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Functional Development at School Age of Newborn Infants at Risk

Abstract

Objective

To determine the stability of the scores obtained on tests of motor development 

from birth until school age in healthy, full-term, singletons and to determine whether 

early motor scores were associated with more complex cognitive functions such 

as attention and memory, at school age.

Patients and Methods

This longitudinal prospective cohort study included 77 infants. During the neonatal 

period their motor development was determined with Prechtl’s neurological 

examination, in early infancy with Touwen’s neurological examination and general 

movement assessment, at toddler age with Hempel’s neurological examination 

and the psychomotor developmental index from the Bayley Scales of Infant 

Development, Second Edition, Dutch Version (BSID-II-NL), and at school age with 

the Movement ABC. Cognition was determined at toddler age with the mental 

developmental index from the BSID-II-NL and at school age with an intelligence 

test and attention and memory tests.

Results

The mean absolute difference in standardized motor scores over all time points 

was 1.01 SD (95% confidence interval: 0.91-1.11). Only the explained proportions 

of variance of maternal socioeconomic status (SES) and verbal intelligence were 

significant for sustained attention and verbal memory (r2=0.104, p=.030 and 

r2=0.074, p=.027, respectively). The children’s scores on early motor tests added 

little value for their motor and cognitive development at school age.

Conclusions

In healthy children the stability of motor development from birth until school age is 

low. Maternal SES and verbal intelligence rather than the infants’ scores on early 

motor tests signified added value for complex cognitive functions at school age.
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Introduction

Over the past decades there has been a growing interest in the prediction of outcome 

from early infancy to performance at school age, particularly in infants at high risk 

of developmental deficits. Gestational age, for example, is a strong predictor of 

later motor and cognitive deficits.1,2 In high-risk infants, such as extreme low birth 

weight infants, early neurological tests scores have a strong predictive value for 

functioning later in life. In other words, children with early developmental delays, 

such as motor impairments, have relatively stable developmental trajectories until 

school age. This indicates that early alterations in brain development have an 

important impact on the integrity and maturation of the central nervous system 

during childhood.

Less is known about the stability of developmental trajectories in healthy, term-

born children. Previous studies suggested that in a norm population the age of 

reaching developmental milestones predicts development later in life.3-5 Others 

questioned whether a child’s developmental trajectory can be readily predicted 

since it is influenced by a number of biological and environmental factors, such 

as socio-economic status (SES), as well as medical, social, and developmental 

interventions.6-8

To gain insight into the developmental trajectories of healthy children, our first aim 

was to determine the stability of scores on motor development tests from birth 

until school age in healthy, full-term, singletons. 

There is growing evidence that early motor impairment may be related to later 

cognitive problems. Therefore our second aim was to determine whether the 

scores on tests of motor development in a normal population were associated 

with performance at school age, particularly complex cognitive functions such as 

attention and verbal memory.
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Patients and Methods

Participants

The cohort of this study consisted of 90, white, healthy, and randomly selected 

pregnant women who met the following inclusion criteria: giving birth to a healthy, 

full-term, singleton infant, and who lived in one of the three northern provinces of 

the Netherlands. All women registered with midwifes and gynecologists between 

October 2001 and November 2002 in the province of Groningen were invited to 

participate in the study. This cohort was originally established for a study on the 

influence of prenatal exposure to environmental compounds on the development 

of healthy children.9

Follow-up

The children were invited prospectively to participate in an extensive longitudinal 

follow-up program. It entailed the assessment of motor performance and cognition 

from birth until school age at five to seven years. Prior to the study parents gave 

their informed consent for themselves and their children to participate in the 

follow-up program. The study was approved by the Medical Ethical Committee of 

the University Medical Center Groningen.

Neonatal Period

When the infants were ten days old we administered Prechtl’s neonatal neurological 

examination.10 It contains sixty items for which an optimal range is defined. For 

example, this test assesses excitability (e.g. apathy), motility, tonus (e.g. hypotonia, 

dystonia), asymmetries, and visuomotor integration. We noted the presence of 

possible neonatal neurological abnormalities and made a clinical interpretation of 

the infant’s neurological condition. This led to the infant being classified as normal, 

suspect, or abnormal. We also gave each infant a total neurological optimality 

score (Prechtl’s optimality score, range 0-60).

