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Abstract 
 
Objective 
The aim of the study was to evaluate whether in pre-adolescent children specific 
types of minor neurological dysfunction (MND) are related to specific types of 
learning and behavioural problems, and whether it is the type or the severity of 
neurological dysfunction that matters most. 
Method 
1186 5.5-11 year old children were examined for the presence of clusters of signs 
of MND. Parents and teachers completed brief behaviour rating scales. In school-
aged children (n=580) cognitive achievement was assessed using standardized 
Dutch tests. Least squares regression was used to examine neuro-behavioural and 
neuro-cognitive links.  
Results 
Children with more MND clusters performed worse scholastically and had more 
signs of attention deficit than others. Externalising and internalising behaviour 
were only linked to specific forms of MND. 
Conclusion 
Evaluation of the neurological condition of the child with learning - and 
behavioural problems offers insight into the aetiology and pathogenesis of these 
problems.  
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Introduction 
 
Since many years it is acknowledged that children with neurological ‘soft signs’ 
or minor neurological dysfunction are at risk of developing behavioural and 
learning problems.1-4 Yet, little is known on the specificity of the relationship 
between minor neurological dysfunction (MND) and behavioural and learning 
difficulties in pre-adolescent children without evident neurological disorders. Is it 
the mere presence, the severity, or the specific type of MND that matters?  

Hadders-Algra et al.5, who studied a group of 568 9-year-olds, concluded 
that it was not only the presence or absence of MND, but also its severity, as 
indicated by the number of dysfunctions, that mattered. Essential in their analyses 
was the grouping of signs of MND into functional clusters (Table 1). They 
concluded that in essence two forms of MND could be distinguished: MND-1, 
denoting the presence of one or two clusters of dysfunction, and MND-2, 
characterized by the presence of three MND-clusters or more. MND-1 was only 
weakly related to pre- and perinatal adversities and associated with only a mild 
increase in learning and behavioural problems. In contrast, MND-2, which turned 
out to have firm pre- and perinatal antecedents, was associated with a high risk for 
learning and behavioural disorders.5,6   

Various studies2,5,7-9 reported that attention deficit with or without 
hyperactivity and learning problems - arithmetic in particular - are more strongly 
related to the presence and severity of MND than emotional problems are. Studies 
on the relationship between developmental coordination disorder (DCD) and 
behavioural problems however have been more heterogeneous in outcome, either 
reporting a specific relationship between DCD and attention problems10, or 
between DCD and internalising behaviour.11

Studies on adolescents indicate that specific links exist between separate 
neurological problems and different types of behavioural - and learning problems. 
For example, the risk for learning and behaviour difficulties is much higher in the 
presence of coordination problems or fine manipulative disability, than mild 
dysregulation of muscle tone or choreiform dyskinesia.9,12 However - as far as we 
know - no studies exist on the relation between specific types of MND and 
specific behavioural and learning problems in pre-adolescent children. 
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The aim of the present study is to evaluate whether in pre-adolescent children 
without frank neurological pathology specific types of MND are related to 
specific types of learning- and behavioural problems. Specific questions 
addressed are: 1) Are particular clusters of MND related to specific forms of 
learning- or behavioural problems? 2) If so, is the quality of neurological 
dysfunction (expressed in type of the dysfunctional cluster) more strongly related 
to learning- and behavioural problems, than the quantity (expressed as the number 
of clusters of MND)? 3) Do neurobehavioural and neurocognitive relationships 
differ between boys and girls and between younger and older children? 

