed with arginosuccinate lyase defi ciency (ASL). Case 

4 had propionic academia (PPA) and one infant (case 5) had a further undefi ned gluconeogenesis 

defect (GGD). Neonatal characteristics and metabolic derangements after the neonatal period are 

summarised in Table 1. 

Individual GM trajectories up to 5 months post-term age 

Individual trajectories of the quality of the early motor repertoire are shown in Table 2. Except for 

case 1 no GMs with a normal quality were observed before the fi dgety age. In 4 out of 16 GM-

observations before fi dgety age (25%) the early motor repertoire was judged as hypokinetic. 

Between 6 and 8 weeks postnatal age, poor repertoire GMs with a cramped character but not 

synchronised, were observed in 3 infants (case 2, 3 and 5). 

Between 9 and 16 week post-term age (fi dgety age), normal FMs were observed in 3 infants (case 

1, 2 and 3). Abnormal FMs were observed in one infant (case 4), and in one infant (case 5) no FMs 

were observed during the recordings and therefore classifi ed as absence of FMs. In the infants with 

normal FMs, two infants (case 1 and 2) showed a normal concurrent motor repertoire, the other 

infant (case 3) had a monotonous and jerky concurrent motor repertoire. 

Neurological and developmental fi ndings during follow-up at 2-3 years of age

Around 2 to 3 years of age (range 18-37 months) all infants were tested. Details on neurological and 

developmental follow-up data are provided in Table 2. Neurological assessment according to Touwen 

showed that one infant (case 1) developed normally, 3 infants developed mild neurological defi cits 

(case 2, 3, and 4) and one infant developed dyskinetic spasticity combined with West syndrome 

(case 5). Developmental follow-up data showed abnormal scores in four infants (case 1, 2, 3 and 4). 

One infant did not meet criteria for a basal score because of severe neurological and behavioural 

impairments (case 5). 

Comparison between quality of the early motor repertoire and neurological and developmental fi ndings 

at 2-3 years of age

The quality of the early motor repertoire before fi dgety age correlated well with neurological 

outcome at 2 years of age. The only infant with a normal quality of the early motor repertoire (case 

1) had a normal neurological outcome around 2 years of age. In all children with poor repertoire 

GMs before fi dgety age (case 2, 3, 4 and 5), abnormalities in neurological outcome were observed 

at about 2 to 3 years of age. 

The quality of the early motor repertoire during fi dgety age showed an even better correlation 

with the neurological and developmental follow-up assessment at 2 to 3 years of age. The absence 

of FMs was observed in case 5 who developed a dyskinetic CP. In the patients with normal FMs, 

combined with a normal concurrent motor repertoire, one infant developed normally (case 1), and 

one infant developed mild neurological defi cits (case 2). One infant with normal FMs combined with 
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a monotonous concurrent motor repertoire (case 3), and one infant with abnormal FMs and a jerky 

concurrent motor repertoire (case 4) developed minor neurological defi cits at 2 years of age. 

Neurological and developmental fi ndings during follow-up at 4 to 8 years of age

Between 4 to 8 years of age, all infants, except one who died (case 5), were tested. Neurological 

assessment showed that none of the infants developed normally, 3 infants had MND (case 1, 2 

and 4) and one infant had developed severe neurological defi cits combined with epilepsy (case 3). 

Developmental follow-up data was not obtained on one infant (case 4) because of severe neurological 

and behavioural problems. The other infants showed abnormal scores on developmental tests 

(Table 2). 

Confounding by metabolic derangements was also investigated. These data showed that one child 

(case 4) had no metabolic derangements and three infants (case 1,2 and 3) had at least once a 

metabolic derangement between 4 and 8 years. 

Discussion

The present study indicates that in infants with a neonatal presentation of an IEM, the quality of the 

early motor repertoire could be aff ected in the same way as infants not having an IEM. Furthermore, 

our data indicated that the quality of the early motor repertoire, particularly the quality of FMs and 

the concurrent motor repertoire at 9 to 16 weeks’ post-term is associated with the neurological 

outcome at the age of 2 to 3 years. Studies in non-IEM populations showed that absence of FMs 

between 9 and 16 weeks’ post-term predicts CP in 95% of cases, whereas FMs of a normal character 

in this specifi c age period predicts normal outcome in 98%.9,10 This is in line with our data in the 

present study in which the one infant with absence of FMs developed dyskinetic CP, whereas all 

infants with normal FMs did not develop CP. Our data also showed that the quality of the concurrent 

motor repertoire could further diff erentiate the degree of neurological dysfunction in infants with 

a neonatal presentation of an IEM. Those infants with normal FMs, but an abnormal quality of the 

concurrent motor repertoire, developed mild neurological defi cits at 2 to 3 years of age. In contrast, 

those with a normal quality of the concurrent motor repertoire showed normal neurological 

development. In infants not having IEM, we recently reported that the quality of the FMs combined 

with the quality of the concurrent motor repertoire is also predictive, to a considerable extent, of 

minor neurological dysfunction at school age.17,18

The early motor repertoire of infants with IEM had some specifi c characteristics. Most infants with 

IEM had hypokinesia at fi rst, followed by abnormal or poor repertoire GMs lasting for several days 

to weeks. The quality of the early motor repertoire before fi dgety age was also, albeit less strongly, 

associated with the neurological and developmental fi ndings at 2 to 3 years of age. This is in line 

with previous studies on the predictive value of the quality of the early motor repertoire. These 

studies showed that normal GMs had good predictive value for a normal neurological outcome, 



87

6

The  early motor  repertoire  in  infants  with  inborn  errors of  metabolism

but poor repertoire GMs have low predictive value for an abnormal outcome.10,13,29 The longitudinal 

trajectory was shown to be most predictive in both infants with and without IEM. The more severe 

and persistent the motor repertoire abnormalities, the more abnormal the scores in later neurological 

and developmental tests. 

Our fi ndings may have implications for children with IEM. Our data showed that the qualitative 

assessment of FMs and the concurrent motor repertoire is an appropriate method to evaluate 

treatment options in infants with IEM, from a very early age onwards. Because the liver is responsible 

for the metabolism of the precursors that result in the accumulation of ammonia, orthotopic liver 

transplantation (OLT) has been proposed as a treatment option. Several papers reported the eff ect 

of OLT on the neurological outcome in infants with hyperammonaemia due to IEM.30,31 In some 

diseases with hyperammonaemia, OLT is reported to induce a nearly complete metabolic correction 

and cessation of progression, but not reversal, of neurological defi cits.30,31 Furthermore the time of 

transplantation remains controversial. Mc Bride et al. suggest that early OLT improves neurological 

outcome compared with later transplantation.32 Others did not show any diff erence in neurological 

outcome timing of OLT in any of these diseases.8,30 

A limitation of this study can fi rst be found in the small number of infants included. This is due to 

the relative low prevalence of IEM and the risk of early mortality in infants with an IEM. A second 

limitation can be found in the possibility of deterioration of neurological status due to metabolic 

derangements between early infancy and 2 to 3 years of age. All but one of the infants had metabolic 

derangements after the neonatal period, although they were rather mild (ammonia levels not being 

>300 umol/l in the acute phases). Nevertheless, the data could be biased by the direct eff ect of 

slightly elevated ammonia levels on brain development, in infants with IEM, even without clinically 

evident metabolic derangements. Previous studies showed that also slightly elevated ammonia 

levels could cause irreversible eff ects on the developing brain.33 Furthermore, although our results 

suggest that the quality of the early motor repertoire is related to neurological outcome in infants 

with IEM, the numbers are obviously too small to draw any conclusions regarding the predictive 

value of the early motor repertoire.

In conclusion, this study showed that the assessment of the quality of the early motor repertoire 

might be helpful to assess neurological outcome at 2 to 3 years of age in infants with a neonatal 

presentation of an IEM. Specifi cally the quality of FMs and concurrent motor repertoire between 11 

and 16 weeks post-term age were associated with neurological outcome. The clinical signifi cance 

of our fi ndings is that the qualitative assessment of the early motor repertoire may be helpful in 

evaluating interventions and treatment options in children diagnosed with IEM.  Further investiga-

tions in multicenter trails, with a larger patient cohort, are necessary to confi rm our fi ndings.
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Abstract

Background: extremely low birth weight (ELBW) infants are prone to develop bronchopulmonary dysplasia 
(BPD). Dexamethasone treatment is indicated in order to treat BPD, however previous reports showed adverse 
neurological side eff ects of this treatment.
Objective: to investigate the infl uence of early dexamethasone treatment on neurological outcome at 2 years of 
age in ELBW infants in relation to perinatal risk factors.
Patients and methods: double blind, randomised, placebo-controlled trial. Inclusion criteria were: gestation 
<31 weeks, birth weight <1000 grams and respiratory failure by the age of 4 hours. The infants received 4 doses 
of dexamethasone (0.25 mg/kg at 12 h intervals) or placebo. First dose was given before the age of 6 hours. Early 
neurological outcome was obtained by the assessment of the quality of the early motor repertoire according to 
Prechtl. At 2 years of age a neurological examination according to Touwen was performed.
Results: 20 infants (gestational age 26.9 ± 1.2 weeks, birth weight 815 ± 116 g) were included. Ten infants 
received early dexamethasone treatment, ten infants received placebo. No signifi cant diff erences in neurological 
outcome were found between infants who received early dexamethasone versus placebo. In the group of infants 
who received early dexamethasone, adverse neurological outcome was more often observed in infants who 
had gone through a prenatal hypoxic episode when compared to infants without such an episode. (Chi2 test for 
trend=5.7; p<0.05). The quality of the FMs and the concurrent motor repertoire was associated with neurological 
outcome at 2 years of age (Chi2 test for trend; p<0.05, resp p<0.05).
Conclusions: neurological damage might be aggravated in ELBW infants when dexamethasone treatment is 
preceded by a perinatal hypoxic episode. The quality of the motor repertoire at 11-16 week post-term age is 
associated with neurological outcome at 2 years of age. 

