
Vision and brain in adolescents 
with low birth weight

Thesis for the degree of Philosophiae Doctor

Trondheim, October 2009

Norwegian University of Science and Technology
Faculty of Medicine
Department of Laboratory Medicine, Children's
and Women's Health

Susanne Lindqvist  



NTNU
Norwegian University of Science and Technology

Thesis for the degree of Philosophiae Doctor

Faculty of Medicine
Department of Laboratory Medicine, Children's and Women's Health

© Susanne Lindqvist

ISBN 978-82-471-1795-8 (printed ver.)
ISBN 978-82-471-1796-5 (electronic ver.)
ISSN 1503-8181 

Doctoral theses at NTNU, 2009:198

Printed by NTNU-trykk



Syn og hjerne hos ungdommer med lav 
fødselsvekt.

Forhold i svangerskapet og rundt fødselen har betydning for hvor godt vi fungerer på en 
rekke områder senere i livet. Dette gjelder ikke minst synet. For å kartlegge hvordan det går 
med synet til barn som fødes meget for tidlig (de som veier under 1500 g ved fødsel) og barn 
som fødes til termin med lavere fødselsvekt enn det forventede på grunn av dårlig ernæring i 
svangerskapet, har vi undersøkt synet til 14-åringer i disse to gruppene. Ungdommer i sam-
me alder født til termin med normal fødselsvekt utgjorde kontrollgruppe.  

Deltagerne i studien ble undersøkt av øyelege og  fysioterapeut, og hjernens anatomi ble 
undersøkt med MR. 

Studien viser at det synsmessig kan gjøre stor forskjell mellom å veie mindre enn 1500 g 
ved fødselen og å være født til termin med normal fødselsvekt. I gruppen med for tidlig fødte 
ungdommer hadde nesten hver tredje dårligere syn enn det normale for alderen sammenlig-
net med bare 4 % i kontrollgruppen. Blant de premature var det flere som hadde nedsatt 
evne til å skjelne små forskjeller i kontrast, og det var også vanligere med skjeling og dårlig 
samsyn.

Det var ikke større forekomst av nærsynthet eller langsynthet blant de premature. Der-
imot var det noe vanligere å trenge nye briller i prematurgruppen (53 %) enn i kontrollgrup-
pen (34 %). 

Et oppløftende funn var at ingen av ungdommene var blind eller synshemmet etter Ver-
dens Helseorganisasjons kriterier.  

Tenåringer i gruppen født til termin med lavere fødselsvekt enn det normale hadde ikke  
øket risiko for synsproblemer. 

Både de premature og ungdommene født til termin med lav fødselsvekt hadde økt fore-
komst av motoriske vansker.  Da vi sammenlignet syn og motoriske evner, fant vi en sam-
menheng i prematurgruppen, men ikke i gruppen født til termin med lav fødselsvekt. 

Mange av disse problemene med syn og motorikk kan bero på skader i hjernen på grunn 
av den for tidlige fødselen. Vi sammenlignet hjernens anatomi med synsdata og fant at det i 
prematurgruppen var en sammenheng mellom syn og anatomisk struktur av den midtre 
hjernebjelken (”corpus callosum”) som knyter sammen de to hjernehalvdelene. Hjernebjel-
ken er et område som er spesielt utsatt for skade hos premature, men det har tidligere ikke 
vært vist så tydelig at skade i dette området har betydning for synet. Dessuten fant vi en 
sammenheng mellom skade på andre deler av hjernens synsbaner og syn i prematurgruppen.  
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Summary 

Premature birth and pregnancy to term, but with intrauterine growth restric-
tion (often manifesting as birth small for gestational age, SGA, at term), both 
represent suboptimal environments for the developing infant brain and eyes. 
Very low birth weight (VLBW, <1500g) increases the risk for impaired visual 
ability, but there are few studies on the effects in an adolescent population. 
There is need for broad interdisciplinary investigation of these children. Also, 
by using advanced magnetic resonance imaging (MRI) technology, relation-
ships between visual dysfunctions and cerebral microstructure might be re-
vealed. Finally, there are very few reports on the  visual consequences of birth 
at term small for gestational age. 

The aims of this study, which is part of large interdisciplinary follow up 
study also including cognitive, psychiatric, paediatric and motor evaluation, 
as well as cerebral MRI, was threefold:  

to examine differences in visual functions between adolescents with 
VLBW, or SGA at term, compared to an age matched control group 

to explore how detected impairments affect other functions (e.g. motor 
ability)

to search for a cerebral correlate to the impaired visual functions, by using 
magnetic resonance diffusion tensor imaging (DTI). 
The study shows that the VLBW group was more likely to have poor visual 
acuity, reduced contrast sensitivity, poor convergence, strabismus, nystag-
mus, anisometropia, a need for new glasses and to have started with glasses 
earlier than the control group. The SGA group had a slight increase in hy-
permetropia, but did otherwise not differ from the control group. However, 
none of the participants were blind or had visual acuity<0.3 in the best eye, 
and no sequelae of severe retinopathy of prematurity were seen. In the ab-
sence of obvious ocular pathology, it is likely that many of these problems 
were of cerebral origin. 
Both the SGA and the VLBW group had increased risk for motor problems, 
but these were affected by visual ability only in the VLBW group. Risk for mo-
tor problems were reduced by 25 % by controlling for poor visual acuity, but 
group still remained a significant factor. Visual impairments may cause mo-
tor problems, but it is also possible that cerebral damage may be the cause of 
simultaneous visual and motor problems. 
Finally, using DTI, a positive correlation between visual acuity and the micro-
structure of white matter (reflecting axonal “healthiness”) was demonstrated 
in the splenium part of the corpus callosum. This part of the brain is respon-
sible for the transhemispherical relay of visual data, and is particularly prone 
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to injury in prematurity. However, it has not been regarded as an important 
factor for visual acuity in prematurity before.
Premature infants are greatly at risk for perinatal cerebral injury, due to an 
extreme vulnerability of several cerebral systems at a crucial time, when de-
velopment is particularly fast and comprehensive. This is combined with very 
poor ability to maintain homeostasis, causing them to suffer infections, hy-
poxia, unstable blood pressure, undernourishment, among others, all patho-
logical conditions which affect the developing brain negatively.
This study confirms that adolescents with VLBW have an increased risk of 
visual problems. Cerebral injury probably plays a major part in causing them.
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Chapter 1. Introduction 

Background for study 

Foetal development is a highly organised, complex process. Interference at 
any time either at the maternal, foetal or placental level can lead to defects 
and later impairment of function. Although birth dramatically changes the 
environment of the foetus, it does not change the essential order and nature 
of the processes involved in growth of the organism.

Preterm birth means that these processes must happen in an environment 
the infant is less well adapted to than the intrauterine (Kostovic and Jovanov-
Milosevic, 2006,Krägeloh-Mann, 2004). In addition, preterm birth is often 
preceded by processes which have produced an unfavourable intrauterine 
environment even before birth (McElrath et al., 2008). 

Intrauterine growth restriction is a condition in which the foetus fails to 
achieve its inherent growth potential, often due an adverse intrauterine envi-
ronment

Thus the two conditions focused upon in this thesis, preterm birth and in-
trauterine growth restriction (with birth at term), both represent suboptimal 
environments for the developing infant’s brain and visual system. This is re-
flected in an increased visual morbidity in both condi-tions, which has been 
particularly well documented in prematurity. Among visually impaired and 
blind children born 1972 -89 in Finland, 23 % were born preterm. In about 
half (46 %) of these, impairment was caused by ROP; optic atrophy and cere-
bral amblyopia (Saunders et al., 2002) made up the rest (40 %). Premature 
children are more likely than full term children to experience reduced visual 
acuity(Fledelius, 1981, Larsson et al., 2005, O'Connor et al., 2002a, Hellgren 
et al., 2007), a range of visual perceptive deficits (Isaacs et al., 2003, Jacob-
son et al., 1998a, O'Connor et al., 2004), nystagmus, impaired smooth pur-
suit, poor saccades, strabismus, reduced contrast sensitivity (O'Connor et al., 
2002b, Powls et al., 1997, Jacobson et al., 1998b), visual field defects (Lars-
son et al., 2004, Hellgren et al., 2008) errors of refraction: mainly myopia 
(Darlow et al., 1997,Larsson et al., 2003, McGinnity and Bryars, 1992, Ricci, 
1999, Saunders et al., 2002), but also hypermetropia,  astigmatism and ani-
sometropia (Jacobson et al., 1998b, Larsson et al., 2003, Saunders et al., 
2002). The more premature the child is, the higher the risk (Holmström et 
al., 1999). Among children born at the current threshold of viability, with 
GA<25 weeks, severe ROP and cerebral lesions are very common, causing 
visual impairment or blindness (visual acuity, VA <0.3) in 33 % of the boys 
and 9 % of the girls (Jacobson et al., 2009). 
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The ophthalmological consequences of being born at term with intrauter-
ine growth restriction have been less studied, and most studies also include 
preterm SGAs in the study group. Intrauterine growth restriction (IUGR), a 
common cause of SGA, has been shown to impair brain growth (Toft et al., 
1995) and affect visual evoked potentials in infancy (Thordstein et al., 2004). 
Subtle visual field defects, reduced number of retinal vascular branching 
points and reduced axonal area in the optic nerve in adults born small for 
gestational age (SGA) have also been reported (Martin et al., 2004,Hellström, 
2004,Ley et al., 2004). Chronic placental insufficiency with foetal growth re-
striction in sheep has been reported to cause long lasting effects on retinal 
thickness, photoreceptor outer segments and the dopaminergic amacrine 
cells in the retina (Loeliger et al., 2005). In a survey of all Swedish children 
with visual impairment born at term, Tornqvist and Källén (Tornqvist and 
Källén, 2004) found that being born small for gestational age was a risk fac-
tor for visual impairment.

In 1986-88 a prospective Norwegian-Swedish multicenter study on the 
causes and consequences of being born small for gestational age, was initi-
ated in Trondheim, Bergen and Uppsala (Bakketeig et al., 1993). At the same 
time, in 1988, a prospective study on very low birth weight children was 
started (Skranes et al., 1992) in Trondheim. This study was later extended to 
include children born with VLBW in 1986 and 1987. The Trondheim SGA 
population and the VLBW population have been included in several follow 
up-studies, and the material for the present thesis was collected during the 
follow-up at age 14 of both the SGA and the VLBW subjects. Subjects in the 
study at age 14 were examined by paediatrician, child psychiatrist, psycholo-
gist, physiotherapist, MRI (including diffusion tensor) and ophthalmologist.  

In addition to being one more piece in the puzzle contributing to our un-
derstanding of visual development in adolescents with very low birth weight,  
the ophthalmological part of this study has the potential to generate new 
knowledge in at least three areas: It is the first study to examine a wide array 
of visual functions in a population born SGA at term. Regarding the VLBW 
population, the comprehensive design enables us to study the interrelation-
ship between visual function and psychiatric, cognitive, motor and general 
development, in addition to MRI and diffusion tensor findings. Furthermore, 
no study has previously presented data correlating visual acuity and diffusion 
tensor data in either a control or VLBW population.
 This thesis consists of four separate papers. To fulfil the requirements for a 
thesis, a text which ”summarizes the work and puts it into an overall perspec-
tive”, showing that the “separate papers form a totality”, is required (Kunn-
skapsdepartementet, 2005). The following text is an attempt to fulfil this 
requirement. Regarding overall perspective, birth weight (particularly low 
and very low) as a medical concept will be presented, as well as the theoreti-
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cal background for why it is reasonable to study visual functions in relation to 
subnormal birth weight, and a short overview on the global situation regard-
ing visual impairment and blindness in children to give a perspective on the 
role of birth weight related visual dysfunction. Regarding summarizing and 
connecting the separate papers the aims and content of the papers will be 
summarised, and the connection between them described. The validity of the 
study will be discussed, as this provides the foundation for the reliability of 
the thesis. The results of all the papers will be briefly discussed. Finally, some 
thoughts on future research will end this part of the thesis.  

Topics that have been presented in some depth in the separate papers will 
only be briefly summarized in this synthesis. 

Figure 1. Rock carving portraying a pregnant woman.

Made some time between 3300-1800 B.C. From the rock carving field of Hjemme-
luft, Alta, Norway. Source: Verdensarvsenter for bergkunst (The world heritage 
centre for rock art), Alta Museum. Photographer: Kari Tansem. The picture is 
printed with admission from the museum.
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Chapter 2. Birth weight  

This chapter describes the emergence of the term “low birth weight” as a tool 
in public health, how the term is used today, the birth weight limits that are 
used in the current thesis, and provides data from the Medical Birth Registry 
of Norway on proportion and number of live births with birth weight < 1500 
g, as well as perinatal mortality in this group.

Historical background for birth weight as predictor of health  

The wish to predict good health and a safe future for a newborn baby is 
probably as old as humanity, and size is one of the few facts known about the 
baby at birth. So, perhaps, the size of the baby has been noticed and dis-
cussed as a predictor of its ability to survive and thrive since prehistoric 
times. We can not know our prehistoric ancestors’ views on birth weight, but 
at least in Shakespeare’s time (admittedly a bit of a leap in time) a connection 
between preterm birth and later morbidity was made: in Shakespeare’s play 
with the same name, Richard III refers to the negative consequences of his 
own preterm birth: 

“I, that am curtail'd of this faire proportion, 
Cheated of feature by dissembling Nature, 
Deform'd, un-finish'd, sent before my time 
Into this breathing world, scarce half made up, 
And that so lamely and unfashionable, 
That dogs bark at me, as I halt by them.” 

Thus, to say that weighing infants at birth was a routine developed in the ma-
ternal hospitals emerging in Europe in the 19th century is not quite accurate, 
but it is at least where some of the earliest, systematically kept records of 
birth weight can be found (Steckel, 1996). Possibly as a consequence of the 
existence of such records, low birth weight was identified as a public health 
problem in the 1920s, and in the 1940s 2500 g was adopted as the “distin-
guishing limit between prematures and full-term infants” (Ylppö, 1948). A 
birth weight of < 2500 g remained the WHO definition of prematurity until 
1961 (World Health Organization, 2005). 
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Birth weight as a public health tool today 

Although no longer an official synonym for prematurity, low birth weight (i.e. 
<2500 g) is still widely used as a predictor of newborn health and chances of 
survival. Particularly in developing economies, where it may be the only 
available statistic regarding birth and pregnancy, the low birth weight rate is 
also used as an indicator of the level of maternal malnutrition, ill health and 
poor health care (World Health Organization, 2009).

However, low birth weight has disadvantages as a tool in public health 
(Godfrey, 2001, Baumgartner, 1962). Low birth weight in itself is probably 
not harmful, at least not at a population level (Wilcox, 2001), whereas what 
causes it often is, e.g. prematurity or intrauterine growth restriction. A focus 
on low birth weight per se may obscure the real problems. WHO is currently 
introducing a shift in emphasis from low birth weight to preterm birth and 
intrauterine growth restriction (WHO Technical consultation towards the 
development of a strategy for promoting optimal fetal development, 2003). 

Considering that the foetus normally gains approximately 500 - 700 g be-
tween gestational age (GA) week 37 and 42, there is an obvious need to re-
gard birth weight in relation to GA when identifying possibly growth 
restricted infants. In an American population a 2500 g limit would include 
the lightest 10% of the children born at GA week 37, however only 1% at week 
39. At week 42 a birth weight of 2500 g would be 250 g below even the 1st

percentile (Peleg et al., 1998). Thus birth weight alone is not a good indicator 
of whether a baby is small for gestational age.

Neither is 2500 g a very good limit to separate preterm from term born 
children. An upper weight limit of 2500 g includes approximately 3% of all 
term born children (most of these born at GA week 37 and 38), while it ex-
cludes the heaviest 10% of all children born week 32 and as many as 50% of 
those born at week 35.

Birth weight limits used in the current thesis 

Very low birth weight, VLBW 
WHO divides low birth weight, below 2500 g, into very low birth weight 
(VLBW), below 1500 g, and extremely low birth weight (ELBW), below 1000 
g (World Health Organization, 2009). If “low birth weight” is not a very use-
ful criteria to identify preterm children, as discussed above, how about the 
term used in this thesis, “very low birth weight”? In our study, this limit se-
cured inclusion of only preterm children (see Figure 2). Birth weight is a 
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more accurate criterion than gestational age. Also, the 1500 g limit has been 
used in many studies, which facilitates comparisons.

Figure 2. Distribution of gestational ages in the VLBW group in our study 

Distribution of GA in VLBW group

0
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24 25 26 27 28 29 30 31 32 33 34 35
GA

By using birth weight <1500 g (very low birth weight) as a single inclusion 
criteria, among the heaviest children in the group there will necessarily be 
many with relatively high gestational age, who are small for gestational age. 
This bias may have consequences in any analysis of correlations between 
birth weight or gestational age, and outcomes in the group. If an outcome is 
very heavily influenced by IUGR, but not so much by low gestational age, an 
analysis might (misleadingly) show a positive correlation between higher 
birth weight and the outcome. Another aspect of the 1500 g limit is that a 
large part of the preterm population will not be included. This may be an ad-
vantage, e.g. if we particularly want to study the smallest preterms, where 
(presumably) there is more pathology to be found, and we may be able to find 
statistically significant group effects with smaller samples. Since the 1500 g 
and 1000 g limits are so commonly used in research, we may however focus 
less than we should on the risks of being born “late preterm”, between GA 34-
37 (Engle et al., 2007) although these represent over 70 % of all preterm 
births (Davidoff et al., 2006). The risk of adverse outcomes decreases con-
tinuously towards GA 40 weeks (Moster et al., 2008,Engle et al., 2007) 
(Moster 586; Engle ref 585), with no sharp demarcation at one particular age. 
Children weighing 1500-2500 g at birth represent approximately 5 -7 % of 
the neonatal population, but account for 18-37 % of all children with cerebral 
palsy, and 7-12 % of children with mental retardation (Amiel-Tison et al., 
2002).
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Small for gestational age (SGA) and intrauterine growth restric-
tion (IUGR) 
In the current thesis I have used the term IUGR to denominate the pathologi-
cal situation where a restriction of growth has occurred and the child is 
smaller than its potential, a practice advocated by others (Mandruzzato et al., 
2008). Unfortunately, foetuses do not come with information of what their 
exact potential for growth is, so the true extent of growth restriction is always 
uncertain. SGA is therefore often used as a proxy for IUGR. In this study we 
included children with birth weight below the 10th percentile for gestational 
age, a commonly used definition (Mandruzzato et al., 2008, Brodsky and 
Christou, 2004).  

Very low birth weight – demographics Norway 

The proportion of children in Norway live born with VLBW has been rising 
from 0,65 % of all live births in 1967 to 0,85 % in 2006, as seen in Figure 3.  

Figure 3. Live births with BW <1500g and GA> 22 weeks as a proportion of all live 
births in Norway.  
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Neonatal mortality among preterm children has declined in this period, as 
shown in Figure 4. Thus, the total numbers of children surviving 28 days with 
BW <1500 g is increasing (Figure 5), from 136 surviving infants in 1967 to 
430 in 2006 (source: Medical Birth Registry of Norway).  
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There is an increase in the proportion born with VLBW starting around 1984, 
which is the year the first in vitro fertilized baby was born in Norway (see 
Figure 3). Twin pregnancies have an increased risk of preterm birth, and 
their rate have doubled in Norway since 1988. Pregnancies after in vitro fer-
tilization are responsible for many of the twin and triplet pregnancies since 
1988, but there has also been a 50 % increase in non-in vitro fertilized twin 
gestations.

Figure 4. Neonatal mortality for live born infants with BW <1500g and GA>22 
weeks in Norway 1967-2006. 
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Figure 5. Numbers of live born infants born in Norway 1967-2006 with BW <1500g 
and GA >22 weeks.
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This increase has probably been caused by the rise in age and weight of preg-
nant women in this period (Tandberg, 2008). 
There is currently a preference for single embryo transfer at in vitro fertiliza-
tion, and twin rates after in vitro fertilization have fallen from 23 % in 1994 to 
5 % in 2006 (Tanbo, 2008). This may be part of the reason why the rise in 
rate of VLBW births seems to stop and even decline in 2001-2006 (Figure 3).  
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Chapter 3. Visual impairment and 
blindness in children – a global perspective 

Depending on the level of visual acuity, WHO has categorised visual impair-
ment and blindness into blindness (visual acuity <0.05 in Snellen decimals), 
severe impairment (visual acuity 0.1-0.05) and visual impairment (visual 
acuity <0.3 and >0.1)

(A note on terminology: In this thesis I use the WHO definition of blind-
ness and severe visual impairment. However, in some contexts there is need 
for a term generally indicating a reduction of a visual function. I have there-
fore also used the term “ a visual impairment” in a wider sense than the WHO 
definition. This practice seems quite uncontroversial, e.g. the term “cerebral 
visual impairment” does not imply a particular level of visual acuity (Eken et 
al., 1995). 

Using WHO’s definition, there were 1.4 million blind children worldwide 
in 2000 (World Health Organization and the International agency for the 
prevention of blindness., 2008) with an estimate of up to 500,000 new cases 
each year. Many of these children die shortly after becoming blind. More than 
90 % live in middle-income and low-income countries. The most important 
treatable causes of childhood blindness in a global perspective are cataracts, 
responsible for 5-20 % of cases of childhood blindness, and corneal scarring 
due to vitamin A deficiency and/or measles (see Figure 7). In middle income 
countries, however, retinopathy of prematurity is an increasing cause of 
blindness and severe visual impairment, in some countries responsible for up 
to 60 %. In low and middle income regions ROP is currently seen in infants 
with higher birth weights than in high income countries (Gilbert et al., 2005, 
Gilbert and Muhit, 2008). 

However, in high income economies, improved treatment has reduced the 
impact of ROP, and cerebral visual impairment (CVI) is now the dominating 
cause of blindness in childhood (Durnian et al., 2009, Gilbert and Foster, 
2001a). In Ireland in 2004, 26 % of blindness among children under 16 had a 
perinatal (including both term and preterm) cause, with CVI at 17 % being 
the largest contributor(see Figure 6) (Khan et al., 2007). 

As can be seen in Figure 8, perinatal and intrauterine (including prematur-
ity related) causes of blindness contribute to a substantial part of childhood 
blindness in high income countries but not in low income countries (Gilbert 
and Foster, 2001b). Neonatal intensive care units are not available to the ma-
jority in low income countries. Most children born very preterm in a low in-
come country do not survive the perinatal period. 
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The prevalence of functional low vision (best corrected visual acuity<0.3) 
among children world wide is believed to be 3 million, approximately twice as 
many as the number of blind children (Gilbert and Muhit, 2008). 

Figure 6. Causes (based on time of injury) of blindness in Ireland in children under 
16.

Source: Khan et al 2004.
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Figure 7. Anatomical localisations to causes of severe childhood visual impairment 
and blindness. High income countries to the left, middle income countries in the 
middle and low income countries to the right.
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Figure 8. Causes of severe childhood visual impairment and blindness based on 
when they occur. High income countries to the left, middle income countries in the 
middle and low income countries to the right. 
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Chapter 4. Etiology 

This chapter deals with etiology on several levels: both what causes ( or at 
least some known riskfactors for) VLBW and SGA, as well as data on the eti-
ology of perinatal morbidity especially in the VLBW group. Finally the differ-
ent pathological pathways in these conditions that may potentially lead to 
visual problems, with special emphasis on cerebral injury, will be presented. 

Risk factors for VLBW and SGA at term 

VLBW. Few definitive causes of preterm birth have been determined, but 
several risk factors are known. These include infection, inflammation, ab-
normal implantation and placentation, and gene–environment interactions. 
In addition, socio-demographic status and lifestyle factors (such as smoking, 
alcohol and drug use) have an  impact. As discussed above (page 15), multiple 
gestation is a risk factor which has increased in importance over the last dec-
ades due to the success of fertility treatments. In some countries elective in-
ductions or caesarean deliveries before 37 weeks of gestation is an 
unnecessary cause of preterm births (Ashton et al., 2009). A paradox of im-
proved health care in pregnancy is that it may actually increase the numbers 
of preterm births, as more stillbirths are prevented by preterm delivery (Jo-
seph et al., 1998). 
SGA. The reason for being SGA at term may simply be that the child is con-
stitutionally small. However, it may also be caused by pathological conditions 
in the foetus, placenta, mother or the environment. Among identified risk 
factors are foetal chromosomal anomalies, preeclampsia, infections, twin-to-
twin transfusion syndrome, maternal anaemia or high haemoglobin values, 
malnutrition, maternal systemic disease (e.g. diabetes, systemic lupus ery-
thematosus, heart failure, Mb. Crohn), moderate to heavy physical effort at 
work, smoking, use of drugs (legal and illegal) and alcohol, previous preg-
nancy with IUGR, placental and umbilical anomalies and short interpreg-
nancy interval (Haram and Gjelland, 2007, Rosenberg, 2008). 

IUGR may necessitate preterm delivery, and many of the risk factors for 
IUGR are also risk factors for premature birth. Thus it is not surprising that 
preterm infants are growth retarded in a high proportion of cases. It has been 
estimated that 30-50 % of extremely preterm neonates are SGA (Rosenberg, 
2008).
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Perinatal morbidity 
Early apparent complications of premature birth are legio, including respira-
tory distress syndrome (affecting approximately 50 % in an VLBW popula-
tion) and chronic lung disease (23 %), poor in-hospital growth, i.e. weighing 
less than 10th centile expected at 36 weeks gestational age (97 %), intracranial 
hemorrhage (35 %), necrotizing enterocolitis (7 %), severe intracranial hem-
orrhage (11 %) (Lemons et al., 2001) as well as ROP, apnea attacks,  sepsis,  
hypothyroxemia and hyperbilirubinemia.

In the neonatal period term SGA infants are at increased risk of perinatal 
asphyxia, meconium aspiration syndrome and pulmonary complications, as 
well as hypoglycaemia, hypothermia, polycythemia (Rosenberg, 2008), but 
most do not need intensive care (Vik et al., 1997). 

Possible pathogenetic pathways for visual problems in 
prematurity

There are at least three possible pathogenetic mechanisms which may lead to 
visual dysfunction in prematurity: cerebral damage, retinopathy of prematur-
ity and errors of refraction. 

Brain damage in prematurity. Cerebral visual impairment. 
Preterm born children are at high risk of having experienced perinatal in-
flammation and ischemia (Dammann and Leviton, 2006,  Barrett et al., 
2007) at a time when cerebrovascular and physiological properties of the 
premature brain leaves it particularly vulnerable to ischemia and inflamma-
tion (Khwaja and Volpe, 2008). Aggravating this vulnerability is the devel-
opmental situation- a flood of vital  neurobiological processes are set to 
appear at this time in the rapidly developing foetal/infant brain (Volpe, 
2009), and any disturbance of homeostasis has a high likelihood of obstruct-
ing or harming several such processes. Although white matter injury is most 
common, cerebral preterm injury may be described as “encephalopathy of 
prematurity” since the whole brain, including the thalamus, basal ganglia, 
cerebral cortex and cerebellum, as well as white matter, may be affected 
(Volpe, 2009, Skranes et al., 2005, Martinussen et al., 2005). Injury to preo-
ligodendrocytes is central in the pathogenesis of this encephalopathy (Volpe, 
2009) . Preoligodendrocytes are highly susceptible to exitotoxicity and free 
radical attack caused by ischemia and inflammation (Dammann and O'Shea, 
2008, Volpe, 2009) and primary injury of preoligodendrocytes may cause 
axonal injury (and vice versa) . However, other  celltypes and processes are 
also prone to injury at this time, e.g. the subplate  neurons (McQuillen et al., 
2003) and the migration process where neurons  migrate from the germina-
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tive zones to their final destinations (Leviton and Gressens, 2007, Judas et 
al., 2005). In addition, any acute neuronal damage sets the stage for a slower 
developing chronic phase of programmed cell loss (apoptosis), primarily in 
the periventricular zone and cortex. This process may be particularly intense 
in premature infants due to low levels of insulin-like growth factor (Barrett et 
al., 2007). 

Figure 9. Axial magnetic resonance images of one control (left) and one VLBW 
(right) subject in the study  at 6 years of age.  

Enlarged occipital horns, atrophy of peritrigonal white matter and  periventricular 
white matter area hyperintensity are typical MRI findings in periventricular leuko-
malacia.

White matter damage may be visualised with MRI in 50 % of unselected 
VLBW populations (Skranes et al., 1997) presenting as cystic periventricular 
leukomalacia (PVL), where macroscopic areas of necrosis brings about cyst 
formation, and noncystic PVL, where necrotic areas are microscopic, but with 
MR findings of dilated ventricles and periventricular white matter reduction 
due to white matter loss, and focal gliosis (Figure 9). Cerebral pathology visu-
alised with MRI has been shown to correlate to visual dysfunction, but even 
VLBW populations with normal conventional MRI have increased risk of vis-
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ual impairment (Hellgren et al., 2007). Diffuse white matter injury without 
necrosis but with astrogliosis (Khwaja and Volpe, 2008, Volpe, 2009) and 
diffuse widespread damage noticeable only with diffusion tensor imaging  
(Counsell et al., 2006) has been described, and such damage may be the 
cause of visual impairment in preterms with normal MRI. Given the fre-
quency and extent of cerebral injury in VLBW subjects, it is not surprising 
that a varied combination of problems in areas of perception, attention, cog-
nition, behaviour and motor function are seen in up to 50 % of this popula-
tion (Indredavik et al., 2004, Kulseng et al., 2006, Evensen et al., 2004, Hård 
et al., 2000). 