Early Infancy

When the infants reached the age of twelve weeks, we performed Touwen’s 

neurological examination to evaluate the infants’ neurological condition.11 This test 
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assesses neurological items similar to the neonatal neurological examination in an 

age-specific context. Again, we obtained a total neurological optimality score for 

each infant (Touwen’s optimality score, range 0-60) and classified the infants as 

being normal, suspect, or abnormal.

At this age we also assessed the infants’ quality of spontaneous general movements 

according to Prechtl et al.12-14 This is the age at which fidgety movements emerge; 

movements characterized by small amplitude, moderate speed, and variable 

acceleration. We assessed the quality of fidgety movements and scored them 

as normal, abnormal (i.e. amplitude, speed, and jerkiness were exaggerated) or 

absent. In addition, we calculated the infants’ motor optimality score (range 5-28 

points) by assessing the quality of their fidgety movements, the quality and age-

adequacy of their concurrent motor repertoire, and the presence and normality of 

their motor patterns.14,15

Toddler Age

When the children reached the age of eighteen months, we assessed their motor 

and cognitive development with the Bayley Scales of Infant Development, Second 

Edition, Dutch Version (BSID-II-NL).16 The BSID-II-NL contains items on the mental 

and psychomotor development of children, and generates a mental developmental 

index (MDI) and psychomotor developmental index (PDI). Furthermore, we 

administered Hempel’s age-specific neurological examination to evaluate the 

children’s neurological condition. This neurological examination contains items 

on posture, coordination of trunk and extremities, gross and fine motor function, 

visuomotor integration and sensory function.17 For each infant we obtained a total 

neurological optimality score (Hempel’s optimality score, range 0-57) and we 

classified them as normal, suspect, or abnormal. 

During this period we measured the mothers’ verbal intelligence with the Wechsler 

Adult Intelligence Scale (WAIS).18

School Age

When the children reached the age of five to seven years, we assessed their 

motor and cognitive development. We determined their motor outcome with the 
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Movement ABC, a standardized test of motor skills for children aged four to twelve 

years.19 This test, which is widely used in both practice and research, yields a score 

on total movement performance based on separate scores for manual dexterity 

(fine motor skills), ball skills, and static and dynamic balance (coordination). For 

example, items on the Movement ABC include posting coins in a bank box, drawing 

a line in between two existing lines on a figure, catching a bean bag, and jumping 

over a rope. The tasks on the Movement ABC are representative of the motor skills 

that are required of children attending elementary school and are adapted to the 

children’s ages.

The children’s cognitive development was assessed by a shortened form of the 

Wechsler Preschool and Primary Scale of Intelligence, revised (WPPSI-R).20 We 

used the subtests vocabulary, picture completion, and reproduction of block 

designs to measure total, verbal, and performance intelligence. 

In addition, we measured the children’s attention and verbal memory. Sustained 

attention and selective attention were measured with the two subtests ‘Score!’ 

and ‘Sky search’ of the Test of Everyday Attention for Children (TEA-Ch).21 

Sustained attention involves maintaining attention over an extended period of time. 

Selective attention refers to the ability to select target information from an array 

of distractors.22 We assessed verbal memory with a standardized Dutch version 

of Rey’s Auditory Verbal Learning Test (AVLT).23 This test consists of five learning 

trials with immediate recall of words (tested after each presentation), a delayed 

recall trial, and a delayed recognition trial.

To gain insight in maternal SES, we determined the mother’s highest level of 

education during the first year after birth.

A summary of the different tests that were used, including time period, abbreviations 

and range of scores, is provided in Table 1.

Statistical Analyses

Intelligence quotient (IQ) scores were calculated by the mean of scores on the verbal 

and performance subtests that were assessed. We classified scores on the BSID-

II-NL, Movement ABC and cognitive tests into ‘normal’ (>15th percentile), ‘suspect’ 

(5th> to ≤15th percentile), and ‘abnormal’ (≤5th percentile). For the neurological 
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examination the same classification was made, based on the criteria from the 

manuals. We explored the relationship between the scores on the developmental 

tests with Pearson’s and Spearman’s correlation coefficients, where appropriate. 

For the BSID-II-NL, Movement ABC, and intelligence scores we used the norm 

scores from the manuals, whereas for Prechtl’s, Touwen’s, Hempel’s, and the 

motor optimality score we used the raw scores, since norm scores are unavailable. 