Introduction

Bronchopulmonary dysplasia (BPD) is a major problem in extremely low birth weight (ELBW) 

infants.1 Use of systemic steroids, in particular dexamethasone, became popular after several 

studies provided evidence for improvement in the clinical condition of infants requiring prolonged 

mechanical ventilation.2-5 These studies reported on improvements in lung function and shorter 

duration of intubation combined with a lower prevalence of CLD after treatment with steroids. 

During the 1990s more studies were performed looking at the possible side eff ects of the steroid 

treatment in ELBW infants. These studies found that treatment with systemic steroids was associated 

with several major side eff ects varying from hyperglycemia and gastro-intestinal perforation to 

severe neurodevelopmental defi cits, particularly when treatment was given within the fi rst week 

after birth.6-9 The neurological outcome of infants receiving dexamethasone after the fi rst postnatal 

week, has been investigated less thoroughly, and there are confl icting reports with regards to 

the association with cerebral palsy (CP).10-12 The question arises whether timing of postnatal 

dexamethasone treatment could explain the diff erences in outcome.

A method that might aid is Prechtl’s method on the qualitative assessment of the motor repertoire 

in young infants. It has shown to be a reliable method to predict neurological outcome. This method 

is based on visual Gestalt perception of the quality of GMs in the preterm, term and up to the age 

of 5 months post-term. Previous studies showed that it is a powerful tool for the early and specifi c 

prediction of cerebral palsy (CP) and mild neurological defi cits (MND).13-16  Previously, Bos et al. found 
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that dexamethasone treatment leads to an acute deterioration of the quality of the motor repertoire 

and may induce neurological defi cits.17,18 

According to present evidence, the early administration of dexamethasone for prevention of 

BPD is associated with serious adverse neurological side eff ects and therefore the treatment 

is contraindicated. The causes of these serious adverse eff ects are unknown. According to 

experimental evidence, dexamethasone given after the onset of severe asphyxia aggravates the 

ischemic brain injury.19 Furthermore the infl uence of early systemic steroid treatment of the quality 

of the early motor repertoire is unknown. Therefore, we aimed to investigate the infl uence of early 

dexamethasone treatment on neurological outcome in ELBW infants by assessing the quality of 

the early motor repertoire. Additionally we explored whether severe birth asphyxia followed by 

dexamethasone treatment is associated with the adverse neurological outcome.

Patients and methods

Study population

The study was part of a double blind, randomised, placebo-controlled trial involving six neonatal 

units in both Finland, Germany, Belgium and the Netherlands.20 The study protocol was approved 

by the ethics committees of all participating hospitals. Inclusion criteria were infants born before 

31 weeks gestational age, birth weight less than 1000 grams and respiratory failure by the age 

of four hours postnatal age. Exclusion criteria were congenital malformations and chromosomal 

abnormalities. Due to the fact that neurological follow-up according to Prechtl’s method was 

performed in our centre only, those infants who were born and treated in the University Medical 

Center Groningen (UMCG) were included in the study reported here, following parental informed 

consent (n=27). At 2 years of age, 7 infants had died (26%; dexamethasone n=3; placebo n=4) and 

in 3 infants no reliable video recordings were available (11%; dexamethasone n=2, placebo n=1). 

Patients’ characteristics are listed in Table 1.

Perinatal data were prospectively collected. These included gestational age, birth weight and 

maternal corticosteroid treatment. Abnormal heart rate pattern on the cardiotocogram (CTG), 

mode of delivery and Apgar scores were recorded. Prenatal hypoxic event was defi ned as the 

combination of abnormal fetal heart rate pattern, low umbilical artery pH (<7.15) and requirement of 

resuscitation after birth. These infants were frequently born after emergency caesarean section and 

had low 5 min Apgar scores with signs of perinatal asphyxia. We also documentated the presence 

of intracranial haemorrhages, graded according to Papile et al.21 and periventricular leukomalacia 

graded according to de Vries et al.22 Finally, the use of open labelled dexamethasone therapy later in 

the clinical course was documented.

Randomisation

Randomisation and preparation of the coded vials was performed blindly by the investigators (EA 
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and MH). All infants received doses of dexamethasone (0.25 mg/kg) or normal saline as placebo at 

12 hour intervals. The fi rst dose was given before the age of 6 hours after birth. In total four doses 

were given. Infants in both groups were eligible to receive late selective steroid therapy if the clinical 

condition made it necessary. 

Neurological evaluation between 11 and 16 weeks post-term age

Early neurological evaluation was obtained by using Prechtl’s method on the qualitative assessment 

of the early motor repertoire. Video recordings, approximately 10 minutes long, were made of the 

infants between 11 and 16 weeks post-term. The recordings were made either at the outpatient 

clinic or at home, during periods of active wakefulness between feeds, with the partially dressed 

infants lying in the supine position. All recordings were later evaluated off -line by JLMB and AFB 

according to Einspieler et al.23,24 One of the observers (JLMB) was unaware of the infant’s clinical 

history and neurological status; the other knew the infant’s clinical history. Both observers were 

blinded to group assignment.

We used the motor optimality score to judge the motor repertoire.23,24 It is the sum of 5 components: 

1. quality of the fi dgety movements (FMs), 2. presence and normality of movement patterns, 3. 

presence and normality of postural patterns, 4. age-adequacy of the concurrent motor repertoire, 

5. quality of the concurrent motor repertoire. Together these components provide the basis of 

calculating a motor optimality score, with a minimum of 5 points, and a maximum (optimal) of 28 

Table 1: Patient characteristics. Data are expressed as median (range), or N (%).

   Dexamethasone    Placebo

Number   10     10 
Male/ Female  6/4     6/4
Gestational age (weeks) 26.9  (25.1-28.9)    26.6 (25.1-29.7)
Birth weight (grams)  838 (610- 940)    785  (610- 990)
Caesarean Section  3 (30%)    6 (60%)
Prenatal hypoxic episode 4 (40%)    5 (50%)
APGAR score at 5 min  7.5 (5-9)    7 (1-9)
pH umbilical vein  7.24 (7.09-7.33)    7.25 (6.90-7.36)
Open labelled cortico- 5  (50%)    8 (80%)
steriod treatment
ICH1 gr1-2   4 (40%)    2 (20%)
ICH1 gr 3-4   1 (10%)    1 (10%) 
PVL2 gr1   4 (40%)    5 (50%) 
PVL2 gr 2-3  -     -
Normal outcome  5 (50%)    3 (30%) 
MND    4 (40%)    5 (50%)
CP   1 (10%)    2 (20%)

1ICH is intracranial haemorrhage graded according to Papile et al.21

2PVL is periventricular leukomalacia graded according to de Vries et al.22 PVL grade 1 is also called prolonged 
fl aring.
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points.

From previous studies we know that both the quality of FMs and the quality of the concurrent 

motor repertoire, at early age, are predictive for neurological outcome at school age.13,24 FMs are 

movements of small amplitude, moderate speed and variable acceleration of the neck, trunk and 

limbs in all directions.15 They are continually or intermittently present in the awake infant, except 

during periods of fussing or crying. FMs may be seen as early as 6 weeks post-term but usually 

appear around the 9th week and persist until 15 to 20 weeks post-term.23 We assessed the quality of 

FMs as normal, abnormal (amplitude, speed and jerkiness were exaggerated) or absence of FMs (no 

FMs observed between 6 and 20 weeks post-term). The movement repertoire during this age period 

consists also of a large variety of other movement and postural patterns. These motor patterns were 

judged on their quality and their age-adequacy.13,24 The quality of the concurrent motor repertoire 

was considered to be normal if it was smooth, variable, fl uent and complex. Reduced complexity 

(monotony), jerkiness and/ or stiff ness were considered to be signs of abnormality.13,25,26  

Assessment of neurological and motor fi ndings 2 years of age

Follow-up consisting of paediatric and neurological examinations was performed at regular 

intervals at the outpatient clinic. A neurological examination according to Touwen27 was performed 

in the 20 remaining infants. In addition, the mental and motor development was tested between 

18 and 24 months, using the Bayley Scales of Infant Development28 adapted for Dutch infants.29 

The outcome at 24 months of age was classifi ed as normal (no neurological signs, a developmental 

quotient of >85), minor neurological dysfunction (MND) (neurological signs were present, but no 

CP, or the developmental quotient was between 84 and 50), or abnormal (cerebral palsy (CP) or 

a developmental quotient <50). The diagnosis of CP was based on a recently proposed defi nition 

according to Bax et al.30 

Statistical analysis

Statistical analysis was performed using the SPSS package for Windows, version 14.0. The Chi2 test 

for trend was applied to evaluate the associations between early dexamethasone treatment and the 

quality of the FMs and concurrent motor repertoire, the age-adequacy of the motor repertoire and 

neurological outcome at 2 years of age. The Chi2 test for trend and Mann Whitney-U test were applied 

where appropriate to evaluate the associations between clinical data, early dexamethasone treatment 

and the quality of the FMs and concurrent motor repertoire in relation to neurological outcome at 

2 years. Spearman’s Rank test and Mann Whitney-U test were used to investigate the associations 

between early dexamethasone treatment, motor optimality score and neurological outcome at 2 

years of age. Throughout the analyses p<0.05 (two-tailed tested) was considered to be statistically 

signifi cant.
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Results

Of the 20 infants, eight infants (40%) developed normally, nine infants (45%) developed MND and 

three infants (15%) developed CP. Early dexamethasone treatment was given to ten infants and 

ten infants received placebo. In the placebo group 8 out of 10 infants (80%) received open label 

corticosteroid therapy beyond 2 weeks postnatal age because of their clinical condition whereas 

5 out of 10 infants (50%) in the early dexamethasone group received open label corticosteroid 

treatment. Patient characteristics are listed in Table 1.

