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CHAPTER 6

Summary and General Discussion
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1. SUMMARY

This thesis investigates visually-guided reaching movements in 

preterm born children without serious neonatal medical complications, i.e. 

without Cerebral Palsy (CP), to gain insight into the developmental course of 

elementary visuomotor processes and neural networks underlying visuomotor 

functioning.

In the first two studies, we used a simple pointing task to gain insight 

into elementary visuomotor processes. The results of the first study showed 

longer movement programming and execution in the 7-, 9-, and 10-year-old 

preterm born groups without a commensurate gain in endpoint accuracy. 

These results corroborate Foreman et al.’s (1997) suggestion of dorsal visual 

stream involvement in visuomotor deficits in children born preterm. However, 

while longer movement programming can reliably be associated with the 

dorsal stream, the lengthening of movement execution does not rule out the 

involvement of impaired cerebellar functioning. As with earlier research on 

simple visually-guided pointing movements, development in the control group 

was non-linear showing a slowing between the 7- and 8-year-olds. This is 

consistent with a transition in the control group’s development of movement 

control, which has been associated in typically developing children with a 

decrease in motor speed around 8 years of age. It is proposed that this 

transition entails the integration of proprioceptive and visual feedback 

information for movement control. The finding of no difference between the 

control and preterm groups at 8 years of age most likely reflected this 

transition in the control group rather than a speeding in the preterm born 

group. Interestingly, the preterm born group also showed a non-linear age 

trajectory. However, movement execution slowed in the 9-year-olds and 

speeded up between the 7- and 8-year-olds, and the 9- and 10-year-olds. 
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Hence, it was unclear whether the development of movement control in the 

preterm born group was delayed or different. 

In a second, quasi-longitudinal study, the same children were studied 

14 months later with the same task. As in the previous study, the preterm born 

group performed poorer than the control group: compared to their control age 

mates, the 8-, and 11-year-olds were as fast but less accurate, and the 10-

year-olds were slower and as accurate. Longitudinally, movement execution 

slowed between 7 and 8 years of age in the control group, which was related 

to a lengthening of the deceleration phase. To our knowledge, this study is the 

first to provide longitudinal data confirming this regression in the development 

of movement control in typically developing children around 8 years of age, 

and to provide data indicating that this regression affects the later phase of 

movements rather than the early phase. In the preterm born group, movement 

execution speeded up between 7 and 8 years of age, but endpoint accuracy 

dropped, which reflects no change in movement efficiency. Between 8 and 10 

years of age, the acceleration phase shortened in the two groups, but while 

the deceleration phase did not change in the control group, the deceleration 

phase lengthened slightly in the preterm born group. Between 10 and 11 years 

of age, the acceleration and deceleration phases did not change in the control 

group, while the acceleration phase shortened and the deceleration phase 

also did not change in the preterm born group. These results suggest a 

difference rather than a delay in the developmental course of visuomotor 

processes in the preterm born group. They further suggest that the transition 

around 8 years of age in the control group affects on-line feedback processing 

(lengthening of deceleration phase) rather than movement programming (no 

change in acceleration phase), which is consistent with the proposition of the 

transition entailing intersensory integration of on-line feedback information. 

Furthermore, results suggest that improvement of movement execution 
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between 8 and 10 years of age in typically developing children is related to 

improvement of movement programming (shortening of acceleration phase) 

rather than to improvement of on-line feedback processing (no change in 

deceleration phase). The gradual lengthening of the deceleration phase 

between 8 and 10 years of age in the preterm born group suggests that the 

shift to intersensory integration occurred at different ages in different children 

and/or more slowly over a protracted period of time. 

In the final two studies, we investigated on-line movement adaptations, 

which are ecologically more relevant movements than the movements 

executed in the simple pointing task. In daily life, movements are frequently 

initiated before the exact location of the target is known, such as taking a bag 

of potato chips from a supermarket shelf or a favorite sweet in a bowl among 

other sweets. The general direction and distance of such movements are 

known at movement onset, but precise target location is defined during the 

movement. Uncertainty about precise target location at movement onset 

requires the ability to adapt the reaching movement on-line to achieve the 

accuracy necessary for successful grasping. To investigate such movement 

adaptations, we presented a pointing task in which target location could 

change late in the movement, i.e. after the end of the acceleration phase. 