The correlations were calculated both before and after correction for SES, as SES 

may act as a confounding factor on both motor and cognitive development.24,25

To investigate the stability of the scores obtained on motor development tests, we 

first calculated the z-scores for each test to be able to compare the different tests. 

Subsequently, we calculated the differences in z-scores between the different time 

points (i.e. between Prechtl’s optimality score and the motor optimality score, the 

motor optimality score and Touwen’s optimality score, Touwen’s optimality score 

and the PDI, the PDI and Hempel’s optimality score, and Hempel’s optimality score 

and the Movement ABC). We then determined the mean absolute difference over 

all time points.

We calculated the proportion of variance (r2) in development at school age 

explained by the scores on the early tests and maternal characteristics, in order to 

compare the added value of the latter. For normally distributed variables we used 

a linear regression model. For non-normal variables we used a logistic regression 

model in which we compared the normal children with the suspect and abnormal 

children at school age. Throughout the analyses p<.05 was considered statistically 

significant, which is uncorrected for multiple comparisons.

We used SPSS 14.0 software for Windows (SPSS Inc, Chicago, IL) for all the 

analyses.
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Results

Of the 90 children invited, 77 (86%) participated in the follow-up program at school 

age. Eight sets of parents declined the invitation to take part in the follow-up and 

4 sets of parents could not be traced. One girl had to be excluded because she 

suffered severe cognitive impairment of unknown origin and could not be tested as 

a result. The demographics of the children are shown in Table 2.

Follow-up

The mean age at follow-up in the neonatal period was ten days (range eight to 

twelve days). The mean for Prechtl’s optimality score derived from the neurological 

examination (n=75) was 50 (range 39-59). 

During early infancy the mean age at follow-up was twelve weeks (range eleven to 

thirteen weeks). The mean for Touwen’s optimality score (n=77) was 45 (range 35-

51). Regarding the quality of spontaneous general movements (n=72), 69 children 

showed normal fidgety movements, 2 showed abnormal fidgety movements, and 

in 1 child fidgety movements were absent. The mean motor optimality score was 

25 (range 10-28).

At toddler age, the mean age at follow-up was eighteen months (range seventeen 

months and three weeks to eighteen months and one week). The mean Hempel’s 

optimality score (n=75) was 43 (range 31-54). According to the BSID-II-NL, the 

mean for the PDI (n=75) was 93 (range 69-118) and for the MDI (n=75) the mean 

was 96 (range 66-125).

The mean age at follow-up at school age was six years and one month (range five 

years and eight months to seven years and six months). The mean total IQ of the 

children was 102 (range 82-125, SD 9), the mean verbal IQ was 100 (range 78-130, 

SD 10), and the mean performance IQ was 103 (range 73-133, SD 12). In Table 3 we 

present an overview of the longitudinal test results classified as normal, suspect and 

abnormal. On the whole, the test scores were comparable to a reference population. 

The neurological outcome in early infancy and toddler age, mothers’ intelligence, 

and intelligence of the children at school age were slightly better than one would 

expect in the total population. Furthermore, selective attention was slightly better 

than sustained attention, although comparable to a reference population.
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Stability of the Developmental Scores over Time

Figure 1 shows the correlations between the developmental scores at the various 

ages and the total score on the Movement ABC. Hempel’s optimality score at 

toddler age correlated significantly with motor outcome at school age both before 

and after correction for SES (r=0.244, p=.035 and r=0.273, p=.018, respectively). 

The MDI at toddler age correlated significantly with motor outcome at school age 

after correction for SES (r=0.272, p=.019). Further analysis revealed that the MDI 

and Hempel’s optimality score correlated significantly, in particular with the manual 

dexterity subtest (both r=0.276, p=.019) of the Movement-ABC. 

Figure 2 shows the correlations between the developmental test scores and 

total intelligence at school age. None of these correlations reached significance. 

Nevertheless, we found a trend towards correlation between the MDI at toddler 

age and intelligence at school age before correction for SES (r=0.194, p=.098).

We also correlated the test scores in the neonatal period, early infancy, and toddler 

age with one another. After correcting for SES, we found that the motor optimality 

score in early infancy correlated with the PDI at toddler age (r=0.262, p= 0.030). At 

toddler age we found a correlation between the PDI and Hempel’s optimality score 

(r=0.284, p=.015) and the MDI and Hempel’s optimality score (r= 0.299, p=.011). 