Cerebral visual impairment is a clinical condition or functional deficit due 
to damage of the posterior visual pathways and/or visual cortex (Jacobson et 
al., 2004). Dysfunction in cerebral visual impairment varies both in severity 
and combinations of manifestations, neither of which can be exactly pre-
dicted by cerebral imaging (Pike et al., 1994). Periventricular leukomalacia, 
brain malformations, hypoxic-ischemic encephalopathy at term, hydrocepha-
lus, meningitis and encephalitis and traumatic head injury may all cause 
cerebral visual impairment (Dutton and Jacobson, 2001). In preterm chil-
dren the cause is most often periventricular leukomalacia (Jacobson et al., 
1998a). A patient with cerebral visual impairment can present with (almost 
any combination of) subnormal visual acuity, crowding, restricted visual 
fields (most often the inferior fields), cognitive visual dysfunction (in pre-
terms particularly in the form of visuospatial problems, defects in simultane-
ous perception, depth perception, face recognition and movement 
perception) as well as ocular motor problems such as strabismus, nystagmus 
and deficiencies in fixation, saccades, and smooth pursuit (Jacobson and 
Dutton, 2000). The impairment in function is typically more severe than 
what would be expected from visual acuity, motility, stereopsis and visual 
fields, and diagnosing the cognitive visual dysfunction is important in order 
to help these children (Dutton and Jacobson, 2001). Cerebral visual impair-
ment is often associated with other developmental disorders, such as uneven 
cognitive performance, attention problems, autistic-like behaviour, cerebral 
palsy and learning difficulties (Jacobson et al., 2004), further complicating 
the pattern of (dys-)function in the patient. The variable pattern of strong 
and weak sides in these children necessitate a highly individual approach 
both to diagnostics and habilitation.

Retinopathy of prematurity (ROP) 
Retinopathy of prematurity is responsible for approximately 3- 10 % of all 
new cases of childhood blindness/severe visual impairment in high income 
countries (Khan et al., 2007, Rahi and Cable, 2003, Rahi and Cable, 2003, 
Wheatley et al., 2002), but up to 60 % in middle income countries (Gilbert 
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and Foster, 2001b). The disorder almost exclusively affects preterm children. 
It is a vasoproliferative condition where the vessels of the immature retina 
develop aberrantly. The disease is divided into five stages, with mild vascular 
pathology at the transition between the vascularised central retina and the 
immature, avascular peripheral retina at stage 1, and total retinal detachment 
at stage 5. The disease is caused by interaction of several factors, where the 
immaturity of the retina at birth is one of the most important (Holmström et 
al., 1998) along with postnatal relative hyperoxia, followed by later retinal 
hypoxia, influencing growth factors like insulin-like growth factor I and vas-
cular endothelial growth factor (Hellström et al., 2003,Fleck and McIntosh, 
2008). Most ROP regresses spontaneously, but approximately 10 % may pro-
gress to partial (stage 4) or complete (stage 5) retinal detachment (Repka, 
2002). At stage 5 reattachment of the macula can be achieved surgically in 
some cases, but even so, only 2 % will achieve visual acuity > 0.1, and 26 % 
end up with no light perception (Cusick et al., 2006) . Cryo- or laser ablation 
of peripheral retina prevents progress to stages 4 and 5 (Palmer, 1990) and 
screening programs aim to detect ROP at a stage where treatment is both 
necessary and effective. Thanks to screening, efficient prophylactic treatment 
and improved neonatal care, ROP in high income countries is less often a 
blinding condition now than 30 years ago (Fledelius and Dahl, 2000). 

Visual outcome of grade 5 ROP is dismal. The outcome post laser (or cryo) 
treatment is better, but visual acuity of 0.1 or less is still reported in 45 
(Cryotherapy for retinopathy of orematurity cooperative group., 2005) to 14 
% (Good and early treatment for retinopathy of prematurity cooperative 
group, 2004) of eyes in treated groups. The influence of mild (grade 1,2 and 
non progressing grade 3) ROP on visual acuity is uncertain, but there is evi-
dence that even mild, resolved ROP may have lasting physiological and struc-
tural effects on the retina (Fulton and Hansen, 1996, Hammer et al., 2008).  

The current study, however, was not set up to research outcome of ROP in 
the VLBW group. The results of the multicentre study showing a protective 
effect of cryotreatment were published in 1990 (Cryotherapy for retinopathy 
of prematurity cooperative group, 1990), after our children were born. Sys-
tematic ROP screening data not was available to an extent that allowed analy-
sis. So although we have no indication of any ROP grade 4 or 5 in our subjects 
(which presumably would have been detected during the fundus examination 
at age 14), we lack information on regressed ROP in the group. 

Errors of refraction 
Prematurity has been linked to an increase of refractive errors, mainly myo-
pia (Fledelius, 1996b, Darlow et al., 1997, Larsson et al., 2003, Holmström et 
al., 1998, Saunders et al., 2002), but also hypermetropia (Jacobson et al., 
1998b) astigmatism (Larsson et al., 2003, Hellgren et al., 2007) and aniso-
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metropia (Larsson et al., 2003, Saunders et al., 2002). Although ROP, and 
particularly cryo-treatment for it, has been shown to be a riskfactor for myo-
pia (Larsson et al., 2003, Holmström et al., 1998, Fledelius, 1996b, Ricci, 
1999), the incidence has been increased also among preterm children with no 
previ-ous ROP (Holmström et al., 1998). Unlike myopia, hypermetropia has 
not been linked to ROP (Ricci, 1999, Darlow et al., 1997). Cerebral pathology 
has also been shown to correlate to refractive errors, but not explain all in-
crease of the risk (Hellgren et al., 2007). Thus the observed increased risk of 
refractive errors in prematurity may have an etiology (in part) independent of 
cerebral injury and ROP. 

Possible pathogenetic pathways for visual problems in term SGA 
As stated in the introduction, IUGR has been shown to affect brain growth 
(Toft et al., 1995, Kjellmer et al., 1992) and retinal thickness (Loeliger et al., 
2005). Furthermore, some of the known causes of IUGR, such as use of alco-
hol in pregnancy, are also known to affect the eyes and visual system (Ström-
land, 1982). Thus, in a population with SGA adolescents, of which a 
substantial part must be assumed to be IUGR as well, one might expect to 
find an increased risk of reduced visual function and strabismus. 
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Chapter 5. Aims of study  

The aim of the study was to examine the long term effects of preterm birth 
with very low birth weight and birth at term small for gestational age on vis-
ual functions and ocular motility in adolescents. We also wanted to examine 
the association between visual ability and motor functions in these two 
groups. Thirdly, we wished to examine if subtle changes in cerebral white 
matter might explain any detected visual dysfunctions. 
Paper I and II: 
To examine and describe visual function in adolescents born preterm with a 
birth weight <1500 and adolescents born small for gestational age at term 
(birth weight <10th percentile adjusted for gestational age), and to compare 
these to the control group (born at term with a birth weight above the 10th

percentile adjusted for gestational age), using an array of ophthalmological 
examinations readily available to the paediatric ophthalmologist in an ordi-
nary clinical practice:

Paper I: visual acuity, contrast sensitivity, visual fields, errors of refraction 
and use of correction. 

Paper II: latent and manifest strabismus, near point of convergence, ac-
commodative amplitude, binocular vision/ stereopsis, nystagmus, smooth 
pursuit and saccades, asthenopia, split lamp evaluation.

To, via a semi-structured history, examine the occurrence of  (in paper I:) 
prior use of correction, worries about vision, and (in paper II:)  asthenopia 
and history of occlusion treatment for amblyopia. 
Paper III 
To examine the relationship between visual function  and motor skills in the 
two study groups compared to a control group. 
Paper IV: 
To study cerebral correlates to impaired visual function in the VLBW group 
and compare these to findings in the control group using advanced magnetic 
resonance imaging (MRI).
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Chapter 6. Materials and methods 

Study design 

This is a population-based follow-up study including three groups of adoles-
cents; one born with VLBW , one born SGA at term, both of which have been 
compared to an age matched control group, but not to each other. In paper 
III and IV (both correlational studies) we also included VLBW participants 
outside the original cohort. 

Study population 

VLBW. The subjects born with VLBW were all the children admitted to 
the neonatal intensive care unit (NICU) at the University Hospital in Trond-
heim 1986 -1988. All VLBW newborns in the counties of Nord- and Sør- 
Trøndelag were admitted to the Trondheim NICU. Trondheim was also refer-
ral hospital mainly for the county of Møre and Romsdal, and in this period 22 
children were admitted referred from this county.  

In paper I and II, which describe the ophthalmological findings in these 
cohorts, only the population based sample is used. In paper III and IV corre-
lations between visual function and other variables (motor function and cere-
bral white matter microstructure respectively) are made, and in these papers 
we included the referred children as well. (However, a number of MRI-
diffusion tensor imaging exams were not of good enough technical quality, 
and among the excluded exams were all the referred adolescents.) 

SGA and control. The SGA and control children were born to mothers of 
Caucasian origin (all with one or two previous births) living in the Trondheim 
region. They were enrolled before 20 weeks of pregnancy in Trondheim in a 
multicentre study between January 1986 and March 1988 (Bakketeig et al., 
1993, Vik et al., 1997). A 10 % random sample of these women was selected 
for follow-up during pregnancy. All the children born at term to mothers in 
the random sample and all the term born SGA children were included for fol-
low–up. SGA was defined as birth weight below the 10th percentile for gesta-
tional age of all infants in the multicentre study. Term birth was defined as 
birth in gestational age week 37-42. 

The present study was carried out from November 2000 to June 2003 and 
is based on the ophthalmological assessment, the assessment of motor devel-
opment and ability and cerebral magnetic resonance diffusion tensor imaging 
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(DTI). Information gained during the paediatric and neuropsychological as-
sessments some weeks before the ophthalmological assessment is also used. 
The VLBW group had a mean gestational age at birth of 29 weeks (range: 24-
35), mean birth weight was 1170 g (550-1500). The SGA group had a mean 
gestational age of 39.5 weeks (37-42 weeks), and a mean birth weight of 2900 
g (2390-3250g). The control group had a mean gestational age of 39.6 weeks 
and a mean birth weight of 3680 g (2670-4950g). The study population is 
further described in Table 1 (from paper I). 

Table 1. Demographic characteristics of participants  (paper I) 

 VLBW (n=51) SGA (n=59) Control (n=77)

Birth weight, 
g a

1172 * 
[236] (550-1500)  

2920 * 
[213](2390-3250) 

3675
[432](2670-4950) 

Gestational age 
at birth, weeks a

29.0 * 
[2.7] (24-35)  

39.5
[1.1] (37-42) 

39.6
[1.2] (37-42) 

Age at assess-
ment,

years a

14.5
[0.38](13.6-15.4) 

14.6
[0.42] (14.0-16.6) 

     14.6
[0.49] (13.6-16.8) 

Socio-economic 
class b

3.4
[4.0](1-5) 

3.4
[4.0](1-5) 

3.8
[4.0](1-5) 

Male c 28 (55 %) 28 (47 %) 32 (42 %) 

CP c 7 (14 %)* 1 (2 %) 0 (0%) 

a Data given as mean [SD] (min-max values) T-test  b Data given as mean 
[median] (min-max values) Mann Whitney test c Data given as n  (% )     

*p 0.001 vs controls

Exclusion criteria. Congenital anomalies (defined as a ICD9 diagnose 
number between 740-759), presenting at the neonatal examination, was an 
exclusion criteria in all the study groups. Three adolescents with congenital 
anomalies diagnosed at birth were included in paper I, but excluded from 
analysis in the following papers. Results in paper I did not change signifi-
cantly when reanalysed with the population used in paper II.
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Ophthalmological examination 

The ophthalmological examination lasted for approximately 60 minutes 
and consisted of:

• Visual acuity with habitual and best correction, near and distance, 
mono- and binocularly. I used a Snellen chart for distance for most 
subjects, which measures visual acuity up to 2.0 (visual acuity giv-
en in Snellen decimals). For two VLBW participants having prob-
lems naming letters a Lea Hyvärinen distance chart with four 
symbols was used. For near I used a Lea Hyvärinen near chart for 
all subjects, at 40 cm distance.

• Subjective refractioning  
• Contrast sensitivity. I used the VISTECH contrast sensitivity chart,  

at  40 cm distance. Both eyes were tested independently. For each 
eye, contrast sensitivity was tested at five frequencies (i.e stripes at 
different frequency) with eight images of decreasing contrast at 
each frequency. The last correctly seen image was noted for each 
frequency. All testing was done in the same artificial light, thus 
variations in daylight did not influence results. 

• Visual fields. Automatic perimetry was performed, using the 
Humphrey 120 point twozone. This tests visual fields to 60 de-
grees.

• Ophthalmoscopy in slit lamp, with particular interest in detecting 
nystagmus, media opacities, retinal detachment or dragging, ob-
serving the retinal vascular pattern, optic disc cup/disc ratio and 
any iris translucency. 

• To detect ocular malalignment (manifest or latent strabismus): Al-
ternating prism cover test with the subject fixating at distance in 
five directions of gaze (primary position, up, down, right, left) and 
at near in primary position. 

• Near point of convergence was measured with the Royal Air Force 
(RAF) ruler.

• Stereopsis /binocularity: Binocular vision was measured with the 
TNO-test. For those subjects who did not manage the easiest ste-
reograms on the TNO test, we tried the Titmus test, which goes up 
to  3600”. If even that was too difficult, the Bagolini striated 
glasses-test at distance and near were peformed.  

• Accommodative amplitude was measured with the Royal Air Force 
(RAF) ruler for each eye.
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• Nystagmus was evaluated during the alternating cover test and 
during examination in split lamp, and the type of nystagmus was 
described (physiological endpoint, latent, manifest latent or other) 

• Smooth pursuit and saccades were evaluated horizontally and ver-
tically by having the subject either follow an object (smooth pur-
suit) or alternating looking at one of two objects (saccades). Any 
forced head posture was evaluated during the history taking and 
also during examinations. 

• The subjects were asked at the beginning of the examination about 
their history of habitual and previous correction, if they had any 
ophthalmological concerns or worries, if they had experienced as-
thenopia and if they had a history of treatment of amblyopia with 
occlusion.

Motor examination 

The test battery Movement assessment battery for children (”Movement 
ABC”) (Henderson and Sugden, 1992) was used, and all testing was done by 
one physiotherapist, blinded to group assignment. Movement ABC is a devel-
opment of the Test of Motor Impairment (TOMI), first published in 1972, and 
later revised in 1984 and 1992 (Henderson and Sugden, 1992). The test aims 
to identify children with problems in motor control and ability age 4-12. It 
consists of eight items, where optimal function in each gives a score of zero, 
and the lowest score in each is five. Thus total score can range form zero 
(best) to 40 (worst). The test takes approximately 20-40 minutes to complete 
and gives three subscores: manual dexterity, ball skills and static/dynamic 
balance. We used the highest age-band, designed for 11-12 year old children. 
As the study population was examined at age 14, we used the 5th percentile 
from the control group (a total score of 14) to define a result indicating motor 
problems. This level was in accordance with the 5th percentile in the manual 
(Evensen et al., 2004). Results between the 5th and 15th percentile suggest 
possible motor problems, whereas results below the 5th percentile indicate 
definite motor problems (Henderson and Sugden ,1992).

Diffusion tensor imaging 

Diffusion tensor imaging is an MRI method which investigates the white 
matter microstructure (Basser et al., 1994, Hüppi and Dubois, 2006), by 
measuring the amount and direction of water molecule diffusion, the 
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Brownian motions, in three dimensions (Le Bihan and van Zijl, 2002). Water 
diffusion is random and equal in all directions (isotropic) as long as nothing 
interferes with the movement. Diffusion can be described by the two vari-
ables “mean diffusion”, which measures the total molecular motion averaged 
over all directions, and “fractional anisotropy”, which refers to the degree of 
directionality of diffusion.

In the brain, water diffusion is relatively isotropic in grey matter, i.e. the 
fractional anisotropy is low. In white matter the diffusion is facilitated along 
the main direction of axons, and hampered across (see Figure 10). In a voxel 
where the axons run parallel, the fractional anisotropy is high. Thus frac-
tional anisotropy can be said to measure the orderliness of axons in a given 
voxel. However, this is obviously an oversimplification, since low fractional 
anisotropy in the white matter not necessarily represents disarray of the ax-
ons in a voxel. If two or more axons cross each other perpendicularly, and 
orderly, this will result in low fractional anisotropy. However, in white matter 
pathways where nerve bundles are normally uniformly oriented, such as the 
callosal tracts, this is less of a problem (Toosy et al., 2004) .  

Figure 10. Illustrating how water diffusion is facilitated along axons (large arrow) 
and hampered across (small arrow).

Reduced fractional anisotropy may be caused by a disarrangement of ax-
ons, but other factors, such as disturbed axonal growth, loss of axons and im-
paired myelinisation may also affect the fractional anisotropy. By measuring 
the axial diffusivity (this is the largest diffusion vector) and comparing it to 
radial diffusivity (perpendicular to axial diffusivity) further information 
about the state of the axon can be gained (Song et al., 2002, Song et al., 2003, 
Song et al., 2005).
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Chapter 7. Summary of papers 

This thesis attempts to address the “what, how and why” (in what way does 
this population differ from the control group, how does this affect their life 
and why is there a difference?) of impaired visual functions in a VLBW and 
an SGA at term adolescent population. The first two papers describe the find-
ings, the third explores how visual (dys-)functions affect motor abilities (an 
important aspect of everyday life), and in the fourth we try to pinpoint ana-
tomical areas in the brain responsible for some of the visual impairments reg-
istered in the VLBW group.  

Paper I and II – what is the level of visual functions?  

In paper I and II we describe the results of the population based analysis of 
the ophthalmological examination in the three groups. All p-values and odds 
ratios are in comparison to the control group. There were very few positive 
findings in the SGA group and unless specifically mentioned in the following 
no significant differences between them and the control group were found. 
Paper I 

• Visual acuity: The VLBW adolescents had statistically significantly 
lower mean visual acuity both at distance and near, and a larger 
proportion of VLBW subjects had visual acuity <1.0 in either one 
(24 and 31 %, p<0.001) or both eyes (12 %, p<0.05) compared to 
controls (3, 4 and 0 % respectively). Lower visual acuity was par-
ticularly seen among the subjects with lowest birth weight in the 
VLBW group. No subjects in either group had binocular visual 
acuity <0.3.

• Use of correction: Approximately 15 % in all groups were currently 
using correction. Among SGA and control subjects a third to half 
of correction users preferred contact lenses, compared to none 
(p=0.055) in the VLBW group. In all groups a substantial part (34-
47 %) had ever used glasses. VLBW subjects were younger (mean 
7.2 years, p>0.05) when they got their first glasses than control 
subjects (9.2 years). Under-correction (defined as improving dis-
tance binocular visual acuity two Snellen lines or more) was seen 
in 53 % (p<0.05) of the VLBW group, and 34 % of the control 
group.
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• Errors of refraction: We did not detect any significant difference in 
the distribution of refractive errors between the VLBW and control 
group, apart from a slightly higher mean anisometropia in the 
VLBW group (0.32 D, p< 0.01) compared to the control group 
(0.19 D). In the SGA group hypermetropia > +1 D spherical equiv-
alent was seen in 14 % (p =0.057, odds ratio, OR3.9, 95 % confi-
dence interval, CI 1.0-15, significant) compared to 4 % of controls. 
When analysing girls and boys separately, the difference was sig-
nificant for girls (OR 5.2, 95 % CI 1.0-28,). 

• Visual fields: No significant group effects demonstrated. 
• Contrast sensitivity: Fewer in the VLBW group (48 %, p<0.01) 

presented a completely normal result, as defined by the test manu-
facturer, than in the control group (73 %). 

Paper II 

• Latent or manifest strabismus (deviations outside the physiologi-
cal range) was seen in 36 % (p=0.001) of VLBW adolescents, com-
pared to 11 % of control adolescents. Exodeviations were 
significantly larger in the VLBW group than in the control group, 
esodeviations were not significantly different. All VLBW subjects 
with cerebral palsy had a nonphysiological deviation.  

• A higher proportion of VLBW subjects (29 %, p= 0,01) had poor 
convergence compared to control subjects (11 %). 

• A higher proportion of VLBW subjects (14 %, p= 0.006) had poor 
stereopsis than control children (1 %). The difference was no long-
er significant when the children with cerebral palsy were excluded.  

• Occlusion treatment for amblyopia was reported in 8 % (p=0.02), 
compared with none in the control group. 

• Accommodative amplitude was similar in the three groups.  
• Pathological nystagmus was observed in 10 % (p = 0.01) of the 

VLBW subjects, and in none of control subjects. Pathological nys-
tagmus was in all subjects associated with visual acuity <1.0, as 
well as various other ophthalmological problems. 

• There were no statistically significant differences regarding 
smooth pursuit, saccades, and forced head posture in the groups. 

• Multiple ocular motility and binocularity deficits: Failure in at 
least two of the following functions: ocular alignment, stereopsis, 
convergence, accommodative amplitude, nystagmus, saccades and 



Lindqvist

36

smooth pursuit was seen in 38 % of VLBW adolescents versus 4 % 
of control subjects (p<0.000). 

Unpublished descriptive data 

• Retinal vasculature: retinal vasculature was graded as very tortu-
ous, having some tortuosity or not tortuous. 17 % of VLBW adoles-
cents had very tortuous vessels versus 0% of control adolescents. 
(p< 0.001). Two percent of the SGA group had very tortuous ves-
sels, not significant. However, when analysing subjects with either 
very or some tortuosity, the SGA group differed near- significantly 
from the control group, with 14 % versus 4 % , p =0.054. In the 
VLBW group 53 % had very tortuous or any tortuosity, p < 0.000 
versus control group (4 %). 

• No cases of iris translucency were recorded. Iris translucency is a 
sign indicative of albinism, and a rather high prevalence of 1 % has 
been reported in a Swedish population (Sjöström et al., 2001). 

• Mean cup disc ratio (C/D) in the VLBW group was 0.19 (SD 0.16) 
in the right eye and 0.18 (SD 0.17) in the left eye. This was signifi-
cantly different from the C/D in the control group’s right eyes 
(mean C/D 0.13, SD 0.15, p = 0.019 Mann-Whitney U), but not 
when compared to their left eyes (mean 0.14, SD 0.15, p = 0.18 
Mann-Whitney U). The figures for the SGA group were 0.14 in the 
right eye and 0.15 in the left eye, which did not differ significantly 
from measurements in the control group.  

Paper III – how do visual functions influence motor ability?  

In this study we explored how visual impairments influenced the risk of mo-
tor problems. 

The odds ratio (OR) for having general motor problems were 10.4 (95 % 
CI, 2.2-50) in the VLBW group compared to the control group. When control-
ling for poor visual acuity the OR was reduced by 25 % to 7.8 (95 % CI 1,6-
38). The variables poor contrast sensitivity, nystagmus, strabismus, poor 
stereoacuity and visual perception all lowered OR with approximately 10 %, 
when adjusted for separately. An abnormality score, combining all these vari-
ables, influenced the OR the most, decreasing it 35 % to 6.8 (95 % CI 1.3-34). 
Poor convergence and accommodative ability did not affect the odds of hav-
ing motor problems.
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Paper IV – why are visual functions impaired in the VLBW 
group?

In this paper we correlated data on cerebral white matter microstructure (as 
indicated by diffusion tensor findings) with visual variables. Our findings in-
dicate that subnormal visual acuity in VLBW adolescents may be related to 
changes in the microstructure of the splenium part of the corpus callosum. 
The splenium is particularly prone to injury in prematurity. It also constitutes 
the route for transhemispherical relay of visual information and favours fo-
veal data. In the paper we speculate that a normal splenium may contribute 
more to the development of optimal visual acuity than previously acknowl-
edged.



Lindqvist

38

Chapter 8. Discussion 

Main results 

The main findings ( i.e. statistically significant group effects) of this thesis are 
almost all in the VLBW group. 

Being born prematurely with a birth weight <1500 g has consequences for 
many aspects of visual development, lasting at least until adolescence. Re-
duced visual acuity, contrast sensitivity, latent or manifest strabismus, poor 
stereopsis, poor convergence and nystagmus were more common in the 
VLBW group. However, on the positive side, there were no significant differ-
ences regarding visual fields, errors of refraction (other than anisometropia 
and undercorrection), accommodative amplitude, saccades or smooth pur-
suit, and none of the participants were visually impaired according to the 
WHO definition (visual acuity <0.3) 

In the SGA group there was slightly more hypermetropia than among con-
trol subjects, but other than that no significant differences were found.  

Comparing visual and motor abilities exposed a statistical influence of sev-
eral visual functions, strongest by visual acuity, on motor ability in the VLBW 
group, but not among the SGA subjects.

Finally visual acuity was shown to correlate to the microstructure (as 
measured by diffusion tensor) of cerebral white matter in the the splenium 
part of the corpus callosum, as well as to periventricular anatomy.

Strengths and limitations 

Chance and power. In paper I and II the majority of statistically signifi-
cant observed VLBW group effects were highly significant, with p-values of 
less than 0.01 or 0.001.  

In paper III the odds ratio for having motor problems was strongly af-
fected by the combined abnormality score (adjusting for which reduced the 
crude odds ratio from 10.4 to 6.8, a 35 % reduction) and by visual acuity (a 25 
% reduction). 

Multiple comparisons increase the risk of making type I faults. In Paper 
IV, thousands of correlations were made, and this calls for particular caution 
in analysis and interpretation of results (Ridgway et al., 2008). Special statis-
tical procedures have been developed to compensate for the risk of making a 
type I fault in multiple comparisons, and these tests need to be different for 
small-and large scale multiple comparisons. We have used false discovery 
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rate (Benjamin and Hochberg, 1995), which is recommended when correcting 
for large scale multiple comparisons (Genovese et al., 2002). The threshold of 
0.05, which we used, is conservative in this context (Genovese et al., 2002) 
thus reducing the risk that a chance finding has been interpreted as real. 
Other steps, described in paper IV, were also taken to avoid making a type I 
fault.

Thus, I conclude that our results are very unlikely to be caused by chance 
findings.

Due to the sample size the study was not powered to detect smaller, but 
real, group differences in the underlying population. This means we must be 
careful in drawing conclusions from our negative results. 

Selection bias. It is a strength of our study that paper I and II are popu-
lation based and prospective, as this minimises selection bias. Loss to follow 
up must be expected in a long term follow up study (Fewtrell et al., 2008). 
The attendance in our study of 74, 65 and 70 % (VLBW, SGA and control 
group respectively) of the eligible population in paper I and II is comparable 
to other with a similar length of follow up (Hellgren et al., 2007,O'Connor et 
al., 2004). Furthermore, although nonattenders did not differ from attenders 
on known background data,  it is possible that the loss to follow up is not 
random, but that subjects performing worse have had a stronger tendency to 
drop out. This is supported by a study by Pennefather et al (Pennefather et 
al., 1999). 

 In the two studies correlating visual function to another variable (motor 
ability in paper III and white matter microstructure in paper IV), selection 
bias is less likely. Results will only be biased if the association between a vis-
ual function and motor skills/white matter microstructure is systematically 
different between attenders and nonattenders. Although loss to follow up is 
always undesirable, as it weakens a study’s power, it is less detrimental in a 
correlational than in a prevalence study. 

 Thus, although difficult to avoid in a long term follow up study, loss to fol-
low up may have caused us to underestimate pathology in paper I and II. This 
does not weaken our conclusions in the VLBW group, rather the opposite, but 
is important to remember when interpreting the negative findings in the SGA 
group.

Interviewer bias: It is a strength for our study that the examiner was 
blinded to group during examinations. In a few subjects not able to walk in-
dependently CP made me suspect they were in the VLBW group, and a few 
parents (approximately less than five) mentioned that the child had had a 
check up “after leaving the neonatal intensive care unit”, but in the large ma-
jority of cases blinding was effective. 

Misclassification bias: There should be no risk of misclassification (i.e 
all subjects were born preterm) in the VLBW group. 
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Random misclassification may have caused underestimation of risk in the 
SGA group. SGA was used as a proxy for IUGR in this study. Some of the 
children defined as SGA are only constitutionally small, healthy and not 
growth restricted, whereas some constitutionally large children may have 
been growth restricted but still ended up in the control group with a birth 
weight above the 10th percentile. Again, this means negative SGA results must 
be interpreted with caution.

Recall bias: The VLBW & SGA parents and adolescents were probably 
aware that they belonged to risk groups. However, recall bias seems unlikely 
to affect results as most are based on tests, and little was based on the history 
of the subjects and their parents. Recall bias can not be ruled out as a possi-
ble source of bias in the history based results (e.g. age first glasses), but these 
results are not crucial for the  thesis.  

Confounding: In this material sex was somewhat unevenly distributed 
(55 % male in the VLBW group, 47 % in the SGA and 42 % in the control 
group), and this is a potential confounder. Although a sex effect has been re-
ported in preterm populations, where boys tend to fare worse regarding brain 
growth and visual functions (Kapellou et al., 2006, Jacobson et al., 2009), 
there is little evidence that visual functions in the normal population corre-
late to sex, apart from a possible effect on refractive errors (Zadnik et al., 
2003). In paper I refractive errors, perimetry and near point of convergence 
were analysed separately for boys and girls. This did not change results, ex-
cept regarding hypermetropia in the SGA group which was borderline more 
common among SGA girls than control girls. 