Since little is known about the development of movement adaptations in 

typically developing children, we investigated the performance of the control 

group on this pointing task in the third study. In the fourth study, we compared 

the preterm born group with the control group to gain insight into the 

consequences of the preterm born group’s poorer elementary visuomotor 

processing for the processing of on-line movement adaptations. The results of 

the third and fourth studies suggest that the majority of 7- to 10-year-old 

typically developing and preterm born children are able to plan and execute 

optimal on-line movement adaptations, involving a single movement (Single 
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Touch group). A minority used a less optimal adaptation, missing the target 

(Double Touch group). The results further indicate that the optimal adaptations 

were the result of a strategy in which a specific component of movement 

execution, i.e. the deceleration phase, was slowed on all trials in both control 

and preterm born groups. 

The finding that the lengthening of the deceleration phase after the on-

line correction (phase between the time the adapted movement started and 

the touch) was limited to the 7-, and 8-year-olds in the control group (Chapter 

4), extends the suggestion from the quasi-longitudinal study (Chapter 3) that 

the transition in the development of movement control in typically developing 

children does not affect feedback processing for on-line programming of a 

corrective movement. Rather, this finding suggests that the transition affects 

on-line feedback processing limited to the control of an on-going movement. 

In the fourth study, the age trajectory of the deceleration phase after 

the on-line correction in the preterm born group was different from the control 

group’s. This is consistent with the suggestion from the quasi-longitudinal 

study that the development of elementary visuomotor processes is different in 

preterm born children without CP. Furthermore, when both speed and 

accuracy of the movements are taken into account, the time to start the 

adapted movement (Time of Correction) and the adapted movement itself, i.e. 

the movement after Time of Correction, seemed slightly less efficient in the 

preterm born group than in the control group. In conclusion, our findings 

suggest that the preterm born group’s poorer elementary visuomotor 

processes affect the later phases of on-line adapted movements, while the 

planning of these adaptations is not affected. Although subtle, the effect is 

consistent with the differences found in the simple pointing task, and narrows 

down the possible contributions from the different processes underlying 

reaching movements to poorer on-line feedback processing for movement 
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control. Since dorsal stream and cerebellar functioning mediate on-line 

feedback processing for movement control, the slightly lower efficiency of the 

on-line adapted movements is most likely related to impaired dorsal stream 

and cerebellar functioning. The finding of similar number of preterm and 

control children who used a well adapted movement strategy suggests that the 

frontal regions involved in the planning of movement strategies are not 

affected by prematurity in preterm born children without CP. This will be 

discussed in more detail in the following section.

2. GENERAL DISCUSSION

In the first section of the general discussion, theoretical implications will 

be discussed by presenting ideas about possible mechanisms underlying the 

impact of prematurity on the development of the neural networks subserving 

visuomotor functioning with the focus on the dorsal visual stream, the 

cerebellum, and frontal regions. In the second section, the clinical implications 

of our findings will be discussed, and in the final section, suggestions for 

further research in light of the studies’ limitations will be presented.

Implications for development of neural networks

Our findings indicate that the neural networks subserving visuomotor 

functioning develops differently and is less optimal in preterm born children 

without Cerebral Palsy (CP) than in typically developing age mates. In this 

thesis, we limited the discussion of the neural network to the discussion of the 

dorsal visual stream, the cerebellum and frontal regions. Here I will argue that 

the preterm born neonate’s immaturity increases the risk for suboptimal 

structural development during a critical phase of dorsal visual stream 

development, and I will present ideas on how this may affect the development 

of an intersensory network for movement control. Furthermore, I will argue that 
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suboptimal functioning of the cerebellum, involved in movement control, is 

most likely secondary to dorsal visual stream impairment. Finally, I will argue 

that impaired dorsal visual stream functioning had at most a minimal impact on 

frontal functioning for planning movement adaptations and strategies.

Dorsal visual stream

Preterm birth and the early exposure to the extra-uterine environment 

increase the risk for perinatal brain injury (Volpe, 2001). Often these injuries 

involve the white matter around the ventricles (periventricular white matter 

injury, PWMI). The spectrum of PWMI ranges from severe damage, i.e. focal 

cystic necrotic lesion (periventricular leukomalacia, PVL), to minor damage, 

i.e. diffuse myelination disturbances (Back, 2006). The period of highest risk 

for PWMI is approximately between 23 and 32 weeks of gestational age. 