The correlation between the MDI and PDI was also significant (r=0.417, p<.001). At 

school age, we found that the children’s motor development correlated significantly 

with intelligence and sustained attention (r=0.267, p=.021 and r=0.337, p=.004). 

Intelligence correlated significantly with selective attention and verbal memory 

(r=0.253, p=.034 and r=0.268, p=.024).

After transforming the test scores to z-scores and calculating the mean absolute 

difference in z-scores between the time points, the largest difference in the test 

scores was observed between Prechtl’s optimality score (neonatal period) and the 

motor optimality score (early infancy), and Touwen’s optimality score (early infancy) 

and the PDI (toddler age), with mean absolute differences of 1.03 SD (95% confidence 

interval (CI): 0.81-1.24) and 1.15 SD (95% CI: 0.96-1.35), respectively. The mean 

absolute difference over all the time points was 1.01 SD (95% CI: 0.91-1.11). 

Figure 3 shows the distribution of the neurological test scores at the different time 

points, divided into three categories (<33rd percentile, 33rd> to ≤66th percentile, 
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>66th percentile) of motor performance at school age. As is apparent from Figure 

3, there is little consistency in the motor trajectories of the children over time. 

One can see in the second column that in early infancy, the distribution of motor 

performance was approximately equivalent across all three neurological test score 

groups. With increasing age, however, the tests do enable us to better identify 

those children that will obtain motor scores below the 33rd percentile at school 

age.

Early Predictors of Motor and Cognitive Development at School Age

The Movement ABC percentiles, IQ, and verbal memory were normally distributed, 

and were therefore included in a linear regression model. Attention was not normally 

distributed and was therefore included in a logistic regression model.

Table 4 gives the proportion of variance in motor and cognitive development at 

school age explained by early tests scores and maternal SES and verbal intelligence. 

Furthermore, we present the r2 for the complete model. Table 4 shows that the r2s 

for the complete model on all outcome variables are low. We found significant 

but low r2s for the MDI on motor development at school age (r2=0.074, p=.018), 

SES on sustained attention (r2=0.104, p=.030), and mothers’ verbal intelligence on 

verbal memory of the children at school age (r2=0.074, p=.027).
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TABLE 1 Longitudinal follow-up assessments 

Score Range

Neonatal period

Prechtl’s neonatal neurological 

examination

Prechtl’s optimality score 0-60

Early infancy

Touwen’s neurological examination Touwen’s optimality score 0-60

General Movement assessment Motor optimality score 5-28

Toddler age

Hempel’s neurological examination Hempel’s optimality score 0-57

Bayley Scales of Infant 

Development, Second Edition, 

Dutch Version (BSID-II-NL)   

Psychomotor Developmental Index 

(PDI), Mental Developmental Index (MDI)

50-150

School age

Movement ABC Movement ABC total score 0-1001

Wechsler Preschool and Primary 

Scale of Intelligence, Revised 

(WPPSI-R)     

Total intelligence, verbal intelligence, 

performance intelligence

50-150

Test of Everyday Attention for 

Children (TEA-Ch)

Sustained attention, selective attention 0-1001

Rey’s Auditory Verbal Learning 

Test (AVLT)

Verbal memory 0-1001

1. Range is given in percentiles
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 TABLE 2 Participant Demographics 

Number     n=77

Males/females     46/31

Gestational age (weeks) (n=75)   40 (38-42.5)

Apgar at 5 minutes (n=69)   10 (7-10)

Breast-feeding (n=75)    n=62 (83)

Maternal characteristics (n=75) 

Maternal age at labor   32 years (24-42)

Smoking during pregnancy 

< 5 cigarettes/day   7 (9)

> 5 cigarettes/day   2 (3)

Alcohol during pregnancy 

Occasionally (< one unit/ week)   21 (27)

Frequently (> one unit/ week)   1 (1)

Socioeconomic status (n=77) 

Below average    n=4 (5)

Average     n=27 (35)

Above average    n=46 (60)

Data are given as median (minimum-maximum) or as numbers (percentage).
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 TABLE 3 Longitudinal test results