Relation between the motor repertoire at 11-16 weeks post-term and early systemic corticosteroid 

treatment

In three of the 20 included infants no video-recordings were available. Therefore, analysis of the 

relation between the early motor repertoire and neurological outcome was performed in 17 

infants. The association between the motor optimality score at 11-16 weeks post-term and early 

systemic corticosteroid treatment is shown in Figure 1. No signifi cant diff erence was found in motor 

optimality scores of the infants who received early dexamethasone compared to the infants who 

received placebo. 

Concerning FMs, normal FMs were observed in fi ve infants who received early dexamethasone vs 

eight infants who received placebo. Abnormal FMs were observed in two infants who received early 

dexamethasone vs. one infant who received placebo. Absence of FM was only observed in one 

infant who received early dexamethasone and in none of the placebo group. Although a trend was 

Figure 1. Association between the motor optimality score at 11-16 weeks post-term age and early 
dexamethasone versus placebo treatment. These associations were not signifi cant.
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observed, no association existed between an abnormal quality of FMs and early dexamethasone 

treatment. The concurrent motor repertoire was smooth and variable in three infants who received 

early dexamethasone vs. four infants who received placebo (ns). 

Combining the results on the quality of FMs and the concurrent motor repertoire, no diff erences 

were found between the two groups (Table 2).  

Relation between quality of the early motor repertoire and neurological fi ndings at 2 years of age

The association between the motor optimality score at 11-16 weeks post-term and neurological 

outcome at 2 years of age is shown in Figure 2. A higher motor optimality score was observed 

more frequently in the infants who developed normally when compared to those who developed 

Early motor repertoire Early DXA Placebo Total

Normal FMs and Normal 
repertoire

3 4 7

Normal FMs and Abnormal 
repertoire

2 4 6

Abnormal FMs 2 1 3
Absence of FMs 1 1
Total 8 9 19

Figure 2. Association between the motor optimality score at 11-16 weeks post-term age and neurological 
outcome at 2 years of age. These associations were signifi cant (Spearman’s Rank test; rho: 0.649; p<0.01).
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abnormally (MND or CP) (Spearman’s Rank test; rho: 0.649; p<0.01).  

Concerning FMs, 13 infants (76%) showed normal FMs at 11-16 weeks post-term, three infants (18%) 

had abnormal FMs and one infant (6%) had absence of FMs. The quality of the FMs was associated 

with neurological outcome at 2 years of age in ELBW infants (Chi2 test for trend=4.6; p<0.05). The 

quality of the concurrent motor repertoire was also associated with neurological outcome at 2 years 

of age. An abnormal motor repertoire was observed more frequently in infants who developed 

abnormal (MND or CP) (Chi2 test for trend=4.5; p<0.05). The combination of the quality of FMs and 

the concurrent motor repertoire correlated even more strongly with the neurological outcome (Chi2 

test for trend=6.0; p<0.05) (Table 3).  

Neurological outcome at 2 years

Early motor repertoire Normal MND CP Total

Normal FMs and Normal repertoire 5 2 7
Normal FMs and Abnormal repertoire 2 3 1 6
Abnormal FMs 3 3
Absence of FMs 1 1
Total 7 8 2 17

Relation between clinical data at birth and neurological fi ndings at 2 years of age

Clinical data at birth did not signifi cantly diff er between infants receiving dexamethasone versus 

placebo (Table 1). Prenatal hypoxic events were present in 9 of 20 infants of our study group 

(Table 1). After analysing the association between these prenatal hypoxic episodes in relation to 

neurological outcome in both the early dexamethasone and placebo group, it became apparent 

that adverse neurological outcome was more often observed in those infants who received early 

dexamethasone following a prenatal hypoxic episode when compared to infants who received early 

dexamethasone but who had no serious prenatal hypoxic event (Chi2 test for trend=5.8; p<0.05; 

Table 4). No such association was observed in infants who received placebo. 

Table 3.

Neurological outcome at 2 years

Normal MND CP Total

No Early DXA Prenatal hypoxic event 1 3 1 5
No prenatal hypoxic event 2 2 1 5

Early DXA Prenatal hypoxic event 5 1 6
No prenatal hypoxic event 3 1 4

Table4
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Discussion

The cause of a poorer neurological outcome following early dexamethasone treatment is unknown. 

Here we present evidence suggesting that a prenatal hypoxic event in combination with early 

steroid treatment is associated with an adverse outcome.  

Previous animal model studies reported that dexamethasone aggravates already present 

ischemic brain injury19, whereas corticosteroids given before hypoxia reduces hypoxia- induced 

brain damage.31,32 Our results suggest that, in extremely low birth weight (ELBW) infants, early 

dexamethasone treatment could induce or aggravate neurological damage after a perinatal 

hypoxic incident. The fact that the above mentioned infl uence on neurological outcome was not 

observed in ELBW infants who received placebo underlines this hypothesis. Recently a systematic 

review reported the adverse eff ects of early dexamethasone treatment on neurological outcome.9 

We believe that our fi ndings are, to the best of our knowledge, the fi rst to indicate a possible 

mechanism for how dexamethasone results in an impaired neurological outcome in ELBW infants. 

Our fi ndings indicate that perinatal hypoxia plays a crucial role in the pathogenesis of neurological 

damage in which postnatal dexamethasone treatment serves as a sort of second hit.  

This study also showed that Prechtl’s method on the qualitative assessment of the motor repertoire 

in early life is a reliable method to predict neurological outcome in ELBW infants. Our fi ndings 

showed that normal FMs predicted normal outcome in 100% of cases and abnormal and absent 

FMs were more often observed in infants with adverse neurological outcome. The quality of the 

concurrent motor repertoire further diff erentiated between neurological outcomes. Those infants 

with a normal, smooth and variable, character of the concurrent motor repertoire had a normal 

outcome at 2 years of age more frequently when compared to those with an abnormal character of 

the concurrent motor repertoire. This is in line with previous investigations on the predictive value 

of the early motor repertoire on neurological outcome.13 Previously, Stahlmann et al. also showed 

that Prechtl’s method has a positive predictive value of 89% for motor outcome in infants with a 

birth weight below 1500 grams.33 However, in ELBW infants an association between the quality of 

the early motor repertoire and neurological outcome at 2 years of age has not been reported so 

far. 

The fact that signifi cant diff erences in neurological outcome were not observed in this study 

between the dexamethasone group and the placebo group is probably due to the relative low 

number of infants included. Halliday et al. reviewed this as one of the major problems in research 

on the infl uence of early dexamethasone treatment on neurological outcome.9  Furthermore, due 

to adverse clinical conditions all except two infants in the early dexamethasone treatment group 

had open labelled corticosteroid treatment which could cause bias. However, it also emphasises the 

potential infl uence of early dexamethasone treatment following a prenatal hypoxic episode.  

Besides the low number of infants included in our study another limitation is the relative young 

age of the ELBW infants at which neurological outcome was assessed. Therefore, further research 
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is needed, in a larger study population with a longer follow-up program, in order to investigate the 

infl uence of early dexamethasone treatment in ELBW infants on neurological outcome in infants 

following a prenatal hypoxic event.  

Conclusion

In conclusion, our data suggests an association between early postnatal dexamethasone treatment 

and neurological outcome in ELBW infants who had undergone a prenatal hypoxic episode. Special 

attention should be given, in clinical practice, to those infants who need systemic corticosteroid 

treatment. Hence, caution is needed when treating ELBW infants with dexamethasone, immediately 

following a hypoxic event, in order to prevent additional neurological damage. This study also 

showed that the qualitative assessment of the early motor repertoire is a reliable predictor for 

neurological outcome, in ELBW infants, for neurological outcome at 2 years of age.
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Abstract

Background: The quality of general movements (GMs) during early infancy has consistently been found to be a 
powerful predictor of motor disorders in later childhood. The question arises whether the quality of GMs is also 
associated with later cognition.
Aim: To determine whether quality of GMs in preterm children has predictive value for cognitive development at 
school age. 
Study design: Prospective cohort study.
Subjects: The study group consisted of 60 preterm infants (36 boys, 24 girls) without cerebral palsy. The median 
gestational age was 30.0 weeks (range 25-33 weeks), median birth weight was 1130 grams (595-1800g). The 
educational level of both parents ranged from elementary to tertiary level (mothers: median 10 years, range 6-17 
years, fathers: median 11 years, range 8-17 years). The quality of GMs was prospectively assessed as normal or 
abnormal from video- recordings that were made at regular intervals: at preterm age, term, three to eight weeks’ 
post-term, and at eleven to seventeen weeks’ post-term age. 
Outcome measures: At seven to eleven years of age, the children’s intelligence was tested using the WISC-IIINL. 
The total (TIQ), verbal (VIQ) and performance (PIQ) intelligence quotient scores were calculated.
Results: The median TIQ was 93 (67-113), VIQ 96 (68-117), and PIQ 92 (65-119). Fifteen children (25%) had a low 
TIQ (<85). The longitudinal course of the quality of GMs was associated with TIQ, VIQ, and PIQ. If the quality of 
GMs had normalised before eight weeks’ post-term, TIQ, VIQ, and PIQ fell within the normal range. A consistently 
abnormal quality of GMs before eight weeks’ post-term was associated with a lower TIQ, VIQ, and PIQ. The 
likelihood ratio of consistently abnormal GMs up to eight weeks post-term for a low TIQ was 4.9 (95%CI: 1.4-17.2). 
The educational levels of the parents were not associated with IQ scores.
Conclusions: The quality of GMs during the early post-term period is a predictor for intelligence at school age. 
Abnormal quality of GMs during the early post-term period may refl ect injury or developmental disruptions of 
brain areas involved in cognitive development. It may also refl ect the crucial role of motor activity in normal 
cognitive development.

