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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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