Normal Suspect Abnormal

Mothers’ Verbal Intelligence (n=68) 65 2 1

Neonatal period

Prechtl’s optimality score (n=75)1 69 6 0

Early infancy

Touwen’s optimality score (n=77)1 76 1 0

Motor optimality score (n=71)2 36 32 3

Toddler age

Hempel’s optimality score (n=75)1 70 5 0

Mental Developmental Index (n=75)3 63 11 1

Psychomotor Developmental Index (n=75)3 56 17 2

School age

Movement ABC, total score (n=77)3 65 7 5

Total intelligence (n=76)3 73 3 0

Verbal intelligence (n=76)3 73 3 0

Performance intelligence (n=76)3 70 6 0

Sustained attention (n=74)3 59 11 4

Selective attention (n=75)3 67 4 4

Verbal memory (n=75)3 60 8 7

Data are given as numbers (percentage).
1.  Classification into normal, suspect and abnormal was based on presence of neurological abnormalities
2. Normal was defined as a motor optimality score of 28, or 26 with reduced age adequacy of movements, suspect 

as a motor optimality score of 20-26, abnormal was the absence of fidgety movements or presence of abnormal 
fidgety movements

3.  Normal was defined as >15th percentile, suspect as 5th-15th percentile and abnormal as <5th percentile
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Figure 1  The correlation between developmental tests at various ages 

and motor outcome 

The correlation coefficient (r) between developmental tests at various ages and motor
outcome (Movement ABC) at school age (*p<.05)
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Figure 2  The correlation between developmental tests at various 

ages and intelligence at school age
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33rd

100rd
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Percentile

Neonatal period
(Prechtl’s optimality 

score)

Early infancy
(Touwen’s optimality 

score)

Toddler age
(Hempel’s optimality 
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Time

 Figure 3  The distribution of neurological test scores at 

different time points 

School age

> 66th percentile

33rd - 66th percentile

< 33rd percentile

The distribution of neurological test scores at different time points, divided into three categories (<33rd percentile, 
33rd to ≤66th percentile, >66th percentile) according to motor performance at school age. At each time point, 
the children were classified into three equal groups according to the centiles of their neurological test scores. The 
slices of the pies represent the number of children of the groups that scored <33rd percentile (black), 33rd to ≤66th 
percentile (gray), >66th percentile (white) at school age. 
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Discussion

The results of our study demonstrated that the stability of motor development was 

limited in healthy, term-born, singletons from birth until school age. Moreover, in 

healthy children the added value of developmental tests at early ages to predict 

intelligence and more complex cognitive functions at school age was low. Only 

the contribution of maternal SES and verbal intelligence was significant, though 

limited, to sustained attention and verbal memory at school age. 

Previous studies showed contrasting results on the stability of motor development 

in healthy children. A study of Ridgway et al. found that the age at which certain 

milestones (i.e. walking and unaided standing) are reached has prognostic value for 

physical educational grades at fourteen years of age.26 Another study showed that 

early fine and gross motor development at four to forty-eight months, as measured 

with a parental questionnaire, is not related to fine and gross motor development 

at six to twelve years of age.25 Our study showed that in healthy children even 

the standardized assessment of motor and neurological performance during the 

neonatal period, early infancy, and toddler age had limited predictive value for 

motor development at school age. This means that results on outcome studies 

based on a single measurement at an early age should be interpreted with utmost 

caution.

Possible explanations for these conflicting results may be that different tests at 

various ages may or may not measure the same function. Also, previous studies 

have used many different measures at different ages. In addition the nature of the 

investigated relationships may vary. Certain studies may have searched for small 

effects that may not be relevant in everyday clinical practice, but may give a clue 

about neurodevelopment. 

The aim of several theories on motor development is to describe the mechanisms 

involved in the development of motor functions. These theories shifted from the 

idea that motor development is a gradual unfolding of predetermined patterns 

in the central nervous system towards the notion that environmental factors 

and sensory information play an important role in motor development.27-29 The 

Neuronal Group Selection Theory states that cortical and subcortical systems in 

the brain are dynamically organized into variable neuronal networks, the structure 
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and function of which are selected by development and behavior. The selection of 

neuronal networks on the basis of afferent information plays a significant role in this 

process. According to this theory, variation in developmental parameters, such as 

motor performance, developmental sequence, or the duration of developmental 

stages is the key to normal development.29 Our findings that the stability in 

motor development until school age is limited, might be a reflection of this large 

variability. 