Introduction

Children born preterm have signifi cantly lower IQ scores than their term peers, even in the 

absence of brain lesions or severe disability, or both.1 It is estimated that cognitive and behavioural 

defi cits occur in 25 to 50% of children born preterm with very low birth weight (birth weight 

below 1500g).1-3 Cognitive problems without major motor defi cits are by far the most dominant 

neurodevelopmental sequelae in children born preterm. Studies reported that the intelligence 

quotient (IQ) is approximately four to ten points lower in children born before 32 weeks’ gestational 

age in comparison to their term peers.1,3 It is estimated that by each week of shorter gestation below 

32 weeks, the IQ is approximately 1.7 points lower.2 This increases to 2.5 points by each week below 

27 weeks’ gestational age.1 These impairments become more evident at school age, when the child 

faces more complex cognitive demands. 

In early infancy, it is diffi  cult to identify the individual infant at highest risk for poor cognition. Models 

of pathogenesis include changes related to developmental disruptions and brain injury.3,4 Although 

global white matter damage revealed by magnetic resonance imaging is quite common in children 

born preterm, and volumes of gray matter are also diminished, clear associations of cognition with 
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pathological changes on neuro-imaging have not been demonstrated beyond doubt.5-7 

Prechtl’s method of the qualitative assessment of general movements (GMs) in infants is a 

reliable, sensitive, and non-intrusive method to assess the integrity of the brain at an early age. 

The assessment of GMs is based on Gestalt perception. It takes into account the complexity and 

variability of the movement. Normal GMs are complex, variable, and elegant, refl ecting variability 

of neural function. Abnormal GMs lack complexity, variability, and fl uency. The quality of GMs 

during early infancy has, consistently, been found to be a powerful predictor of motor disorder 

in later childhood.8-13 Nevertheless, the predictive value of the quality of GMs for later cognition is 

still unclear. The objective of this study was, therefore, to investigate whether the quality of the early 

motor repertoire up to the age of seventeen weeks’ post-term had predictive value for intelligence 

and school performance at seven to eleven years of age.

Methods

Subjects

The study group consisted of children born preterm between September 1992 and October 1997 

and who had been admitted to the Neonatal Intensive Care Unit (NICU) of the Beatrix Children’s 

Hospital of the University Medical Center Groningen (UMCG), the Netherlands. They were included 

in prospective cohort studies on the prognostic value of the quality of GMs for major motor 

impairments at school age9,14-16 and minor neurological dysfunctions.13,17 All infants were born 

before 34 weeks’ gestational age and written parental consent was obtained during the fi rst week 

after birth. The UMCG’s ethical review board approved the study.

For the present study we excluded the infants who had developed cerebral palsy by the age of 

at least six years, based on Bax’ criteria.18 The fi nal study group consisted of 60 children (36 boys 

and 24 girls), whose median gestational age was 30.0 weeks (range 25-33 weeks) and a median 

birth weight of 1130 grams (range 595-1800g). The educational level of the parents ranged from 

elementary to tertiary level (mothers: median 10 years, range 6-17 years, fathers: median 11 years, 

range 8-17 years). 

The children included in the study can be considered typical of the preterm infants admitted to the 

tertiary NICU of the UMCG in the mid 1990s, who did not develop severe neurological disorders. The 

children’s medical characteristics and the educational levels of the parents are presented in Table 1.

Recording and evaluation of the motor repertoire

Video-recordings of approximately 60 minutes were made of the infants from the fi rst or second 

week after birth and subsequently at weekly intervals until discharge. Additional recordings of 

approximately ten minutes were made of the infants at term age (38 – 42 weeks’ postmenstrual age), 

between three and eight weeks’ post-term age, and between eleven and seventeen weeks’ post-

term age. These recordings were made either at the outpatient clinic or at home, during periods of 
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active wakefulness between feeds, with the partly dressed infants lying in supine position. 

For each infant a median of ten recordings (interquartile range [IQR] 8-11) were available for analysis. 

The recordings were ordered according to age to obtain a developmental trajectory of the individual 

child. All recordings were evaluated off -line by JLMB and AFB, according to Einspieler et al.22,23 One of 

the observers was unaware of the infants’ clinical history and developmental status; one knew the 

infants’ clinical history but was unaware of their developmental status at school age. 

The assessment of the quality of GMs up to the age of eight weeks post-term

From the video-recordings made during the period up to eight weeks’ post-term, the quality of 

the GMs was assessed as normal or abnormal, according to Einspieler et al.22,23 Normal GMs are 

characterised by complexity, variability, and fl uency, whereas abnormal GMs display reduced 

Table 1. The clinical characteristics and risk factors of the study group according to the cognitive fi ndings at school 
age. Data are expressed as median (P25-75), or N (%). 

    Children who had a  Children who had a  
    total IQ ≥ 85   total IQ < 85  

Number    45   15
Age of IQ assessment   9.2 years (8.6-9.3 years) 8.6 years (9.2-10.1 years)
Maternal educational level  10 years (9-12 years)  11 years (9-12 years)
Paternal educational level  11 years (10-14 years)  11 years (9.8-13.3 years)
Gestational Age   30.0 weeks (28.6-31.1 weeks) 30.0 wk (27.4-31.7 weeks)
Birth Weight (BW)   1120 g (905-1288 g)  1215 g (980-1460 g)
Male gender*   24 (53)   12 (80)* 
IUGR (BW < P5)1   14 (31)   2 (13)
Prenatal corticosteroids  28 (62)   11 (73)
Apgar score at 5’   8 (7 – 9)   8 (5 – 9)
Umbilical pH   7.26 (7.21-7.31)  7.28 (7.24-7.32)
Ventilatory support (IPPV of HFOV)2 25 (56)   7 (47)
Septicaemia   19 (42)   3 (20)
ICH3 gr1-2    12 (27)   3 (20)
PVL4 gr1    20 (44)   8 (53) 
BPD5    12 (27)   4 (27)
Postnatal corticosteroids  6 (13)   1 (7)

1 IUGR is intra-uterine growth restriction, birth weight according to the Dutch weight centiles of Kloosterman.19

2 IPPV is intermittent positive pressure ventilation, HFOV is high frequency oscillatory ventilation.
3 ICH is intracranial haemorrhage graded according to Papile et al .20

4 PVL is periventricular leukomalacia graded according to De Vries et al .21 PVL grade 1 is also called prolonged 
fl aring.
5 BPD is Bronchopulmonary dysplasia, defi ned as oxygen dependency at 36 weeks’ postmenstrual age. 

* p=0.078
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complexity, variability, and fl uency. In case of abnormal GMs, three categories of abnormal GMs 

were distinguished: 1) poor repertoire GMs, 2) chaotic GMs and 3) cramped synchronised GMs.22,23 

Previous studies reported interobserver reliabilities with kappas between 0.8 and 0.9.22,24,25

For further analysis we clustered the results based on the individual developmental trajectories 

of quality of GMs up to eight weeks’ post-term age into fi ve categories: 1. Consistently normal. 2. 

Abnormal, normalising during preterm period (before 38 weeks’ postmenstrual age). 3. Abnormal, 

normalising during term period (38 to 42 weeks’ postmenstrual age). 4. Abnormal, normalising 

during early post-term period (between three and eight weeks’ post-term). 5. Consistently abnormal 

GMs up to eight weeks’ post-term. 

The assessment of the quality of the motor repertoire between eleven and seventeen weeks of post-term 

age

From the recordings made between eleven and seventeen weeks’ post-term, we assessed the quality 

of fi dgety general movements, also called fi dgety movements (FMs). Normal FMs are continuous 

small movements of moderate speed in all directions. FMs are present obligatory between nine and 

sixteen weeks’ post-term, but in many cases they were present as early as six weeks and as late as 

twenty weeks’ post-term age. Apart from FMs, the quality of the concurrent motor repertoire was 

assessed, according to Bruggink et al.13,17 

The quality of FMs was classifi ed as normal or abnormal. We distinguished between two types of 

abnormal FMs: 1. Abnormal FMs (FMs with exaggerated speed, amplitude, and jerkiness). 2. Absent 

FMs (no FMs observed).25 The quality of the concurrent motor repertoire was assessed as normal or 

abnormal based on the performance of all movement and postural patterns. A normal concurrent 

repertoire was scored if it was smooth, fl uent, and variable, an abnormal motor repertoire was scored 

if it was monotonous, jerky, tremulous, or cramped.13 A previous study showed a high interobserver 

variability with a kappa of 0.91.13 

For further analysis, the results of individual qualitative assessments of FMs and the concurrent 

motor repertoire were combined and clustered into three categories: 1. Normal FMs, normal 

concurrent motor repertoire. 2. Normal FMs, abnormal concurrent motor repertoire. 3. Abnormal 

FMs or absence of FMs, abnormal concurrent motor repertoire. 

The assessment of cognitive function at the age of seven to eleven years 

The Wechsler Intelligence Scale for Children III, Dutch Version (WISC IIINL)26 was performed between 

seven and eleven years of age. We used four Verbal subscales (Similarities, Vocabulary, Information, 

Arithmetic) and three Performance subscales (Picture Arrangement, Block Design, Object Assembly). 