  
 
Material and methods 
 
Subjects 
 
The data are part of the Groningen Perinatal Project (GPP), a birth cohort 
(n=3162; 1975-78) with detailed social, perinatal, and neonatal data and, for 
subsamples, follow-up data on childhood neurology, behaviour, cognitive 
performance and home situation. The subsamples were re-examined when aged 
between 5.5 and 11 years. These data were used for the present analysis. The data 
were not analyzed earlier as the data-files had been unavailable for many years 
due to changes in computer systems, i.e. the old files stored on the central 
university main frame had to be changed into files which could be read by 
personal computers. In the present study children with cerebral palsy (CP) and 
epilepsy were excluded. The diagnosis CP was based on the presence of major 
neurological dysfunction, such as spasticity or a stereotyped posture and motility, 
resulting in disability and/or social limitation.  
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The subsamples consisted of: 
- all children with a definitely abnormal neonatal neurological condition (n = 

133)6 
- a random sample of all children with a normal neonatal neurological 

condition (n = 300) or a mildly abnormal neonatal neurological condition (n = 
293)6 

- all children born preterm and/or small for gestational age between January 1st 
1977 and June 30th 1978 (n = 237)13 

- all children born at term who participated in a study on the effect of 
intrauterine exposure to ritodrine (n = 232). Ritodrine did not affect 
neurobehavioural development.14 

Attrition in the various subsamples varied from 0-7%. Due to some overlap in the 
subsamples, the total number of children re-examined between age 5.5 and 11 
years was 1186 (55% boys, 45% girls).  Over 90 percent of the sample was white 
and the remainder was Indian, Moroccan, or Black African.  
 

Measures 

 
The re-assessment consisted of a detailed neurological examination according to 
Touwen15 focusing on the presence of minor neurological dysfunction. The person 
carrying out the neurological examination was unaware of the child’s perinatal 
history and its behavioural development and school performance. The signs of 
MND were divided into six clusters (Table 5.1). The presence or absence of 
dysfunction in these clusters can be rated with substantial interobserver 
agreement.16  
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Table 5.1: Functional clusters of MND, based on the neurological examination of 
Touwen15, adapted from Hadders-Algra et al.6 The clusters were developed on the basis of 
clinical knowledge.15

Cluster Based on Criteria for dysfunction 
1. Dysfunctional muscle tone      
regulation 

Muscle tone 
Posture during lying, sitting, 
standing, and walking 

One or more of the following: 
- consistent mild deviations 

in muscle tone 
- consistent mild deviations 

in posture 
 
2. Reflex abnormalities 

 
Abnormal intensity and/or 
threshold or asymmetry in: 

- biceps reflex 
       - knee jerk 

- ankle jerk 
Footsole respons: uni- or 
bilateral babinski sign 

 
Presence of at least two signs 

 
3. Choreiform dyskinesia 

 
- Spontaneous motor 

behaviour 
- Test with extended arms 
- Face, eyes, tongue 

 
Presence of at least one of the 
following: 
- Marked choreiform 

movements of distal and 
facial muscles 

- Slight or marked 
choreiform movements of 
proximal muscles, eyes or 
tongue 

 
4. Coordination problems 

 
- Finger-nose test 
- Fingertip-touching test 
- Diadochokinesis 
- Kicking 
- Knee-heel test 
- Reaction to push (sitting, 

standing) 
- Romberg 
- Tandem gait 
- Standing on one leg 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
5. Fine manipulative disability 

 
Finger-opposition test: 

- smoothness 
- transition 

Follow-a-finger test 
Circle test 

 
Presence of age-inadequate 
performance on at least two 
tests 

 
6. Rarely occurring 
miscellaneous dysfunctions 

 
- Motor behaviour of face, 

eyes, pharynx, tongue 
- Associated movements 

during diadochokinesis, 
finger-opposition test, 
walking on toes or heels 

 
Evidence of at least one of the 
following: 
- mild cranial nerve palsy 
- excessive amount of 

associated movements (for 
age) 
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Parents and teachers were asked to indicate, on a 7-item questionnaire, whether 
they regarded the child in question as more, the same or less irritable, 
hyperactive, difficult to handle, headstrong, easily frightened, shy, and anxious 
than the average child. No data could be obtained from 0.3% of the parents and 
7.2% of the teachers. For a subsample of 580 children who were in primary 
school (i.e. >6 years), reading, spelling, and arithmetic were assessed with short 
standardized Dutch tests.17-19 Reading was assessed by counting the number of 
test-words the child could read aloud correctly within one minute.17 Similarly, 
arithmetic was evaluated by counting the number of standard-problems the child 
could solve correctly within three minutes.18 Spelling was tested by assessing how 
many dictated words out of a standard list of 50 words could be written correctly19 
Also, for this subgroup, concentration (good, moderate, poor), distractibility 
(little, moderate, severe), and attention span (long, moderate, short) were assessed 
by teachers and parents.  
  