In this study, however, we did find some correlations between test scores obtained 

at consecutive ages. We found correlations between the motor optimality score at 

early infancy and the PDI at toddler age, and between Hempel’s optimality score 

at toddler age and the Movement ABC at school age. This might be explained by 

the fact that these measurements were obtained at subsequent ages. It is striking 

to note in this respect that the MDI at toddler age, being considered a cognitive 

measure, correlated with motor development rather than cognitive development 

at school age. Indeed, the MDI contains items that require the use of fine motor 

skills. This could explain our finding that the MDI correlated with manual dexterity 

on the Movement ABC.

Various studies reported that in preterm born children the trajectory of motor 

development is more stable. For example, Erikson et al. found that a majority 

of preterm children show a stable motor development that could be predicted 

by low birth weight and the presence of cerebral damage such as periventricular 

leukomalacia.30 Other studies also found that early neurological assessments 

are predictive of later neurodevelopmental outcome in preterm infants.31,32 This 

seems to indicate that certain risk factors have such a strong impact on neurologic 

development that it cannot be counteracted by, for example, SES, experience and 

training, and other environmental factors. The development of healthy children, by 

contrast, is more susceptible to variations in these factors.

With regard to the relationship between motor and cognitive development, we did 

not find any early motor test score that contributed significantly to intelligence, 

attention, and verbal memory at school age. This is in contrast to the finding of 

Piek et al. who stated that gross motor functioning, measured with a parental 

questionnaire, accounted for a significant proportion of the variance for cognitive 
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performance.25 Other studies suggested that specific items on motor tests, such 

as aspects of the quality of spontaneous movements, or the age of reaching 

milestones, might have predictive value for later cognitive development.5,33 Our 

study showed that with regard to overall motor performance of children in early 

life, there was no clear relation with cognitive development at school age. The only 

factors that contributed significantly to the variance in complex cognitive functions 

were maternal SES and verbal intelligence. This finding is supported by previous 

studies that found that mother-infant interactions and environmental quality play 

an important role in intellectual development at pre-school age.34,35 In our study, 

this observation counts for complex cognitive functions, i.e. attention and memory, 

in particular. 

Several considerations should be taken into account when interpreting the present 

results. Firstly, whether the different tests at the various ages measured the same 

functions. The neurological examinations measure the integrity of the central nervous 

system and identify infants at risk for minor and major neurological dysfunction, 

while the Movement ABC at school age is a rather quantitative test of daily motor 

skills. Infants identified as having minor neurological dysfunction, however, are at 

risk of developing clumsy motor behavior and obtaining abnormal Movement ABC 

scores.36 Furthermore, we found that at toddler age, for example, the results of the 

neurological examination correlated highly with the children’s PDI and MDI. This 

may reflect that these tests measure similar functions or aspects of development 

that are interrelated. It is a fact that the BSID-II-NL and the neurological examination 

both include a number of similar items. Secondly, the children’s behavioral state 

might have had an impact on the test results. Especially during the first year of life, 

children’s behavioral state might have led to an increased variability in test results 

that may have made it difficult to find a relationship with development at school 

age. 

We aimed to report our results transparent, and therefore we did not adjust our 

threshold of significance (p=.05) for multiple comparisons. This explorative study 

assessed motor function at 4 time points, and cognition at 2 time points. A multiple 

comparison correction would thus set our significance level around p=.01-.02. 

Since the number of significant findings in our study was already limited, this 
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adjustment would not have changed the main findings of our study. Finally, we 

observed that the SES of our study population was relatively high and our sample 

size was thus biased to the upper classes. This limitation may also have influenced 

our findings. 

As a suggestion for future studies, it would be interesting to see how developmental 

trajectories would evolve beyond school age, since little is known about motor 

stability into adulthood.

Conclusion

Our study showed that in a cohort of healthy children motor developmental 

trajectories varied considerably. Moreover, the added value of early assessments 

of motor development for later cognitive function is limited. This leads us to believe 

that a single abnormal test result at a certain age in an individual child at risk for 

developmental delay should be interpreted cautiously. The effect of the risk factor 

on development must be quite large to come to light at every assessment until 

school age. If a certain risk factor only has a moderate impact on development, it 

may soon be counteracted by factors that are known to have an important impact 

on development. Cases in point are maternal SES and verbal intelligence and 

possibly other factors that have yet to be discovered. 