Verbal (VIQ), Performance (PIQ), and Total (TIQ) intelligence quotient scores were calculated using 

Sattler’s formula.27 With regards to school performance we documented whether the children had 

repeated one or more classes, or whether they attended special education.
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Statistical analysis

Statistical analysis was performed using SPSS package for Windows, version 16.0. In contrast to the 

scores of the quality of GMs, the intelligence scores were normally distributed. Non-parametric tests 

were used to relate IQ scores with the quality of GMs. These included the Mann-Whitney U test, 

Spearman’s Rank test, and the Kruskal Wallis test. For categorical variables, the Chi-square test for 

trend or Fisher’s exact test was used. Sensitivity, specifi city, positive, and negative predictive values 

of the quality of GMs as a marker for later abnormal IQ scores (<85) were calculated. Backwards 

stepwise logistic regression was used to determine if assessment of GMs could predict intelligence 

at school age after controlling for clinical and social factors. These factors included the educational 

level of both parents and factors that were signifi cant at p<0.1 in the univariate analyses. A two-

tailed probability value of p<0.05 was considered to be statistically signifi cant.

Results

The developmental trajectories of the quality of GMs

The number of children with normal or abnormal GMs during each period is displayed in Table 2. 

Eighteen children (30%) had consistently normal GMs from birth onwards; in another four children 

(7%) GMs normalised before term age. Fifteen children (25%) had abnormal GMs of a poor repertoire 

during preterm period, but normalised GMs at term (n=14) or during the early post-term period 

(n=1). Twenty-three children (38%) had consistently abnormal GMs up to eight weeks’ post-term. 

In the majority of cases these GMs had a poor repertoire; two children had cramped synchronised 

Table 2. The number of children with a normal and abnormal quality of GMs until seventeen weeks’ post-term, 
during fi ve periods: early preterm late preterm, term, early post-term, and late post-term period. FMs are the GMs 
during the late post-term period. The numbers in the boxes represent the numbers of children. With increasing 
age the proportion of infants with normal GMs increased signifi cantly (Chi2 for-trend-test p<0.001) 

Early 
preterm

(<34 weeks)

Late preterm 
period (34-
37 weeks)

Term 
period (38-
42 weeks)

Early post-
term period 
(3-8 weeks)

Late post-term 
period (11-17 

weeks)

Normal GMs 18 22 36 37

Normal FMs, 
N repertoire

30

Normal FMs, 
A repertoire

16

Abnormal GMs 42 38 24 23

Abnormal FMs or 
absence of FMs

11

GMs: general movements, FMs: fi dgety movements, N: normal, A: abnormal. 
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GMs on one occasion. 

As there was only one child in whom GMs normalised during the early post-term period, this child 

was analysed in the category of children who normalised at term. For further statistical analyses this 

combined group was regarded as a single group. 

Between eleven and seventeen weeks, the quality of FMs and concurrent motor repertoire could 

not be assessed in three children due to crying, sleepiness, or hiccups. Of the remaining 57 children, 

30 (53%) had normal FMs and a normal quality of the concurrent motor repertoire, sixteen (28%) 

had normal FMs with an abnormal concurrent repertoire, ten (18%) had abnormal FMs, and in one 

child (2%) FMs were absent. With increasing age, the proportion of children with abnormal GMs or 

FMs decreased signifi cantly (Table 2, chi2 for-trend-test, p<0.001).

The cognitive fi ndings at school age 

The median age of children during testing was 9.0 years (range 7.1 – 11.2 years). The median TIQ was 

93 (67-113), VIQ 96 (68-117), and PIQ 92 (65-119). Fifteen children (25%) had a low TIQ (<85). Five 

children (8%) attended schools for special education. Another sixteen children (27%) had repeated 

a class in primary school. Thirty-nine children (65%) attended primary school without repeating a 

class up to the moment of testing.

The relation between the quality of GMs and fi ndings at school age

The TIQ scores of the children categorised according to the individual developmental trajectories 

of the quality of GMs up to eight weeks’ post-term age, are graphically displayed in Figure 1. If the 

Figure 1. The relation between the quality of GMs up to eight weeks’ post-term age and TIQ scores at school 
age. The diff erences between the groups were tested by Mann Whitney U tests. (* = p<0.05; ** = p<0.01; *** = 
p<0.001). 
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quality of GMs normalised before eight weeks’ post-term age, the median TIQ was 100 (range 75-

113), VIQ 95 (72-117), and PIQ 102 (69-119). There was no diff erence in TIQ, VIQ, and PIQ between 

children who showed normal GMs consistently and children who showed abnormal GMs initially, 

but normalised before eight weeks’ post-term age (Figures 1 and 2). In children showing abnormal 

GMs consistently up to eight weeks’ post-term age, IQ scores were signifi cantly lower: the median TIQ 

Figure 2. The relation between the quality of GMs up to eight weeks’ post-term age and TIQ, VIQ, and PIQ. The 
diff erences between the groups were tested by Mann Whitney U tests. (* = p<0.05; ** = p<0.01; *** = p<0.001).

Figure 3. The relation between the quality of the 
motor repertoire at eleven to seventeen weeks’ 
post-term and TIQ scores at school age. 
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was 87 (67-105) (Mann Whitney U, p<0.001), VIQ 88 (68-106) (p<0.01), and PIQ 88 (65-108) (p<0.001, 

Figures 1 and 2). There was no association between the quality of the early motor repertoire at 

eleven to seventeen weeks’ post-term age (FMs and the concurrent motor repertoire) and TIQ scores 

(Kruskal Wallis test p=0.129) (Figure 3).

School performance was also associated with the quality of GMs up to eight weeks’ post-term. Nine 

out of 37 children (24%) in whom GMs normalised, had repeated a class or had attended special 

education, versus twelve out of 21 children (57%) in whom GMs did not normalise before eight 

weeks’ post-term age (Fisher’s exact, p=0.050).

If a TIQ score of 85 was taken as the cut-off  point for abnormal cognition, the quality of GMs between 

term age and eight weeks’ post-term age predicted cognitive functioning at school age (Table 3). 

The sensitivity was 67% (95% CI: 43-91%), specifi city 71% (95% CI: 58-84%), positive predictive value 

43% (95% CI: 23-63%), and negative predictive value 86% (95% CI: 75-97%). No other clinical and 

social factors were signifi cantly associated with a low TIQ. There was a trend, however, for male 

gender and low TIQ scores (p=0.078) (Table 1). 

The likelihood ratio of consistently abnormal GMs up to eight weeks’ post-term for a low TIQ 

was 4.9 (95%CI: 1.4-17.2, p=0.013). This explained 15.6% of the variance of the TIQ scores. 

After entering male gender and the educational level of the parents in the model, only 

the quality of GMs remained in the model. In this model, the likelihood ratio of consistent 

abnormal GMs up to the age of eight weeks post-term for a low TIQ was 4.9 (95%CI: 1.3-

17.6, p=0.016). This explained 22.4% of the variance of TIQ. Regarding school performance 

(special education and repeating a class), the likelihood ratio of consistent abnormal GMs 

was 3.4 (95%CI: 1.1-10.3, p=0.031) explaining 10.6% of the variance of school performance.

Table 3. The relation between the quality of GMs up to eight weeks’ post-term and IQ scores at school age. The 
numbers in the boxes represent the numbers of children. Sensitivity, specifi city, PPV, and NPV rates are stated 
below the table.

IQ < 85 IQ ≥ 85 Total

Consistently abnormal GMs until 
eight weeks’ post-term

10 13 23

Normal GMs before eight weeks’ 
post-term

5 32 37

Total 15 45 60

Sensitivity:   67% (95% CI: 43-91%)

Specifi city:  71% (95% CI: 58-84%)

PPV:  43% (95% CI: 23-63%)

NPV:  86% (95% CI: 75-97%)

GMs: general movements, IQ: intelligence quotient, PPV: positive predictive value, NPV: negative predictive value; CI: 
confi dence interval.
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Discussion

This study demonstrates that in children born preterm, intelligence at school age is associated with 

the quality of their GMs during early infancy. The quality of GMs during the early post-term period, 

in particular, proved to be a predictor for intelligence at school age. If GMs normalised before or at 

term age, IQ scores were within normal limits. If, however, GMs were consistently abnormal up to 

eight weeks’ post-term age, IQ scores at school age were on average 13 points lower, i.e. 0.9 standard 

deviation. Normalisation of GMs before term age did not diff erentiate between normal and lower 

IQ scores. Moreover, the quality of FMs and the concurrent motor repertoire at eleven to seventeen 

weeks’ post-term age did not diff erentiate between normal and lower IQ scores.