Another conceivable confounder is low IQ (defined as an IQ below 70. This 
concerns eleven subjects in the VLBW group and two in the control group). 
In paper III we corrected for low IQ and sex and this did not change results. 
After publication of paper I and II, I have adjusted for sex and low estimated 
IQ in a general linear model for continuous variables and in logistic regres-
sion analysis for dichotomous variables in the VLBW and control group. The 
variables which were analysed in a general linear model were:

• best corrected distance binocular visual acuity  
• age at first glasses 
• mean anisometropia 
• number of points seen visual field 
• accommodative amplitude, mean of  both eyes 
• multiple ocular motor and binocularity defects 
• contrast sensitivity 

and in logistic regression:
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• poor stereopsis 
• strabismus - any unphysiological deviation  
• poor convergence

Group effect remained statistically significant after correcting for sex and low 
IQ in all these variables. Sex hardly changed means and odds ratios, but cor-
recting for low IQ had some impact on visual acuity in VLBW group (uncor-
rected mean: 1.17, corrected: 1.20), multiple ocular motor and binocularity 
defects (uncorrected mean: 1.14, corrected: 1.06), any strabismus (uncor-
rected OR: 4.7, corrected: 3.9) and poor convergence (uncorrected OR: 3.4, 
corrected: 3.0). However, group remained statistically significant. Thus nei-
ther sex nor low IQ are likely to be confounding the results.  

However, as both low IQ and poorer visual acuity are connected to brain 
injury in this study the results above are to be expected. 
Causality. Causality between exposure and outcome has been made biologi-
cally plausible in the discussion above on possible pathogenetic pathways for 
visual injury in both groups (page 21 and following). Brain injury is the most 
likely causal agent in the VLBW group. This assumption is strengthened by 
the results in paper IV, where a strong correlation is demonstrated between 
visual acuity and structure of the corpus callosum and periventricular areas 
in the VLBW group. Brain damage is also likely to be causing at least part of 
the observed connection between visual impairments and motor problems 
presented in paper III.

Other prerequisites for causality are strength of association and temporal-
ity (the cause must precede the effect). Outcomes were measured (long) after 
birth and this should make the time-sequence appropriate. The association 
between having VLBW and impairments in ophthalmic functions is generally 
strong, affects almost all the variables tested and persists after adjusting for 
confounders. Finally, as shown in the discussion parts of the papers, our re-
sults are generally consistent with what others have reported.  

I therefore conclude that we have found a valid association between VLBW 
and long term visual and ocular motor problems, and that it is reasonable to 
assume causality.

Regarding birth at term SGA we did not expose any increased ophthalmic 
morbidity in this group (except for a small, borderline significant increase in 
hypermetropia). As discussed above, however, it is more likely that we have 
under –than overestimated pathology. Thus, the negative results in the SGA 
group  must be interpreted with caution.
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Choice of ophthalmological tests 

The subjects had agreed to take part on the condition that examinations 
would not be painful.

Some tests which we considered including in the protocol, but finally chose 
not to, were tonometry (in 2000, this meant a drop of stinging local anesthe-
sia had to be applied, and the tonometry itself can also be frightening), ultra-
sound for measuring axial length etc (local anaesthesia, time consuming, 
unpleasant).  We tried fundus photography without dilating the pupils, but 
did not get good enough pictures. Applying dilating eyedrops stings, is time 
consuming and causes blurry vision for several hours after the exam. 
Cycloplegic refractioning was discarded for the same reason. 

Discussing the main results

In this study we have demonstrated a significantly increased proportion of 
impairments or poor performance in the VLBW group in the majority of the  
variables tested. In paper I we found lower visual acuity and contrast sensi-
tivity as well as a higher likelihood of being undercorrected (i.e needing new 
glasses). This is the first study to present data on undercorrection in a pre-
term population, but reduced visual acuity has been reported in several other 
studies (see Figure 11), ranging from a prevalence of 5 %  to over over 50 %. 
Cerebral white matter damage of immaturity has been linked to reduced vis-
ual acuity (Hellgren et al., 2007, Fazzi et al., 2004). However, retinal pathol-
ogy can not be ruled out,  even when no sequelae of ROP is seen, as a retinal 
dysfunction can be demonstrated in children with only mild ROP long after 
the ROP has completely resolved (Fulton and Hansen, 1996). 

Unlike other studies (O'Connor et al., 2002a, Darlow et al., 1997, McGin-
nity and Bryars, 1992, Saunders et al., 2002, Larsson et al., 2003, Hellgren et 
al., 2007) we found no increase in refractive errors, other than a slight in-
crease in anisometropia, and no visual field defects. However, Hellgren et al ( 
2007) whose VLBW population was about the same age as ours (they were 15 
years old) like us did not report any increase in myopia and hypermetropia, 
only an increase in astigmatism. They speculate that the myopisation often 
encountered in term born  adolescents, may have counter balanced the effect 
of prematurity on refraction (Hellgren et al., 2009). The low prevalence of 
refractive errors in our study might also suggest a low incidence of ROP, a 
risk factor for refractive errors (O'Connor et al., 2002). We know that none in 
our group were cryo-treated for



Vision and brain in adolescents with low birth weight 

43

Visual acuity < 1.0 in preterm populations
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Figure 11. Proportion of population with subnormal binocular visual acuity (i.e. be-
low 1.0, in Holmström’s study of 3 year olds 0.7 was set as limit)  in several studies 
of preterm subjects of different ages (y =years old,  no contr= no control group) 

ROP , another known risk factor  for myopia (Larsson et al., 2003), but other 
than that we have no ROP data to support this assumption.   
Visual field defects, particularly in the lower hemifields, have been reported 
by other  studies of unselected VLBW populations, using more sensitive tech-
niques than we did (Larsson et al., 2004, Hellgren et al., 2008). 
Impaired visual functions related to binocularity and ocular motor control, 
such as latent or manifest strabismus, poor stereopsis, poor convergence and 
nystagmus were all more frequent in the VLBW group. Our results concur 
well with what others have reported in younger (Fledelius, 1996, McGinnity 
and Halliday, 1993, Holmström et al., 1999, Holmström et al., 2006), and 
adolescent preterm populations (Hellgren et al., 2008). Strabismus has been 
linked to cerebral damage both in preterm and other populations (Jacobson 
et al., 1998, Hellerstein et al., 1995), and although poor stereopsis is often 
linked to strabismus, it has also been described in preterm children without 
this obvious cause (Holmström et al., 1999). It is likely that brain injury 
should cause reduction in stereopsis, since this visual function is completely 
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dependant on cerebral processing of visual data. Our finding of normal stere-
opsis in the VLBW group when children with cerebral palsy were excluded 
also suggest that brain damage is an important causative factor. The report of  
an association between MRI findings and poor stereopsis in a VLBW cohort 
by Hellgren et al (2008) further strengthens this assumption.
Whereas control subjects very seldom (4-13  %) failed in two or more of the 
visual functions included in the two (partly overlapping) “abnormality 
scores”, VLBW subjects frequently (38-43 %) failed in at least two variables. 
This tendency to “multi fail” is also apparent in our study of the association 
between visual impairments and motor ability (paper III). The risk of motor 
problems in the VLBW group was significantly influenced (OR fell by 25 %) 
when controlling for poor visual acuity. The association between poor visual 
functions and motor problems has been reported by others in both preterm 
(O'Connor et al., 2009, Torrioli M.G. et al., 2000, Powls et al., 1997) and gen-
eral populations (Sigmundsson et al., 2003).
The nature of this association may both be one of cause and effect, and one of 
a shared common etiology. It is likely that perinatal brain damage in many of 
these children will have affected both visual and motor pathways (Skranes et 
al., 2005,van den Hout et al., 2004), and that some of the observed associa-
tion is one of a common etiology. However, visual functions also have a direct 
influence on motor ability (Haegerstrom-Portnoy, 1993). We suggest that 
both explanations are right.
 Regarding the tendency to “multi-fail”: A problem with having several 
suboptimally functioning systems is that the strategies available for compen-
sation are limited. Compensating for e.g. a learning disability is much more 
difficult if your reading speed is reduced by poor visual acuity, crowding and 
poor convergence. Thus a child with seemingly few, or no, severe disabilites, 
but several smaller ones, may be disproportionally disadvantaged.  Parents of 
such children might perceive the child’s struggle, and serve as their child’s 
compensatory mechanism. For an outsider unaware of all the child’s limita-
tions this might appear as unjustified overprotection.  Not surprisingly, par-
ents of preterm children are sometimes described as overprotective, and 
parental overprotectiveness is sometimes even claimed to cause the child’s 
problems (O'Mara and Johnston, 1989, Gunn et al., 1983). However, the as-
sumed overprotection may be quite adequate assistance for that child. A 
broad, interdisciplinary diagnostic approach to a struggling preterm child 
may help avoid such misunderstandings. 
A cerebral cause has been suggested for all the variables above where the 
VLBW group differed from the control group, and the demonstration of a 
significant correlation between  visual acuity and white matter microstruc-
ture in the brains of the VLBW group (paper IV) further strengthens this as-
sumption. A correlation with visual acuity was detected in two major 
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anatomical areas. The one most reliably associated with white matter micro-
structure was seen in the splenium part of the corpus callosum. This is the 
most posterior part of the corpus callosum, known to convey visual fibres 
(Dejerine and Dejerine-Klumpke, 1895, Dougherty et al., 2005). It is also an 
area particularly prone to damage in prematurity (Judas et al., 2005, Benjak 
et al., 2008) and thinning of the splenium has been associated with impaired 
visual perceptual impairment in preterm children (van den Hout et al., 
2004). Midline information is favoured for callosal transfer (Ptito, 2003), 
and visual acuity is perhaps the best example there is of a midline function. 
The other correlation was seen in the  periventricular regions. This finding 
may reflect the enlarged ventricles in some of the subjects, rather than irregu-
lar white matter structure, but is nevertheless interesting in that is links re-
duction of visual acuity to the periventricular anatomy. The association 
between impaired visual function and enlarged ventricles has been described 
previously (Serdaroglu et al., 2004) with other techniques, however not the 
callosal findings.

Future perspectives for research on the ophthalmological 
effects of preterm birth 

Based on the known increased risk for several potentially treatable ophthal-
mic conditions in the VLBW population (Holmström et al., 1999, Holmström 
et al., 2006), ophthalmological screening for all ELBW children, and for other 
premature children with added risk factors is currently in effect in Norway 
(Sosial- og Helsedirektoratet, 2007). Future research should evaluate this 
program. Are we screening the right children at the right time? What about 
the late preterms? Is our diagnostic setup working for what we should be 
looking for, and are we helping? Are we good at communicating our findings 
so that the information makes a positive difference in the child’s life at school 
and at home?

One slightly surprising finding from the current thesis was that adoles-
cents in the control group had better habitual correction and were in less 
need of new glasses than VLBW adolescents, in spite of both groups having 
similar pattern of refractive errors. If the VLBW subjects are in some way less 
capable of getting new glasses, they may be less able to give notice in other 
problem areas as well. One justification for screening is that it is beneficial for 
the patient/subject to find out about the problem before it becomes so appar-
ent to him that he does something about it by his own accord. Possibly VLBW 
subjects are less aggressive in getting health care than normal birth weight 
subjects , and this, in addition to their known wide range of higher risks (both 
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in motor ability, psychiatric health, cognitive and learning ability), may call 
for long term follow up. It may be that we underestimate the usefulness of 
screening /follow-up because we mistakenly believe that the high risk popula-
tion seeks medical advice as successfully as the normal population.  

Using existing visual data and comparing them to the ongoing neuropsy-
chological, motor, psychiatric and/or MRI follow up at age 20 is also 
planned.

Conclusion 

Being born prematurely with a birth weight below 1500 g brings on an in-
creased risk of subnormal or impaired function in a range of visual functions 
which lasts at least until adolescence. However, in this population, none were 
blind or severely visually impaired (i.e. with a visual acuity < 0.3).  

Motor problems are also common in this group, and motor and vision dys-
function frequently appear in the same subject.  

Visual acuity in the “mild subnormal range”, from 0.5 to 1.0 in Snellen 
decimals, was seen frequently in this group of VLBW adolescents and has 
been reported as a characteristic problem by other authors as well. As the 
first to report an anatomical correlate to these findings, we describe a correla-
tion between visual acuity and the microstructure of the posterior part of the 
corpus callosum, the splenium, in the VLBW group. We present an argument 
for why the splenium part of the corpus callosum may be of importance for 
the development of normal visual acuity as well as for why it may be prone to 
injury in prematurity.

To end by stating the obvious: eyes are important for vision. But, perhaps 
less obviously, so is the brain. Although retinal damage by ROP is declining in 
high income countries, brain damage is emerging as the biggest threat to the 
visual health of preterm born children, adolescents, and probably, adults.
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Corrections

Number of potential SGA subjects in paper II to be 91, not 92. 
Number of potential control subjects in paper II to be 108, not 110 
Paper I: Table 5 page 161. § indicates p = o.o57, not 0.57 as written 

     PaperII: reference to Snir et al 2004 at page 271 incorrect , should be 
“Ricci 1998”. In the reference list Snir et al should instead be “Ricci B. Re-
fractive errors and ocular motility disorders in preterm babies with and 
without retinopathy of prematurity. Ophthalmologica 1999; (213): 295-
299.”



Lindqvist

48

Reference list 

Amiel-Tison C, Allen M C, Lebrun F, Rogowski J. Macropremies: underprivileged 
newborns. Mental retardation and developmental disabilities research reviews 
2002; (8): 281-292. 

Ashton D M, Lawrence H C 3, Adams N L 3, Fleischman A R. Surgeon General's 
Conference on the Prevention of Preterm Birth. Obstet Gynecol 2009; (113): 925-
930.

Bakketeig L S, Jacobsen G, Hoffman H J, Lindmark G, Bergsjø P, Molne K, Rødsten 
J. Pre-pregnancy risk factors of small-for-gestational age births among parous 
women in Scan-dinavia. Acta Obstet Gynecol Scand 1993; (72): 273-279. 

Barrett R D, Bennet L, Davidson J, Dean M J, George S, Emerald B S, Gunn A J. 
Destruction and reconstruction: hypoxia and the developing brain. Birth defects 
research Part C, Embryo today 2007; (81): 163-176. 

Basser P J, Mattiello J, LeBihan D. MR diffusion tensor spectroscopy and imaging. 
Biophys J 1994; (66): 259-267. 

Baumgartner L. The public health significance of low birth weight in the USA, with 
spe-cial reference to varying practices in providing special care to infants of low 
birth weight. Bull World Health Organ 1962; (26): 175-182. 

Benjak V, Culjat M, Pavlovic M, Kostovic-Srzentic M. Changes of the corpus callo-
sum in children who suffered perinatal injury of the periventricular crossroads of 
pathways  1. Coll Antropol 2008; (32 Suppl 1): 25-29. 

Benjamin Y, Hochberg Y. Controlling the false discovery rate: a practical and power-
ful ap-proach to multiple testing. J R Statist Soc 1995; (57): 289-300. 

Brodsky D, Christou H. Current Concepts in Intrauterine Growth Restriction. J In-
tensive Care Med 2004; (19): 307-319. 

Counsell S J, Shen Y, Boardman J P, Larkman D J, Kapellou O, Ward P, Allsop J M, 
Cowan F M, Hajnal J V, Edwards A D, Rutherford M A. Axial and Radial Diffusiv-
ity in Preterm In-fants Who Have Diffuse White Matter Changes on Magnetic 
Resonance Imaging at Term-Equivalent Age. Pediatrics 2006; (117): 376-386. 

Cryotherapy for Retinopathy of Prematurity Cooperative Group. Multicenter trial of 
cryotherapy for retinopathy of prematurity. One-year outcome--structure and 
function. Arch Ophthalmol 1990; (108): 1408-1416. 

Cryotherapy for Retinopathy of Prematurity Cooperative Group. 15-year outcomes 
following threshold retinopathy of prematurity: final results from the multicenter 



Vision and brain in adolescents with low birth weight 

49

trial of cryother-apy for retinopathy of prematurity. Arch Ophthalmol 2005; 
(123): 311-318. 

Cusick M, Charles M K, Agrón E, SanGiovanni J P, Ferris F L 3, Charles S. Anatomi-
cal and visual results of vitreoretinal surgery for stage 5 retinopathy of prematur-
ity. Retina 2006; (26): 729-735. 

Dammann O, Leviton A. Inflammation, brain damage and visual dysfunction in pre-
term infants. Seminars in Fetal and Neonatal Medicine 2006; (11): 363-368. 

Dammann O, O'Shea T M. Cytokines and perinatal brain damage. Clin Perinatol 
2008; (35): 643-63, v. 

Darlow B A, Clemett R S, Horwood L J, Mogridge N. Prospective study of New Zea-
land in-fants with birth weight less than 1500 g and screened for retinopathy of 
prematurity: visual outcome at age 7-8 years. Br J Ophthalmol 1997; (81): 935-
940.

Davidoff M J, Dias T, Damus K, Russell R, Bettegowda V R, Dolan S, Schwarz R H, 
Green N S, Petrini J. Changes in the gestational age distribution among U.S. sin-
gleton births: im-pact on rates of late preterm birth, 1992 to 2002. Semin Perina-
tol 2006; (30): 8-15. 

Dejerine J, Dejerine-Klumpke A. Corps calleux. In: Anatomie des centres nerveux. 
(Ed.Rueff et cie). Paris: 106,Boulevard Saint-Germain, 1895; 787-803. 

Dougherty R F, Ben-Shachar M, Bammer R, Brewer A A, Wandell B A. Functional 
organiza-tion of human occipital-callosal fiber tracts. Proc Natl Acad Sci U S A 
2005; (102): 7350-7355. 

Durnian J M, Cheeseman R, Kumar A, Raja V, Newman W, Chandna A. Childhood 
sight impairment: a 10-year picture. Eye 2009. 

Dutton G N, Jacobson L. Cerebral visual impairment in children. Seminars in Neo-
natology 2001; (6): 447-485. 

Eken P, de Vries L, van der Graaf Y, Meiners L C, van Nieuwhuizen O. Haemor-
rhagic-ischaemic lesions of the neonatal brain: correlation between cerebral vis-
ual impairment, neurodevelopmental outcome and MRI in infancy. Dev Med 
Child Neurol 1995; (37): 41-55. 

Engle W A, Tomashek K M, Wallman C, the Committee on Fetus and Newborn. 
"Late-preterm" infants: a population at risk. Pediatrics 2007; (120): 1390-1401. 

Evensen K A I, Vik T, Helbostad J, Indredavik M, Kulseng S, Brubakk A-M. Motor 
skills in adolescents with low birth weight. Arch Dis Child Fetal Neonatal Ed 
2004; (89): F451-F455. 



Lindqvist

50

Fazzi E, Bova S B, Uggetti C, Signorini G, Bianchi P E, Maraucci I, Zoppello M, Lanzi 
G. Vis-ual-perceptual impairment in children with periventricular leukomalacia. 
Brain & Development 2004; (26): 506-512. 

Fewtrell M S, Kennedy K, Singhal A, Martin R M, Ness A, Hadders-Algra M, 
Koletzko B, Lucas A. How much loss to follow-up is acceptable in long-term ran-
domised trials and prospective studies? Archives of Disease in Childhood 2008; 
(93): 458-461. 

Fleck B W, McIntosh N. Pathogenesis of retinopathy of prematurity and possible 
preventive strategies. Early Hum Dev 2008; (84): 83-88. 

Fledelius H C. Ophthalmic changes from age of 10 to 18 years. A longitudinal study 
of sequels to low birth weight. II. Visual acuity. Acta Ophthalmol (Copenh) 1981; 
(59): 64-70. 

Fledelius H C. Pre-term delivery and subsequent ocular development. A 7-10 year 
follow-up of children screened 1982-84 for ROP. 3) Refraction. Myopia of prema-
turity. Acta Ophthalmol Scand 1996b; (74): 288-293. 

Fledelius H C. Pre-term delivery and subsequent ocular development. A 7-10 year 
follow-up of children screened 1982-84 for ROP. 2) Binocular function. Acta Oph-
thalmol Scand 1996a; (74): 294-296. 

Fledelius H C, Dahl H. Retinopathy of prematurity, a decrease in frequency and se-
verity. Trends over 16 years in a Danish county. Acta Ophthalmol Scand 2000; 
(78): 359-361. 

Fulton A B, Hansen R M. Photoreceptor function in infants and children with a his-
tory of mild retinopathy of prematurity. J Opt Soc Am A Opt Image Sci Vis 1996; 
(13): 566-571. 

Genovese C R, Lazar N A, Nichols T. Thresholding of Statistical Maps in Functional 
Neuroi-maging Using the False Discovery Rate. Neuroimage 2002; (15): 870-878. 

Gilbert C, Foster A. Childhood blindness in the context of VISION 2020--the right to 
sight. Bull World Health Organ 2001a; (79): 227-232. 

Gilbert C, Muhit M. Twenty years of childhood blindness: what have we learnt? 
Community eye health 2008; (21): 46-47. 

Gilbert C, Fielder A, Gordillo L, Quinn G, Semiglia R, Visintin P, Zin A, on behalf of 
the In-ternational NO-ROP Group. Characteristics of Infants With Severe Reti-
nopathy of Prematurity in Countries With Low, Moderate, and High Levels of De-
velopment: Implications for Screening Programs. Pediatrics 2005; (115): e518-
e525.

Gilbert C, Foster A. Childhood blindness in the context of VISION 2020: the right to 
sight. Bull World Health Organ 2001b; (79): 227-232. 



Vision and brain in adolescents with low birth weight 

51

Godfrey K M. The 'gold standard' for optimal fetal growth and development. The 
Journal of pediatric endocrinology 2001; (14 Suppl 6): 1507-1513. 

Good W V, Early Treatment for Retinopathy of prematurity Cooperative Group. Fi-
nal results of the Early Treatment for Retinopathy of Prematurity (ETROP) ran-
domized trial. Transactions of the American Ophthalmological Society annual 
meeting 2004; (102): 233-248. 

Gunn T R, Lepore E, Outerbridge E W. Outcome at school-age after neonatal me-
chanical ventilation. Dev Med Child Neurol 1983; (25): 305-314. 

Haegerstrom-Portnoy G. New procedures for evaluating vision functions of special 
popula-tions. Optom Vis Sci 1993; (70): 306-314. 

Hammer D X, Iftimia N V, Ferguson R D, Bigelow C E, Ustun T E, Barnaby A M, 
Fulton A B. Foveal Fine Structure in Retinopathy of Prematurity: An Adaptive 
Optics Fourier Domain Optical Coherence Tomography Study. Investigative Oph-
thalmology Visual Science 2008; (49): 2061-2070. 

Haram K, Gjelland K. [Foetal growth retardation]. Tidsskrift for den Norske lmge-
forening 2007; (127): 2665-2669. 

Hård A L, Niklasson A, Svensson E, Hellström A. Visual function in school-aged 
children born before 29 weeks of gestation: a population-based study. Dev Med 
Child Neurol 2000; (42): 100-105. 

Hellerstein L F, Freed S, Maples W C. Vision profile of patients with mild brain in-
jury. J Am Optom Assoc 1995; (66): 634-639. 

Hellgren K, Hellström A, Jacobson L, Flodmark O, Wadsby M, Martin L. Visual and 
cerebral sequels of very low birth weight in adolescents. Arch Dis Child Fetal 
Neonatal Ed 2007; (92): F259-F264. 

Hellgren K, Hellström A, Martin L. Visual fields and optic disc morphology in very 
low birthweight adolescents examined with magnetic resonance imaging of the 
brain. Acta Ophthalmol (Copenh) 2008. 

Hellgren K, Aring E, Jacobson L, Ygge J, Martin L. Visuospatial skills, ocular align-
ment, and magnetic resonance imaging findings in very low birth weight adoles-
cents. Journal of American Association for Pediatric Ophthalmology and 
Strabismus 2009; (In Press, Corrected Proof). 

Hellström A. Abnormal retinal vascular morphology in young adults following in-
trauterine growth restriction. Pediatrics 2004; (113): 77-80. 

Hellström A, Engström E, Hård A L, Albertsson-Wikland K, Carlsson B, Niklasson 
A, Löfqvist C, Svensson E, Holm S, Ewald U, Holmström G, Smith L E. Postnatal 
serum in-sulin-like growth factor I deficiency is associated with retinopathy of 
prematurity and other complications of premature birth. Pediatrics 2003; (112): 
1016-1020.



Lindqvist

52

Henderson S, Sugden D. Movement assessment battery for children. Manual. 1992. 

Holmström G, el Azazi M, Kugelberg U. Ophthalmological follow up of preterm in-
fants: a population based, prospective study of visual acuity and strabismus. Br J 
Ophthalmol 1999; (83): 143-150. 

Holmström G, el Azazi M, Kugelberg U. Ophthalmological long-term follow up of 
preterm infants: a population based, prospective study of the refraction and its 
development. Br J Ophthalmol 1998; (82): 1265-1271. 

Holmström G, Rydberg A, Larsson E. Prevalence and development of strabismus in 
10-year-old premature children: a population-based study. J Pediatr Ophthalmol 
Strabismus 2006; (43): 346-352. 

Hüppi P S, Dubois J. Diffusion tensor imaging of brain development. Seminars in 
Fetal and Neonatal Medicine 2006; (11): 489-497. 

Indredavik M S, Vik T, Heyerdahl S, Kulseng S, Fayers P, Brubakk A-M. Psychiatric 
symp-toms and disorders in adolescents with low birth weight. Arch Dis Child Fe-
tal Neonatal Ed 2004 Sep;89(5):F445-50 2004; (89): F445-F450. 

Isaacs E B, Edmonds C J, Chong W K, Lucas A, Gadian D G. Cortical anomalies as-
sociated with visuospatial processing deficits. Ann Neurol 2003; (53): 768-773. 

Jacobson L, Dutton G N. Periventricular leukomalacia: an important cause of visual 
and ocular motility dysfunction in children. Surv Ophthalmol 2000; (45): 1-13. 

Jacobson L, Ek U, Ygge J, Warburg M. Visual impairment in children with brain 
damage: towards a diagnostic procedure? Dev Med Child Neurol 2004; (46): 67-
68.

Jacobson L, Hård A L, Horemuzova E, Hammarén H, Hellström A. Visual impair-
ment is common in children born before 25 gestational weeks--boys are more 
vulnerable than girls. Acta pmdiatrica 2009; (98): 261-265. 

Jacobson L, Lundin S, Flodmark O, Ellström K G. Periventricular leukomalacia 
causes visual impairment in preterm children. A study on the aetiologies of visual 
impairment in a population-based group of preterm children born 1989-95 in the 
county of Värmland, Sweden. Acta Ophthalmol Scand 1998a; (76): 593-598. 

Jacobson L, Ygge J, Flodmark O. Nystagmus in periventricular leucomalacia. Br J 
Ophthal-mol 1998b; (82): 1026-1032. 

Joseph K S, Kramer M S, Marcoux S, Ohlsson A, Wen S W, Allen A, Platt R. Deter-
minants of Preterm Birth Rates in Canada from 1981 through 1983 and from 1992 
through 1994. N Engl J Med 1998; (339): 1434-1439. 

Judas M, Rados M, Jovanov-Milosevic N, Hrabac P, stern-Padovan R, Kostovic I. 
Structural, immunocytochemical, and MR imaging properties of periventricular 



Vision and brain in adolescents with low birth weight 

53

crossroads of grow-ing cortical pathways in preterm infants. AJNR Am J Neuro-
radiol 2005; (26): 2671-2684. 

Kapellou O, Counsell S J, Kennea N, Dyet L, Saeed N, Stark J, Maalouf E, Duggan P, 
Ajayi-Obe M, Hajnal J, Allsop J M, Boardman J, Rutherford M A, Cowan F, Ed-
wards A D. Ab-normal cortical development after premature birth shown by al-
tered allometric scaling of brain growth. PLoS medicine 2006; (3). 

Khan R I, O'Keefe M, Kenny D, Nolan L. Changing pattern of childhood blindness. Ir 
Med J 2007; (100): 458-461. 

Khwaja O, Volpe J J. Pathogenesis of cerebral white matter injury of prematurity. 
Arch Dis Child Fetal Neonatal Ed 2008; (93): F153-F161. 

Kjellmer I, Thordstein M, Wennergren M. Cerebral function in the growth-retarded 
fetus and neonate. Biol Nenonate 1992; (62): 265-270. 

Kostovic I, Jovanov-Milosevic N. The development of cerebral connections during 
the first 20-45 weeks' gestation. Seminars in Fetal and Neonatal Medicine 2006; 
(11): 415-422. 

Krägeloh-Mann I. Imaging of early brain injury and cortical plasticity. Exp Neurol 
2004 2004; (190): S84-90. 

Kulseng S, Jennekens-Schinkel A, Næss P, Romundstad P, Indredavik M, Vik T, 
Brubakk A-M. Very-low-birthweight and term small-for-gestational-age adoles-
cents: attention revisited. Acta pmdiatrica 2006; (95): 224-230. 