Acknowledgements

This study was part of the research program of the postgraduate school for 

Behavioral and Cognitive Neurosciences, University of Groningen. We greatly 

acknowledge the help of Dr. V. Fidler for statistical advice, Dr. T. Brantsma van 

Wulfften Palthe for correcting the English manuscript, and E. Drent for help with 

the Figures.



Functional Development at School Age of Newborn Infants at Risk

1.  Goyen TA, Lui K. Longitudinal motor development of 

“apparently normal” high-risk infants at 18 months, 3 

and 5 years. Early Hum Dev 2002;70:103-115.

2.  Larroque B, Ancel PY, Marret S, et al. 

Neurodevelopmental disabilities and special care of 

5-year-old children born before 33 weeks of gestation 

(the EPIPAGE study): a longitudinal cohort study. 

Lancet 2008;371:813-820.

3.  Biringen Z, Emde RN, Campos JJ, Appelbaum MI. 

Affective reorganization in the infant, the mother, 

and the dyad: the role of upright locomotion and its 

timing. Child Dev 1995;66:499-514.

4.  Taanila A, Murray GK, Jokelainen J, Isohanni M, 

Rantakallio P. Infant developmental milestones: a 31-

year follow-up. Dev Med Child Neurol  

2005;47:581-586.

5.  Murray GK, Jones PB, Kuh D, Richards M. Infant 

developmental milestones and subsequent cognitive 

function. Ann Neurol 2007;62:128-136.

6.  Goodman JF. Infant intelligence: Do we, can we, 

should we assess it? In: Reynolds CR, Kamphaus 

RW, eds. Handbook of Psychological and 

Educational Assessment of Children: Intelligence and 

Achievement. New York, NY: Guilford Press;  

2002. p.183-208.

7.  Noble KG, McCandliss BD, Farah MJ. 

Socioeconomic gradients predict individual 

differences in neurocognitive abilities. Dev Sci 

2007;10:464-480.

8.  Aylward GP. Developmental screening and 

assessment: what are we thinking? J Dev Behav 

Pediatr 2009;30:169-173.

9.  Roze E, Meijer L, Bakker A, Van Braeckel 

KNJA, Sauer PJJ, Bos AF. Prenatal exposure 

to organohalogens, including brominated flame 

retardants, influences motor, cognitive, and 

behavioral performance at school age. Environ Health 

Perspect 2009;117:1953-1958. 

10.  Prechtl HFR. The Neurological Examination of the 

Full-term Newborn Infant. 2nd ed. London, UK: 

William Heineman medical books Ltd.; 1977.

11.  Touwen BCL. Neurological Development in Infancy. 

London, UK: William Heinemann Medical Books 

Ltd.; 1976.

12.  Prechtl HFR. Qualitative changes of spontaneous 

movements in fetus and preterm infant are a marker 

of neurological dysfunction (Editorial). Early Hum 

Dev 1990;23:151-158.

13.  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.

14.  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;153:32-39.

References



259Chapter 10   Developmental Trajectories from Birth to School Age in Healthy Term-Born Children

15.  Bruggink JL, Einspieler C, Butcher PR, Stremmelaar 

EF, Prechtl HF, Bos AF. Quantitative aspects of the 

early motor repertoire in preterm infants: do they 

predict minor neurological dysfunction at school 

age? Early Hum Dev 2009;85:25-36.

16.  Van der Meulen BF, Ruiter SAJ, Lutje Spelberg HC, 

Smrkovsky M. Bayley Scales of Infant Development-

II, Dutch Version. Amsterdam, the Netherlands: 

Harcourt Assessment; 1983.

17.  Hempel MS. Neurological development during 

toddling age in normal children and children at 

risk of developmental disorders. Early Hum Dev 

1993;34:47-57.

18.  Stinissen J, Willems PJ, Coetsier P, Hulsman WLL. 

Manual for the Dutch Translated and Adapted 

Version of the Wechsler Adult Intelligence Scale 

(WAIS). Lisse, the Netherlands: Swets & Zeitlinger; 

1970.

19.  Smits-Engelsman BCM. Movement Assessment 

Battery for Children. Handleiding. Lisse, the 

Netherlands: Swets & Zeitlinger; 1998.