We found that the IQ scores of children is this study were within the same range as in other studies 

performed in preterm, non-disabled children.1,3,28 The proportion of children who attended special 

education or had repeated classes, were also similar to previous reports.29,30 Executive functions, 

as measured by the PIQ, were worse than complex language functions, measured by the VIQ. This 

fi nding was in line with previous studies.1,6,30,31 It is interesting to note that not only PIQ, but also VIQ 

was strongly related to the quality of GMs during the early post-term period. The abnormal quality 

of GMs during the early post-term period may refl ect injury or developmental disruptions of brain 

areas involved in cognitive development.3,4 Recently, a clear association was observed between 

abnormal GMs at the age of one and three months post-term, and abnormalities of the cerebral 

white matter on magnetic resonance imaging at term-equivalent age.32 This association was not 

seen between abnormal GMs and gray matter abnormalities.32 

Diff use damage of the white matter is the most commonly observed abnormality of the brain 

of preterm infants.7,32,33 White matter damage results in hypomyelination, neuronal disease and 

widespread axonal degeneration in the cerebral cortex, thalamus, basal ganglia, and cerebellum 

that can be seen as early as term-equivalent age.4,34 Several studies showed that in preterm infants 

cerebral white matter damage, in particular, is related to cognitive dysfunction at school age, usually 

in the absence of major motor defi cits.6,33,35 In most studies, the relation of cognitive function with 

cerebral white matter pathology is at least as strong7 , or even stronger, than cerebral gray matter 

pathology.3,32,33 

Our results support the notion that reduced complexity and variability of GMs – as an expression 

of cerebral white matter damage14 – is the motor correlate of impaired cognitive functioning, in 

particular of those cognitive functions relying on widely distributed cortical networks.36 It may 

refl ect the vulnerability of the critical time frame during which the human cerebrum develops 

rapidly. Normally, cerebral cortex volume increases about four times during the third trimester of 

pregnancy and the fi rst postnatal weeks.4 Diff use cortical white and gray matter damage may result 

in volumetric defi cits in multiple cortical regions.37 This has also been related to a wide variety of 

cognitive defi cits observed at follow-up.7,37 Abnormal GMs at term and during the early post-term 

period may be a predictor for the heightened vulnerability of the rapidly developing brain during 
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this particular period of maturation. 

We suggest that our results may also refl ect the crucial role of motor activity in normal cognitive 

development. A possible interpretation could be that motor activity during the early post-term 

period (as refl ected by GMs) plays an important role in the early development of cognition.38 Some 

aspects of the motor repertoire at three to four months’ post-term are associated with cognitive 

outcome at school age.39 Rapid brain development in the early post-term months is accompanied by 

equally rapid psychological development.40 The infants’ exploration of their environment with several 

motor strategies, integrating and refi ning neural input and output, may lead to better neurological 

development.41 The absence of a complex and variable motor repertoire at this particular age might 

hamper the infants’ abilities to interact with the world around them. This implies that the quality of 

the early motor repertoire is a measure of the extent to which spontaneous movements facilitate 

or inhibit infants’ interactions during a phase in which sensorimotor activity drives perceptual and 

cognitive development.42

Although some studies showed a signifi cant association between motor development and cognitive 

abilities at a later age, e.g. four years,43,44 the present study is among the few that investigated the 

association between motor development at such a young age and cognition at school age. 

Clinical and social factors did not contribute to the prediction of intelligence at school age. Only male 

gender showed a trend towards lower IQ scores. Previous studies also showed a similar association 

between intelligence and gender.1,30 Other studies reported that socio-economic status of the 

parents and gestational age are associated with intelligence in preterm infants.1,2 Due possibly to 

the relatively small sample size, our study did not confi rm these fi ndings. Nevertheless, even large 

studies have failed to identify specifi c risk factors, other than prematurity, for the development of 

cognitive defi cits in the absence of major motor disabilities.2,45,46 The assessment of the quality of GMs 

at term and the early post-term period may, therefore, be helpful in determining the individual risk of 

preterm infants to develop clinically relevant cognitive impairment at school age. 

We recognise a few limitations to the present study. First, we did not include a term control group. 

Since we do not know, for example, how often an abnormal quality of GMs is present in term infants, 

these results cannot be generalised and have still to be confi rmed in other groups of children. A second 

limitation is that there might have been a selection bias because the infants had taken part in several 

earlier studies. Nevertheless, we consider the children in the present study to be a representative 

sample of a third level neonatal intensive care unit. We included both low and high risk preterm 

infants. A fi nal limitation is the study sample size. The results are based on data from a small group of 

children from one medical centre only. The below average mean IQ scores of the participants were 

similar to those found in other follow-up studies of children born preterm.1,2 While this increases 

our confi dence that these results can be generalised to the broader population of children born 

preterm, further investigations are warranted.
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Conclusion

The quality of GMs during the early post-term period predicts intelligence at school age. The integrity 

of those areas of the brain involved in abnormal GMs during the early post-term period may be 

important for cognitive development at school age. It may also refl ect the crucial role of motor 

activity in normal cognitive development. Our fi ndings enable non-invasive and early identifi cation 

of individual preterm infants at increased risk for cognitive impairment. They also enable the early 

identifi cation of individual preterm infants at low risk for development cognitive impairments.
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Chapter 1 provides an introduction to the assessment of the early motor repertoire. In this chapter 

we also present the two aims of the thesis. Our fi rst aim was to investigate the development of 

the early motor repertoire, particularly at around three months’ post-term age, in normal and high-

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

account. Our second aim was to investigate the relationship between the early motor repertoire 

and functional outcome at school age in specifi c groups at risk for an abnormal neurological 

development. 

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

In chapter 2 of the thesis we described the early motor repertoire in infants born at term age. 

The motor repertoire at three months’ post-term age in preterm infants and its association with 

neurological outcome at school age is described in chapter 3 and 4. 

For term infants we found that with increasing post-term age, the early motor repertoire became 

smoother and more complex. In addition, the number of normal movements, the number of midline 

skills, and the number of postural patterns increased, while the number of abnormal movements, 

the number of postural patterns, and the monotony of the concurrent motor repertoire decreased 

with increasing post-term age. 

In preterm infants we found with a multiple logistic regression analysis that both the quality of FMs 

and the quality of the concurrent motor repertoire had independent prognostic value for MND at 

school age. Furthermore both abnormalities in quality and quantity of the early motor repertoire 

were associated with clinically relevant minor neurological dysfunction (MND) at seven to eleven 

years of age. Moreover, several normal qualitative and quantitative aspects of the early motor 

repertoire were associated with normal outcome.

In line with the observations in chapter 2 that the number of normal movements, the number 

of midline skills, and the number of postural patterns increased during the fi rst three months of 

age. The biological value of this sequence is obvious. Early stabilisation of the head makes feeding 

easier and enables the newborn child to become aware of the world. As a consequence, the infant’s 

orientation moves from being body-oriented to becoming environment-oriented with increasing 

post-term age. 

We put forward two interpretations of the fact that complexity and smoothness of the early motor 

repertoire, the two signs of normality, increased with increasing post-term age. Cortical areas 

increase their level of activity markedly during the second and third months of post-term age, as 

do the cerebellar cortex and the basal ganglia - areas involved in networks with important motor, 

cognitive, and behavioural functions.1 The second interpretation is that with the infant’s exploration 

of its environment, several motor strategies, integrating and refi ning neural input and output that 

starts at two months of age, leads to a better neurological performance.2 

In contrast to term infants with a normal development at school age, the early motor repertoire 
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at around three months of age in preterm infants who developed MND at school age, showed 

abnormalities. The fi ndings that abnormal FMs frequently precede clinically relevant abnormalities 

of coordination, balance, and fi ne motor abilities at school age is supported by work by Prechtl et al.3  

They speculated that, although the biological function of FMs - a transient, age-specifi c, and distinct 

form of GMs - is still unclear, one of the ontogenetic, adaptive functions of these small movements is 

the optimal calibration of the proprioceptive system. 

It is important to note that approximately one half of the infants who developed MND, had normal 

FMs. Nevertheless, in almost all of these infants, the quality of the concurrent repertoire was abnormal 

at eleven to sixteen weeks. In line with this observation, it was shown that, although reduced variability 

of spontaneous motility at this young age increases the risk for later neurological abnormalities, a small 

majority of these infants will develop normally.4-6 Apparently, reduced variability of the concurrent 

motor repertoire at this age hampers normal motor development in some, but not all, infants. 

Once again, the two interpretations of normal development could explain these fi ndings. Normal FMs 

in conjunction with a smooth and variable concurrent motor repertoire, provide a broad measure of 

the quality of early central nervous system development, thereby increasing the level of activity of 

cortical areas, cerebellar cortex, and the basal ganglia.1 The presence of normal FMs in conjunction 

with a normal concurrent motor repertoire may be an index of the quality of early central nervous 

system development in diff erent areas of the brain. Secondly, normal FMs in conjunction with a 

smooth, variable concurrent motor repertoire could be explained by the infant’s exploration of its 

environment that leads to a more normal neurological development.2 The absence of a smooth, 

variable motor repertoire at this age might hamper the infants’ abilities to interact with the world 

around them during a phase in which sensory motor activity drives motor development.

Our analysis of the quantitative aspects of the early motor repertoire around three months’ post-

term age revealed that, of all movement and postural patterns, only the ATN posture independently 

contributed to neurological outcome. Several studies in preterm infants showed that the obligatory 

ATN posture disappears at approximately three months’ post-term age.7,8 A delay in reaching this 

developmental milestone could be a sign of impaired maturation of the nervous system. The 

presence of an obligatory ATN posture could also be a sign of neurological damage. Zafeiriou et al.9 

reported a persistent ATN posture as well as retention of the ATN refl ex in infants suff ering from CP. 

This is in accordance with our fi ndings that a persistent ATN posture in combination with normal 

FMs and an abnormal concurrent motor repertoire, are predictors for the development of MND. 

An important fi nding of this thesis is that qualitative aspects of the motor repertoire were the 

strongest predictors for the development of MND. Quantitative aspects of the early motor repertoire, 

could increase the accuracy of the early motor repertoire for the prediction of MND, but only in 

conjunction with qualitative aspects. Furthermore, signifi cant diff erences in both qualitative and 

quantitative aspects of the motor repertoire between normal infants and infants with MND were 

only seen at eleven to sixteen weeks’ post-term age. This fi nding emphasises the importance of this 

period as a period of major transformation of the nervous system.10,11 
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Part 2. The early motor repertoire - neurological outcome in various high-risk groups 

In part 2 we described the early motor repertoire at around three months’ post-term age in relation 

to neurological outcome in various patient groups at risk for developing neurological impairments. 