Kunnskapsdepartementet. Lovdata FOR 2005-12-07 nr 1685: Forskrift for graden 
ph.d. ved NTNU. § 7.4. 2005. Ref Type: Statute 

Larsson E, Martin L, Holmström G. Peripheral and central visual fields in 11-year-
old chil-dren who had been born prematurely and at term. J Pediatr Ophthalmol 
Strabismus 2004; (41): 39-45. 

Larsson E K, Rydberg A C, Holmström G E. A Population-Based Study of the Refrac-
tive Outcome in 10-Year-Old Preterm and Full-Term Children. Arch Ophthalmol 
2003; (121): 1430-1436. 

Larsson E K, Rydberg A C, Holmström G E. A population-based study on the visual 
outcome in 10-year-old preterm and full-term children. Arch Ophthalmol 2005; 
(123): 825-832. 

Le Bihan D, van Zijl P. From the diffusion coefficient to the diffusion tensor. NMR 
Biomed 2002; (15): 431-434. 

Lemons J A, Bauer C R, Oh W, Korones S B, Papile L A, Stoll B J, Verter J, Temprosa 
M, Wright L L, Ehrenkranz R A, Fanaroff A A, Stark A, Carlo W, Tyson J E, 
Donovan E F, Shankaran S, Stevenson D K, for the NICHD Neonatal Research 
Network. Very Low Birth Weight Outcomes of the National Institute of Child 



Lindqvist

54

Health and Human Development Neonatal Research Network, January 1995 
Through December 1996. Pediatrics 2001; (107): e1. 

Leviton A, Gressens P. Neuronal damage accompanies perinatal white-matter dam-
age. Trends Neurosci 2007; (30): 473-478. 

Ley D, Marsal K, Dahlgren J, Hellström A. Abnormal retinal optic nerve morphology 
in young adults after intrauterine growth restriction. Pediatr Res 2004; (56): 139-
143.

Loeliger M, Duncan J, Louey S, Cock M, Harding R, Rees S. Fetal growth restriction 
induced by chronic placental insufficiency has long-term effects on the retina but 
not the optic nerve. Invest Ophthalmol Vis Sci 2005; (46): 3300-3308. 

Mandruzzato G, Antsaklis A, Botet F, Chervenak F A, Figueras F, Grunebaum A, 
Puerto B, Skupski D, Stanojevic M. Intrauterine restriction (IUGR). J Perinat 
Med 2008; (36): 277-281. 

Martin L, Ley D, Hellström A. Visual function in young adults following intrauterine 
growth retardation. J Pediatr Ophthalmol Strabismus 2004; (41): 212-218. 

Martinussen M, Fischl B, Larsson H B, Skranes J, Kulseng S, Vangberg T R, Vik T, 
Brubakk A-M, Haraldseth O, Dale A M. Cerebral cortex thickness in 15-year-old 
adolescents with low birth weight measured by an automated MRI-based method. 
Brain 2005. 

McElrath T F, Hecht J L, Dammann O, Boggess K, Onderdonk A, Markenson G, 
Harper M, Delpapa E, Allred E N, Leviton A, for the ELGAN Study Investigators. 
Pregnancy Disor-ders That Lead to Delivery Before the 28th Week of Gestation: 
An Epidemiologic Ap-proach to Classification. Am J Epidemiol 2008; (168): 980-
989.

McGinnity F G, Bryars J H. Controlled study of ocular morbidity in school children 
born preterm. Br J Ophthalmol 1992; (76): 520-524. 

McGinnity F G, Halliday H L. Perinatal predictors of ocular morbidity in school chil-
dren who were very low birthweight. Paediatr Perinat Epidemiol 1993; (7): 417-
425.

McQuillen P S, Sheldon R A, Shatz C J, Ferriero D M. Selective Vulnerability of Sub-
plate Neurons after Early Neonatal Hypoxia-Ischemia. J Neurosci 2003; (23): 
3308-3315.

Moster D, Lie R T, Markestad T. Long-Term Medical and Social Consequences of 
Preterm Birth. N Engl J Med 2008; (359): 262-273. 

O'Connor A R, Stephenson T, Johnson A, Tobin M J, Moseley M J, Ratib S, Ng Y, 
Fielder A R. Long-term ophthalmic outcome of low birth weight children with 
and without reti-nopathy of prematurity. Pediatrics 2002a; (109): 12-18. 



Vision and brain in adolescents with low birth weight 

55

O'Connor A R, Stephenson T J, Johnson A, Tobin M J, Ratib S, Fielder A R. Stra-
bismus in children of birth weight less than 1701 g. Arch Ophthalmol 2002b; 
(120): 767-773. 

O'Connor A R, Stephenson T J, Johnson A, Tobin M J, Ratib S, Moseley M, Fielder A 
R. Vis-ual function in low birth weight children. Br J Ophthalmol 2004; (2004): 
1149-1153.

O'Connor A R, Birch E E, Spencer R. Factors Affecting Development of Motor Skills 
in Ex-tremely Low Birth Weight Children. Strabismus 2009; (17): 20-23. 

O'Mara L, Johnston C. Mothers' attitudes and their children's behaviors in 3-year-
olds born prematurely and at term. J Dev Behav Pediatr 1989; (10): 192-197. 

Palmer E A. Results of U.S. randomized clinical trial of cryotherapy for ROP (CRYO-
ROP). Doc Ophthalmol 1990; (74): 245-251. 

Peleg D, Kennedy C M, Hunter S K. Intrauterine growth restriction: Identification 
and man-agement. Am Fam Physician 1998; (58(2):453-60, 466-7): 453--460. 

Pennefather P M, Tin W, Clarke M P, Dutton J, Fritz S, Hey E N. Bias due to incom-
plete follow up in a cohort study. Br J Ophthalmol 1999; (83): 643-645. 

Pike M G, Holmström G, de Vries L S, pennock J M, Drew K J, Sonksen P M, 
Dubowitz L M. Patterns of visual impairment associated with lesions of the pre-
term infant brain. Dev Med Child Neurol 1994; (36): 849-862. 

Powls A, Botting N, Cooke R W I, Stephenson G, Marlow N. Visual impairment in 
low birth-weight children. Arch Dis Child 1997; (76): F82-F87. 

Ptito M. Functions of the corpus callosum as derived from split-chiasm studies in 
cats. In: The parallell brain. (Eds.Zaidel E, Iacoboni M). Cambridge, Massachu-
setts; London, England: A Bradford Book, The MIT press, 2003; 139-153. 

Rahi J S, Cable N. Severe visual impairment and blindness in children in the UK. 
The Lancet 2003; (362): 1359-1365. 

Repka M X. Ophthalmological problems of the premature infant. Ment Retard Dev 
Disabil Res Rev 2002; (8): 249-257. 

Ricci B. Refractive errors and ocular motility disorders in preterm babies with and 
without retinopathy of prematurity. Ophthalmologica 1999; (213): 295-299. 

Ridgway G R, Henley S M D, Rohrer J D, Scahill R I, Warren J D, Fox N C. Ten sim-
ple rules for reporting voxel-based morphometry studies. Neuroimage 2008; 
(40): 1429-1435. 

Rosenberg A. The IUGR newborn. Semin Perinatol 2008; (32): 219-224. 



Lindqvist

56

Saunders K, McCulloch D L, Shepherd A J, Wilkinson A G. Emmetropisation follow-
ing pre-term birth. Br J Ophthalmol 2002; (86): 1035-1040. 

Serdaroglu G, Tekgul H, Kitis O, Serdaroglu E, Gökben S. Correlative value of mag-
netic resonance imaging for neurodevelopmental outcome in periventricular leu-
komalacia. Dev Med Child Neurol 2004; (46): 733-739. 

Sigmundsson H, Hansen P C, Talcott J B. Do 'clumsy' children have visual deficits? 
Behav Brain Res 2003; (139): 123-129. 

Sjöström A, Kraemer M, Ohlsson J, Villarreal G. Subnormal visual acuity syndromes 
(SVAS): albinism in Swedish 12-13-year-old children. Doc Ophthalmol 2001; 
(103): 35-46. 

Skranes J, Martinussen M, Smevik O, Myhr G, Indredavik M, Vik T, Brubakk A-M. 
Cerebral MRI findings in very-low-birth-weight and small-for-gestational-age 
children at 15 years of age. Pediatr Radiol 2005; (35): 758-765. 

Skranes J S, Nilsen.G., Smevik O, Vik T, Rinck P, Brubakk A-M. Cerebral magnetic 
resonance imaging (MRI) of very low birth weight infants at one year of corrected 
age. Pediatr Radiol 1992; (22): 406-409. 

Skranes J S, Vik T, Nilsen.G., Smevik O, Andersson H W, Brubakk A M. Cerebral 
magnetic resonance imaging and mental and motor function of very low birth 
weight children at six years of age. Neuropediatrics 1997; (28): 149-154. 

Song S K, Yoshino J, Le T Q, Lin S J, Sun S W, Cross A H, Armstrong R C. Demyeli-
nation increases radial diffusivity in corpus callosum of mouse brain. Neuroimage 
2005; (26): 132-140. 

Song S K, Sun S W, Ju W K, Lin S J, Cross A H, Neufeld A H. Diffusion tensor imag-
ing de-tects and differentiates axon and myelin degeneration in mouse optic 
nerve after retinal ischemia. Neuroimage 2003; (20): 1714-1722. 

Song S K, Sun S W, Ramsbottom M J, Chang C, Russell J, Cross A H. Dysmyelina-
tion re-vealed through MRI as increased radial (but unchanged axial) diffusion of 
water. Neuroimage 2002; (17): 1429-1436. 

Sosial- og Helsedirektoratet. Retningslinjer for oppfølging av for tidlig fødte barn.  
2007. Oslo. Ref Type: Report 

Steckel RH. Birth weights and stillbirths in historical perspective. Causes and Con-
sequences of Intrauterine Growth Retardation . 1996. Ref Type: Electronic Cita-
tion

Strömland K. Eyeground malformations in the fetal alcohol syndrome. Birth Defects 
Orig Artic Ser 1982; (18): 651-655. 

Tanbo T. Perinataldagene 2008.  2008. Oslo. Ref Type: Conference Proceeding 



Vision and brain in adolescents with low birth weight 

57

Tandberg A. Perinataldagene 2008.  2008. Oslo. Ref Type: Conference Proceeding 

Thordstein C M, Sultan B L, Wennergren M M, Tornqvist E, Lindekrantz K G, Kjell-
mer I. Visual evoked potentials in disproportionately growth-retarded human 
neonates. Pediatr Neurol 2004; (30): 262-270. 

Toft P B, Leth H, Ring P B, Peitersen B, Lou H C, Henriksen O. Volumetric analysis 
of the normal infant brain and in intrauterine growth retardation. Early Hum Dev 
1995; (43): 15-29. 

Toosy A T, Ciccarelli O, Parker G J M, Wheeler-Kingshott C A M, Miller D H, 
Thompson A J. Characterizing function-structure relationships in the human vis-
ual system with func-tional MRI and diffusion tensor imaging. Neuroimage 2004; 
(21): 1452-1463. 

Tornqvist K, Källén B. Risk factors in term children for visual impairment without a 
known prenatal or postnatal cause. Paediatr Perinat Epidemiol 2004; (18): 425-
430. 

Torrioli M.G., Frisone M F, Bonvini L, Luciano R, Pasca M G. Perceptual-motor, 
visual and cognitive ability in very low birthweight preschool children without 
neonatal ultrasound abnormalities. Brain Dev 2000; (22): 163-168. 

van den Hout B M, de Vries L S, Meiners L C, Stiers P, van der Schouw Y T, Jenne-
kens-Schinkel A, Wittebol-Post D, van der Linde D, Vandenbussche E, van Nieu-
wenhuizen O. Visual perceptual impairment in children at 5 years of age with 
perinatal haemorrhagic or ischaemic brain damage in relation to cerebral mag-
netic resonance imaging. Brain Dev 2004; (26): 251-261. 

Vik T, Markestad T, Ahlsten G, Gebre-Medhin M, Jacobsen G, Hoffman H J, Bak-
keteig L S. Body proportions and early neonatal morbidity in small-for-
gestational-age infants of successive births. Acta Obstet Gynecol Scand Suppl 
1997; (165): 76-81. 

Volpe J J. Brain injury in premature infants: a complex amalgam of destructive and 
devel-opmental disturbances. Lancet Neurology 2009; (8): 110-124. 

Wheatley C M, Dickinson J L, Mackey D A, Craig J E, Sale M M. Retinopathy of 
prematurity: recent advances in our understanding. Br J Ophthalmol 2002; (86): 
696-700.

WHO Technical consultation towards the development of a strategy for promoting 
optimal fetal development. Promoting fetal development: Report of a technical 
consultation.  2003.  WHO Document Production Services, Geneva, Switzerland. 
Ref Type: Report 

Wilcox A J. On the importance - and the unimportance- of birthweight. Int J Epide-
miol 2001; (30): 1233-1241. 



Lindqvist

58

World Health Organization. Health status statistics: Morbidity. Newborns with low 
birth-weight (percentage).  2009. Ref Type: Internet Communication 

World Health Organization and the International agency for the prevention of 
blindness. Vision for children: A global overview of blindness, childhood and 
VISION 2020 The right to sight.  2008.  

World Health Organization ROftEM. Regional consultation towards the develop-
ment of a strategy for optimizing fetal growth and development.  2005.  

Ylppö A. New classification and nomenclature for newborn infants including prema-
tures and abortions. Acta Pediatrica 1948;160-163. 

Zadnik K, Manny R E, Yu J A, Mitchell G L, Cotter S A, Quiralte J C, Shipp M, 
Friedman N E, Kleinstein R N, Walker T W, Jones L A, Moeschberger M L, Mutti 
D O, Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error 
(CLEERE) Study Group. Ocular component data in schoolchildren as a function 
of age and gender. Optom Vis Sci 2003; (80): 226-236. 



Paper I



 
Is not included due to copyright 



Paper II



 
Is not included due to copyright 



Paper III





Official Journal of the European Paediatric Neurology Society

Original article

Do visual impairments affect risk of motor problems in
preterm and term low birth weight adolescents?

Kari Anne I. Evensena,d,�, Susanne Lindqvista,e, Marit S. Indredavikb,f, Jon Skranesa,g,
Ann-Mari Brubakka,g, Torstein Vikc

aDepartment of Laboratory Medicine, Children’s and Women’s Health, Faculty of Medicine, Norwegian University of Science and Technology,

Trondheim, Norway
bDepartment of Neuroscience, Faculty of Medicine, Norwegian University of Science and Technology, Trondheim, Norway
cDepartment of Public Health and General Practice, Faculty of Medicine, Norwegian University of Science and Technology, Trondheim, Norway
dDepartment of Physical Medicine and Rehabilitation, St. Olavs Hospital, Trondheim University Hospital, Norway
eDepartment of Ophthalmology, St. Olavs Hospital, Trondheim University Hospital, Norway
fDepartment of Child and Adolescent Psychiatry, St. Olavs Hospital, Trondheim University Hospital, Norway
gDepartment of Pediatrics, St. Olavs Hospital, Trondheim University Hospital, Norway

a r t i c l e i n f o

Article history:

Received 26 March 2007

Received in revised form

1 October 2007

Accepted 11 February 2008

Keywords:

Very low birth weight

Small for gestational age

Motor problems

Visual impairments

Adolescents

a b s t r a c t

Background: Increased prevalence of motor and visual problems has been reported in low

birth weight populations, but the association between them is less studied.

Aim: To examine how visual impairments may be associated with the increased risk of

motor problems in low birth weight adolescents.

Methods: Fifty-one very low birth weight adolescents (VLBW), 56 term small for

gestational age (SGA) and 75 term control adolescents, without cerebral palsy, were

examined at the age of 14. Motor skills were examined by the Movement Assessment

Battery for Children. Visual functions included visual acuity, contrast sensitivity,

nystagmus, strabismus, stereoacuity, accommodation, convergence and visual perception

(Visual-Motor Integration test). An abnormality score was calculated as the sum of visual

impairments. We used odds ratio as an estimate of the relative risk of having motor

problems.

Results: The odds of having motor problems were 10.4 (95% CI: 2.2–49.4) in the VLBW

group and 5.1 (95% CI: 1.0–25.8) in the SGA group compared with the control group. The

odds of having motor problems in the VLBW group were influenced by all visual variables,

and most by visual acuity, when we adjusted for these separately. The greatest reduction in

OR was found when adjusting for the abnormality score (adjusted OR: 6.8; 95% CI: 1.3–34.5).

In the SGA group the odds of having motor problems were relatively unaffected by the

visual variables and the abnormality score.

Conclusions: Visual impairments influence motor problems in VLBW adolescents,

whereas motor problems in SGA adolescents seem to be unaffected by visual impairments.
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1. Introduction

Premature birth and intrauterine growth restriction both

represent risk factors for motor problems and visual impair-

ments. Motor problems are frequently seen in children with

birth weight below 1500g (very low birth weight: VLBW) at

preschool1–3 and school age.4–7 Some studies also report

motor problems in VLBW adolescents.8,9

VLBW children and adolescents also have poorer visual

functions, including poorer visual acuity,10–14 stereoa-

cuity,2,10,11,15 contrast sensitivity10,13 and more strabis-

mus10–13 than controls. Visual perception is also more

frequently reduced in preterm children.16–18

Children who have been growth retarded in utero are

usually diagnosed by having a low birth weight for their

gestational age (small for gestational age: SGA). Studies on

motor skills in term SGA children are few and have shown

inconsistent results.19–23 We have previously reported that

term SGA adolescents, in particular boys, more often had

motor problems, especially poor manual dexterity, compared

with non-SGA adolescents.9 Also, visual functions have been

less studied in SGA populations, primarily in infants22,24 and

young children.20 A couple of studies have found some

support for impaired visual function among adolescents

who were born SGA.25,26

Vision is one of the most important sources of information

for motor control27,28 and plays an essential role in both

motor and cognitive development.29 Vision is necessary to

identify objects and movements important for interacting

with the environment and for controlling body movements.27

Poor visual perception has been shown to contribute to

movement problems of clumsy children.30

Associations between visual functions and motor skills

have been less studied in low birth weight populations, but

there seems to be a relationship between motor skills and

stereoacuity2,11,15 as well as visual acuity, strabismus and

contrast sensitivity11 in younger VLBW children. In VLBW

adolescents, a strong association between impaired vision

and motor problems has been reported, especially in children

with strabismus and poor contrast sensitivity.10

None of these previous studies of VLBW children have

looked at the risk of motor problems and how this risk may be

affected by visual functions. Secondly, no studies have looked

at the association between vision and motor skills in SGA

children or adolescents.

In this study, we wanted to examine how visual impair-

ments may be associated with the increased risk of motor

problems in VLBW and SGA adolescents.

2. Material and methods

2.1. Study design

This is a follow-up study of two groups of adolescents with

low birth weight (VLBW and term SGA) compared with a

control group of normal birth weight. The VLBW adolescents

had been admitted to the Neonatal Intensive Care Unit (NICU)

at the University Hospital in Trondheim in 1986-88. The SGA

and control children were born in the same time period to

mothers enrolled before week 20 of pregnancy in a multi-

center study,31,32 where a 10% random sample of women

(with one or two previous pregnancies) was selected for

follow-up during pregnancy. At birth, all SGA children and all

children born to mothers in the random sample were

included for follow-up. Children with cerebral palsy (CP) and

congenital malformations were excluded.

At 14 years of age, motor, visual and neuropsychological

examinations were performed as part of a comprehensive

follow-up assessment. We have previously reported the

prevalence of motor, visual and neuropsychological problems

in VLBW and SGA adolescents.9,26,33,34,61

2.2. Study population

2.2.1. VLBW adolescents
One hundred and twenty-one children with a birth weight

p1500g were admitted to the NICU at the University Hospital

in Trondheim (the referral hospital) in 1986–88. Of these, 33

died, one child with trisomy 21 was excluded, eight had CP

and six children had moved. Of the remaining 73 children, 22

did not consent to at least one of the examinations (motor,

visual and/or neuropsychological examination). Thus, a total

of 51 (70%) VLBWadolescents (28 boys, 23 girls) underwent all

three examinations.

2.2.2. SGA adolescents
Of 1200 eligible women, 104 (9%) gave birth to a SGA child,

defined by a birth weight o10th centile, adjusted for

gestational age, gender and parity. One child had CP and

one child had a congenital malformation. At follow-up, 12

children had moved. Of the remaining 90 children, 34 did not

consent to motor, visual and/or neuropsychological examina-

tion, leaving 56 (62%) SGA children (25 boys and 31 girls) in

this study group.

2.2.3. Control adolescents
The control group comprised 120 children with birth weight

X10th centile for gestational age, born at term to mothers in

the 10% random sample. Two children had congenital

malformations. At follow-up, 10 children had moved, while

33 did not consent to at least one of the examinations. In

total, 75 (69%) children in the control group (32 boys and 43

girls) were examined.

2.2.4. Non-participants
There were no significant differences in maternal age,

duration of pregnancy, the infants’ birth weight, body length

and head circumference between those who participated and

those who did not consent to participation in any of the

groups.

3. Methods

All examiners were blinded to group assignment.
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3.1. Background data

At birth, the VLBW infants were weighed to the nearest gram

on an electronic scale, whereas the SGA and control infants

were weighed to the nearest 10 g on a standard scale.

At follow-up, weight was measured on an electronic scale

to the nearest 100 g. Height and head circumference was

measured to the nearest 0.1 cm.

Gestational age, birth weight and anthropometric measure-

ments at follow-up are shown in Table 1.

Socioeconomic status (SES) was calculated according to

Hollingshead’s Two Factor Index of Social Position.35

An estimate of intelligence quotient (IQest) was calculated

using four subscales (vocabulary, arithmetic, block design and

picture arrangement) of Wechsler Intelligence Scales (WISC-

III).36,37 We defined ‘‘low IQest’’ as below two standard

deviations (SDs) of the control group mean value.

3.2. Motor skills

Each adolescent was tested with the Movement Assessment

Battery for Children (Movement ABC)38 by a physiotherapist

(KAIE). The Movement ABC consists of eight items, scored

between zero (optimal score) and five, and grouped as three

subscores: manual dexterity, ball skills and static/dynamic

balance. Scores below the 5th centile indicate definite motor

problems and scores below the 15th centile indicate border-

line motor problems.38 We used the highest age band,

designed for 11–12-year-old children. Since the study popula-

tion was examined at 14 years of age, we used the 5th and

15th centile derived from all adolescents in the control group

who met for motor assessment (n ¼ 81). This corresponded to

a total score of 14 and 10.5, well in accordance with the 5th

and 15th centile in the manual.

3.3. Visual functions

All visual examinations were performed by a paediatric

ophthalmologist (SL). In addition to the following examina-

tions, subjects were also examined in a split lamp and with

indirect binocular ophthalmoscopy.

3.3.1. Visual acuity
Binocular distance visual acuity was examined by a Snellen

letter chart at 4m distance. Two VLBW adolescents were

tested with Lea Hyvärinen symbols test39 for distance due to

problems with naming letters.

Visual acuity was assessed both with own (if any) correc-

tion, and also with best correction after subjective refraction.

Poor visual acuity was defined as visual acuity below 1.0

Snellen decimals.

3.3.2. Contrast sensitivity
Contrast sensitivity was assessed by the Vistech contrast

sensitivity chart for near at 40 cm distance.40 Both eyes were

tested monocularly. The Vistech chart tests at five frequen-

cies: 1.5, 3, 6, 12, and 18 cycles per degree. At each frequency

the lowest contrast at which the direction of lines could be

detected was noted. A frequency was regarded as normal if

the result was equal to, or better than, the minimum level

designated as normal by the manufacturer of the test.40 We

defined poor contrast sensitivity as having one or more values

below normal in at least one eye. Since visual acuity has been

shown to correlate with contrast sensitivity in the higher

frequencies,41 analysis was also done excluding the 18 cycles

per degree frequency in order to minimise the influence of

visual acuity on the results.

3.3.3. Stereoacuity
Stereoacuity was measured with the TNO test (Lameris

Ootech BV, Nieuwegein). If a subject did not manage the

easiest stereograms on the TNO test (480 s of arc), the Titmus

test (Stereo Optical, Chicago, IL, USA), which examines

stereoacuity up to 3600 s of arc, was used. Those who still

did not manage to prove stereoacuity were tested with the

Bagolini striated glasses at distance and near, and a positive

Bagolini was given a numerical value larger than 3600 s of arc.

We defined poor stereoacuity as above 240s of arc.

3.3.4. Strabismus
Strabismus was measured with the alternating prism cover

test at distance and near. Presence of strabismus was defined

as a heterophoria or heterotropia (i.e. manifest or latent

strabismus) with any prism deviation below the 5th and

ARTICLE IN PRESS

Table 1 – Gestational age, birth weight and anthropometric measurements at follow-up in two groups of adolescents with
low birth weight compared with a control group

VLBW (n ¼ 51) SGA (n ¼ 56) Control (n ¼ 75)
Mean (SD) Mean (SD) Mean (SD)

Birth weight (g) 1206 (228)a 2919 (214)a 3679 (431)

Gestational age (weeks) 29.4 (2.7)a 39.5 (1.1) 39.6 (1.1)

Age at follow-up (years) 14.2 (0.3) 14.2 (0.3) 14.2 (0.3)

Weight (kg) 52.1 (13.7)c 52.3 (8.6)b 57.5 (10.7)

Height (cm) 162.4 (9.0)b 163.4 (7.2)b 167.6 (7.6)

Head circumference (cm) 54.6 (1.8)a 54.8 (2.0)a 56.0 (1.5)

a po0.001.
b po0.01.
c po0.05 vs. controls (gestational age and birth weight were the selection criteria, and differed by definition vs. the control group).
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above the 95th centile in the control group; i.e. any esodevia-

tion, exodeviations larger than �8 prism diopters (PD) at near,

or �2 PD at distance and any vertical deviations.

3.3.5. Nystagmus
Investigation for nystagmus was done in all directions of

gaze, mono- and binocularly, as well as with magnification

during examination in a split lamp. Only pathological

nystagmus was included, cases of physiological end point

nystagmus were not recorded as nystagmus.

3.3.6. Accommodation
Accommodative amplitude was measured with a Royal Air

Force (RAF) ruler. The adolescents were instructed to report

when an image, which was slowly moved towards them, got

sustainedly blurred. The mean value for the right and the left

eye was used in the analysis in this study. Poor accommoda-

tion was defined as any value below the 5th centile in the

control group, i.e. below 6.5 diopters.

3.3.7. Convergence
The near point of break of convergence wasmeasuredwith an

RAF ruler. Poor convergence was defined as a near point of

convergence larger than 10cm.42,43

3.3.8. Visual perception
Visual perception was assessed by the Visual Perception

supplementary task of the Developmental Test of Visual-

Motor Integration (VMI-IV)44 by a psychologist. The VMI

consists of 27 geometric designs in increasing order of

difficulty that have to be copied. The Visual Perception task

requires the adolescent to identify the exact match for as

many as possible of the designs that he/she has copied

earlier. The time limit to complete this task is three minutes.

The number of correct performances was judged and scored

according to the manual.44 Poor performancewas defined as a

score below 22, corresponding to 1 SD below the mean in the

control group.

3.3.9. Abnormality score
An abnormality score was calculated as the sum of visual

impairments, including distance visual acuity (best correc-

tion), contrast sensitivity, stereoacuity, strabismus, nystag-

mus, accommodation, convergence and visual perception. An

abnormality score of zero was given if an adolescent did not

have impairments in any of the visual functions, and the

highest possible abnormality score of eight would indicate

impairments in all functions.

3.4. Ethics

The Regional Committee for Medical Research Ethics ap-

proved the study protocol. Written informed consent was

obtained from both adolescents and parents.

3.5. Statistical analysis

SPSS 13.0 was used for data analysis, and a significance level

of 0.05 was chosen. Two-group comparisons were made using

the Student’s t-test for variables with a normal distribution

and the Mann-Whitney U test for variables with a non-normal

distribution. The chi-square test was used to analyse

differences in proportions between groups.

We used odds ratio (OR) as an estimate of the relative risk of

having motor problems in the low birth weight groups

compared with the control group. The visual variables were

used as dichotomous variables and entered separately in the

model to calculate adjusted odds ratios. The abnormality

score for visual problems was used as a continuous variable

in the logistic regression model.

4. Results

4.1. Background data (Table 1)

The VLBWand SGA adolescents were shorter, lighter and had

a smaller head circumference than control adolescents at

follow-up (Table 1), whereas socioeconomic status did not

differ between the groups (data not shown). There were seven

(14%) VLBW (non-significant vs. controls), three (5%) SGA and

three (4%) control adolescents with low IQest. Of these, four

VLBW (non-significant vs. controls), one SGA and no control

adolescents had motor problems (Total ABC score below the

5th centile).

4.2. Motor skills (Tables 2 and 3)

4.2.1. Definite motor problems
The VLBW group had poorer median scores on the Movement

ABC, both total score and all subscores (Table 2), and a higher

proportion of adolescents in this group (22%) had definite

motor problems (total ABC score below the 5th centile)

compared with 3% in the control group (OR: 10.4; 95% CI:

2.2–49.4) (Table 3).

In the SGA group, the median scores on the Movement ABC

did not differ significantly from the scores in the control

group (Table 2). However, a higher proportion of SGA

adolescents (13%) had definite motor problems (OR: 5.1; 95%

CI: 1.0–25.8) (Table 3).