Since almost all children included in our preterm born group were less than 33 

weeks of gestational age and none of the children were diagnosed with PVL, it 

is most likely that a subgroup of our preterm born group sustained minor 

PWMI. Currently, it is thought that PWMI is initiated by perturbations in 

cerebral blood flow that reflect the anatomic and physiological immaturity of 

the vasculature in preterm born children, and/or maternal intra-uterine 

infection/inflammation (Volpe, 2003). PWMI appears to be related to both the 

time at which oligodendrocyte progenitors appear and their regional 

distribution around the ventricles (Back, 2006). Hence it is thought that 

irregularities of cerebral blood flow and/or infection disturb the development 

and expression of these progenitors (Volpe, 2003). Oligodendrocyte 

progenitors are precursors involved in the maturation of oligodendrocytes, 

which form myelin. Myelin is a key component for optimal signal transportation 

along white matter tracts. Given this, the following mechanism resulting in 

impaired dorsal visual stream development in preterm born children without 
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CP is proposed: the immature vasculature in preterm born children increases 

the risk for irregularities in blood flow, and maternal intra-uterine 

infection/inflammation increases the risk for necrosis during a critical period of 

oligendendrocyte development in areas through which the dorsal visual 

stream flows. These blood flow irregularities and intra-uterine infection affect 

oligendendrocyte development, which disturbs myelin formation leading to 

suboptimal structural development of the white matter tracts in the dorsal

visual stream. Moreover, it is suggested that blood flow irregularities and 

infection could potentiate each other (Volpe, 2003). Since a critical phase in 

the development of the areas involved in afferent and efferent information 

transport to and from the dorsal visual stream has been perturbed, i.e. myelin 

formation, it is not surprising that no full recovery of these areas occurred, 

indicating limitations in plasticity. Consequently, the impact of PWMI on dorsal 

stream development is likely to be large and pervasive, since dorsal stream 

functioning involves rapid, complex processing of afferent information, such as 

rapid transformation of visual information into motor coordinates and rapid 

comparison of visual feedback information with the movement program while 

the movement is being executed, which makes dorsal stream functioning 

vulnerable to any slowing of afferent information transport or loss of afferent 

information resulting from injuries to areas providing afferent information, such 

as PWMI. 

What imaging evidence is there for PWMI in preterm born children 

without PVL? Until recently, PWMI has been very difficult to image in this 

group of children. Stewart, Rifkin, Amess, Krikbride, Townsend, et al. (1999) 

found indications for PWMI, i.e. reduced white matter volume, using 

conventional Magnetic Resonance Imaging (MRI). Fortunately, a recent MRI-

technique, Diffusion Tensor Imaging (DTI), allows more detailed investigations 

of the microstructure of white matter. Using DTI, it has been found that, at 40 
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weeks gestational age, white matter fibers in areas involved in information 

transport to and from the dorsal stream are shorter, thinner, and less 

organized in preterm born infants without CP (H�ppi, Maier, Peled, Zientara, 

Barnes et al., 1998). DTI has shown reduced thickness, fewer axons, and/or 

poorer myelination of the white matter in these brain areas in 11-year-old 

(Nagy, Westerberg, Skare, Andersson, Lilja et al., 2003), and 12-year-old 

(Constable, Ment, Vohr, Kesler, Fulbright et al., 2008) preterm born children 

without CP. Impaired myelination of regions involved in information transport 

to and from the dorsal stream at school age is likely to affect the development 

of grey matter, information processing areas of the dorsal stream, since 

myelination in such areas of the parietal lobe persists throughout childhood 

and adolescence (Lenroot & Giedd, 2006). Since the preterm born groups 

studied by H�ppi et al., Nagy et al., and Constable et al. had no CP, as the 

children in our preterm born group, it could be that the preterm born group 

studied here sustained similar minor PWMI which impeded dorsal visual 

stream development. The finding of increased periventricular echogenicity 

(PVE) lasting longer than 1 week, as imaged by ultrasound, in 42% (n = 23) of 

our preterm born group could be an indication of PWMI. PVE is frequently 

found in preterm born children, and is associated with minor neurological 

abnormalities (Bos, Martijn, Okken, & Prechtl, 1998; Resch, Jammernegg, 

Perl, Riccabona, Maurer, et al., 2006), and delayed neurodevelopment (Chen, 

Huang, Chung, Huang, & Yang, 2004). 