 
Data Analysis 
 
Principal component analysis was used to examine whether the behavioural items 
at follow-up could be summarized into a smaller number of underlying constructs. 
Least squares regression was used to examine links between neurological clusters 
and children’s academic achievement and their behaviour. Interaction terms 
between identity of the rater (parent or teacher) and neurological clusters (type 
and count) were checked to examine if rated behaviour differed between teachers 
and parents, or according to the nature of the subsample (see sample section) from 
which the child originated. Further, interaction terms were specified between 
neurological clusters (type ánd count) on the one hand and gender and age of the 
child on the other. In the multivariate models main effects were included in case 
of p-values smaller than 5%. Given the number of possible interaction effects, 
interaction terms were included only if p-values were smaller than 0.001, so as to 
reduce the chance of type 1 error. 

Crude links were adjusted for sex and age in years of the child, age of the 
mother, presence of mental retardation or neurological disorders in first degree 
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relatives, psychiatric disorders in either parent, family circumstances (one parent 
or foster parent families, orphanage, or “normal” family), and socio-economic 
status (SES). SES was operationalised as the principal component (Eigenvalue 
3.03, Cronbach’s alpha: 0.86) summarizing mother’s and father’s vocational and 
educational levels, both expressed on a scale from 1 (lowest) to 8 (highest).  

To allow mutual comparison of the regression coefficients, all dependent 
variables were transformed to scores ranging from 0 to 10, and the independent 
variables to scores ranging from 0 to 1.  
 
 
Results 
 
Prevalence of MND 
 
The most frequently occurring dysfunction was the presence of abnormal reflexes, 
being present in 165 (14%) of the children. 156 children (13%) exhibited mild 
abnormalities in fine manipulative ability, 120 (10%) had a mild dysfunction in 
muscle tone regulation, another 115 (10%) choreiform dyskinesia, 97 (8%) had 
coordination problems, 75 (6%) showed a mild dysfunction of a cranial nerve and 
63 (5%) had excess associated movements.  257 (38%) children had one or more 
deviant clusters. 
 
Behavioural endpoints 
 
Three principal components accounted for the bulk of the variance of scores on 
the behavioural items (table 5.2). The first represented signs of attention deficit. 
Since parents’ and teachers’ assessments loaded on the same factor, attention 
deficit scores were obtained by summing the relevant items of mothers and 
teachers. The second and third component represented externalisation and 
internalisation respectively, and were present in teachers' as well as mothers' 
ratings.  
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Table 5.2: Factor analysis behaviour: varimax factor loadings for ten items rated by 
mothers and teachers, and explained variance and Eigenvalues (EV) of the factors  

Attention Deficit Externalising Internalising  

Teachers + Mothers 
            25% 
            EV 4.9 

Teachers 
10% 
EV 2.1 

Mothers 
9% 
EV 1.8 

Teachers 
8% 
EV 1.5 

Mothers 
6% 
EV 1.1 

Concentration 
Distractibility 
Attention span 
Irritable 
Hyperactive 
Hard to handle 
Headstrong 
Jumpy 
Shy, withdrawn 
Anxious 

0.791 
0.812 
0.783 
0.051 
0.321 
0.242 
0.049 
0.130 
-0.086 
0.153 

0.759 
0.751 
0.618 
0.069 
0.238 
0.256 
0.001 
0.055 
-0.123 
0.149 

0.013 
0.074 
0.020 
0.771 
0.653 
0.760 
0.797 
0.040 
0.106 
-0.057 

0.122 
0.190 
0.146 
0.733 
0.580 
0.662 
0.728 
-0.003 
0.003 
0.069 

0.072 
0.035 
0.128 
0.044 
-0.151 
0.143 
0.063 
0.657 
0.660 
0.790 

0.070 
0.076 
0.087 
0.033 
-0.057 
0.238 
-0.077 
0.762 
0.497 
0.746 

 
 
Rater-specific scores for externalisation and internalisation were obtained by 
summing the relevant items for mothers and teachers separately. As the links 
between specific neurological clusters and the number of deviant clusters on the 
one hand and externalising and internalising behaviour on the other, did nót differ 
according to the rater's identity (all p-values being > 0.001), scores of mothers' 
and teachers' ratings were averaged.  
 