Both in the VLBWand the SGA group a higher proportion of

adolescents had poor manual dexterity compared with the

control group, whereas there were no significant group

differences regarding ball skills. In the VLBW group a higher

proportion of adolescents had poor balance compared with

the control group (Table 3).

4.2.2. Borderline motor problems
Forty-five percent of the VLBW group had borderline motor

problems (total ABC score below the 15th centile) compared

with 14% of the control group (OR: 5.2; 95% CI: 2.2–12.5) (Table

3). The VLBW group also had a higher proportion of

adolescents with manual dexterity and balance scores below

the 15th centile compared with the control group (Table 3).

There was no difference in borderline motor problems, ball or

balance problems between the SGA and the control group

(Table 3). However, although not statistically significant, 27%

of the SGA group had borderline manual dexterity compared

with 15% in the control group (OR: 2.1, 95% CI: 0.9–5.0).
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4.3. Visual functions (Table 4 and Fig. 1)

Table 4 shows the results of the ophthalmologic examination

and the visual perception task in the three groups.

Poor visual acuity was significantly more frequent in the

VLBW, than in the control group. Visual acuity ranged from

0.5 to 2.0 in the VLBW group, from 0.8 to 2.0 in the SGA group

and from 1.0 to 2.0 in the control group. Mean visual acuity

was 1.2 in the VLBW group and 1.3 in both the SGA and

control group. The difference in means between VLBW and

control group did not reach statistical significance.

A higher proportion of VLBW adolescents also had strabis-

mus compared with the control group (po0.05).

The higher proportions of poor contrast sensitivity (p ¼ 0.07),

nystagmus (p ¼ 0.06) and poor visual perception (p ¼ 0.06) in the

VLBW group did not reach statistical significance. The results

for contrast sensitivity were unchanged when we excluded

the 18 cycles per degree frequency, which may correlate with

visual acuity.

Stereoacuity, accommodation and convergence did not differ

between VLBW and control adolescents.

The SGA group did not differ from the control group in any

of the visual functions.

Fig. 1 shows the abnormality score for visual impairments

in each of the three groups. Whereas approximately 50% of

SGA and control adolescents were free of visual impairments,

this was the case for only 30% of the VLBW adolescents

(p ¼ 0.05 vs. controls). In the VLBW group, 22 (43%) adoles-

cents had two or more visual impairments (i.e. abnormality

score equal to or above two) compared with 10 (13%) in

the control group (po0.001) and 8 (14%) in the SGA group

(non-significant vs. controls) (Table 4).

The ophthalmologic examination did not reveal any

major ocular pathology such as retinal detachments or

cataracts. ROP screening had not yet started when these

VLBW children were born, thus no information about

their ROP status is available, although we know that no

children in this study were treated with cryotherapy, and no
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Table 2 – Median scores and interquartile range of the Movement ABC in two groups of adolescents with low birth weight
and a control group

VLBW (n ¼ 51) SGA (n ¼ 56) Control (n ¼ 75)

Total ABC 10.0 (5.0–14.0)a 5.3 (4.0–9.5) 6.5 (3.0–9.0)

Manual dexterity 1.5 (0.5–3.5)b 1.0 (0.0–3.0) 0.5 (0.0–2.5)

Ball skills 2.0 (0.5–4.0)b 1.0 (0.0–2.0) 1.0 (0.0–2.5)

Static/dynamic balance 5.0 (3.0–7.5)b 3.0 (2.0–5.0) 3.0 (1.0–5.0)

a po0.001.
b po0.01 vs. controls.

Table 3 – Odds ratio (OR) with 95% confidence intervals (CI) as an estimate of the relative risk for definite and borderline
motor problems in two groups of adolescents with low birth weight compared with a control group

o5th centile o15th centile

n (%) Crude OR (95% CI n (%) Crude OR (95% CI)

Total ABC

VLBW (n ¼ 49) 11 (22) 10.4 (2.2–49.4) 22 (45) 5.2 (2.2–12.5)

SGA (n ¼ 56) 7 (13) 5.1 (1.0–25.8) 8 (14) 1.1 (0.4–2.9)

Control (n ¼ 74) 2 (3) 1.0 10 (14) 1.0

Manual dexterity

VLBW (n ¼ 51) 8 (16) 4.4 (1.1–17.5) 15 (29) 2.4 (1.0–5.7)

SGA (n ¼ 56) 9 (16) 4.5 (1.2–17.6) 15 (27) 2.1 (0.9–5.0)

Control (n ¼ 74) 3 (4) 1.0 11 (15) 1.0

Ball skills

VLBW (n ¼ 51) 6 (12) 3.2 (0.8–13.4) 9 (18) 1.8 (0.6–5.0)

SGA (n ¼ 56) 0 (0) a 3 (5) 0.5 (0.1–1.9)

Control (n ¼ 75) 3 (4) 1.0 8 (11) 1.0

Static/dynamic balance

VLBW (n ¼ 49) 11 (22) 6.9 (1.8–26.4) 12 (25) 5.8 (1.7–19.1)

SGA (n ¼ 56) 6 (11) 2.9 (0.7–12.1) 6 (11) 2.1 (0.6–7.9)

Control (n ¼ 75) 3 (4) 1.0 4 (5) 1.0

a OR cannot be computed due to the value 0 in one cell (no SGA adolescents had poor ball skills).
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sequelae of severe ROP were found at the examination at 14

years of age.

4.4. Association between visual functions and motor skills
(Tables 5 and 6)

4.4.1. Total ABC score
In the VLBW group, the OR for definite motor problems was

reduced when we adjusted for each of the visual variables

separately (Table 5). Of these, the greatest reduction in the

crude OR of 10.4 was seen when we adjusted for visual acuity

(adjusted OR: 7.8; 95% CI: 1.6–38.5). When we separately

adjusted for the abnormality score the OR was reduced even

more (adjusted OR: 6.8; 95% CI: 1.3–34.5) (Table 6). Still, the

increased odds of having motor problems were significant.

In the SGA group, the greatest reduction in odds of having

definite motor problems was observed when we adjusted for

strabismus and nystagmus (Table 5). However, adjusting for

the abnormality score did not change the odds of having

definite motor problems (Table 6).

4.4.2. Manual dexterity
Adolescents in the VLBW and the SGA group had about 4.5

times increased odds of having poor manual dexterity

compared with the control group. In the VLBW group, OR

was however no longer significantly higher when adjusting

separately for visual acuity, strabismus, stereoacuity (Table 5)

and the abnormality score (Table 6).

In the SGA group nystagmus and strabismus each reduced

the odds of having manual dexterity problems from 4.5 to 4.0

(95% CI: 1.0–16.0), whereas the other visual variables only had

small effects (Table 5) and the abnormality score did not have

any effect on the OR (Table 6).

4.4.3. Ball skills
In the VLBW group the crude OR of 3.2 (95% CI: 0.8–13.4) for

having poor ball skills was reduced when we adjusted

separately for each of the visual variables (Table 5) and for

the abnormality score (Table 6).

None of the SGA adolescents had poor ball skills.

4.4.4. Static and dynamic balance
The increased odds of having definite balance problems in the

VLBW group were most reduced when we adjusted separately

for visual acuity, nystagmus and stereoacuity (Table 5).

Adjusting for the abnormality score reduced the OR to 4.9

(95% CI: 1.2–20.1) (Table 6). However, the odds of having poor

balance were still significantly increased after adjustment

(Tables 5 and 6).

The SGA group did not have significantly increased odds of

having poor balance.

4.4.5. Borderline motor problems
The odds of having a total ABC score below the 15th centile

were also influenced by visual functions, although the

percentage reduction in OR was somewhat smaller (data not

shown). Again, the greatest reduction in OR was found when

adjusting for visual acuity in the VLBW group (adjusted

OR: 4.7; 95% CI: 1.9–11.4). The effect of the other visual

variables on borderline manual dexterity, ball skills and

balance were essentially the same as for definite problems

(data not shown). Table 6 shows that the abnormality score

reduced the odds considerably in the VLBW group, both for

the total ABC score and for all subscores.

In the SGA group, the odds of borderline motor problems,

both total ABC and all subscores, were non-significant

compared with the control group, and relatively unaffected

by visual impairments (data not shown) and the abnormality

score (Table 6).
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Table 4 – Visual functions in two groups of adolescents
with low birth weight compared with a control group

VLBW
(n ¼ 51)

SGA
(n ¼ 56)

Control
(n ¼ 75)

n (%) n (%) n (%)

Visual impairment

Visual acuityo1.0

Snellen decimals

4 (8)b 1 (2) 0 (0)

Poor contrast

sensitivity

23 (45) 12 (21) 22 (29)

Nystagmus 3 (6) 1 (2) 0 (0)

Strabismus 14 (28)b 11 (20) 8 (11)

Stereoacuity 4 240 s of

arc

4 (8) 3 (5) 1 (1)

Accomodationo6.5D 3 (6) 2 (4) 2 (3)

Convergence 4 10 cm 12 (24) 4 (7) 9 (12)

Visual perceptiono1SD 14 (28) 7 (13) 10 (14)

Abnormality score

X1 Visual

impairment(s)

36 (71)b 26 (46) 40 (53)

X2 Visual impairments 22 (43)a 8 (14) 10 (13)

a po0.001.
b pp0.05 vs. controls.

0%

10%

20%

30%

40%

50%

60%

0
Abnormality score

VLBW
SGA
Control

1 2 3 4 5 6

Fig. 1 – Proportion of adolescents with no, one or more

visual impairments. The x-axis shows the number of visual

impairments (abnormality score) and the y-axis shows the

proportion of adolescents in each group.
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4.4.6. Visual variables that did not affect the odds of motor
problems
Accommodation and convergence did not reduce the odds of

having motor problems in any of the low birth weight groups.

4.4.7. Possible confounders
The results were essentially the same when including sex or

low IQest as possible confounders of the association between

visual functions and motor skills (data not shown).

5. Discussion

In this study, we found that visual impairments significantly

influenced motor problems among VLBW adolescents. In

particular, problems in manual dexterity were mainly

affected by impairments in vision. However, the risk of total

motor and balance problems in this group were still increased

after adjustment for visual impairments.

Among term SGA adolescents, motor problems were

essentially unaffected by visual impairments.

One physiotherapist did all motor evaluations, one paedia-

tric ophthalmologist performed all visual examinations and

one psychologist did all neuropsychological tests, avoiding

any problems of inter-tester reliability. The three examiners

were blinded to group assignment and to the results of the

other assessments, reducing the risk of information bias.

In all, 33% of eligible adolescents did not meet for follow-up.

However, it is unlikely that the association between vision

and motor skills in these adolescents were systematically

different from those who met.

Since we wanted to examine associations between visual

functions and motor skills that were not determined by

extreme abnormal values, we excluded children with CP.

Moreover, the results were essentially the same when

controlling for sex and low IQest as possible confounders.

Movement ABC is standardised up to 12 years of age,

whereas we have studied 14-year-old children. A ceiling effect

could mask subtle differences in motor skills. However, a

ceiling effect would theoretically affect mean and top centile

values, whereas we have studied adolescents with scores

below the 5th and 15th centile derived from our own control

group. Thus, in our opinion, a possible ceiling effect is

unlikely to influence our results.

The 5th centile cut-off for defining motor problems is

common2,5,8,11 and in accordance with the Movement ABC

manual.38 We also included analysis with a less strict cut-off,

i.e. scores below the 15th centile, which indicates borderline

motor problems. These analyses gave essentially the same

results as using the 5th centile, which gives further support to

our conclusions.

Other studies of VLBW populations have also reported

associations between motor problems and visual functions,

in particular stereoacuity,2,10,11,15 visual acuity, contrast

sensitivity and strabismus.10,11 Which of these that are most

important for motor skills varies between the studies. In our

study, total motor problems were most strongly associated

with impaired visual acuity, but apart form this observation

thematerial is not large enough to safely allow speculation on

the internal relative importance of the other visual variables.

The number of participants in this study was too small to

include more than two variables in regression analysis.

However, when we adjusted for the abnormality score
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Table 5 – Crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) as an estimate of the relative risk of
definite motor problems in two groups of adolescents with low birth weight compared with a control group

o5th centile Adjusted OR (95% CI) for each of the visual variables separately

Crude OR
(95% CI)

Visual
acuity

Contrast
sensitivity

Nystagmus Strabismus Stereoacuity Visual
perception

Total ABC

VLBW 10.4 (2.2–49.4) 7.8 (1.6–38.5) 9.4 (1.9–45.8) 8.8 (1.8–42.6) 9.1 (1.9–44.0) 9.4 (1.8–50.3) 9.7 (2.0–46.7)

SGA 5.1 (1.0–25.8) 5.3 (1.0–26.4) 4.7 (0.9–24.1) 4.4 (0.9–22.7) 4.2 (0.8–21.9) 4.8 (0.9–24.4) 5.4 (1.0–28.0)

Control 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Manual dexterity

VLBW 4.4 (1.1–17.5) 2.8 (0.6–12.4) 4.3 (1.1–17.2) 4.0 (1.0–16.5) 3.8 (0.9–15.6) 3.5 (0.8–14.9) 5.4 (1.1–27.6)

SGA 4.5 (1.2–17.6) 4.6 (1.2–18.0) 4.2 (1.1–16.6) 4.0 (1.0–16.0) 4.0 (1.0–16.0) 4.3 (1.1–17.0) 7.8 (1.5–39.6)

Control 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Ball skills

VLBW 3.2 (0.8–13.4) 2.2 (0.5–10.5) 2.9 (0.7–12.3) 2.2 (0.5–10.2) 2.8 (0.6–12.3) 2.3 (0.5–10.7) 2.6 (0.6–11.3)

SGA a a a a a a a

Control 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Static/dynamic balance

VLBW 6.9 (1.8–26.4) 6.0 (1.5–23.5) 6.3 (1.6–24.4) 5.8 (1.5–22.9) 6.6 (1.7–25.8) 6.0 (1.4–24.8) 6.5 (1.7–25.3)

SGA 2.9 (0.7–12.1) 2.9 (0.7–12.3) 2.6 (0.6–11.2) 2.9 (0.7–12.3) 2.5 (0.6–10.9) 3.0 (0.7–12.7) 2.8 (0.7–12.0)

Control 1.0 1.0 1.0 1.0 1.0 1.0 1.0

a OR cannot be computed due to the value 0 in one cell (no SGA adolescents had poor ball skills).
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(i.e. the sum score of all visual variables), the odds of having

motor problems in the VLBW group were reduced more than

by each visual variable separately. Our results therefore

indicate that several visual functions are important for motor

problems, and that additive effects may play an important

role. None the less, we found that even after adjustment for

visual impairments, adolescents born VLBW had a substan-

tially increased risk of motor problems in general (total ABC)

and in static and dynamic balance in particular.

There are several ways in which visual abilities may affect

motor skills in VLBW adolescents. Vision plays an essential

role in early motor learning and development,27,45,46 and

tends to dominate as a source of sensory information in the

control of coordinated, voluntary movement.28 Even in

persons with otherwise normal neurodevelopment, visual

deficits may directly affect their motor skills, as seen in

elderly populations.27,47

Motor skills seem to be affected by the whole range of

visual acuity, from the most severe effects seen in congenital

blindness45,46 to an association between superior motor

ability and visual acuity seen in athletes.48 Subtle visual

disturbances, such as deficits in stereoacuity and contrast

sensitivity, are also important.10 Good stereoacuity is known

to be an advantage especially at near distance and in tasks

requiring complex hand–eye coordination.48–50 Contrast sen-

sitivity is important in control of movement, since it allows

the detection of shape and edges of objects.27 Improvement in

contrast sensitivity has been shown to improve visually

guided behaviour,51 and reduction in contrast sensitivity on

the other hand has been shown to affect tasks requiring

distance judgements and mobility.52

There is a well known increased prevalence of brain lesions,

especially periventricular leucomalacia (PVL), in VLBW chil-

dren, which is not found in term SGA and control children.53

Both the optic radiations and the corticospinal motor tracts

pass through the periventricular white matter and therefore

PVL is strongly associated with cerebral visual impairment as

well as cerebral palsy.54 So, in addition to the above-

mentioned cause-and-effect theory, with visual impairments

leading to motor deficits, the association between visual and

motor problems in the VLBW group may be of a shared

common aetiology. This point of view has also been

advocated by other authors.10,11 Cooke et al.11 claim that the

association of poor visual acuity and low contrast sensitivity

with minor motor impairment suggests a diffuse lesion such

as defective myelination of the cerebrum, which has been

shown to occur in preterm infants.55

Finally, our finding of increased total motor and balance

problems even after adjusting for visual deficits, may suggest

that specific motor areas, independent of vision, have also

been insulted.

We are not aware of other studies describing the association

between vision and motor skills in SGA children or adoles-

cents. Our results suggest that the motor problems in SGA

adolescents cannot be explained by poor visual functions.

We have previously argued that the motor problems in term

SGA adolescents may have a different origin than those of

VLBW adolescents9,33 The different effects of visual impair-

ments on motor problems in the current study support this.

Martinussen et al.56 found reduced brain volume in SGA

adolescents; however there is no evidence of increased

cortical thinness56 or increased prevalence of white matter
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Table 6 – Crude odds ratios (OR) with 95% confidence intervals (CI) as an estimate of the relative risk of definite and
borderline motor problems and adjusted for abnormality score for visual impairments in two groups of adolescents with
low birth weight compared with a control group

o5th centile o15th centile

Crude OR (95% CI) Adjusted OR (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Total ABC

VLBW 10.4 (2.2–49.4) 6.8 (1.3–34.5) 5.2 (2.2–12.5) 4.0 (1.6–10.1)

SGA 5.1 (1.0–25.8) 5.1 (1.0–25.6) 1.1 (0.4–2.9) 1.1 (0.4–2.9)

Control 1.0 1.0 1.0 1.0

Manual dexterity

VLBW 4.4 (1.1–17.5) 3.0 (0.7–13.4) 2.4 (1.0–5.7) 1.4 (0.5–3.8)

SGA 4.5 (1.2–17.6) 4.5 (1.2–17.5) 2.1 (0.9–5.0) 2.1 (0.9–5.0)

Control 1.0 1.0 1.0 1.0

Ball skills

VLBW 3.2 (0.8–13.4) 1.7 (0.3–8.4) 1.8 (0.6–5.0) 1.2 (0.4–3.8)

SGA a a 0.5 (0.1–1.9) 0.4 (0.1–1.8)

Control 1.0 1.0 1.0 1.0

Static/dynamic balance

VLBW 6.9 (1.8–26.4) 4.9 (1.2–20.1) 5.8 (1.7–19.1) 4.4 (1.2–15.7)

SGA 2.9 (0.7–12.1) 2.9 (0.7–12.1) 2.1 (0.6–7.9) 2.1 (0.6–8.0)

Control 1.0 1.0 1.0 1.0

a OR cannot be computed due to the value 0 in one cell (no SGA adolescents had poor ball skills).
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reduction, ventricular dilatation or thinning of corpus callo-

sum compared with controls.53

Animal studies have shown that growth restriction before

and after birth may result in reduced myelination and weight

of the cerebellum.57,58 In the previous study we speculated

whether this mechanism may be responsible for the manual

dexterity problems seen in the SGA group.9 If this is the case,

it may be reasonable to assume that deficits in visual

functions may not influence the motor problems in this

group, since vision and visual perception is predominantly a

cerebral function.59

It has also been shown in animal studies that intrauterine

growth retardation (IUGR) does not affect all cerebral meta-

bolic pathways equally60 and perhaps visual functions are

dependent on pathways more resilient to IUGR.

Interestingly, the proportions of SGA adolescents with

definite and borderline motor problems were approximately

the same. This suggests that there is a subgroup of the SGA

adolescents with very poor performance, especially in man-

ual dexterity, whereas the rest of the SGA group does not have

motor problems.

The strong associations between visual impairments and

motor problems found in VLBW children in this and previous

studies2,10,11,15 suggest that visual functions are of impor-

tance for motor skills in this population. The nature of this

association may be both one of cause and effect (visual

impairment causing motor problems) and one of a shared

common aetiology.

Our results may contribute to an increased understanding

among caregivers, teachers and health professionals that it is

insufficient to address visual and motor problems indepen-

dently. Instead, combinations of minor impairments in

different functions need to be met by a multidisciplinary

approach. Especially, the findings highlight the importance of

a wide assessment of visual functions in VLBW children,

since having several visual impairments is more frequent

among VLBW adolescents.

Although our study was not set up to investigate this, it

seems possible that some visual problems may be improved

with adequate treatment, for instance optimal correction for

refractive errors, thereby improving motor skills.

In conclusion, visual impairments influence the motor

problems in VLBW adolescents, whereas the motor problems

in SGA adolescents seem to be relatively unaffected by visual

impairments.
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Abstract

Premature birth is associated with visual impairments, due to both cerebral and 

ocular pathology. This study examined the relationship between cerebral white 

matter microstructure, evaluated by diffusion tensor imaging (DTI), and visual 

function, in 30 adolescents born prematurely with birth weight  1500g and a 

control group of 45 term born adolescents. Visual acuity correlated positively to 

diffusion anisotropy in the posterior part of the corpus callosum, the splenium, of 

the prematurely born teenagers. Callosal visual connections may play a more 

important role in the development of good visual acuity than previously 

acknowledged.

Keywords: Corpus callosum, splenium, visual acuity, periventricular white matter 

injury, prematurity 
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Introduction

Preterm birth and very low birth weight reduces the child's prospects of normal 

visual development, greatly increasing the risk of blindness and severely reduced 

vision(Crofts et al., 1998). There is also a high prevalence of less dramatically 

reduced, but nevertheless subnormal visual acuity (below 1.0 in Snellen decimals) 

in preterm populations (Fledelius, 1981, Lindqvist et al., 2007)

Magnetic resonance imaging (MRI) has over the last two decades improved our 

knowledge of how severe visual disability in prematurely born children can be 

caused by cerebral lesions such as periventricular leucomalacia (Eken et al., 1995, 

Jacobson et al., 1998) Although the relationship between major neurological 

disabilities and periventricular leucomalacia is strong (Olsen et al., 1997), 

correlations between brain lesions and minor neurodevelopmental dysfunctions 

have been more difficult to detect (Counsell et al., 2003, Krägeloh-Mann et al., 

1999, Olsen et al., 1997). It has been suggested that the slight reduction in visual 

acuity commonly seen in ex-prematures may have a cerebral origin even with 

normal conventional MRI findings (Cooke et al., 2004, Hellgren et al., 2007, 

Holmström et al., 1999, Pike et al., 1994). The use of advanced imaging techniques 

such as diffusion tensor imaging (DTI) has been proposed to help unravel possible 

correlations between neurological dysfunction and cerebral pathology in these high 

risk children (Hellgren et al., 2007, Hüppi and Dubois, 2006a, Nagy et al., 

2003,Toosy et al., 2004);. DTI is a very sensitive method for investigating the 

integrity of white matter microstructure(Hüppi and Dubois, 2006a)  by  measuring 

and visualising the direction and the magnitude of water movement at the 

molecular level (Brownian motions) in brain tissue (Basser et al., 1994). DTI 
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findings are commonly reported as changes in the fractional anisotropy (FA) and as 

mean diffusion (MD). In white matter, diffusion is largest parallel to the main 

direction of axons, and smaller perpendicular to them, where cell membranes and 

myelin sheaths restrict the diffusion of water molecules. Higher FA values signify a 

high degree of directionality (i.e. a large portion of the available water molecules 

move in one direction) and may indicate better axonal organization and maturation 

(Hüppi and Dubois, 2006b). MD signifies the mean level of diffusion in the three 

dimensions. In water, diffusion is free in all directions, producing high MD values. 

MD will be lower in structures with more cellular content. 

FA values of white matter have been shown to be lower in VLBW than in control 

subjects, and lower values have been correlated to perceptual, cognitive, motor and 

mental health impairments (Skranes et al., 2007). It has also been possible to 

correlate reading ability and working memory to DTI findings in specific 

anatomical areas of the brain in non-VLBW populations (Klingberg et al., 2000, 

Nagy et al., 2004).  However, no study has previously investigated the potential 

relationship between visual acuity and white matter integrity using DTI.

In normal adolescent and young adult populations, visual acuity will be 1.0 (in 

Snellen decimals) or better in approximately 95% of the subjects. Thus, 1.0 

represents the lower limit of normality, rather than the expected value (Elliott et al., 

1995, Fledelius, 1981, Frisén and Frisén, 1981).  In an earlier study we have 

reported monocular distance visual acuity (with best correction) below 1.0 in 

approximately a third of adolescents with VLBW, compared to 4 % of control 

subjects (Lindqvist et al., 2007). The aim of this study was to examine a possible 

correlation between brain DTI findings and visual acuity, as well as contrast 

sensitivity, near point of convergence, stereopsis and strabismus, in a group of 
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VLBW and control adolescents, using voxel-wise regression analysis, to test the 

hypothesis that there is a relationship between white matter microstructure and 

vision. Comparing visual abilities and white matter microstructure in children born 

preterm may help us better understand the origin of impairments in prematurity, 

as well as increase our knowledge of normal visual development.

Methods

Subjects

This is a population based follow-up study of a group of prematurely born 14 year 

old adolescents with very low birth weight (VLBW), and an age-matched control 

group of adolescents born at term with normal birth weight. 

VLBW was defined by a birth weight of 1500 g or less. In 1986–88, 121 VLBW 

children from the two Norwegian counties of North- and South-Trondelag were 

admitted to the neonatal intensive care unit at the University Hospital in

Trondheim. Of the 121 admitted children, 33 died, one child with trisomy 21 was

excluded and six had moved out of the region at the time of assessments. Of the 

remaining 81, 46 (57 %) attended both the cerebral MRI and the ophthalmological 

examination. The DTI data were excluded in 16 cases due to signal dropouts and 

distortions- most caused by the use of dental braces, motion or incorrect slice 

position. In 30 VLBW subjects (14 males and 16 females) both DTI and 

ophthalmological data were available. There were no differences in birth weight, 

gestational age, birth head circumference, anthropometrics at examination, MRI

assessment age, mother's education and social class between the participating 

VLBW adolescents with and without DTI available. Four of the VLBW subjects had 

mild to moderate cerebral palsy (three walking and one not walking spastic 

diplegia). As the aim of our study was to find a correlation between visual function 
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and varying degrees of structural integrity of white matter we did not exclude 

participants with known brain lesions. 

The control group was born in the Trondheim region from the same birth cohorts 

as the VLBW children, and comprised a population based random sample of 122 

term born children with a birth weight equal to or above the 10th centile for 

gestational age. At follow-up, ten had moved and two were excluded due to 

congenital malformations (one Goldenhaar syndrome and one congenital anomaly 

of the urinary system). Of the remaining 110, 55 (50 %) consented to both MRI 

scanning and ophthalmological examination. Ten MRI scans had to be excluded 

(because of dental braces or missing imaging sequences), leaving 45 MRI 

investigations suitable for DTI analysis (17 males and 28 females). Some 

characteristics of the children in the two study groups are summarized in table 1. 

The study was carried out in keeping with the guidelines of the Declaration of 

Helsinki. The Regional Committee for Medical Research Ethics approved the study 

protocol. Written informed consent was obtained from both adolescents and 

parents. The Norwegian Data Inspectorate assigned the license for keeping a data 

register with personal information. 
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Table 1. Characteristics of the groups  

Birth weight

g a

GA at birth 

weeks a

Distance

visual acuity, 

Snellen decimal 

mean

(RE+LE)/2 a

Socio-

economic

status at 

14 years b

Age at eye 

exam a

Age at MRI a

VLBW

(n =30) 

1234 (219) 

[550-1500]  

p0.000

29.3 (2.8)

[24-35]

p0.000

1.08 (0.29) 

[0.25-1.6]

p0.029

3.27 (3.5) 

[1-5]

p0.206

14.5 (0.37) 

[13.6-15.4]

p0.5

15.1 (0.62)[14.1-

16.9]

p0.07

Control

(n =45) 

3691 (437) 

 [2670-4710] 

39.5 (1.1) 

[37-42]

1.21 (0.16) 

[0.9-1.5.9] 

3.69 (4) 

[2-5]

14.6 (0.49) 

[13.6-16.8]

15.3 (0.45) [14.2-

16.4]

a Data given as mean (SD)[min-max values] T-test b Data given as mean (median) [min-max 

values] Mann Whitney test   c Data given as n  (% )  Fischer exact test .   All p values vs control.   

Assessment

We have previously reported that visual acuity, contrast sensitivity and several 

binocular functions were poorer in the VLBW than in the control group, and details 

of ophthalmological assessment is available in those publications (Lindqvist et al., 

2007, Lindqvist et al., 2008). No media opacities were found, none had retinal 

pathology suggestive of earlier severe retinopathy of prematurity and none had 

been treated in infancy with cryo- or laser-therapy for severe retinopathy of 

prematurity(Lindqvist et al., 2007). The ophthalmologist performing the 

examination was blinded to group assignment.  

The image acquisition was performed approximately half a year after the 

ophthalmological exam (see table 1), with control and VLBW adolescents in a 

random mix. Technicians and radiologists were blinded to group allocation during 

image acquisition.  
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Selection and processing of visual variables  

The visual variables with statistically significant differences in performance 

between the VLBW and the control group, which were selected for analysis of 

correlations to FA and MD values were: best corrected distance visual acuity, near 

point of convergence, stereopsis (all as continuous variables), contrast sensitivity 

(as a discrete variable) and strabismus (as a dichotome variable). The mean value of 

the best corrected distance visual acuity of the right and left eye was used, since 

information in all visual fibres post chiasm will be a mixture of equal proportions 

originating in the right and left eye.  