In Chapter 3, we suggested that the development of elementary 

visuomotor processes, mediated by the dorsal visual stream, is different rather 

than delayed in preterm born children without CP. This suggestion is 

consistent with the proposition of an injury disturbing the development of basic 

components necessary for myelin formation, i.e. oligodendrocyte progenitors, 

in an area involved in afferent information transport to the dorsal visual 



Chapter 6

172

stream. Since a key component of the structural development, i.e. myelination, 

important for efficient information transport may well be disturbed in children 

sustaining PWMI, and since the structural development of processing areas is 

influenced by information input (Lenroot & Giedd, 2006), PWMI is likely to 

affect the structural development of areas, such as the dorsal visual stream, 

receiving afferent information provided by the periventricular white matter 

tracts pervasively, thus altering rather than delaying the functional 

development of the dorsal visual stream. Given this and the finding of less 

efficient elementary visuomotor processes until 11 years of age (Chapter 3), 

the question arises whether preterm born children develop an intersensory 

network for movement control as typically developing children in the years 

following 7 years of age. Analysis of the performance of individual children 

showed that some preterm born children did performed as well as control 

children on the pointing tasks. This may have reflected a broad spectrum of 

PWMI, ranging from no injury to minor injury, in the preterm born group 

studied here. One possibility then is that in the subgroup of preterm born 

children without PWMI an efficient intersensory network emerges around the 

age of 8 years, just as in typically developing children, while in the subgroup of 

preterm born children with minor PWMI, the extent to which the network 

develops may depend on the extent of the PWMI.  

Cerebellum

In Chapters 2 and 3, it has been argued that impaired cerebellar 

functioning most likely contributes to the visuomotor deficits found in preterm 

born children without CP. Volumetric MRI-analyses have shown that 

cerebellar growth is impeded both at birth (Limperopoulos, Soul, Gauvreau, 

H�ppi, Warfield, et al., 2005), and at 14 years of age in preterm born children 

without CP (Allin, Matsumoto, Santhouse, Nosarti, Al Asady, et al., 2001). 
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Literature proposes that impaired cerebellar development is not the 

consequence of primary organic damage, but rather secondary to cerebral 

white matter injury (Limperopoulos et al., 2005; Shah, Anderson, Carlin, 

Pavlovic, Howard, et al., 2006). Since cerebellar atrophia has been found in 

preterm born children with PWMI (Argyropoulou, Xydis, Drougia, 

Argyropoulou, Tzoufi, et al., 2003; Shah et al., 2006), Limperopoulos et al. 

(2005) suggest that impaired cerebellar development in preterm born children 

is related to a disruption of the excitatory input from the frontoparietal cortex 

through corticopontocerebellar and cerebello-rubrothalamic tracts. Given the 

important role of afferent information in the development of brain structures, 

disturbances of early input to the cerebellum is very likely to affect cerebellar 

development. Given the increased risk in preterm born children for diffuse 

PWMI, which occurs in an area involved in the exchange of afferent and 

efferent information from the parietal and frontal cortices, it is plausible that 

cerebellar development in our preterm born group was affected as a result of 

impaired frontoparietal input. The impact of impaired input on cerebellar 

development may be large, since the cerebellum is still going through critical 

developmental phases after birth. In Figure 6.1, a schematic overview of such 

phases over time is presented. For instance, the external germinal layer of the 

cerebellum persists until one to two years after birth in typically developing 

children (Ten Donkelaar, Lammens, Wesseling, Thijssen, Renier, 2003). The 

cells in the external germinal layer form granule cells, and granule cells form 

axons. The bulk of these granule cells migrate to a deeper, definite site, i.e. 

the internal granular layer, at 25 to 30 weeks of gestational age, and migration 

continues until the external germinal layer disappears (Ten Donkelaar et al., 

2003). After 40 weeks of gestational age, these granule cells in the internal 

granular layer receive excitatory input from the pontine nuclei, and send 

excitatory input to the Purkinje cells in the molecular layer of the cerebellum 
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(Ten Donkelaar et al., 2003). Impaired excitatory input from the frontoparietal 

cortex through corticopontocerebellar tracts to the internal granular layer of the 

cerebellum in preterm born children with PWMI may induce necrosis of 

granular cells, since these cells receive no or insufficient excitatory input. 