Neurology and behaviour 
 
Table 5.3 shows the adjusted regression coefficients for the associations between 
neurological clusters (type and number) and behaviour problems. Signs of 
attention deficit were strongly related to the number of deviant clusters, but also 
to specific neurological dysfunctions, like problems in fine manipulative ability, 
choreiform movements and, to a lesser extent, coordination problems. 
Externalising and internalising behaviours were not related to the number of 
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neurological dysfunctions. However, significant positive associations were found 
of problems in fine manipulative ability with internalising behaviour, and of 
coordination problems and choreiform dyskinesia with externalising behaviour. 
Neuro-behavioural relationships applied equally well in the four subsamples 
described in the sample section. 
 
Table 5.3: Adjusted regression coefficients for the associations between neurology and 
behaviour, confidence intervals (between brackets), and p-values (* = significant). To 
allow mutual comparison of the regression coefficients, all dependent variables were 
transformed to scores ranging from 0 to 10, and the independent variables to scores 
ranging from 0 to 1 
Clusters: 
 

Attention Deficit 
(teacher + parent) 

Externalising 
(teacher+parent) 

Internalising 
(teacher+parent) 

 
Dysfunctional 
muscle tone 
regulation 

 
0.071 
0.106 

 
0.003 
0.919 

 
-0.001 
0.968 

 
Reflex 
abnormalities 
 

 
-0.017 
0.688 

 
-0.056 
0.058 

 
-0.005 
0.883 

 
Coordination 
problems 

 
0.96 (0.12, 1.80) 
0.026* 

 
0.53 (0.14, 0.92) 
0.008* 

 
0.05 
0.140 

 
Fine manipulative 
disability 

 
1.36 (0.64, 2.07) 
0.000* 

 
0.05 
0.093 

 
0.30 (0.08, 0.54) 
0.010* 

 
Choreiform 
movements 
 

 
1.13 (0.44, 1.83) 
0.001* 

 
0.38 (0.02, 0.74) 
0.038* 

 
0.032 
0.300 

 
Rarely occurring 
miscellaneous 
dysfunctions 
 

 
0.054 
0.212 

 
0.006 
0.851 

 
-0.017 
0.581 

 
Total number of 
deviant clusters 

 
2.54 (1.14, 3.94) 
0.000* 

 
0.05 
0.139 

 
0.04 
0.249 

Adjusted for: sex and age of the child during examination, age of the mother, social 
economic status, intellectual or neurological disorders in the family, psychiatric disorders 
of one of the parents, family circumstances, and number of children in the family 
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Neurology and school achievement  
 
Table 5.4 shows the adjusted regression coefficients for the relationships between 
neurological clusters and mathematics, spelling, and reading abilities.  
 
Table 5.4: Adjusted regression coefficients for the relationships between neurology and 
school performance, confidence intervals (between brackets), and p-values (* = 
significant). To allow mutual comparison of the regression coefficients, all dependent 
variables were transformed to scores ranging from 0 to 10, and the independent variables 
to scores ranging from 0 to 1 
Clusters: 
 