Image Acquisition 

All subjects were scanned in a 1.5 T Siemens Magnetom Symphony with Quantum 

gradients (30 mT/m) and a quadrature head coil. The protocol consisted of a 

structural T1-weighted magnetization-prepared rapid-acquisition gradient-echo 

(MPRAGE) sequence with TR = 7.1 ms, TE = 3.45 ms, TI = 1000 ms, flip angle 7°,

FOV 256 x 256 mm and slab thickness 170 mm. The acquisition matrix was 256 x 

192 x 128, reconstructed to 256 x 256 x 128, giving a reconstructed voxel resolution 

of 1 x 1 x 1.33 mm. The DTI sequence was a single-shot balanced-echo EPI sequence 

that significantly reduces eddy current distortions compared to a Stejskal-Tanner 

sequence (Reese, Heid, Weisskoff & Wedeen, 2003). Timing parameters were TR = 

6000 ms and TE = 97 ms. The 20 contiguous transverse slices with a slice thickness

of 5 mm were aligned parallel to the anterior commissure and posterior 

commissure plane and covered all but the topmost part of the brain. The FOV was 

228 x 228 mm, acquisition matrix 96 x 128, reconstructed to 128 x 128, giving a 

reconstructed in-plane resolution of 1.78 x 1.78 mm. For each slice, one image 

without diffusion weighting, and six images with diffusion gradients (b = 1000 
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s/mm2) applied along six non-collinear directions were acquired. The DTI sequence 

was repeated six times for increased signal to noise ratio.

Calculation of diffusion tensor and scalar indices 

The six DTI acquisitions acquired for each subject were first co registered to the 

first non-diffusion weighted volume (S0 volume) using a mutual information cost 

function and a 12-parameter affine transformation. This procedure corrects for 

patient motion and eddy current distortions. The FLIRT program, part of the FSL 

program package from the Image Analysis Group, FMRIB, Oxford, UK 

(http://www.fmrib.ox.ac.uk/fsl), was used for the image registration. After image 

registration, the six acquisitions were averaged, the diffusion tensor diagonalized, 

and the FA maps calculated from the eigenvalues. In addition to the FA maps, the 

mean of the six S0-volumes, the MD maps and the axial and radial diffusivity maps 

were calculated for each subject. Axial diffusivity measures the magnitude of water 

diffusion parallel to the voxel of interest and radial diffusivity is the mean of the two 

diffusion eigenvalues perpendicular to the axial diffusion. The mean of the S0-

volumes was later used for co-registering the FA maps to the anatomical images.  

Post-processing of diffusion maps and anatomical images 

We used the SPM2 package (Wellcome Department of Cognitive Neurology, 

Institute of Neurology, London, UK, http://www.fil.ion.ucl.uk/spm) for the 

subsequent post-processing and statistical analysis.

The standard templates supplied with SPM2 are not optimal for younger subjects 

(Wilke et al., 2003), and a study-specific template generated from the anatomical T1

images of all the subjects in the study was used to provide better normalization of 

the images. The transformation derived from normalizing the T1 images was then 



 10

applied to the co registered FA images, thus normalizing the FA maps. Finally the 

FA maps were resampled to 2 mm3 isotropic voxels using trilinear interpolation. 

The axial and radial diffusion maps were normalized in the same way as the FA 

maps.  Additional details regarding the processing of the images have been 

published previously (Vangberg et al., 2006). 

Statistical analysis 

The normalized diffusivity maps were smoothed with a four mm FWHM (full width 

at half maximum) Gaussian kernel prior to statistical analysis. An FA value of 0.15 

provides a reliable threshold between grey and white matter (Jones et al., 1999), 

and we therefore only analyzed the FA maps in the areas where all subjects 

included in the analysis had a FA value greater than 0.15. The linear correlation 

between the normalised diffusion maps (FA or MD) and the different visual 

measurement scores were calculated in a voxelwise manner. Only clusters with 

more than 10 contiguous voxels were reported. The parametric maps were 

thresholded with a false discovery rate (FDR)-corrected (Benjamin and Hochberg, 

1995) threshold of 0,05.

Confirmatory ROI analysis 

A confirmatory region of interest (ROI) analysis was performed by placing a 

spherical ROI with a radius of two mm (seven voxels of two mm3) in the centre of 

the anatomical area with the most significant correlation from the regression 

analysis. The ROIs were created with MANGO (Research Imaging Center, 

University of Texas Health Science Centre San Antonio, USA; 

http://ric.uthscsa.edu/mango/). ROIs were drawn on the normalized S0-images for 

each subject, and later used to extract values from the FA maps, radial diffusion 

maps and axial diffusion maps. 
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Results  

Visual acuity 

Mean best corrected distance visual acuity was below 1.0 (Snellen decimals) in nine 

(30 %) VLBW subjects, compared to four (9 %) of the control subjects (p = 0.027, 

Fisher exact). The 50 % in both groups performing best did not differ, as can be 

seen in figure 1, where the top performers overlap completely. However, among the 

worst 50 % in both groups there was a significant difference (p<0.000 Mann 

Whitney U).

Figure 1. Visual acuity of the participants. Best corrected distance visual acuity, mean of results of 

monocular testing of right and left eye. Results given as Snellen decimals.

FA values and visual acuity 

Voxels in the posterior part of the corpus callosum, the splenium, showed 

significant correlation between visual acuity in the VLBW group and FA values(r2

=0.50 in the voxel with highest significance). See figure 2. This correlation was 

achieved by a positive correlation (r2=0.54) between visual acuity and axial 

diffusivity, and a weaker negative correlation (r2=0.34) between acuity and radial 
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diffusivity. The findings were confirmed by an individually placed region of interest 

analysis in the splenium. In the control group, no correlations between visual acuity 

and FA values were seen. 

Figure 2. The relationship between visual acuity and FA values in VLBW adolescents, showing an 

area of significant correlation in the splenium part of the corpus callosum. Voxels with significant 

correlation p (FDR) < 0.05 (t > 3.87 )  and 10 voxels cut-off are shown in yellow. The anatomical 

underlay is the mean of the normalized anatomical images for the study groups. In the coronal and 

transversal slices, the left side in the image corresponds to the subject’s left side (neurological 

convention). Coordinates are in millimetres and refer to slice position in Montreal Neurological Institute 

(MNI) space. The colour bar represents the t score. The graph shows the linear regression plot in the 

most significant voxel. 
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MD and visual acuity 

In the control group there were no correlation between visual acuity and diffusion 

values using the FDR corrected threshold. However using a less stringent threshold 

of p < 0.001 and no threshold on the FA values, there was a negative correlation 

(r2=0.59) between visual acuity and MD values in occipital periventricular white 

matter in the VLBW group. See figure 3.

Figure 3. The relationship between visual acuity and MD in the VLBW group, showing significant 

correlation in the posterior periventricular regions. Voxels that correlated significantly, p (FDR) < 0.05 

(t > 3.55 ) and 10 voxels cut-off are shown in yellow. The anatomical underlay is the mean of the 

normalized anatomical images for the study groups. In the coronal and transversal slices, the left side 

in the image corresponds to the subject’s left side (neurological convention). Coordinates are in 

millimetres and refer to slice position in Montreal Neurological Institute (MNI) space. The colour bar 

represents the t score. The graph shows the linear regression plot in the most significant voxel.
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In the control group a positive correlation (r2=0.31) between visual acuity and MD 

values was seen in both superior colliculi. See figure 4.

Other visual variables 

Near point of convergence, strabismus, stereopsis, and contrast sensitivity did not 

correlate significantly to diffusion (neither FA, nor MD values) in either group. 

Figur 4. The relationship between visual acuity and MD in the control group, showing significant 

correlation in the superior colliculi. Voxels that correlated significantly (p < 0.001, t > 3.29) with visual 

acuity are presented in yellow using a 10 voxels cut-off. The anatomical underlay is the mean of the 

normalized anatomical images for the study groups. In the coronal and transversal slices, the left side 

in the image corresponds to the subject’s left side (neurological convention). Coordinates are in 

millimetres and refer to slice position in Montreal Neurological Institute (MNI) space. The colour bar 

represents the t score. The graph shows the linear regression plot in the most significant voxel.  
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Discussion 

The main finding of this study is a relationship between visual acuity and structural 

integrity (indicated by FA values) in the posterior part of the corpus callosum, the 

splenium, in prematurely born adolescents with VLBW. We find that subjects in the 

VLBW group with low visual acuity also have low FA values in the splenium. No 

such correlation was seen in the control group. This strengthens the assumption 

that the correlation in the VLBW group is connected to adverse events related to 

prematurity.

We will discuss this finding in relation to two questions: what is the relationship 

between premature birth and structural changes in the corpus callosum, and what 

is the connection between visual acuity and the corpus callosum? 

Relationship between premature birth and structural changes in the corpus 

callosum 

Periventricular white matter, including the corpus callosum, is particularly prone to 

perinatal injury in prematurity (Volpe, 2008b). This injury seems to be mediated to a 

large extent by damage to pre-oligodendrocytes, a cell population particularly 

abundant around gestational week 23-32, and also very vulnerable to hypoxic-

ischemic and/or inflammatory processes(Back et al., 2001). Other risk factors in 

prematurity are vascular immaturity and low blood flow to deep cerebral white 

matter and in addition immature autoregulation of cerebral blood flow (Volpe, 

2008a) . Finally the germinal matrix in the subependymal layers of the lateral 

ventricles, a source of both neurons and glia cells in the developing brain is, during 

this period, highly vascular and prone to hemorrhage (Goldman et al., 1986, 

Gressens, 1992,Mo et al., 2007,Volpe, 2003). During the later half of pregnancy, the 

periventricular area in humans contains “crossroads areas”, through which growing 
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callosal cortico-cortical axons intersect. These crossroad areas are rich in guidance 

factors crucial for the spatial arrangement of axons (Judas et al., 2005). An  injury in 

this region during the later half of pregnancy, or in the neonatal period for preterms, 

has the potential to severely disturb the midline crossing of callosal axons (Benjak et 

al., 2008,Deng and Elberger, 2001, Judas et al., 2005, Silver et al., 1982, Smith et al., 

2006). Furthermore, preterm lesions in the subventricular zone and periventricular 

area may harm populations of future callosal cells directly (Gressens, 1992, Judas et 

al., 2005,Volpe, 1996). The vulnerability of the immature corpus callosum has also 

been shown in a rodent model of perinatal ischemic-hypoxic injury: severe axonal 

degeneration and deterioration of fibre orientation was seen in the corpus callosum 

as early as three hours after an ischemic-hypoxic event (Skoff et al., 2001). 

 The thinning of the splenium often encountered in very preterm children need not 

be casued by direct damage, such as described above, but could be a consequence of 

the general loss of periventricular white matter (Caldu et al., 2006, Nagy et al., 

2003). Due to antero-and retrograde degeneration, injuries to any visual fibres 

destined to make interhemispheric connections will eventually converge in the 

splenium of the corpus callosum (Neil and Inder, 2006,Yoshida et al., 2004), thereby 

decreasing FA values in this area. However, in children born at term with unilateral 

perinatal periventricular white matter injury the corpus callosum is reported to be 

unaffected, although there may be significant changes in DTI fibre count on the 

lesional side, involving corticospinal tract, corticobulbar tract and superior thalamic 

radiation (Thomas et al., 2005). This is contrary to findings in premature children, 

where changes in the corpus callosum are often reported as equal or worse than those 

of general white matter (Caldu et al., 2006, Nagae et al., 2007, Skranes et al., 2007). 

This suggest that not all the damage seen in the corpus callosum of prematures is due 
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to antero- and retrograde degeneration. Neuronal perinatal preterm cerebral injury 

appears to be more harmful for callosal fibres than injury occurring at term. 

In our study, axial diffusivity and radial diffusivity both correlated to visual acuity 

in the splenium of the VLBW subjects, indicating that both disturbed axonal 

growth, loss of axons and impaired myelination may contribute to the functional 

impairment (Song et al., 2005, Song et al., 2003, Song et al., 2002).

Relationship between visual acuity and the corpus callosum 

It has been known for more than a century that the posterior part of the corpus 

callosum transfers visual information (Dejerine and Dejerine-Klumpke, 1895) and 

approximately 15 % of all fibres originating in the occipital lobes contribute to 

callosal pathways (Dougherty et al., 2005). With such large amount of neural 

capacity devoted to the transhemispheric access of visual data, it is not surprising to 

find a correlation between a visual function and the microstructure of the corpus 

callosum.

The functional importance of the splenium in transferring visual information from 

one hemisphere to centres (both visual and other) in the other hemisphere is well 

established, both through studies of patients with callosal pathology (Gazzaniga, 

2000, Geschwind, 1965), and by fMRI and DTI studies in healthy volunteers 

(D'Arcy et al., 2006, Dougherty et al., 2005). Lesions of the splenium have been 

described to cause a range of visual problems; from pure alexia (the inability to 

read)   (Binder and Mohr, 1992, Geschwind, 1965), to increased visual neglect in 

stroke patients (Bird et al., 2006) and topographical disorientation (Tamura et al., 

2007).
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Visual acuity - a midline function 

One distinguishing trait of visual acuity is that it is very much a midline function. 

This is important, since midline information is particularly favoured for callosal 

transfer (Berardi et al., 1989, Innocenti and Fiore, 1976, Iwamura et al., 2001, Ptito, 

2003). The highest visual acuity is achieved in the retinal fovea, defining the centre 

of the visual field. Here the concentration of cones is ten-to twentyfold higher than 

a few degrees peripherally (Hendrickson, 1994, Østerberg, 1935). In the optic 

chiasm information from both retinas, including the foveas, is split down the 

vertical midline, and each hemisphere receives a hemifield of visual information 

(Brysbaert, 2004, Leff, 2004). Integration of the two foveal visual hemifields 

therefore depends on some transhemispheric relay of information. If the 

connection, or “zipping up”, of the two foveal hemifields is not optimal, the 

resolution could be reduced, leading to lower visual acuity. A compensatory 

strategy of fixating slightly to the side of the object of interest might be used, 

however, as the maximum resolution falls rapidly at any distance from the fovea, 

this will also lead to lower acuity (Anstis, 1974, Weiter et al., 1984). Thus structural 

integrity of the splenium can be presumed to be of importance in achieving good 

visual acuity. 

Timing of injury 

It is possible that the timing of callosal injury in prematurity is important for the 

visual outcome. In adults experiencing callosectomy, there are to our knowledge no 

reports on impairments of visual acuity, but one report on “normal visual acuity” 

after surgery (Afraz et al., 2003). In cats there is an early critical period in the first 

three weeks after birth, where a surgical section of the corpus callosum leads to 

deficits in visual acuity. Lesions after this period do not affect visual acuity 
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(Elberger, 1984). There is also evidence from rat studies that early interhemispheric 

communication is crucial for the functional development of visual cortex (Caleo et 

al., 2007). There may be a similar early sensitive period in humans, when callosal 

normality is particularly important for the development of good visual acuity.  

Function and cerebral (micro-)structure 

To our knowledge, this is the first study to show a correlation between visual acuity 

and FA values of the splenium. However, it is not the first time general visual ability 

or other cerebral functions have been shown to correlate with callosal structure and 

integrity.

Smaller (posterior) corpus callosum midsagittal areas, in subjects born preterm, 

have been associated with impaired verbal IQ (Nosarti et al., 2004), IQ and 

memory (Caldu et al., 2006), as well as visual motor integration (Rademaker et al., 

2004). Using fMRI and conventional MRI, Santhouse  and coworkers (Santhouse et 

al., 2002) have shown different cerebral activation during visual tasks demanding 

callosal transfer in prematurely born young adults with callosal thinning, compared 

to both premature and term born control subjects without such injury. Correlations 

between visual ability/activity and FA values in the optic radiations have also been 

published: Bassi and coworkers have reported correlations between visually guided 

behaviour and FA values in the optic radiations at term in premature babies (Bassi 

et al., 2008). FA values of the optic radiations have been found to correlate 

significantly with fMRI measures of visual cortex activity (Toosy et al., 2004).   

In our study no correlation was seen between FA values of the splenium and visual 

acuity in the control group, possibly indicating that the microstructure in a normal 

splenium is not a limiting factor for the development of optimal visual acuity. 
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MD values occipital periventricular white matter in the VLBW group 

There was a negative correlation between visual acuity and MD values of the 

occipital periventricular white matter in the VLBW group. The optic radiations 

traverse this area, and the correlation may be explained by focal periventricular 

leucomalacia, or a more diffuse white matter involvement, resulting in increased 

MD values and reduced vision. Increased MD values have been reported in areas of 

white matter with MRI abnormality in preterm children (Counsell et al., 2003). 

However, the results may well be confounded by partial volume effects: subjects 

with enlarged ventricles, with more cerebrospinal fluid and less white matter in the 

periventricular voxels, will have higher MD values. Dilated ventricles are part of the 

typical MRI findings of periventricular leukomalacia, and are known to correlate to 

impaired visual function (Serdaroglu et al., 2004). Many of the VLBW children in 

our study had dilatation of the posterior horns of the lateral ventricles (Skranes et 

al., 2005), and the correlation may therefore be between lower visual acuity and 

large ventricles rather than abberant microstructure in the periventricular posterior 

white matter. However, although a partial volume effect is likely, the correlation is 

still of interest, as a loss of periventricular white matter (a probable cause of 

increase in ventricular volume) is at least as serious as a change of microstructure. 

MD values in the superior colliculi (control group) 

The correlation between good visual acuity and higher MD values in the superior 

colliculi of the control group is interesting. Although the correlation was seen only 

at the level uncorrected for multiple comparisons, we find it worthwhile to report 

these findings.

The superior colliculi have retinotopic organization (Schneider and Kastner, 2005) , 

and are important for saccades and visual attention (Awh et al., 2006, Krauzlis et 
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al., 2004, Pierrot-Deseilligny et al., 1991). Functional MRI has shown the superior 

colliculi to be of primary importance in visual search (Himmelbach et al., 2007). 

Variation in the ability to perform visual search and maintain foveal fixation seems 

likely to influence visual acuity.

However, our findings must be regarded with caution due to the small size of the 

superior colliculi compared to the voxel size in the DTI study.

Methodological limitations 

In this study a voxel-wise regression analysis comparing the FA values in the whole 

brain of VLBW adolescents with visual test scores was performed. A potential 

confounding factor in this study is inaccuracies in the spatial normalisation of the 

diffusion images which can lead to spurious results. We have attempted to 

minimise inaccuracies in the spatial normalisation by using a custom template 

based on all subjects in the study. We further applied a threshold on the FA values 

that confined the analysis to white matter. We have also repeated the regression 

analysis in a region of interest, individually placed in each VLBW subject’s 

splenium, thus ensuring that only voxels in the splenium were included in the 

analyses. The results from this test confirm that there is a significant correlation 

between visual acuity and FA values in this area in the VLBW group.

Partial volume effect may influence the correlations between MD values and visual 

acuity, as discussed above, and those results must be regarded with caution. 

The results have been corrected for multiple comparisons with an FDR corrected 

threshold of 0.05 (Benjamin and Hochberg, 1995), reducing the risk that a chance 

finding has been incorrectly accepted as real. Although the method has limitations 

which should not be ignored, voxel based morphometry is a commonly used 
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method, well suited to study neuroanatomical correlates to neurological function 

and dysfunction (Ashburner and Friston, 2001,Ridgway et al., 2008).

Conclusion

Our findings indicate that subnormal visual acuity in VLBW adolescents may be 

related to changes in the microstructure of the splenium part of the corpus 

callosum. The splenium is particularly prone to injury in prematurity. It constitutes 

the route for transhemispherical relay of visual information and favours foveal data. 

A normal splenium may contribute more to the development of optimal visual 

acuity than previously acknowledged. 

Acknowledgements

The study was funded by research funds at Helse MidtNorge , St Olav's University 

Hospital, Trondheim, Norway. Part of the study population was recruited from a 

multicentre study sponsored by the US National Institute of Child Health and 

Human Development, NIH (NICHD contract No. 1-HD-4-2803 and No. 1-HD-1-

3127).



23

Reference List 

Afraz S R, Montaser-Kouhsari L, Vaziri-Pashkam M, Moradi F. Interhemispheric visual 
interaction in a patient with posterior callosectomy. Neuropsychologia 2003; (41): 597-
604.

Anstis S M. A chart demonstrating variations in acuity with retinal position. Vision Res 1974; 
(14): 589-592. 

Ashburner J, Friston K J. Why Voxel-Based Morphometry Should Be Used. Neuroimage 
2001; (14): 1238-1243. 

Awh E, Armstrong K M, Moore T. Visual and oculomotor selection: links, causes and 
implications for spatial attention. Trends in Cognitive Sciences 2006; (10): 124-130. 

Back S A, Luo N L, Borenstein N S, Levine J M, Volpe J J, Kinney H C. Late Oligodendrocyte 
Progenitors Coincide with the Developmental Window of Vulnerability for Human 
Perinatal White Matter Injury. J Neurosci 2001; (21): 1302-1312. 

Basser P J, Mattiello J, LeBihan D. MR diffusion tensor spectroscopy and imaging. Biophys J 
1994; (66): 259-267. 

Bassi L, Ricci D, Volzone A, Allsop J M, Srinivasan L, Pai A, Ribes C, Ramenghi L A, Mercuri 
E, Mosca F, Edwards A D, Cowan F M, Rutherford M A, Counsell S J. Probabilistic 
diffusion tractography of the optic radiations and visual function in preterm infants at 
term equivalent age. Brain 2008; (131): 573-582. 

Benjak V, Culjat M, Pavlovic M, Kostovic-Srzentic M. Changes of the corpus callosum in 
children who suffered perinatal injury of the periventricular crossroads of pathways 
1. Coll Antropol 2008; (32 Suppl 1): 25-29. 

Benjamin Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful 
approach to multiple testing. J R Statist Soc 1995; (57): 289-300. 

Berardi N, Bodis-Wollner I, Fiorentini A, Giuffre G, Morelli M. Electrophysiological evidence 
for interhemispheric transmission of visual information in man. J Physiol 1989; (411): 
207-225. 

Binder J R, Mohr J P. The topography of callosal reading pathways: a case-control analysis. 
Brain 1992; (115): 1807-1826. 

Bird C M, Malhotra P, Parton A, Coulthard E, Rushworth M F S, Husain M. Visual neglect 
after right posterior cerebral artery infarction. J Neurol Neurosurg Psychiatry 2006; (77): 
1008-1012. 

Brysbaert M. The importance of interhemispheric transfer for foveal vision: A factor that has 
been overlooked in theories of visual word recognition and object perception. Brain Lang 
2004; (88): 259-267. 



 24

Caldu X, Narberhaus A, Junque C, Gimenez M, Vendrell P, Bargallo N, Segarra D, Botet F. 
Corpus callosum size and neuropsychologic impairment in adolescents who were born 
preterm. J Child Neurol 2006; (21): 406-410. 

Caleo M, Restani L, Gianfranseschi L, Costatin L, Rossi C, Rossetto O, Montecucco C, Maffei 
L. Transient synaptic silencing of developing striate cortex has persistent effects on visual 
function and plasticity. The journal of neuroscience 2007; (27): 4530-4540. 

Cooke R W I, Foulder-Hughes L, Newsham D, Clarke D. Ophthalmic impairment at 7 years of 
age in children born very preterm. Arch Dis Child Fetal Neonatal Ed 2004; (89): F249-
F253.

Counsell S J, Allsop J M, Harrison M C, Larkman D J, Kennea N L, Kapellou O, Cowan F M, 
Hajnal J V, Edwards A D, Rutherford M A. Diffusion-Weighted Imaging of the Brain in 
Preterm Infants With Focal and Diffuse White Matter Abnormality. Pediatrics 2003; (112): 
1-7.

Crofts B J, King R, Johnson A. The contribution of low birth weight to severe vision loss in a 
geographically defined population. Br J Ophthalmol 1998; (82): 9-13. 

D'Arcy R C, Hamilton A, Jarmasz M, Sullivan S, Stroink G. Exploratory data analysis reveals 
visuovisual interhemispheric transfer in functional magnetic resonance imaging. Magn 
Reson Med 2006; (55): 952-958. 

Dejerine J, Dejerine-Klumpke A. Corps calleux. In: Anatomie des centres nerveux. (Ed.Rueff 
et cie). Paris: 106,Boulevard Saint-Germain, 1895; 787-803. 

Deng J, Elberger A J. The role of pioneer neurons in the development of mouse visual cortex 
and corpus callosum. Anat Embryol (Berl) 2001; (204): 437-453. 

Dougherty R F, Ben-Shachar M, Bammer R, Brewer A A, Wandell B A. Functional 
organization of human occipital-callosal fiber tracts. Proc Natl Acad Sci U S A 2005; (102): 
7350-7355. 

Eken P, de Vries L, van der Graaf Y, Meiners L C, van Nieuwhuizen O. Haemorrhagic-
ischaemic lesions of the neonatal brain: correlation between cerebral visual impairment, 
neurodevelopmental outcome and MRI in infancy. Dev Med Child Neurol 1995; (37): 41-
55.

Elberger A J. The existence of a separate, brief critical period for the corpus callosum to affect 
visual development. Behav Brain Res 1984; (11): 223-231. 

Elliott D B, Yang K C, Whitaker D. Visual acuity changes throughout adulthood in normal, 
healthy eyes: seeing beyond 6/6. Optom Vis Sci 1995; (72): 186-191. 

Fledelius H C. Ophthalmic changes from age of 10 to 18 years. A longitudinal study of sequels 
to low birth weight. II. Visual acuity. Acta Ophthalmol (Copenh) 1981; (59): 64-70. 

Frisén L, Frisén M. How good is normal visual acuity? A study of letter acuity thresholds as a 
function of age. Albrecht Von Graefes Arch Klin Exp Ophthalmol 1981; (215): 149-157. 

Gazzaniga M S. Cerebral specialization and interhemispheric communication: Does the 
corpus callosum enable the human condition? Brain 2000; (123): 1293-1326. 

Geschwind N. Disconnexion syndromes in animals and man. Part II. Brain 1965; (88): 585-
644.



25

Goldman J E, Geier S S, Hirano M. Differentiation of astrocytes and oligodendrocytes from 
germinal matrix cells in primary culture. J Neurosci 1986; (6): 52-60. 

Gressens P. The germinative zone produces the most cortical astrocytes after neuronal 
migration in the developing mammalian brain. Biol Neonate 1992; (61): 4-24. 

Hellgren K, Hellström A, Jacobson L, Flodmark O, Wadsby M, Martin L. Visual and cerebral 
sequels of very low birth weight in adolescents. Arch Dis Child Fetal Neonatal Ed 2007; 
(92): F259-F264. 

Hendrickson A E. Primate foveal development: a microcosm of current questions in 
neurobiology. Investigative Ophthalmology Visual Science 1994; (35): 3129-3133. 

Himmelbach M, Erb M, Karnath H O. Activation of superior colliculi in humans during visual 
exploration. BMC Neuroscience 2007; (8): 66. 

Holmström G, el Azazi M, Kugelberg U. Ophthalmological follow up of preterm infants: a 
population based, prospective study of visual acuity and strabismus. Br J Ophthalmol 
1999; (83): 143-150. 

Hüppi P S, Dubois J. Diffusion tensor imaging of brain development. Seminars in Fetal and 
Neonatal Medicine 2006b; (11): 489-497. 

Hüppi P S, Dubois J. Diffusion tensor imaging of brain development. Seminars in Fetal and 
Neonatal Medicine 2006a; (11): 489-497. 

Innocenti G M, Fiore L. Morphological correlates of visual field transformation in the corpus 
callosum. Neurosci Lett 1976; (2): 245-252. 

Iwamura Y, Taoka M, Iriki A. Bilateral activity and callosal connections in the somatosensory 
cortex. Neuroscientist 2001; (7): 419-429. 

Jacobson L, Lundin S, Flodmark O, Ellström K G. Periventricular leukomalacia causes visual 
impairment in preterm children. A study on the aetiologies of visual impairment in a 
population-based group of preterm children born 1989-95 in the county of Värmland, 
Sweden. Acta Ophthalmol Scand 1998; (76): 593-598. 

Jones D K, Simmons A, Williams S C, Horsfield M A. Non-invasive assessment of axonal fiber 
connectivity in the human brain via diffusion tensor MRI. Magn Reson Med 1999; (42): 
37-41. 

Judas M, Rados M, Jovanov-Milosevic N, Hrabac P, stern-Padovan R, Kostovic I. Structural, 
immunocytochemical, and MR imaging properties of periventricular crossroads of 
growing cortical pathways in preterm infants. AJNR Am J Neuroradiol 2005; (26): 2671-
2684.

Klingberg T, Hedehus M, Temple E, Salz T, Gabrieli J D E, Moseley M E, Poldrack R A. 
Microstructure of temporo-parietal white matter as a basis for reading ability: evidence 
from diffusion tensor magnetic resonance imaging. Neuron 2000; (25): 493-500. 

Krägeloh-Mann I, Toft P, Lunding J, Andresen J, Pryds O, Lou H C. Brain lesions in 
preterms: origin, consequences and compensation. Acta Paediatr 1999; (88): 897-908. 