Consequently, the excitatory input to the Purkinje cells is disrupted resulting in 

underdevelopment of Purkinje cells throughout the molecular layer. Since 

Purkinje cells send inhibitory projections to the deep cerebellar nuclei, which 

are involved in movement control, Purkinje cells are key components for 

movement control in the cerebellar cortex (Callens, 1989). Impaired Purkinje 

cell development in preterm born children with minor PWMI most likely 

contributes to movement control deficits in this group of children.

Fig. 6.1

Overview of the histogenesis of 
the cerebellum. The formation 
of several layers of the 
cerebellum is shown in four 
periods from 9 weeks 
gestational age to 7 weeks 
postnatally in typically 
developing infants.
Abbreviations: de, dentate 

nucleus; EGL, external 
germinal layer; ep, ependyma; 
GPC, granule precursor cells; 
IGL, internal granule layer; IZ, 
intermediate zone; ML, 
molecular layer; P-cell, 
Purkinje-cell; VZ, ventricular 
zone; WM, white matter (after 
Ten Donkelaar et al., 2003). 
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Frontal regions involved in complex movements 

The frontal lobe and the dorsal visual stream are involved in the 

selection and construction of an appropriate movement plan (Glover, 2004). 

While the planning of simple reaching and grasping movements tends to rely 

more heavily on the dorsal stream, the planning of complex movements, e.g. 

movement sequences and movement strategies, relies more heavily on frontal 

lobe regions (Glover, 2004), such as the premotor cortex. The investigation of 

on-line movement adaptations in the preterm born group studied here 

(Chapter 5) provides insight into the impact of dorsal visual stream impairment 

on the development of frontal regions involved in complex movements. We 

found that the majority of both 7- to 10-year-old control and preterm born 

children were able to plan on-line movement adaptations well adapted to the 

task requirements, i.e. fast and accurate, and task restraints, i.e. long periods 

of target location uncertainty (Single Touch group). They further indicate that 

such adaptations were the result of a strategy in which a specific component 

of movement execution, i.e. the deceleration phase, was slowed on all trials in 

both control and preterm born groups. Remarkably, a minority of both 7- to 10-

year-old control and preterm born children consistently used less well adapted 

responses (Double Touch group), although they were aware that their 

responses were inappropriate since their responses were not followed by an 

auditory tone. Although we did not manipulate movement strategy in our study 

and hence implications for the functioning of frontal regions should be 

interpreted with caution, these findings suggest that in a majority of children 

the frontal regions were developed to a level of efficiency sufficient to plan a 

well adapted response, while in a minority, these regions were less developed 

and consequently less efficient. Since there was no difference in the number 

of children who used a well adapted (Single Touch group) and a less well 

adapted strategy (Double Touch group) between the control and the preterm 
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born groups investigated here, dorsal stream impairment in the preterm born 

group had at most a minimal impact on the development of frontal regions 

involved in planning movement strategies. This contrasts with findings of 

deficits of higher functions mediated by the prefrontal and orbitofrontal 

cortices, i.e. attention and executive functioniong, in very preterm born 

children without CP (Atkinson & Braddick, 2007). Then, it may be that frontal 

regions involved in movement planning, such as premotor cortex, are less 

sensitive to the impact of prematurity than frontal regions involved in attention 

and executive functioning. 

Clinical implications

Preliminary analyses designed to investigate the clinical implications of 

our findings for the frequently reported deficits in higher-level, more complex 

visuomotor functioning in preterm born children without CP (see Chapter 1) 

will be presented first. Next, the implication of equal efficient pointing 

movements in some preterm born children compared to control age mates for 

clinical interpretations of a single case will be addressed.