Analysis of the motor repertoire between the age of eleven and seventeen weeks’ post-term age 

showed that several factors could infl uence this motor repertoire. 

In chapter 5 we showed that several components of the early motor repertoire in children, who 

eventually developed CP, were associated with functional limitations at six to twelve years of age. 

The age-adequacy of the motor repertoire, if found to be absent at eleven to seventeen weeks’ 

post-term age, was associated with more severe functional limitations in comparison to reduced or 

normal age-adequacy.  A cramped motor repertoire (abnormal) was associated with more severe 

functional limitations in comparison to a non-cramped motor repertoire.  Of all the movement and 

postural patterns observed, a monotonous kicking pattern at eleven to seventeen weeks’ post-term 

was associated with more severe functional limitations at school age, whereas a predominantly fl at 

posture was associated with less severe functional limitations, especially in case of a non-cramped 

movement character.  

To date, the relation between age-adequacy of the motor repertoire and the development of CP 

has not been investigated. The age-adequacy of the motor repertoire is based on the number of 

normal movement patterns at eleven to seventeen weeks’ post-term age. The spontaneous kicking 

pattern in young infants, shown here to be related to the degree of functional limitations in infants 

with CP, had been studied previously, but these studies only reported on the diff erences between 

low risk and high risk infants.12-15 An explanation for the persistence of a monotonous, repetitive 

kicking pattern could be due to delayed maturation in such infants, or it could be the result of more 

severe neurological impairment at this particular age. In our study, a monotonous kicking pattern 

combined with a cramped movement character was also associated with more severe functional 

limitations of children with CP, but we did not fi nd it to be related to the most severe forms of 

functional limitations. Nearly all children with the most severe functional limitations showed a very 

cramped movement character at the age of eleven to seventeen weeks. The absence of kicking 

movements in the latter group was probably caused by the incapacity of these infants to make 

kicking movements because they were too cramped. The observation that a fl at posture combined 

with a non-cramped movement character was associated with less severe functional limitations can 

also be explained. In general, a fl at posture is considered an abnormal sign. Apparently, in children 

without FMs, who are at risk for developing CP, a fl at posture is a favourable sign for later functional 

limitations. Previously, Touwen et al. stated that shoulder retraction, hyperextension of neck and 

trunk in the fi rst months of life (mimicking a fl at posture) were not predictive of later neurological 

impairment.16 We now add that a predominantly fl at posture accompanied by a non-cramped 

movement character, albeit an abnormal sign, is an independent predictor for less severe functional 

limitations in infants with CP. 

Chapter 6 described investigations in infants with IEM, a factor known to cause neurodevelopmental 
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sequalea.17,18 These investigations showed an abnormal motor repertoire around three months’ post-

term age. In infants with a neonatal presentation of an IEM, the quality of the early motor repertoire 

could be aff ected in the same way as infants without IEM. The early motor repertoire of infants with 

IEM had some specifi c characteristics. Most infants with IEM started off  being hypokinetic, followed 

by abnormal or poor repertoire GMs lasting for several days or weeks. The quality of the early motor 

repertoire before fi dgety age was, also but not strongly so, associated with the neurological and 

developmental fi ndings at two to three years of age. This is in line with previous studies on the 

predictive value of the quality of the early motor repertoire that showed that normal GMs are good 

predictors for a normal neurological outcome, whereas poor repertoire GMs are poor predictors 

for an abnormal outcome.19-21 The longitudinal trajectory was shown to be most predictive in both 

infants with and without IEM. The more severe and persistent the motor repertoire abnormalities, 

the more abnormal the scores in later neurological and developmental tests. 

In chapter 7, we reported on the infl uence of early dexamethasone treatment on neurological 

outcome in ELBW infants. We presented evidence suggesting that a prenatal hypoxic event in 

combination with early steroid treatment is associated with an adverse outcome.  

Previous animal model studies reported that dexamethasone aggravates already present ischemic 

brain injury,22 whereas corticosteroids given before a hypoxic event, reduces hypoxia-induced brain 

damage.23,24 Recently, a systematic review reported on the adverse eff ects of early dexamethasone 

treatment on neurological outcome.25 Our results suggest that in ELBW infants, early dexamethasone 

treatment may induce or aggravate neurological damage after a perinatal hypoxic incident. Our 

fi ndings indicated that perinatal hypoxia played a crucial role in the pathogenesis of neurological 

damage in which postnatal dexamethasone treatment served as a sort of second hit.  

Part 3. The early motor repertoire - cognitive outcome

In chapter 8 we reported on the quality of GMs in preterm children and cognitive development 

at school age. The quality of GMs during the early post-term period proved to be a marker for 

intelligence at school age. If GMs normalised before or at term age, IQ scores were within normal 

limits. If, however, GMs were consistently abnormal up to nine weeks’ post-term age, IQ scores at 

school age were approximately thirteen points lower, i.e. 0.9 standard deviation. Previous reports 

already showed that GMs with an abnormal quality during the early post-term period might refl ect 

injury or developmental disruptions of brain areas involved in cognitive development.26,27 Recently, 

an association was found between abnormal GMs at one and three months’ post-term age, and 

abnormalities of the cerebral white matter on magnetic resonance imaging (MRI) at term-equivalent 

age.28 This association was not seen between abnormal GMs and gray matter abnormalities.28 

Our results support the notion that reduced complexity and variability of GMs – as an expression of 

cerebral white matter damage – is the motor correlate of impaired cognitive function, in particular 

of those cognitive functions relying on distributed cortical networks.29 We suggest that our results 

possibly refl ect the crucial role of motor activity in normal cognitive development. This is in line 
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with part 1, where we showed that early motor activity is related to motor outcome at school age.  

Similarly, it could well be that motor activity (as refl ected by GMs) also plays an important role in 

the early development of perception and cognition during the early post-term period.30 The infant’s 

exploration of its environment with several motor strategies, and integrating and refi ning neural 

input and output, may lead to sound neurological development.2 The absence of a complex and 

variable motor repertoire at this particular age might hamper infants’ abilities to interact with the 

world around them. 

In conclusion, this thesis described the development of both qualitative and quantitative aspects 

of the early motor repertoire, particulary at around three months’ post-term age in term and 

preterm infants. Qualitative aspects, and some quantitative aspects of the early motor repertoire 

are predictive for neurological outcome at school age. In specifi c groups at risk for an abnormal 

neurological development, we found several additional associations between the early motor 

reperoire and functional outcome at school age. These fi ndings may be relevant for the understanding 

of early brain development. 
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Kinderen die te vroeg geboren worden, dat wil zeggen bij een zwangerschapsduur korter dan 37 

weken, worden prematuren genoemd. Na de bevalling worden ernstig te vroeg geboren kinderen 

(zwangerschapsduur onder 32 weken) over het algemeen opgenomen op een neonatale intensive 

care. Door toegenomen verbeteringen in de zorg op deze intensive care afdelingen is de laatste 

jaren de overleving van prematuren sterk toegenomen. In Nederland zijn zowel de sterftecijfers van 

vroege prematuren (geboren tussen 24 en 32 weken zwangerschapsduur) en de late prematuren 

(geboren tussen 32 en 37 weken zwangerschapsduur) aanzienlijk gedaald. Deze daling wordt 

grotendeels veroorzaakt door behandeling van moeders met zogenaamde corticosteroïden bij 

dreigende vroeggeboorte, en endotracheale surfactant toediening vlak na de geboorte. Beide 

medicijnen hebben een gunstige invloed op de ernst van de longproblemen van deze kinderen 

door versnelde rijping en aanvulling van het surfactant tekort. 

Deze toename in overleving heeft ook een keerzijde. Kinderen die overleven hebben een relatief 

grote kans om ten gevolge van de vroeggeboorte een handicap te ontwikkelen. Deze handicaps 

variëren van milde neurologische afwijkingen tot spasticiteit, ook wel cerebrale parese (CP) 

genoemd. Terwijl de incidentie van CP de afgelopen jaren gelijk is gebleven, is de incidentie 

van milde neurologische afwijkingen toegenomen. Alhoewel deze toename deels verklaard kan 

worden door een daadwerkelijke toename van incidentie, speelt de toegenomen herkenning van 

deze afwijkingen ongetwijfeld ook een belangrijke rol. Tevens komen ten gevolge van de schade 

cognitieve stoornissen en gedragsafwijkingen op latere leeftijd in deze populatie frequenter voor. 

Een van de belangrijkste doelen binnen de hedendaagse neonatologie is om de kinderen met een 

hoog risico op het ontwikkelen van deze afwijkingen in een vroeg stadium te herkennen om zo een 

eventuele behandeling of therapie vroeg te kunnen starten.

De komst van verfi jnde diagnostische methoden zoals de MRI scan en de meting van hersenactiviteit 

(vaak via een EEG) heeft ervoor gezorgd dat de ontwikkeling van neurologische schade beter wordt 

begrepen. Het nadeel van deze technieken is dat er geen uitgangswaarden zijn voor kinderen op zeer 

jonge leeftijd, laat staan voor prematuren. Een ander nadeel is dat deze uitstekende beeldvormende 

technieken uiteindelijk beperkte voorspellende waarde blijken te hebben voor de daadwerkelijke, 

neurologische uitkomst.