Mathematics Reading Spelling 

 
Dysfunctional muscle tone 
regulation 

 
1.14  
(0.43, 1.85) 
0.002* 

 
1.01  
(0.34, 1.69) 
0.003* 

 
0.85  
(0.29, 1.42) 
0.003* 

 
Reflex abnormalities 
 

 
0.05 
0.233 

 
0.07 
0.080 

 
0.03 
0.398 

 
Coordination problems 

 
1.26  
(0.51, 2.01) 
0.001* 

 
0.79  
(0.07, 1.51) 
0.031* 

 
0.94  
(0.34, 1.54) 
0.002* 

 
Fine manipulative disability 

 
1.37  
(0.73, 2.00) 
0.000* 

 
1.54  
(0.94, 2.14) 
0.000* 

 
1.22  
(0.71, 1.73) 
0.000* 

 
Choreiform movements 
 

 
0.90  
(0.29, 1.51) 
0.004* 

 
0.65  
(0.065, 1.24) 
0.030* 

 
0.77  
(0.29, 1.28) 
0.002* 

 
Rarely occurring 
miscellanuous dysfunctions 
 

 
0.05 
0.200 

 
0.05 
0.167 

 
0.86  
(0.14, 1.57) 
0.020* 
 

 
Total number of deviant 
clusters 

 
3.09  
(1.87, 4.32) 
0.000* 

 
2.80  
(1.62, 3.97) 
0.000* 

 
2.59  
(1.61, 3.57) 
0.000* 

Adjusted for sex and age of the child, age of the mother, social economic status, 
intellectual or neurological disorders in the family, psychiatric disorders of one of the 
parents, family circumstances, and number of children in the family 
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Four of the six functional clusters were related to all three achievement variables, 
with fine manipulative disability being correlated most strongly with scholastic 
achievement. Reflex abnormalities were unrelated to cognitive abilities. Rarely 
occurring miscellaneous dysfunctions were only associated with impaired spelling 
performance. Correlations between the number of deviant neurological clusters 
and poor cognitive performance were considerably higher than those between 
specific types of dysfunction and scholastic performances (Table 5.4). Like neuro-
behavioural relationships, neuro-cognitive links applied equally well in the four 
subsamples described in the sample section. It could be argued that the 
relationships between MND and scholastic problems reflect an association 
between neurological condition and a mild form of mental retardation. Therefore 
we reanalysed the data while excluding from the analyses the children who scored 
below the 10th percentile on the three tests of spelling, reading and mathematics (n 
= 34). The exclusion of these children who could be considered to have a mild 
form of mental retardation did not change the associations between neurology and 
school performances.  

 
Effects of sex and age 
 
Boys exhibited externalising behaviour and signs of attention deficit more often 
than girls and had more problems with spelling and reading than girls (figure 5.1). 
Girls tended to display more internalising behaviour than boys. Yet, gender did 
not modify the neurobehavioural and neurocognitive relationships described 
above. 

Younger children had more externalising problems and fewer problems 
with mathematics than older children (figure 5.2). In older children dysfunctional 
muscle tone regulation was more strongly related to poor achievement on the 
reading, spelling and arithmetic tasks than in the younger (interactions with 95% 
confidence intervals respectively -0.19 (-0.26, -0.11), -0.15 (-0.21, -0.09), and -
0.19 (-0.26, -0.11), all p-values <0.001). 
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Discussion 
 
This study suggests that in pre-adolescence specific forms of MND are related to 
specific types of behavioural and learning problems and that these associations 
are not affected by gender and relatively little by age. In addition, the study 
indicates that learning difficulties and signs of attention deficit are more strongly 
related to the total number of dysfunctions than to specific types of MND, while 
externalising and internalising problems are not related to the quantity of 
neurological dysfunctions, but only to specific types of MND. 
 
 
Strengths and limitations of the study  
 
The study dealt with a population born at a University Hospital in Groningen. 
This implies that, compared to the general population, obstetric morbidity is 
overrepresented.20 In the sub-cohort studied, obstetric and neurologic morbidity 
were oversampled, which can be considered an advantage for a study  on neuro-
behavioural and neuro-cognitive relationships. The finding that neuro-behavioural 
and neuro-cognitive relationships applied equally well in the four subsamples, 
suggests that these relationships may also obtain in the general population.  

 It is possible of course, that neuro-behavioural and neuro-cognitive 
relationships within a population of children referred to a child psychiatric clinic 
differ from the ones reported in the present study.  In fact, very few of the 
children in the present study (3.0%) had been referred for psychiatric help. The 
low rate of referrals is in line with the epidemiological findings of Verhulst and 
Althaus21, and reflects the high threshold in the Netherlands during the eighties to 
seek advice from professionals in child psychiatric care.  