Since the Movement-ABC (Smits-Engelsman, 1998; M-ABC) is used 

as a clinical tool for assessing motor disorders, e.g. most commonly used for 

the diagnosis of Developmental Coordination Disorder (Geuze, Jongmans, 

Schoenmaker, & Smits-Engelsman, 2001), an association between the 

performance on the M-ABC and the pointing tasks would provide a basis for 

suggestions about the clinical implications of our findings for higher-level 

visuomotor functioning. However, we found no association between the M-

ABC and the pointing tasks. The correlations between mean movement time 

on the simple pointing task, the parameter that showed the largest difference 

between the preterm and control groups, and Total M-ABC percentile (r = .07), 

and the raw score of the Fine Motor subscale of the M-ABC (r = -.01) were 
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small in the preterm born group. We used the children’s performance on the 

Fine Motor subscale, since the tasks in this scale test speed and/or accuracy 

of visuomanual coordination, a skill, which is also measured in the pointing 

tasks. We also used Total M-ABC score since this parameter has the highest 

reliability of all M-ABC scores (Smits-Engelsman, 1998). In Chapter 5, we 

reported that a minority in the preterm born group used a less well adapted 

strategy of touching the screen twice without touching the target, i.e. Double 

Touch group (DT-group), while the majority used a well adapted strategy, i.e. 

Single Touch group (ST-group). Consequently, the modified double-step 

pointing task could be a marker for deficits in adaptability of movements. To 

investigate this, we calculated the proportion of DT-, and ST-children who fell

in the clinical (percentile ≤ 5) and non-clinical (percentile > 5) range on the 

Fine Motor subscale of the M-ABC. We found no difference in the proportion 

of children in the DT- and ST-groups with a clinical or non-clinical performance 

on the Fine Motor subscale, χ2(1) = 1.67, p = .20. We were unable to perform 

such test using the Total M-ABC score instead of the Fine Motor score, since 

too few preterm born children (n = 7 out of 42) performed in the clinical range 

on the Total M-ABC. The finding of no association between the M-ABC and 

the pointing tasks could be related to the involvement of multiple skills in the 

M-ABC, while the pointing tasks tap into elementary processes, which play 

only a small role in the information processing required for the M-ABC. 

Another indication of the poor association of the pointing tasks with clinical 

visuomotor tests is the better performance of 8-year-old than 7-year-old 

typically developing children on clinical visuomotor tests, while less efficient 

pointing movements have consistently been found in 8-year-olds than in 7-

year-olds (see Introduction, and Chapters 2 and 3). Examples of such clinical 

tests are the Movement-ABC, and the Visuomotor Integration test (Beery, 

1997), in which children are instructed to copy geometric figures. However, the 
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finding of a poorer performance of typically developing 9-year-old children 

than younger and older children on the Purdue Pegboard test (Gardner & 

Broman, 1979), in which pegs have to be picked up and inserted into small 

holes as quickly as possible, may suggest that the regression in visuomotor 

functioning can be seen at different ages depending on the task. Although 

further investigation into the association between performance on pointing 

tasks and performance on clinical visuomotor tests is required, we conclude 

on the basis of current preliminary investigation that the preterm born group’s 

impairment of the elementary visuomotor processes studied here is too subtle 

to explain the higher-level visuomotor deficits frequently reported in preterm 

born children without CP (see Introduction). We further conclude that, at 

present, it remains unclear what the relationship is between dorsal visual 

stream functioning and visuomotor functioning in daily life. However, the 

results of current preliminary investigation suggests that this relationship may 

be quite complex.

From a clinical point of view, any interpretation of our findings for single 

cases should be done with caution. As reported in Chapters 3, the 8-year-old 

preterm born group was as efficient on the simple pointing task as their age 

mates in the control group in the first round and in the second round one year 

later. Interestingly, this group of preterm born children was also as efficient as 

their control age mates in the double-step pointing task (Chapter 5). Moreover, 

individual analyses showed that some preterm born children performed more 

efficiently on the simple pointing task than some control age mates. This 

indicates that, although movement control was less efficient in many children 

of the preterm born group studied here, this apparently does not hold for all 

preterm born children without CP.
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Limitations and suggestions for further research

In this final paragraph, limitations of current investigation and 

suggestions to tackle these limitations are discussed.