Op schoolleeftijd, vanaf vier jaar, kan het neurologisch functioneren van kinderen in kaart gebracht 

worden door het Touwen onderzoek. Dit onderzoek kijkt naar zes verschillende domeinen en kan 

aan de hand daarvan (gedeeltelijk) voorspellen of een kind zich normaal ontwikkelt dan wel milde 

of zelfs ernstige neurologische afwijkingen heeft. 

Een methode om het neurologische beeld bij pasgeborenen te evalueren is het beoordelen van 

de kwaliteit van het vroege bewegingsrepertoire volgens Prechtl. Bij deze methode worden video-

opnames gemaakt van het spontane bewegingsrepertoire van het kind. Deze opnames worden 
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naderhand gebruikt om het bewegingsrepertoire te analyseren op haar kwaliteit. Er wordt dan met 

name gekeken naar de complexiteit, variabiliteit van de bewegingen, en het al dan niet vloeiende 

karakter. Specifi eke bewegingspatronen bij pasgeborenen zijn zogenaamde ‘general movements’ 

(GMs). Deze GMs ontstaan in de vroege foetale periode en blijven tot ongeveer twee maanden na de 

uitgerekende datum bestaan. Het zijn complexe bewegingen van het gehele lichaam die variëren 

in snelheid en amplitude. Rotaties van handen en voeten worden hierbij frequent gezien. Rond 

twee maanden na de uitgerekende datum veranderen GMs in zogenaamde ‘fi dgety movements’ 

(FMs). Dit zijn overwegend kleine, ronde bewegingen van ledematen, romp, nek en hoofd, in alle 

richtingen. Deze FMs zijn tijdelijk aanwezig: rond 5 maanden na de uitgerekende datum zijn ze 

meestal weer verdwenen. 

Eerdere studies hebben aangetoond dat de kwaliteit van deze FMs een relatie hebben met de 

neurologische uitkomst op latere leeftijd. Een normaal aspect van deze FMs na de uitgerekende 

datum is in 99% van de gevallen gerelateerd aan een normale neurologische uitkomst. Echter, 

afwezigheid van deze FMs rond drie maanden na de uitgerekende datum resulteert in 95% van de 

gevallen in een CP.

De voorspellende waarde van het bewegingsrepertoire op deze leeftijd voor milde neurologische 

afwijkingen is echter nog niet bekend. Ook is onduidelijk of dit repertoire de ernst van de spasticiteit 

kan voorspellen. 

Het bewegingsrepertoire rond drie maanden na de uitgerekende datum bestaat niet alleen uit FMs, 

maar ook uit vele andere bewegings- en houdingspatronen. In hoeverre de kwaliteit maar ook de 

kwantiteit van deze patronen een relatie hebben met de neurologische uitkomst op latere leeftijd 

is ook niet duidelijk.

Het doel van dit proefschrift was tweeledig. Allereerst wilden we onderzoeken hoe het vroege 

bewegingsrepertoire (GMs, FMs en andere bewegingspatronen) zich ontwikkelt rond de leeftijd 

van drie maanden na de uitgerekende datum. Dit onderzochten we bij zowel normale kinderen als 

bij kinderen met een hoger risico op het ontwikkelen van neurologische afwijkingen. Het tweede 

doel was om de relatie tussen het vroege bewegingsrepertoire en de neurologische uitkomst op 

schoolleeftijd te onderzoeken in verschillende risicogroepen. In hoofdstuk 1 wordt een algemene 

introductie gegeven over het onderwerp.

Deel 1. Het vroege bewegingsrepertoire- kwalitatieve en kwantitatieve aspecten 

In hoofdstuk 2 wordt een overzicht gegeven van zowel kwalitatieve als kwantitatieve aspecten van 

het vroege bewegingsrepertoire bij gezonde, op tijd geboren kinderen.

In hoofdstuk 3 analyseerden we de voorspellende waarde van de kwaliteit van het vroege 
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bewegingsrepertoire bij te vroeg geboren kinderen voor het ontwikkelen van milde neurologische 

afwijkingen op schoolleeftijd. Hierbij toonden we aan zowel de kwaliteit van de FMs als de 

kwaliteit van het overige bewegingsrepertoire, onafhankelijk van elkaar, voorspellers zijn voor het 

ontwikkelen van milde neurologische afwijkingen op schoolleeftijd. 

In hoofdstuk 4 werd de voorspellende waarde van de kwantiteit van het vroege bewegingsrepertoire 

bij te vroeg geboren kinderen voor het ontwikkelen van milde neurologische afwijkingen op 

schoolleeftijd  onderzocht. Analyses in deze groep kinderen toonden aan dat van alle houdings- en 

bewegingspatronen enkel de “asymmetrische tonische nekrefl ex” (een van de refl exen die niet tot de 

GMs of FMs behoort) onafhankelijk gerelateerd was aan de neurologisch uitkomst op schoolleeftijd. 

Wanneer eerst de kwalitatieve aspecten van het bewegingsrepertoire worden beoordeeld 

(hoofdstuk 3), en dan de “asymmetrische tonische nekrefl ex als kwantitatieve component (hoofdstuk 

4), wordt toegevoegd, kan de neurologische uikomst op schoolleeftijd nog beter voorspeld worden.

Deel 2. Het vroege bewegingsrepertoire- neurologische uitkomst in verschillende 

risicogroepen

In hoofdstuk 5 beschrijven we de  relatie tussen het vroege bewegingsrepertoire bij te vroeg 

geborenen en de mate van invaliditeit op schoolleeftijd bij die kinderen die uiteindelijk cerebrale 

parese ontwikkelden. Daartoe werden de kinderen die daadwerkelijk CP ontwikkelden beoordeeld 

op hun functionele mogelijkheden wat betreft grove motoriek tussen hun 7e en 11e jaar. CP kan zich 

namelijk uiten in een verschillende mate van invaliditeit. Bij de lichte vorm hebben kinderen slechts 

hulpmiddelen als een kruk of een stok nodig om zich voort te bewegen. Bij de ernstigere vormen 

kunnen kinderen volledig afhankelijk zijn van anderen om zich voort te bewegen en te kunnen 

functioneren in het dagelijks leven. Deze studie toonde aan dat het vroege bewegingsrepertoire 

signifi cant gerelateerd is aan de mate van functioneren bij kinderen met CP.

In hoofdstuk 6 onderzochten we de relatie tussen het vroege bewegingsrepertoire en de 

neurologische uitkomst bij kinderen met een stofwisselingsziekte. Van stofwisselingsziekten is 

bekend dat hierbij vaker neurologische afwijkingen voorkomen. Wij concentreerden ons vooral op 

stofwisselingsziekten die zich in de eerste 1-2 weken na de geboorte openbaren. Hierbij vonden we 

in de vijf geïncludeerde patiëntjes, dat de mate van afwijkingen in het vroege bewegingsrepertoire 

geassocieerd was met de neurologische uitkomst. Hiermee toonden we aan dat het vroege 

bewegingsrepertoire van kinderen met een stofwisselingsziekte gerelateerd is aan de neurologische 

uitkomst. Het aspect van de afwijkende bewegingen kwam overeen met die van kinderen met 

hersenschade zonder stofwisselingsziekte. 

In hoofdstuk 7 beschrijven we de invloed van corticosteroïdentherapie (dexamethason) op 

de neurologische uitkomst, in een groep kinderen met een extreem laag geboortegewicht die 

deze behandeling direct na de geboorte hadden gekregen. Voor deze analyse werd wederom 

gebruikt gemaakt van de evaluatie van het vroege bewegingsrepertoire. In deze dubbel blinde, 

gerandomiseerde studie werd aan de helft van de kinderen dexamethason gegeven, terwijl aan de 
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andere groep placebo werd toegediend. Het onderzoek toonde aan dat er geen verschil bestond in 

de neurologische uitkomst tussen de kinderen die dexamethason of placebo kregen. 

Van belang was een bevinding in de (sub)groep kinderen die rond de geboorte ook nog 

zuurstofnood hebben gehad. Bij hen werd vaker een slechtere neurologische uitkomst gezien als ze 

na de zuurstofnood een dexamethasonbehandeling ondergingen, in vergelijking met de kinderen 

die placebo toegediend kregen. Het lijkt er dus op dat dexamethason de hersenschade verergert 

als het na een episode van zuurstofnood wordt toegediend, Mogelijk is dit een verklaring waarom 

er zoveel vaker neurologische afwijkingen worden gezien bij behandeling met dexamethason in de 

eerste levensweek. 

Deel 3. Het vroege bewegingsrepertoire- cognitieve uitkomst

In hoofdstuk 8 onderzochten we de relatie tussen het vroege bewegingsrepertoire en de 

verstandelijke ontwikkeling op schoolleeftijd bij te vroeg geborenen. Hierbij werd aangetoond dat 

het vroege bewegingsrepertoire gerelateerd was aan de cognitieve uitkomst op schoolleeftijd. Het 

IQ was circa 10 punten lager bij de kinderen die 8 weken na de uitgerekende datum nog steeds 

abnormale bewegingen lieten zien, in vergelijking met kinderen die op dat moment wel normale 

bewegingen hadden. Het bewegingsrepertoire op deze vroege leeftijd is dus ook belangrijk voor 

de verstandelijke ontwikkeling.  

In hoofdstuk 9 worden de bevindingen van dit proefschrift samengevat en bediscussieerd. 

Samengevat laat dit proefschrift zien dat verschillende aspecten van het bewegingsrepertoire in de 

eerste levensmaanden in meer of mindere mate voorspellend zijn voor de neurologische uitkomst op 

schoolleeftijd. Dit geldt zowel voor op tijd geboren kinderen die zich normaal ontwikkelen als voor 

kinderen die a priori een hoog risico hebben op het ontwikkelen van neurologische afwijkingen. 
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