Krauzlis R J, Liston D, Carello C D. Target selection and the superior colliculus: goals, choices 
and hypotheses. Vision Res 2004; (44): 1445-1451. 



 26

Leff A. A historical review of the representation of the visual field in primary visual cortex 
with special reference to the neural mechanisms underlying macular sparing. Brain Lang 
2004; (88): 268-278. 

Lindqvist S, Vik T, Indredavik M S, Brubakk A-M. Visual acuity, contrast sensitivity, 
peripheral vision and refraction in low birthweight teenagers. Acta Ophthalmol Scand 
2007; (85): 157-164. 

Lindqvist S, Vik T, Indredavik M S, Skranes J, Brubakk A M. Eye movements and binocular 
function in low birthweight teenagers. Acta Ophthalmol (Copenh) 2008; (86): 265-274. 

Mo Z, Moore A R, Filipovic R, Ogawa Y, Kazuhiro I, Antic S D, Zecevic N. Human Cortical 
Neurons Originate from Radial Glia and Neuron-Restricted Progenitors. J Neurosci 2007; 
(27): 4132-4145. 

Nagae L M, Hoon A H, Jr., Stashinko E, Lin D, Zhang W, Levey E, Wakana S, Jiang H, Leite C 
C, Lucato L T, van Zijl P C M, Johnston M V, Mori S. Diffusion Tensor Imaging in Children 
with Periventricular Leukomalacia: Variability of Injuries to White Matter Tracts. AJNR 
Am J Neuroradiol 2007; (28): 1213-1222. 

Nagy Z, Westerberg H, Skare S, Andersson J L, Lilja A, Flodmark O, Fernell E, Holmberg K, 
Bohm B, Forssberg H, Lagercrantz H, Klingberg T. Preterm children have disturbances of 
white matter at 11 years of age as shown by diffusion tensor imaging. Pediatr Res 2003; 
(54): 672-679. 

Nagy Z, Westerberg H, Klingberg T. Maturation of White Matter is Associated with the 
Development of Cognitive Functions during Childhood. J Cogn Neurosci 2004; (16): 1227-
1233.

Neil J J, Inder T E. Detection of wallerian degeneration in a newborn by diffusion magnetic 
resonance imaging (MRI). J Child Neurol 2006; (21): 115-118. 

Nosarti C, Rushe T M, Woodruff P W R, Stewart A L, Rifkin L, Murray R M. Corpus callosum 
size and very preterm birth: relationship to neuropsychological outcome. Brain 2004; 
(127): 2080-2089. 

Olsen P, Pääkö E, Vainionpaa L, Pyhtinen J, Jarvelin M R. Magnetic resonance imaging of 
periventricular leukomalacia and its clinical correlation in children. Ann Neurol 1997; 
(41): 754-761. 

Østerberg G. Topography of the layer of rods and cones in the human retina. Levin & 
Munksgaard, Copenhagen 1935. 

Pierrot-Deseilligny C, Rosa A, Masmoudi K, Rivaud S, Gaymard B. Saccade deficits after a 
unilateral lesion affecting the superior colliculus. J Neurol Neurosurg Psychiatry 1991; 
(54): 1106-1109. 

Pike M G, Holmström G, de Vries L S, pennock J M, Drew K J, Sonksen P M, Dubowitz L M. 
Patterns of visual impairment associated with lesions of the preterm infant brain. Dev 
Med Child Neurol 1994; (36): 849-862. 

Ptito M. Functions of the corpus callosum as derived from split-chiasm studies in cats. In: 
The parallell brain. (Eds.Zaidel E, Iacoboni M). Cambridge, Massachusetts; London, 
England: A Bradford Book, The MIT press, 2003; 139-153. 



27

Rademaker K J, Lam J N G P, Van Haastert I C, Uiterwaal C S P M, Lieftink A F, Groenendaal 
F, Grobbee D E, de Vries L S. Larger corpus callosum size with better motor performance 
in prematurely born children. Semin Perinatol 2004; (28): 279-287. 

Ridgway G R, Henley S M D, Rohrer J D, Scahill R I, Warren J D, Fox N C. Ten simple rules 
for reporting voxel-based morphometry studies. Neuroimage 2008; (40): 1429-1435. 

Santhouse A M, ffytche D H, Howard R J, Williams S C R, Stewart A L, Rooney M, Wyatt J S, 
Rifkin L, Murray R M. The functional significance of perinatal corpus callosum damage: 
an fMRI study in young adults. Brain 2002; (125): 1782-1792. 

Schneider K A, Kastner S. Visual Responses of the Human Superior Colliculus: A High-
Resolution Functional Magnetic Resonance Imaging Study. J Neurophysiol 2005; (94): 
2491-2503. 

Serdaroglu G, Tekgul H, Kitis O, Serdaroglu E, Gökben S. Correlative value of magnetic 
resonance imaging for neurodevelopmental outcome in periventricular leukomalacia. Dev 
Med Child Neurol 2004; (46): 733-739. 

Silver J, Lorenz S E, Wahlsten D, Coughlin J. Axonal guidance during development of the 
great cerebral commissures: descriptive and experimental studies, in vivo, on the role of 
preformed glial pathways. J Comp Neurol 1982; (210): 10-29. 

Skoff R P, Bessert D A, Barks J D E, Song D, Cerghet M, Silverstein F S. Hypoxic-ischemic 
injury results in acute disruption of myelin gene expression and death of oligodendroglial 
precursors in neonatal mice. Int J Dev Neurosci 2001; (19): 197-208. 

Skranes J, Martinussen M, Smevik O, Myhr G, Indredavik M, Vik T, Brubakk A-M. Cerebral 
MRI findings in very-low-birth-weight and small-for-gestational-age children at 15 years 
of age. Pediatr Radiol 2005; (35): 758-765. 

Skranes J, Vangberg T R, Kulseng S, Indredavik M S, Evensen K A I, Martinussen M, Dale A 
M, Haraldseth O, Brubakk A M. Clinical findings and white matter abnormalities seen on 
diffusion tensor imaging in adolescents with very low birth weight. Brain 2007; (130): 
654-666.

Smith K M, Ohkubo Y, Maragnoli M E, Rasin M R, Schwartz M L, Sestan N, Vaccarino F M. 
Midline radial glia translocation and corpus callosum formation require FGF signaling. 
Nat Neurosci 2006; (9): 787-797. 

Song S K, Yoshino J, Le T Q, Lin S J, Sun S W, Cross A H, Armstrong R C. Demyelination 
increases radial diffusivity in corpus callosum of mouse brain. Neuroimage 2005; (26): 
132-140.

Song S K, Sun S W, Ju W K, Lin S J, Cross A H, Neufeld A H. Diffusion tensor imaging 
detects and differentiates axon and myelin degeneration in mouse optic nerve after retinal 
ischemia. Neuroimage 2003; (20): 1714-1722. 

Song S K, Sun S W, Ramsbottom M J, Chang C, Russell J, Cross A H. Dysmyelination 
revealed through MRI as increased radial (but unchanged axial) diffusion of water. 
Neuroimage 2002; (17): 1429-1436. 

Tamura I, Kitagawa M, Otsuki M, Kikuchi S, Tashiro K, Dubois B. Pure topographical 
disorientation following a right forceps major of the splenium lesion: a case study. 
Neurocase 2007; (13): 178-184. 



 28

Thomas B, Eyssen M, Peeters R, Molenaers G, Van Hecke P, De Cock P, Sunaert S. 
Quantitative diffusion tensor imaging in cerebral palsy due to periventricular white matter 
injury. Brain 2005; (128): 2562-2577. 

Toosy A T, Ciccarelli O, Parker G J M, Wheeler-Kingshott C A M, Miller D H, Thompson A J. 
Characterizing function-structure relationships in the human visual system with 
functional MRI and diffusion tensor imaging. Neuroimage 2004; (21): 1452-1463. 

Vangberg T R, Skranes J, Dale A M, Martinussen M, Brubakk A M, Haraldseth O. Changes in 
white matter diffusion anisotropy in adolescents born prematurely. Neuroimage 2006; 
(32): 1538-1548. 

Volpe J J. Hypoxic-ischemic encephalopathy: neuropathology and pathogenesis. In: 
Neurology of the newborn. Philadelphia: Saunders Elsevier, 2008a; Fifth: 347-399. 

Volpe J J. Neuronal proliferation, migration, organization, and myelination. In: Neurology of 
the newborn. Philadelphia: Saunders Elsevier, 2008b; Fifth: 51-118. 

Volpe J J. Cerebral white matter injury of the premature infant--more common than you 
think. Pediatrics 2003; (112): 176-180. 

Volpe J J. Subplate neurons-missing link in brain injury of the premature infant? Pediatrics 
1996; (97): 112-113. 

Weiter J J, Wing G L, Trempe C L, Mainster M A. Visual acuity related to retinal distance 
from the fovea in macular disease. Ann Ophthalmol 1984; (16): 174-176. 

Wilke M, Schmithorst V J, Holland S K. Normative pediatric brain data for spatial 
normalization and segmentation differs from standard adult data. Magn Reson Med 2003; 
(50): 749-757. 

Yoshida T, Shiga K, Yoshikawa K, Yamada K, Nakagawa M. White matter loss in the splenium 
of the corpus callosum in a case of posterior cortical atrophy: a diffusion tensor imaging 
study. Eur Neurol 2004; (52): 77-81. 







Dissertations at the Faculty of Medicine, NTNU

1977 
1. Knut Joachim Berg: EFFECT OF ACETYLSALICYLIC ACID ON RENAL FUNCTION 
2. Karl Erik Viken and Arne Ødegaard: STUDIES ON HUMAN MONOCYTES CULTURED IN

VITRO
1978 

3. Karel Bjørn Cyvin: CONGENITAL DISLOCATION OF THE HIP JOINT. 
4. Alf O. Brubakk: METHODS FOR STUDYING FLOW DYNAMICS IN THE LEFT 

VENTRICLE  AND THE AORTA IN MAN. 
1979 

5. Geirmund Unsgaard: CYTOSTATIC AND IMMUNOREGULATORY ABILITIES OF 
HUMAN    BLOOD MONOCYTES CULTURED IN VITRO 

1980 
6. Størker Jørstad: URAEMIC TOXINS 
7. Arne Olav Jenssen: SOME RHEOLOGICAL, CHEMICAL AND STRUCTURAL 

PROPERTIES    OF MUCOID SPUTUM FROM PATIENTS WITH CHRONIC 
OBSTRUCTIVE BRONCHITIS 

1981 
8. Jens Hammerstrøm: CYTOSTATIC AND CYTOLYTIC ACTIVITY OF HUMAN 

MONOCYTES AND EFFUSION MACROPHAGES AGAINST TUMOR CELLS IN VITRO 
1983 

9. Tore Syversen: EFFECTS OF METHYLMERCURY ON RAT BRAIN PROTEIN. 
10. Torbjørn Iversen: SQUAMOUS CELL CARCINOMA OF THE VULVA. 

1984 
11. Tor-Erik Widerøe: ASPECTS OF CONTINUOUS AMBULATORY PERITONEAL 

DIALYSIS. 
12. Anton Hole: ALTERATIONS OF MONOCYTE AND LYMPHOCYTE FUNCTIONS IN 

REALTION TO SURGERY UNDER EPIDURAL OR GENERAL ANAESTHESIA. 
13. Terje Terjesen: FRACTURE HEALING AND STRESS-PROTECTION AFTER METAL 

PLATE FIXATION AND EXTERNAL FIXATION. 
14. Carsten Saunte: CLUSTER HEADACHE SYNDROME. 
15. Inggard Lereim: TRAFFIC ACCIDENTS AND THEIR CONSEQUENCES. 
16. Bjørn Magne Eggen: STUDIES IN CYTOTOXICITY IN HUMAN ADHERENT 

MONONUCLEAR BLOOD CELLS. 
17. Trond Haug: FACTORS REGULATING BEHAVIORAL EFFECTS OG DRUGS. 

1985 
18. Sven Erik Gisvold: RESUSCITATION AFTER COMPLETE GLOBAL BRAIN ISCHEMIA. 
19. Terje Espevik: THE CYTOSKELETON OF HUMAN MONOCYTES. 
20. Lars Bevanger: STUDIES OF THE Ibc (c) PROTEIN ANTIGENS OF GROUP B 

STREPTOCOCCI.
21. Ole-Jan Iversen: RETROVIRUS-LIKE PARTICLES IN THE PATHOGENESIS OF 

PSORIASIS. 
22. Lasse Eriksen: EVALUATION AND TREATMENT OF ALCOHOL DEPENDENT 

BEHAVIOUR. 
23. Per I. Lundmo: ANDROGEN METABOLISM IN THE PROSTATE. 

1986 
24. Dagfinn Berntzen: ANALYSIS AND MANAGEMENT OF EXPERIMENTAL AND 

CLINICAL PAIN. 
25. Odd Arnold Kildahl-Andersen: PRODUCTION AND CHARACTERIZATION OF 

MONOCYTE-DERIVED CYTOTOXIN AND ITS ROLE IN MONOCYTE-MEDIATED 
CYTOTOXICITY. 

26. Ola Dale: VOLATILE ANAESTHETICS. 
1987 

27. Per Martin Kleveland: STUDIES ON GASTRIN. 
28. Audun N. Øksendal: THE CALCIUM PARADOX AND THE HEART. 
29. Vilhjalmur R. Finsen: HIP FRACTURES 

1988 
30. Rigmor Austgulen: TUMOR NECROSIS FACTOR: A MONOCYTE-DERIVED 

REGULATOR OF CELLULAR GROWTH. 



31. Tom-Harald Edna: HEAD INJURIES ADMITTED TO HOSPITAL. 
32. Joseph D. Borsi: NEW ASPECTS OF THE CLINICAL PHARMACOKINETICS OF 

METHOTREXATE. 
33. Olav F. M. Sellevold: GLUCOCORTICOIDS IN MYOCARDIAL PROTECTION. 
34. Terje Skjærpe: NONINVASIVE QUANTITATION OF GLOBAL PARAMETERS ON LEFT 

VENTRICULAR FUNCTION: THE SYSTOLIC PULMONARY ARTERY PRESSURE AND 
CARDIAC OUTPUT. 

35. Eyvind Rødahl: STUDIES OF IMMUNE COMPLEXES AND RETROVIRUS-LIKE 
ANTIGENS IN PATIENTS WITH ANKYLOSING SPONDYLITIS. 

36. Ketil Thorstensen: STUDIES ON THE MECHANISMS OF CELLULAR UPTAKE OF IRON 
FROM TRANSFERRIN. 

37. Anna Midelfart: STUDIES OF THE MECHANISMS OF ION AND FLUID TRANSPORT IN 
THE BOVINE CORNEA. 

38. Eirik Helseth: GROWTH AND PLASMINOGEN ACTIVATOR ACTIVITY OF HUMAN 
GLIOMAS AND BRAIN METASTASES - WITH SPECIAL REFERENCE TO 
TRANSFORMING GROWTH FACTOR BETA AND THE EPIDERMAL GROWTH 
FACTOR RECEPTOR. 

39. Petter C. Borchgrevink: MAGNESIUM AND THE ISCHEMIC HEART. 
40. Kjell-Arne Rein: THE EFFECT OF EXTRACORPOREAL CIRCULATION ON 

SUBCUTANEOUS TRANSCAPILLARY FLUID BALANCE. 
41. Arne Kristian Sandvik: RAT GASTRIC HISTAMINE. 
42. Carl Bredo Dahl: ANIMAL MODELS IN PSYCHIATRY. 

1989 
43. Torbjørn A. Fredriksen: CERVICOGENIC HEADACHE. 
44. Rolf A. Walstad: CEFTAZIDIME. 
45. Rolf Salvesen: THE PUPIL IN CLUSTER HEADACHE. 
46. Nils Petter Jørgensen: DRUG EXPOSURE IN EARLY PREGNANCY. 
47. Johan C. Ræder: PREMEDICATION AND GENERAL ANAESTHESIA IN OUTPATIENT 

GYNECOLOGICAL SURGERY. 
48. M. R. Shalaby: IMMUNOREGULATORY PROPERTIES OF TNF-α AND THE RELATED 

CYTOKINES. 
49. Anders Waage: THE COMPLEX PATTERN OF CYTOKINES IN SEPTIC SHOCK. 
50. Bjarne Christian Eriksen: ELECTROSTIMULATION OF THE PELVIC FLOOR IN FEMALE 

URINARY INCONTINENCE. 
51. Tore B. Halvorsen: PROGNOSTIC FACTORS IN COLORECTAL CANCER. 

1990 
52. Asbjørn Nordby: CELLULAR TOXICITY OF ROENTGEN CONTRAST MEDIA. 
53. Kåre E. Tvedt: X-RAY MICROANALYSIS OF BIOLOGICAL MATERIAL. 
54. Tore C. Stiles: COGNITIVE VULNERABILITY FACTORS IN THE DEVELOPMENT AND 

MAINTENANCE OF DEPRESSION. 
55. Eva Hofsli: TUMOR NECROSIS FACTOR AND MULTIDRUG RESISTANCE. 
56. Helge S. Haarstad: TROPHIC EFFECTS OF CHOLECYSTOKININ AND SECRETIN ON 

THE RAT PANCREAS. 
57. Lars Engebretsen: TREATMENT OF ACUTE ANTERIOR CRUCIATE LIGAMENT 

INJURIES. 
58. Tarjei Rygnestad: DELIBERATE SELF-POISONING IN TRONDHEIM. 
59. Arne Z. Henriksen: STUDIES ON CONSERVED ANTIGENIC DOMAINS ON MAJOR 

OUTER MEMBRANE PROTEINS FROM ENTEROBACTERIA. 
60. Steinar Westin: UNEMPLOYMENT AND HEALTH: Medical and social consequences of a 

factory closure in a ten-year controlled follow-up study. 
61. Ylva Sahlin: INJURY REGISTRATION, a tool for accident preventive work. 
62. Helge Bjørnstad Pettersen: BIOSYNTHESIS OF COMPLEMENT BY HUMAN ALVEOLAR 

MACROPHAGES WITH SPECIAL REFERENCE TO SARCOIDOSIS. 
63. Berit Schei: TRAPPED IN PAINFUL LOVE. 
64. Lars J. Vatten: PROSPECTIVE STUDIES OF THE RISK OF BREAST CANCER IN A 

COHORT OF NORWEGIAN WOMAN. 
1991 

65. Kåre Bergh: APPLICATIONS OF ANTI-C5a SPECIFIC MONOCLONAL ANTIBODIES FOR 
THE ASSESSMENT OF COMPLEMENT ACTIVATION. 

66. Svein Svenningsen: THE CLINICAL SIGNIFICANCE OF INCREASED FEMORAL 
ANTEVERSION. 



67. Olbjørn Klepp: NONSEMINOMATOUS GERM CELL TESTIS CANCER: THERAPEUTIC 
OUTCOME AND PROGNOSTIC FACTORS. 

68. Trond Sand: THE EFFECTS OF CLICK POLARITY ON BRAINSTEM AUDITORY 
EVOKED POTENTIALS AMPLITUDE, DISPERSION, AND LATENCY VARIABLES. 

69. Kjetil B. Åsbakk: STUDIES OF A PROTEIN FROM PSORIATIC SCALE, PSO P27, WITH 
RESPECT TO ITS POTENTIAL ROLE IN IMMUNE REACTIONS IN PSORIASIS. 

70. Arnulf Hestnes: STUDIES ON DOWN´S SYNDROME. 
71. Randi Nygaard: LONG-TERM SURVIVAL IN CHILDHOOD LEUKEMIA. 
72. Bjørn Hagen: THIO-TEPA. 
73. Svein Anda: EVALUATION OF THE HIP JOINT BY COMPUTED TOMOGRAMPHY AND 

ULTRASONOGRAPHY. 
1992 

74. Martin Svartberg: AN INVESTIGATION OF PROCESS AND OUTCOME OF SHORT-TERM 
PSYCHODYNAMIC PSYCHOTHERAPY. 

75. Stig Arild Slørdahl: AORTIC REGURGITATION. 
76. Harold C Sexton: STUDIES RELATING TO THE TREATMENT OF SYMPTOMATIC NON-

PSYCHOTIC PATIENTS. 
77. Maurice B. Vincent: VASOACTIVE PEPTIDES IN THE OCULAR/FOREHEAD AREA. 
78. Terje Johannessen: CONTROLLED TRIALS IN SINGLE SUBJECTS. 
79. Turid Nilsen: PYROPHOSPHATE IN HEPATOCYTE IRON METABOLISM. 
80. Olav Haraldseth: NMR SPECTROSCOPY OF CEREBRAL ISCHEMIA AND REPERFUSION 

IN RAT. 
81. Eiliv Brenna: REGULATION OF FUNCTION AND GROWTH OF THE OXYNTIC 

MUCOSA. 
1993 

82. Gunnar Bovim: CERVICOGENIC HEADACHE. 
83. Jarl Arne Kahn: ASSISTED PROCREATION. 
84. Bjørn Naume: IMMUNOREGULATORY EFFECTS OF CYTOKINES ON NK CELLS. 
85. Rune Wiseth: AORTIC VALVE REPLACEMENT. 
86. Jie Ming Shen: BLOOD FLOW VELOCITY AND RESPIRATORY STUDIES. 
87. Piotr Kruszewski: SUNCT SYNDROME WITH SPECIAL REFERENCE TO THE 

AUTONOMIC NERVOUS SYSTEM. 
88. Mette Haase Moen: ENDOMETRIOSIS. 
89. Anne Vik: VASCULAR GAS EMBOLISM DURING AIR INFUSION AND AFTER 

DECOMPRESSION IN PIGS. 
90. Lars Jacob Stovner: THE CHIARI TYPE I MALFORMATION. 
91. Kjell Å. Salvesen: ROUTINE ULTRASONOGRAPHY IN UTERO AND DEVELOPMENT IN 

CHILDHOOD. 
1994 

92. Nina-Beate Liabakk: DEVELOPMENT OF IMMUNOASSAYS FOR TNF AND ITS 
SOLUBLE RECEPTORS. 

93. Sverre Helge Torp: erbB ONCOGENES IN HUMAN GLIOMAS AND MENINGIOMAS. 
94. Olav M. Linaker: MENTAL RETARDATION AND PSYCHIATRY. Past and present. 
95. Per Oscar Feet: INCREASED ANTIDEPRESSANT AND ANTIPANIC EFFECT IN 

COMBINED TREATMENT WITH DIXYRAZINE AND TRICYCLIC ANTIDEPRESSANTS. 
96. Stein Olav Samstad: CROSS SECTIONAL FLOW VELOCITY PROFILES FROM TWO-

DIMENSIONAL DOPPLER ULTRASOUND: Studies on early mitral blood flow. 
97. Bjørn Backe: STUDIES IN ANTENATAL CARE. 
98. Gerd Inger Ringdal: QUALITY OF LIFE IN CANCER PATIENTS. 
99. Torvid Kiserud: THE DUCTUS VENOSUS IN THE HUMAN FETUS. 
100.Hans E. Fjøsne: HORMONAL REGULATION OF PROSTATIC METABOLISM. 
101.Eylert Brodtkorb: CLINICAL ASPECTS OF EPILEPSY IN THE MENTALLY RETARDED. 
102.Roar Juul: PEPTIDERGIC MECHANISMS IN HUMAN SUBARACHNOID HEMORRHAGE. 
103.Unni Syversen: CHROMOGRANIN A. Phsysiological and Clinical Role. 

1995 
104.Odd Gunnar Brakstad: THERMOSTABLE NUCLEASE AND THE nuc GENE IN THE 

DIAGNOSIS OF Staphylococcus aureus INFECTIONS. 
105.Terje Engan: NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY OF PLASMA 

IN MALIGNANT DISEASE. 
106.Kirsten Rasmussen: VIOLENCE IN THE MENTALLY DISORDERED. 
107.Finn Egil Skjeldestad: INDUCED ABORTION: Timetrends and Determinants. 



108.Roar Stenseth: THORACIC EPIDURAL ANALGESIA IN AORTOCORONARY BYPASS 
SURGERY.

109.Arild Faxvaag: STUDIES OF IMMUNE CELL FUNCTION in mice infected with MURINE 
RETROVIRUS.

1996 
110.Svend Aakhus: NONINVASIVE COMPUTERIZED ASSESSMENT OF LEFT 

VENTRICULAR FUNCTION AND SYSTEMIC ARTERIAL PROPERTIES. Methodology and 
some clinical applications. 

111.Klaus-Dieter Bolz: INTRAVASCULAR ULTRASONOGRAPHY. 
112.Petter Aadahl: CARDIOVASCULAR EFFECTS OF THORACIC AORTIC CROSS-

CLAMPING.
113.Sigurd Steinshamn: CYTOKINE MEDIATORS DURING GRANULOCYTOPENIC 

INFECTIONS. 
114.Hans Stifoss-Hanssen: SEEKING MEANING OR HAPPINESS? 
115.Anne Kvikstad: LIFE CHANGE EVENTS AND MARITAL STATUS IN RELATION TO 

RISK AND PROGNOSIS OF CANCER. 
116.Torbjørn Grøntvedt: TREATMENT OF ACUTE AND CHRONIC ANTERIOR CRUCIATE 

LIGAMENT INJURIES. A clinical and biomechanical study. 
117.Sigrid Hørven Wigers: CLINICAL STUDIES OF FIBROMYALGIA WITH FOCUS ON 

ETIOLOGY, TREATMENT AND OUTCOME. 
118.Jan Schjøtt: MYOCARDIAL PROTECTION: Functional and Metabolic Characteristics of Two 

Endogenous Protective Principles. 
119.Marit Martinussen: STUDIES OF INTESTINAL BLOOD FLOW AND ITS RELATION TO 

TRANSITIONAL CIRCULATORY ADAPATION IN NEWBORN INFANTS. 
120.Tomm B. Müller: MAGNETIC RESONANCE IMAGING IN FOCAL CEREBRAL 

ISCHEMIA. 
121.Rune Haaverstad: OEDEMA FORMATION OF THE LOWER EXTREMITIES. 
122.Magne Børset: THE ROLE OF CYTOKINES IN MULTIPLE MYELOMA, WITH SPECIAL 

REFERENCE TO HEPATOCYTE GROWTH FACTOR. 
123.Geir Smedslund: A THEORETICAL AND EMPIRICAL INVESTIGATION OF SMOKING, 

STRESS AND DISEASE: RESULTS FROM A POPULATION SURVEY. 
1997 

124.Torstein Vik: GROWTH, MORBIDITY, AND PSYCHOMOTOR DEVELOPMENT IN 
INFANTS WHO WERE GROWTH RETARDED IN UTERO.

125.Siri Forsmo: ASPECTS AND CONSEQUENCES OF OPPORTUNISTIC SCREENING FOR 
CERVICAL CANCER. Results based on data from three Norwegian counties. 

126.Jon S. Skranes: CEREBRAL MRI AND NEURODEVELOPMENTAL OUTCOME IN VERY 
LOW BIRTH WEIGHT (VLBW) CHILDREN. A follow-up study of a geographically based 
year cohort of VLBW children at ages one and six years. 

127.Knut Bjørnstad: COMPUTERIZED ECHOCARDIOGRAPHY FOR EVALUTION OF 
CORONARY ARTERY DISEASE. 

128.Grethe Elisabeth Borchgrevink: DIAGNOSIS AND TREATMENT OF WHIPLASH/NECK 
SPRAIN INJURIES CAUSED BY CAR ACCIDENTS. 

129.Tor Elsås: NEUROPEPTIDES AND NITRIC OXIDE SYNTHASE IN OCULAR 
AUTONOMIC AND SENSORY NERVES. 

130.Rolf W. Gråwe: EPIDEMIOLOGICAL AND NEUROPSYCHOLOGICAL PERSPECTIVES 
ON SCHIZOPHRENIA. 

131.Tonje Strømholm: CEREBRAL HAEMODYNAMICS DURING THORACIC AORTIC 
CROSSCLAMPING. An experimental study in pigs. 

1998 
132.Martinus Bråten: STUDIES ON SOME PROBLEMS REALTED TO INTRAMEDULLARY 

NAILING OF FEMORAL FRACTURES. 
133.Ståle Nordgård: PROLIFERATIVE ACTIVITY AND DNA CONTENT AS PROGNOSTIC 

INDICATORS IN ADENOID CYSTIC CARCINOMA OF THE HEAD AND NECK. 
134.Egil Lien: SOLUBLE RECEPTORS FOR TNF AND LPS: RELEASE PATTERN AND 

POSSIBLE SIGNIFICANCE IN DISEASE. 
135.Marit Bjørgaas: HYPOGLYCAEMIA IN CHILDREN WITH DIABETES MELLITUS 
136.Frank Skorpen: GENETIC AND FUNCTIONAL ANALYSES OF DNA REPAIR IN HUMAN 

CELLS.
137.Juan A. Pareja: SUNCT SYNDROME. ON THE CLINICAL PICTURE. ITS DISTINCTION 

FROM OTHER, SIMILAR HEADACHES. 



138.Anders Angelsen: NEUROENDOCRINE CELLS IN HUMAN PROSTATIC CARCINOMAS 
AND THE PROSTATIC COMPLEX OF RAT, GUINEA PIG, CAT AND DOG. 

139.Fabio Antonaci: CHRONIC  PAROXYSMAL HEMICRANIA AND HEMICRANIA 
CONTINUA: TWO DIFFERENT ENTITIES? 