Currently, we interpreted the preterm born group’s impaired elementary 

visuomotor processes as dorsal visual stream impairment and possible 

cerebellar impairment as a consequence of periventricular white matter injury 

(PWMI). To investigate the interpretation of dorsal stream impairment 

underlying poorer pointing movements more rigorously, I propose comparing 

white and grey matter volumes in the posterior parietal cortex with movement 

efficiency on the simple pointing task in the preterm born group. Next, to 

investigate the proposition that dorsal stream impairment is related to PWMI, I 

propose correlating fractional anisotropy (FA) values from Diffusion Tensor 

Imaging (DTI) of the periventricular white matter with white and grey matter 

volumes of the posterior parietal cortex in the preterm born group. FA-values 

are output values of DTI, and provide information on the microstructural 

integrity of the white matter, i.e. number, size, arrangement, and density of 

axons, and the extent of myelination (Nagy et al., 2003). FA-values range from 

0 to 1, the higher the FA-value, the higher the integrity of the white matter. 

Then, to investigate the interpretation of cerebellar impairment underlying 

poorer pointing movements, I propose comparing cerebellar white and grey 

matter volumes with movement efficiency on the simple pointing task. Finally, 

to investigate the proposition that cerebellar impairment is secondary to 

PWMI, I propose correlating cerebellar white and grey matter volumes with 

FA-values of the periventricular white matter. The hypotheses are the higher 

the FA-value of the periventricular white matter, the larger the white and grey 

matter volumes of the posterior parietal cortex and cerebellum, and the larger 
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white and grey matter volumes of posterior parietal cortex and cerebellum, the 

higher the movement efficiency.

In the discussion of the frontal regions involved in movement planning, 

we proposed that these frontal regions may be less developed in the Double 

Touch group than in the Single Touch group. To investigate this more 

rigorously, I propose comparing white and grey matter volumes between the 

Single and the Double Touch groups in both control and preterm groups. The 

hypothesis is higher FA-values in the Single Touch group than in the Double 

Touch group, since the former performed the modified double-step pointing 

task more optimally than the latter.

Since we did not discuss the ventral visual stream, current study does 

not allow us to draw conclusions on a double dissociation of impaired dorsal 

stream functioning and intact ventral stream functioning in preterm born 

children without CP. Although literature suggests that ventral stream 

functioning is intact in this group of children (Luoma, Herrg�rd, & Martikainen, 

1998; Foreman, Fielder, Minshell, Hurrion, & Sergienko, 1997; Goyen, Lui, 

Woods, 1998), analysis of both control and preterm born groups’ performance 

on the subtest Picture Completion of the RAKIT (Bleichrodt, Drenth, Zaal, & 

Resing, 1987), which was executed shortly after the pointing tasks, would 

allow more rigorous conclusions on such double dissociation, since this 

subtest most likely relies more heavily on the ventral stream than on the dorsal 

stream (Stiers & Vandenbussche, 2004). 

Previously, we argued that further investigation into elementary 

processes involved in visuomotor functioning is required to investigate the 

proposal that impairment of other elementary processes than studied here is 

involved in higher-level visuomotor deficits. As presented in the Introduction, 

other processes mediating visuomotor functioning have been investigated in 

the preterm born group studied here. Two such processes are attention 
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control during reaching, and target orientation processing during reaching and 

grasping. We investigated the first by presenting a pointing task in which a 

rival, distractor stimulus was presented during target presentation. This task 

simulates reaching towards a target, e.g. pen, in a cluttered environment of 

possible target and therefore distracting objects, e.g. papers, pencils, thus 

requiring attention control to prevent reaching towards a non-target (Tipper, 

1997). We investigated the second by presenting a reaching-grasping task in 

which the orientation of a target block was manipulated. Results of these 

studies await further analysis.

3. GENERAL CONCLUSION

Responding to the main research questions phrased in paragraph 6 of 

the Introduction, we conclude that elementary visuomotor processes in 

children who survived preterm birth without serious medical complications are 

impaired and that dorsal visual stream impairment is most likely involved, 

although cerebellar impairment cannot be excluded. We further conclude that 

the development of these processes is different rather than delayed in this 

group of children. Next, we conclude that the impaired elementary visuomotor 

processes affect the execution rather than the planning of on-line movement 

adaptations in this group of children. Finally, we conclude that the preterm 

born group’s impairment of the elementary visuomotor processes studied here 

is too subtle to explain the higher-level visuomotor deficits frequently reported 

in preterm born children without CP. 
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