20.  van der Steene G, Bos A. Wechsler Preschool and 

Primary Scale of Intelligence, revised. Vlaams-

Nederlandse aanpassing, handleiding. Lisse, the 

Netherlands: Swets & Zeitlinger; 1997.

21.  Manly T, Anderson V, Nimmo-Smith I, Turner A, 

Watson P, Robertson IH. The differential assessment 

of children’s attention: the Test of Everyday 

Attention for Children (TEA-Ch), normative sample 

and ADHD performance. J Child Psychol Psychiatry 

2001;42:1065-1081.

22.  Heaton SC, Reader SK, Preston AS, et al. The 

Test of Everyday Attention for Children (TEA-Ch): 

patterns of performance in children with ADHD and 

clinical controls. Child Neuropsychol  

2001;7:251-264.

23.  van den Burg W, Kingma A. Performance of 225 

Dutch school children on Rey’s Auditory Verbal 

Learning Test (AVLT): parallel test-retest reliabilities 

with an interval of 3 months and normative data. 

Arch Clin Neuropsychol 1999;14:545-559.

24.  Tong S, Baghurst P, Vimpani G, McMichael A. 

Socioeconomic position, maternal IQ, home 

environment, and cognitive development. J Pediatr 

2007;151:284-288.

25.  Piek JP, Dawson L, Smith LM, Gasson N. The 

role of early fine and gross motor development 

on later motor and cognitive ability. Hum Mov Sci 

2008;27:668-681.

26.  Ridgway CL, Ong KK, Tammelin TH, Sharp S, 

Ekelund U, Jarvelin MR. Infant motor development 

predicts sports participation at age 14 years: 

northern Finland birth cohort of 1966. PLoS One 

2009;4:e6837.



Functional Development at School Age of Newborn Infants at Risk

27.  Illingworth RS. The Development of the Infant and 

Young Child: Normal and Abnormal Development. 

3rd ed. Edinburgh, UK: Churchill Livingstone; 1966.

28.  Thelen E, Corbetta D, Kamm K, Spencer JP, 

Schneider K, Zernicke RF. The transition to 

reaching: mapping intention and intrinsic dynamics. 

Child Dev 1993;64:1058-1098. 

29.  Hadders-Algra M. The Neuronal Group Selection 

Theory: a framework to explain variation in normal 

motor development. Dev Med Child Neurol 

2000;42:566-572.

30.  Erikson C, Allert C, Carlberg EB, Katz-Salamon M. 

Stability of longitudinal motor development in very 

low birthweight infants from 5 months to 5.5 years. 

Acta Paediatr 2003;92:197-203.

31.  Picciolini O, Gianni ML, Vegni C, Fumagalli M, 

Mosca F. Usefulness of an early neurofunctional 

assessment in predicting neurodevelopmental 

outcome in very low birthweight infants. Arch Dis 

Child Fetal Neonatal Ed 2006;91:F111-F117.

32.  Frisone MF, Mercuri E, Laroche S, et al. Prognostic 

value of the neurologic optimality score at 9 and 18 

months in preterm infants born before 31 weeks’ 

gestation. J Pediatr 2002;140:57-60.

33.  Butcher PR, van Braeckel K, Bouma A, Einspieler 

C, Stremmelaar EF, Bos AF. The quality of preterm 

infants’ spontaneous movements: an early indicator 

of intelligence and behaviour at school age. J Child 

Psychol Psychiatry 2009;50:920-930.

34.  Bee HL, Barnard KE, Eyres SJ, et al. Prediction of 

IQ and language skill from perinatal status, child 

performance, family characteristics, and mother-

infant interaction. Child Dev 1982;53:1134-1156.

35.  Johnson W, McGue M, Iacono WG. Socioeconomic 

Status and School Grades: Placing their Association 

in Broader Context in a Sample of Biological and 

Adoptive Families. Intelligence 2007;35:526-541.

36.  Jongmans M, Mercuri E, de Vries LS, Dubowitz 

LMS, Henderson SE. Minor neurological signs 

and perceptual-motor difficulties in prematurely 

born children. Arch Dis Child Fetal Neonatal Ed 

1997;76:F9-14.



261Chapter 10   Developmental Trajectories from Birth to School Age in Healthy Term-Born Children