Another limitation of the present study was that the presence of 
behavioural and attention problems was assessed only with short questionnaires, 
completed by parents and teachers. Attention deficit was assessed with only three 
items, while according to DSM-IV there should be six out of nine symptoms to 
fulfil the criteria for attention deficit.22 Psychiatric morbidity at the level of 
specific diagnoses was not an explicit focus of the study or the questionnaires. 
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Standardized and/or validated assessments of child behaviour and emotion, like 
the CBCL, were not available in the Netherlands at the time our follow-up 
investigation was started.21 Further research with validated instruments for the 
assessment of behavioural problems including attention deficit is warranted to 
verify the relationships between MND and behavioural problems reported in the 
present study. 
 
The strength of our study lies in its ability to control for many parental and 
psychosocial factors linked to neurological, behavioural, and learning problems of 
children. Attrition was limited, as only 7.2% of the teachers' and 0.3% of the 
parents' scoring were missing. Neuro-behavioural relationships were unaffected 
by whether parents or teachers had supplied the ratings. Thus, it was possible to 
average the data from the parents and teachers, which yields a more precise single 
estimate of the effect of the neurological risk factors.23,24 Another strength of the 
study is that the entire sample was blindly assessed with Touwen’s standardised 
neurological examination15, giving a comprehensive neurological profile of the 
children in terms of MND.   

We adjusted for many confounders, but it cannot be excluded that some 
other factors, not included in our study, affect both neurological problems and 
behaviour and/or learning problems. 
 
 
Clinical implications  
 
The present study confirms findings of others that attention problems are more 
strongly related to neurological dysfunction than other behavioural problems. 2,5,7,9 
What our study adds is that, although overall associations do not exist between 
MND and troublesome (externalising) and timid (internalising) behaviour8, 
associations of these behaviours are present with specific types of neurological 
dysfunctions. 
  The neurological make-up of children with externalising behaviour 
appears different from that of children with internalising behaviour. Externalising 
behaviour was related in particular to coordination problems and choreiform 
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dyskinesia. Both forms of neurological dysfunction point to problems in 
subcortical brain regions: dysfunctional coordination suggests dysfunction in the 
cerebellum and choreiform dyskinesia dysfunction in the basal ganglia.25 These 
subcortical systems play an important role in the fine-tuning of motor behaviour. 
They may also play a role in the modulation of social behaviour.26-28 This notion 
is supported by recent findings16 indicating that children who exhibit mildly 
abnormal general movements (GMs) in early infancy are at risk of developing 
aggressive behaviour and attention problems. Mildly abnormal GMs may reflect 
dysfunctional monoaminergic circuitries.29

Internalising behaviour was associated with fine manipulative disability. 
The tests of fine manipulative ability focused on the ability to generate complex 
motor sequences, in which frontal cortical areas are thought to play a role. Rather 
than explaining the association between fine manipulative dysfunction and 
internalising behaviour directly in terms of the pathophysiological mechanisms in 
which the frontal lobes play a role, we prefer a social explanation. The association 
may reflect the child’s behaviour in response to the attitude of parents and peers 
towards the child’s clumsy fine motor behaviour.11,30

  Signs of attention deficit were related in particular to the number of 
neurological dysfunctions. Nevertheless, it was clear that some neurological 
dysfunctions contributed more to this relationship than others. Attention deficit 
correlated especially with fine manipulative disability and choreiform dyskinesia 
and, to a lesser extent, with coordination problems. This fits in with recent neuro-
imaging studies reporting that the frontal cortices and basal ganglia, especially the 
caudate nucleus, of children with attention problems are smaller and functionally 
less active than those of children without attention problems.31-33 In addition, there 
is some indication that the cerebellar vermis of children with attention problems is 
smaller than that of control children.34

  The finding that signs of attention deficit relate in a different way to 
neurological dysfunction than externalising behaviour - the behavioural factor on 
which hyperactivity loaded - is in concordance with DSM-IV which describes 
three subtypes of Attention Deficit Hyperactivity Disorder (ADHD): one in which 
attention problems dominate, one in which hyperactivity is the most prominent 
feature, and a combined type including both hyperactivity and attention 
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deficit.22,35 Calling into mind the finding of Hadders-Algra et al.6 that the presence 
of a relatively high number of neurological dysfunctions was strongly related to 
pre- and perinatal adversities, our finding that signs of attention deficit are 
robustly linked to the number of neurological dysfunctions, whilst this does not 
hold for externalising behaviour, might indicate that pre- or perinatally acquired 
brain damage plays a role in the development of the former but not of the latter. 
This does not imply that attention problems are always the result of pre- or 
perinatally acquired brain damage. Most likely this is the case in only a part of 
children with attention deficit disorder. In other children the development of 
attention problems is probably attributable to genetic factors resulting in a 
different set of the dopaminergic circuitries36, or by stress in early life, like 
intrauterine growth retardation.5,6

  In the neuro-cognitive relationships the quantity of neurological 
dysfunction played a more important role than the quality of dysfunction. Similar 
findings have been reported before in populations of children with manifest brain 
lesions, like those with cerebral palsy or epilepsy37 or those who acquired a severe 
head injury during childhood.38 These studies indicated that severe lesions of the 
brain give rise to an aspecific reduction in cognitive abilities. The quantitative 
relationship between neurological dysfunction and cognitive disability in the 
present study might imply that pre- and perinatal adversities play an important 
role in the genesis of learning problems.5,6 Of the single specific neurological 
dysfunctions, fine manipulative disability was most strongly related to learning 
problems. Our findings fit with the idea that cognitive abilities require activity in 
complex circuitries, such as the cortico-striato-thalamo-cortical and cerebello-
thalamo-cortical pathways.39,40            

In the present study the Touwen examination was used to assess the 
presence of MND. The age-specific Touwen assessment can be accomplished in 
about 30 minutes. It provides qualitative information on the condition of the 
nervous system, which - as the present study underlines - is very useful for child 
psychiatrists.  It should be realized that MND is not identical to developmental 
coordination disorder (DCD). DCD in general refers to children with a normal 
intelligence that have poor motor coordination without evidence of frank 
neurological pathology like cerebral palsy or muscular dystrophy. The motor 
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problems of children with DCD are so serious that they affect daily activities at 
home and at school.22 MND and DCD are strongly related, with especially the 
children having MND-2 exhibiting DCD.41 However, the clinical label DCD does 
not provide information on the make-up of the nervous system.      

  In general, prepubescent males are considered to be more 
vulnerable for neuropsychiatric disorders than girls, as rates of MND, 
ADHD, conduct disorders and autism are higher among the former than the 
latter.6,42 This study's finding that the neurobehavioural and neurocognitive 
relationships were not affected by gender, suggests that the higher 
psychiatric morbidity in males can be attributed especially to a higher 
vulnerability of the neural hard-ware – a vulnerability reflected by the 
higher prevalence of MND in boys - and not to a higher vulnerability of the 
male brain with or without neurological dysfunction for adverse social 
conditions. 
 Neuro-behavioural and neuro-cognitive relationships were affected little by 
age. Neuro-cognitive relationships in particular might have been expected to 
become more pronounced with advancing age, as the development of cognitive 
abilities involves the expression of increasingly complex neural functions. This 
was observed only for the relation between dysfunctional muscle tone regulation, 
a non-focal sign of supraspinal dysfunction, and cognitive performance.     
 
Conclusion 
Learning problems in pre-adolescent children are the result of a rather diffuse 
dysfunction of the human brain: if more parts of the cortical and subcortical 
circuitries are affected, learning problems are more severe. This holds for reading, 
spelling ánd mathematics and is relatively independent of the specific types of 
neurological signs present. On the other hand, the findings suggest that 
behavioural problems are related to more specific neurological signs suggesting a 
more localized nature of the damage, and, possibly, more specific antecedents. 
This finding has important implications for the understanding of the pathogenesis 
of behavioural problems and for prevention and intervention.    
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