140.Sven M. Carlsen: ENDOCRINE AND METABOLIC EFFECTS OF METFORMIN WITH 
SPECIAL EMPHASIS ON CARDIOVASCULAR RISK FACTORES. 

1999 
141.Terje A. Murberg: DEPRESSIVE SYMPTOMS AND COPING AMONG PATIENTS WITH 

CONGESTIVE HEART FAILURE. 
142.Harm-Gerd Karl Blaas: THE EMBRYONIC EXAMINATION. Ultrasound studies on the 

development of the human embryo. 
143.Noèmi Becser Andersen:THE CEPHALIC SENSORY NERVES IN UNILATERAL 

HEADACHES. Anatomical background and neurophysiological evaluation. 
144.Eli-Janne Fiskerstrand: LASER TREATMENT OF PORT WINE STAINS. A study of the 

efficacy and limitations of the pulsed dye laser. Clinical and morfological analyses aimed at 
improving the therapeutic outcome. 

145.Bård Kulseng: A STUDY OF ALGINATE CAPSULE PROPERTIES AND CYTOKINES IN 
RELATION TO INSULIN DEPENDENT DIABETES MELLITUS. 

146.Terje Haug: STRUCTURE AND REGULATION OF THE HUMAN UNG GENE ENCODING 
URACIL-DNA GLYCOSYLASE. 

147.Heidi Brurok: MANGANESE AND THE HEART. A Magic Metal with Diagnostic and 
Therapeutic Possibilites. 

148.Agnes Kathrine Lie: DIAGNOSIS AND PREVALENCE OF HUMAN PAPILLOMAVIRUS 
INFECTION IN CERVICAL INTRAEPITELIAL NEOPLASIA. Relationship to Cell Cycle 
Regulatory Proteins and HLA DQBI Genes. 

149.Ronald Mårvik: PHARMACOLOGICAL, PHYSIOLOGICAL AND 
PATHOPHYSIOLOGICAL STUDIES ON ISOLATED STOMACS. 

150.Ketil Jarl Holen: THE ROLE OF ULTRASONOGRAPHY IN THE DIAGNOSIS AND 
TREATMENT OF HIP DYSPLASIA IN NEWBORNS. 

151.Irene Hetlevik:  THE ROLE OF CLINICAL GUIDELINES IN CARDIOVASCULAR RISK 
INTERVENTION IN GENERAL PRACTICE. 

152.Katarina Tunòn: ULTRASOUND AND PREDICTION OF GESTATIONAL AGE. 
153.Johannes Soma: INTERACTION BETWEEN THE LEFT VENTRICLE AND THE SYSTEMIC 

ARTERIES. 
154.Arild Aamodt: DEVELOPMENT AND PRE-CLINICAL EVALUATION OF A CUSTOM-

MADE FEMORAL STEM. 
155.Agnar Tegnander: DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH SUSPECTED OR 

KNOWN HIP DYSPLASIA. 
156.Bent Indredavik: STROKE UNIT TREATMENT: SHORT AND LONG-TERM EFFECTS 
157.Jolanta Vanagaite Vingen: PHOTOPHOBIA AND PHONOPHOBIA IN PRIMARY 

HEADACHES 
2000 

158.Ola Dalsegg Sæther: PATHOPHYSIOLOGY DURING PROXIMAL AORTIC CROSS-
CLAMPING CLINICAL AND EXPERIMENTAL STUDIES 

159.xxxxxxxxx (blind number) 
160.Christina Vogt Isaksen: PRENATAL ULTRASOUND AND POSTMORTEM FINDINGS – A 

TEN YEAR CORRELATIVE STUDY OF FETUSES AND INFANTS WITH 
DEVELOPMENTAL ANOMALIES. 

161.Holger Seidel: HIGH-DOSE METHOTREXATE THERAPY IN CHILDREN WITH ACUTE 
LYMPHOCYTIC LEUKEMIA: DOSE, CONCENTRATION, AND EFFECT 
CONSIDERATIONS. 

162.Stein Hallan: IMPLEMENTATION OF MODERN MEDICAL DECISION ANALYSIS INTO 
CLINICAL DIAGNOSIS AND TREATMENT. 

163.Malcolm Sue-Chu: INVASIVE AND NON-INVASIVE STUDIES IN CROSS-COUNTRY 
SKIERS WITH ASTHMA-LIKE SYMPTOMS. 

164.Ole-Lars Brekke: EFFECTS OF ANTIOXIDANTS AND FATTY ACIDS ON TUMOR 
NECROSIS FACTOR-INDUCED CYTOTOXICITY. 

165.Jan Lundbom: AORTOCORONARY BYPASS SURGERY: CLINICAL ASPECTS, COST 
CONSIDERATIONS AND WORKING ABILITY. 

166.John-Anker Zwart: LUMBAR NERVE ROOT COMPRESSION, BIOCHEMICAL AND 
NEUROPHYSIOLOGICAL ASPECTS. 

167.Geir Falck: HYPEROSMOLALITY AND THE HEART. 



168.Eirik Skogvoll: CARDIAC ARREST Incidence, Intervention and Outcome. 
169.Dalius Bansevicius: SHOULDER-NECK REGION IN CERTAIN HEADACHES AND 

CHRONIC PAIN SYNDROMES. 
170.Bettina Kinge: REFRACTIVE ERRORS AND BIOMETRIC CHANGES AMONG 

UNIVERSITY STUDENTS IN NORWAY. 
171.Gunnar Qvigstad: CONSEQUENCES OF HYPERGASTRINEMIA IN MAN 
172.Hanne Ellekjær: EPIDEMIOLOGICAL STUDIES OF STROKE IN A NORWEGIAN 

POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS 
173.Hilde Grimstad: VIOLENCE AGAINST WOMEN AND PREGNANCY OUTCOME. 
174.Astrid Hjelde: SURFACE TENSION AND COMPLEMENT ACTIVATION: Factors 

influencing bubble formation and bubble effects after decompression. 
175.Kjell Arne Kvistad: MR IN BREAST CANCER – A CLINICAL STUDY. 
176.Ivar Rossvoll: ELECTIVE ORTHOPAEDIC SURGERY IN A DEFINED POPULATION. 

Studies on demand, waiting time for treatment and incapacity for work. 
177.Carina Seidel: PROGNOSTIC VALUE AND BIOLOGICAL EFFECTS OF HEPATOCYTE 

GROWTH FACTOR AND SYNDECAN-1 IN MULTIPLE MYELOMA. 
2001 

178.Alexander Wahba: THE INFLUENCE OF CARDIOPULMONARY BYPASS ON PLATELET 
FUNCTION AND BLOOD COAGULATION – DETERMINANTS AND CLINICAL 
CONSEQUENSES 

179.Marcus Schmitt-Egenolf: THE RELEVANCE OF THE MAJOR hISTOCOMPATIBILITY 
COMPLEX FOR THE GENETICS OF PSORIASIS 

180.Odrun Arna Gederaas: BIOLOGICAL MECHANISMS INVOLVED IN 5-AMINOLEVULINIC 
ACID BASED PHOTODYNAMIC THERAPY 

181.Pål Richard Romundstad: CANCER INCIDENCE AMONG NORWEGIAN ALUMINIUM 
WORKERS 

182.Henrik Hjorth-Hansen: NOVEL CYTOKINES IN GROWTH CONTROL AND BONE 
DISEASE OF MULTIPLE MYELOMA 

183.Gunnar Morken: SEASONAL VARIATION OF HUMAN MOOD AND BEHAVIOUR 
184.Bjørn Olav Haugen: MEASUREMENT OF CARDIAC OUTPUT AND STUDIES OF 

VELOCITY PROFILES IN AORTIC AND MITRAL FLOW USING TWO- AND THREE-
DIMENSIONAL COLOUR FLOW IMAGING 

185.Geir Bråthen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
RELATED SEIZURES 

186.Knut Ivar Aasarød: RENAL INVOLVEMENT IN INFLAMMATORY RHEUMATIC 
DISEASE. A Study of Renal Disease in Wegener’s Granulomatosis and in Primary Sjögren’s 
Syndrome

187.Trude Helen Flo: RESEPTORS INVOLVED IN CELL ACTIVATION BY DEFINED URONIC 
ACID POLYMERS AND BACTERIAL COMPONENTS 

188.Bodil Kavli: HUMAN URACIL-DNA GLYCOSYLASES FROM THE UNG GENE: 
STRUCTRUAL BASIS FOR SUBSTRATE SPECIFICITY AND REPAIR 

189.Liv Thommesen: MOLECULAR MECHANISMS INVOLVED IN TNF- AND GASTRIN-
MEDIATED GENE REGULATION 

190.Turid Lingaas Holmen: SMOKING AND HEALTH IN ADOLESCENCE; THE NORD-
TRØNDELAG HEALTH STUDY, 1995-97 

191.Øyvind Hjertner: MULTIPLE MYELOMA: INTERACTIONS BETWEEN MALIGNANT 
PLASMA CELLS AND THE BONE MICROENVIRONMENT 

192.Asbjørn Støylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY 
ULTRASOUND. FEASIBILITY, CLINICAL VALIDATION AND PHYSIOLOGICAL 
ASPECTS 

193.Kristian Midthjell: DIABETES IN ADULTS IN NORD-TRØNDELAG. PUBLIC HEALTH 
ASPECTS OF DIABETES MELLITUS IN A LARGE, NON-SELECTED NORWEGIAN 
POPULATION. 

194.Guanglin Cui: FUNCTIONAL ASPECTS OF THE ECL CELL IN RODENTS 
195.Ulrik Wisløff: CARDIAC EFFECTS OF AEROBIC ENDURANCE TRAINING: 

HYPERTROPHY, CONTRACTILITY AND CALCUIM HANDLING IN NORMAL AND 
FAILING HEART 

196.Øyvind Halaas: MECHANISMS OF IMMUNOMODULATION AND CELL-MEDIATED 
CYTOTOXICITY INDUCED BY BACTERIAL PRODUCTS 

197.Tore Amundsen: PERFUSION MR IMAGING IN THE DIAGNOSIS OF PULMONARY 
EMBOLISM



198.Nanna Kurtze: THE SIGNIFICANCE OF ANXIETY AND DEPRESSION IN FATIQUE AND 
PATTERNS OF PAIN AMONG INDIVIDUALS DIAGNOSED WITH FIBROMYALGIA: 
RELATIONS WITH QUALITY OF LIFE, FUNCTIONAL DISABILITY, LIFESTYLE, 
EMPLOYMENT STATUS, CO-MORBIDITY AND GENDER 

199.Tom Ivar Lund Nilsen: PROSPECTIVE STUDIES OF CANCER RISK IN NORD-
TRØNDELAG: THE HUNT STUDY. Associations with anthropometric, socioeconomic, and 
lifestyle risk factors 

200.Asta Kristine Håberg: A NEW APPROACH TO THE STUDY OF MIDDLE CEREBRAL 
ARTERY OCCLUSION IN THE RAT USING MAGNETIC RESONANCE TECHNIQUES 

2002 
201.Knut Jørgen Arntzen: PREGNANCY AND CYTOKINES 
202.Henrik Døllner: INFLAMMATORY MEDIATORS IN PERINATAL INFECTIONS 
203.Asta Bye: LOW FAT, LOW LACTOSE DIET USED AS PROPHYLACTIC TREATMENT OF 

ACUTE INTESTINAL REACTIONS DURING PELVIC RADIOTHERAPY. A 
PROSPECTIVE RANDOMISED STUDY. 

204.Sylvester Moyo: STUDIES ON STREPTOCOCCUS AGALACTIAE  (GROUP B 
STREPTOCOCCUS) SURFACE-ANCHORED MARKERS WITH EMPHASIS ON STRAINS 
AND HUMAN SERA FROM ZIMBABWE. 

205.Knut Hagen: HEAD-HUNT: THE EPIDEMIOLOGY OF HEADACHE IN NORD-
TRØNDELAG 

206.Li Lixin: ON THE REGULATION AND ROLE OF UNCOUPLING PROTEIN-2 IN INSULIN 
PRODUCING ß-CELLS 

207.Anne Hildur Henriksen: SYMPTOMS OF ALLERGY AND ASTHMA VERSUS MARKERS 
OF LOWER AIRWAY INFLAMMATION AMONG ADOLESCENTS 

208.Egil Andreas Fors: NON-MALIGNANT PAIN IN RELATION TO PSYCHOLOGICAL AND 
ENVIRONTENTAL FACTORS. EXPERIENTAL AND CLINICAL STUDES OF PAIN WITH 
FOCUS ON FIBROMYALGIA 

209.Pål Klepstad:  MORPHINE FOR CANCER PAIN 
210.Ingunn Bakke: MECHANISMS AND CONSEQUENCES OF PEROXISOME 

PROLIFERATOR-INDUCED HYPERFUNCTION OF THE RAT GASTRIN PRODUCING 
CELL

211.Ingrid Susann Gribbestad: MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY OF 
BREAST CANCER 

212.Rønnaug Astri Ødegård: PREECLAMPSIA – MATERNAL RISK FACTORS AND FETAL 
GROWTH 

213.Johan Haux: STUDIES ON CYTOTOXICITY INDUCED BY HUMAN NATURAL KILLER 
CELLS AND DIGITOXIN 

214.Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED 
ADOLESCENTS 

215.Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH 
MUCOSA. AN EXPERIMENTAL STUDY ON THE ROLE OF MAST CELLS AND 
SENSORY AFFERENT NEURONS 

2003 
216.Jan Pål Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional 

Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and 
Exercise Training. 

217.Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON 
INSULIN SECRETION IN MAN 

218.Arne Åsberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS: 
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING. 

219.Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC 
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease 
and connective tissue disease on reproductive outcome in Norwegian women in 1967-1995. 

220.Siv Mørkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER  
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND 
TREATMENT 

221.Marit S. Jordhøy: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE 
222.Tom Christian Martinsen: HYPERGASTRINEMIA AND HYPOACIDITY IN RODENTS – 

CAUSES AND CONSEQUENCES  
223.Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN 

CANCER. FEASIBILITY AND IMPACT ON SURVIVAL  



224.Haytham Eloqayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC 
SEIZURES 

225.Torunn Bruland: STUDIES OF EARLY RETROVIRUS-HOST INTERACTIONS – VIRAL 
DETERMINANTS FOR PATHOGENESIS AND THE INFLUENCE OF SEX ON THE 
SUSCEPTIBILITY TO FRIEND MURINE LEUKAEMIA VIRUS INFECTION 

226.Torstein Hole: DOPPLER ECHOCARDIOGRAPHIC EVALUATION OF LEFT 
VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION 

227.Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION 
228.Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING 

ANAESTHESIA – APPLICATION IN QUALITY IMPROVEMENT AND SAFETY 
229.Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE 

NORD-TRØNDELAG HEALTH STUDY 1995-97 (HUNT 2) 
230.Geir Torheim: PROCESSING OF DYNAMIC DATA SETS IN MAGNETIC RESONANCE 

IMAGING 
231.Catrine Ahlén: SKIN INFECTIONS IN OCCUPATIONAL SATURATION DIVERS IN THE 

NORTH SEA AND THE IMPACT OF THE ENVIRONMENT 
232.Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE 

MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRØNDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRØNDELAG STUDY 

233.Einar Kjelsås: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL 
SAMPLES 

234.Arne Wibe: RECTAL CANCER TREATMENT IN NORWAY – STANDARDISATION OF 
SURGERY AND QUALITY ASSURANCE 

2004 
235.Eivind Witsø: BONE GRAFT AS AN ANTIBIOTIC CARRIER 
236.Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY 

ADOLESCENCE   
237.Hallvard Lærum: EVALUATION OF ELECTRONIC MEDICAL RECORDS – A CLINICAL 

TASK PERSPECTIVE  
238.Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT 

RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY 
239.Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY. 

SOCIAL EPIDEMIOLOGY IN THE NORD-TRØNDELAG HEALTH STUDY (HUNT), 
NORWAY 

240.Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND 
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN 

241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND 
PROGENITOR CELLS 

242.Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE 
SPINNING MR SPECTROSCOPY 

243.Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS – REPAIR OF 
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA 

244.Anna Bofin:  FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY 
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF 
TREATMENT STRATEGIES 

245.Jim Aage Nøttestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES 
AMONG PEOPLE WITH MENTAL RETARDATION 

246.Reidar Fossmark:  GASTRIC CANCER IN JAPANESE COTTON RATS 
247.Wibeke Nordhøy:  MANGANESE AND THE HEART, INTRACELLULAR MR 

RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE 
2005 

248.Sturla Molden:  QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE 
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS 

249.Wenche Brenne Drøyvold:  EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND 
HEALTH IN A LARGE POPULATION.  THE NORD-TRØNDELAG HEALTH STUDY 
(HUNT) 

250.Ragnhild Støen:  ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL 
ARTERY OF DEVELOPING PIGLETS 

251.Aslak Steinsbekk:  HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY 
TRACT INFECTIONS IN CHILDREN 



252.Hill-Aina Steffenach:  MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL 
CIRCUITS

253.Eystein Stordal:  ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON 
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY) 

254.Viggo Pettersen:  FROM MUSCLES TO SINGING:  THE ACTIVITY OF ACCESSORY 
BREATHING MUSCLES AND THORAX  MOVEMENT IN CLASSICAL SINGING 

255.Marianne Fyhn:  SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX 
256.Robert Valderhaug:  OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND 

ADOLESCENTS:  CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF 
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS 

257.Erik Skaaheim Haug:  INFRARENAL ABDOMINAL  AORTIC ANEURYSMS – 
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY 

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN 
DISORDERS 

259.Vegard Heimly Brun:  ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE 
CELLS

260.Kenneth McMillan:  PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE 
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS 

261.Marit Sæbø Indredavik:  MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE 
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT 

262.Ole Johan Kemi:  ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY-
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL 
ADAPTATIONS TO EXERCISE TRAINING 

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME – METFORMIN TREATMENT IN 
PREGNANCY 

264.Hild Fjærtoft:  EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED 
DISCHARGE.  SHORT AND LONG-TERM EFFECTS   

265.Grete Dyb:  POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND 
ADOLESCENTS 

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH 
267.Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART:  A STUDY IN PATIENTS 

UNDERGOING CORONARY REVASCULARIZATION  
268.Björn Inge Gustafsson:  THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL, 

AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE 
2006 

269.Torstein Baade Rø:  EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE 
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA 

270.May-Britt Tessem:  METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE 
ANTERIOR PART OF THE EYE 

271.Anne-Sofie Helvik:  COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS 
WITH HEARING IMPAIRMENT 

272.Therese Standal:  MULTIPLE MYELOMA:  THE INTERPLAY BETWEEN MALIGNANT 
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT 

273.Ingvild Saltvedt:  TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A 
GERIATRIC EVALUATION AND MANAGEMENT UNIT – RESULTS FROM A 
PROSPECTIVE RANDOMISED TRIAL 

274.Birger Henning Endreseth:  STRATEGIES IN RECTAL CANCER TREATMENT – FOCUS 
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS 

275.Anne Mari Aukan Rokstad:  ALGINATE CAPSULES AS BIOREACTORS FOR CELL 
THERAPY 

276.Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC 
STABILITY 

277.Stein Sundstrøm:  IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER – 
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES 

278.Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY -  STUDIES 
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND 
EFFECTS OF AUTOTRANSFUSION 

279.Line Merethe Oldervoll:  PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN 
CANCER PATIENTS 

280.Boye Welde:  THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE 
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG 
ELITE JUNIOR CROSS-COUNTRY SKIERS 



281.Per Olav Vandvik:  IRRITABLE BOWEL SYNDROME IN NORWAY,  STUDIES OF 
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND 
IN THE POPULATION 

282.Idar Kirkeby-Garstad:  CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER 
CARDIAC SURGERY 

283.Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.  
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL 
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY  

284.Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS  IN A NON-SELECTED 
POPULATION OF 42,381 FETUSES 

285.Kristin Gabestad Nørsett:  GENE EXPRESSION STUDIES IN GASTROINTESTINAL 
PATHOPHYSIOLOGY AND NEOPLASIA 

286.Per Magnus Haram:  GENETIC VS. AQUIRED FITNESS:  METABOLIC, VASCULAR AND 
CARDIOMYOCYTE  ADAPTATIONS 

287.Agneta Johansson:  GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE 
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY  

288.Svein Artur Jensen:  THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF 
THE LOWER LIMB 

289.Charlotte Björk Ingul:  QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION 
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY 
DISEASE.  AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE 
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY 

290.Jakob Nakling:  RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND 
SCREENING IN PREGNANCY – A GEOGRAPHIC BASED POPULATION STUDY 

291.Anne Engum:  DEPRESSION AND ANXIETY – THEIR RELATIONS TO THYROID 
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY 

292.Ottar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION:  RISK 
FACTORS, INTERVENTION AND OUTCOME – THE NORD-TRØNDELAG HEALTH 
STUDY (HUNT) 

293.Jon Olav Drogset:  RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR 
CRUCIATE LIGAMENT INJURIES – A CLINICAL STUDY  

294.Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE – AN 
EXPERIMENTAL IN VITRO STUDY 

295.Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS 
BULLIED IN CHILDHOOD 

296.Paul Jarle Mork:  MUSCLE ACTIVITY IN WORK  AND LEISURE AND ITS ASSOCIATION 
TO MUSCULOSKELETAL PAIN 

297.Björn Stenström:  LESSONS FROM RODENTS:  I: MECHANISMS OF OBESITY SURGERY 
– ROLE OF STOMACH.  II: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI
AND SNUS IN THE STOMACH 

2007 
298.Haakon R. Skogseth:  INVASIVE PROPERTIES OF CANCER – A TREATMENT TARGET ?  

IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES 
299.Janniche Hammer:  GLUTAMATE METABOLISM AND CYCLING IN MESIAL 

TEMPORAL LOBE EPILEPSY 
300.May Britt Drugli:  YOUNG CHILDREN TREATED BECAUSE OF ODD/CD:  CONDUCT 

PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS 
301.Arne Skjold:  MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL 

DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM.  STUDIES IN HEALTHY 
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION 

302.Siri Malm:  LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL 
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY 

303.Valentina Maria do Rosario Cabral Iversen:  MENTAL HEALTH AND PSYCHOLOGICAL 
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS 

304.Lasse Løvstakken:  SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:  
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD 
FLOW VELOCITY 

305.Elisabeth Olstad:  GLUTAMATE AND GABA:  MAJOR PLAYERS IN NEURONAL 
METABOLISM

306.Lilian Leistad:  THE ROLE OF CYTOKINES AND PHOSPHOLIPASE A2s  IN ARTICULAR 
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS 



307.Arne Vaaler:  EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE 
PSYCIATHRIC WARD 

308.Mathias Toft:  GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE 
309.Ingrid Løvold Mostad:  IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE 

2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS 
310.Torill Eidhammer Sjøbakk:  MR DETERMINED BRAIN METABOLIC PATTERN IN 

PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH 
WEIGHT 

311.Vidar Beisvåg:  PHYSIOLOGICAL GENOMICS OF HEART FAILURE:  FROM 
TECHNOLOGY TO PHYSIOLOGY 

312.Olav Magnus Søndenå Fredheim:  HEALTH RELATED QUALITY OF LIFE ASSESSMENT 
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS 
WITH CHRONIC NON-MALIGNANT PAIN 

313.Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE 
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL 

314.Erik Solligård: GUT LUMINAL MICRODIALYSIS 
315.Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION 

BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND 
2000-01; THE NORD-TRØNDELAG HEALTH STUDIES (HUNT) 

316.Anne-Tove Brenne:  GROWTH REGULATION OF MYELOMA CELLS 
317.Heidi Knobel:  FATIGUE IN CANCER TREATMENT – ASSESSMENT, COURSE AND 

ETIOLOGY
318. Torbjørn Dahl:  CAROTID ARTERY STENOSIS.  DIAGNOSTIC AND THERAPEUTIC 

ASPECTS 
319.Inge-Andre Rasmussen jr.:  FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC 

RESONANCE IMAGING IN NEUROSURGICAL PATIENTS 
320.Grete Helen Bratberg:  PUBERTAL TIMING – ANTECEDENT TO RISK OR RESILIENCE ?  

EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK 
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TRØNDELAG, NORWAY 

321.Sveinung Sørhaug:  THE PULMONARY NEUROENDOCRINE SYSTEM.  
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS 

322.Olav Sande Eftedal:  ULTRASONIC DETECTION OF DECOMPRESSION INDUCED 
VASCULAR MICROBUBBLES 

323.Rune Bang Leistad:  PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY 
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE 
PATIENTS 

324.Svein Brekke:  TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN 
THREE-DIMENSIONAL ECHOCARDIOGRAPHY 

325. Kristian Bernhard Nilsen:  AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN 
RELATION TO MUSCULOSKELETAL PAIN 

326.Anne Irene Hagen:  HEREDITARY BREAST CANCER IN NORWAY.  DETECTION AND 
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCA1GENE MUTATION 

327.Ingebjørg S. Juel :  INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA.  AN 
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM, 
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA 

328.Runa Heimstad:  POST-TERM PREGNANCY 
329.Jan Egil Afset:  ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI  IN CHILDHOOD 

DIARRHOEA IN NORWAY 
330.Bent Håvard Hellum:  IN VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND 

HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT 
331.Morten André Høydal:  CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE 

MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING 
2008 

332. Andreas Møllerløkken:  REDUCTION OF VASCULAR BUBBLES:  METHODS TO 
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION 

333.Anne Hege Aamodt:  COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRØNDELAG HEALTH STUDY 1995-97 

334. Brage Høyem Amundsen:  MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE 
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY – VALIDATION AND 
APPLICATION IN EXERCISE TESTING AND TRAINING 



335.Inger Anne Næss:  INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS 
THROMBOSIS IN A GENERAL POPULATION.  RESULTS FROM THE SECOND NORD-
TRØNDELAG HEALTH STUDY (HUNT2) 

336.Vegard Bugten:  EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL 
ENDOSCOPIC SINUS  SURGERY 

337.Morten Bruvold:  MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE 
IMAGING  

338.Miroslav Fris:  THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION 
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE 

339.Svein Arne Aase:  METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN 
QUANTITATIVE ECHOCARDIOGRAPHY – ASPECTS OF USING HIGH FRAME RATE 

340.Roger Almvik:  ASSESSING THE RISK OF VIOLENCE:  DEVELOPMENT AND 
VALIDATION OF THE BRØSET VIOLENCE CHECKLIST 

341.Ottar Sundheim:  STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES 
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA 

342.Anne Mari Undheim:  SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND 
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT 
READING DIFFICULTIES 

343.Helge Garåsen:  THE TRONDHEIM MODEL.  IMPROVING THE PROFESSIONAL 
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES 
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL 
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS.  SHORT AND LONG TERM 
EFFECTS  

344.Olav A. Foss:  “THE ROTATION RATIOS METHOD”.  A METHOD TO DESCRIBE 
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE 
PELVIS

345.Bjørn Olav Åsvold:  THYROID FUNCTION AND CARDIOVASCULAR HEALTH 
346.Torun Margareta Melø: NEURONAL GLIAL INTERACTIONS IN EPILEPSY 
347.Irina Poliakova Eide:  FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA:   SOME 

CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS 
348.Torunn Askim:  RECOVERY AFTER STROKE.  ASSESSMENT AND TREATMENT;  WITH 

FOCUS ON MOTOR FUNCTION 
349.Ann Elisabeth Åsberg:  NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF 

CARDIOPULMONARY BYPASS.  INFLUENCE ON BIOMATERIAL, PLATELETS AND 
COMPLEMENT 

350.Lars Hagen:  REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN 
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS 

351.Sigrun Beate Kjøtrød:  POLYCYSTIC OVARY SYNDROME – METFORMIN TREATMENT 
IN ASSISTED REPRODUCTION 

352.Steven Keita Nishiyama:  PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:  
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE 

353.Sven Peter Näsholm:  ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY 
354.Jon Ståle Ritland:  PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA. 

SURVIVAL, COMORBIDITY AND GENETICS 
355.Sigrid Botne Sando:  ALZHEIMER’S DISEASE IN CENTRAL NORWAY.  GENETIC AND 

EDUCATIONAL ASPECTS 
356.Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND 

METHYLMERCURY-INDUCED NEUROTOXICITY 
357.Ismail Cüneyt Güzey:  DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER 

GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN 
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR 
ANTIDEPRESSANT DRUGS 

358.Brit Dybdahl:  EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) – A 
ROLE IN THE INFLAMMATORY RESPONSE ? 

359.Kristoffer Haugarvoll:  IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN 
NORWAY 

360.Nadra Nilsen: TOLL-LIKE RECEPTOR 2 –EXPRESSION, REGULATION AND SIGNALING 
361.Johan Håkon Bjørngaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL 

HEALTH SERVICES – THE INFLUENCE OF ORGANIZATIONAL FACTORS. 
362.Kjetil Høydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY 

SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF 
INTENSITY,, DURATION AND FREQUENCY OF TRAINING. 



363.Trine Karlsen: TRAINING IS MEDICINE: ENDURANCE AND STRENGTH TRAINING IN 
CORONARY ARTERY DISEASE AND HEALTH. 

364.Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF 
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY 

365.Cathrine Broberg Vågbø:  DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND 
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES 

366.Arnt Erik Tjønna:  AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN 
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS 

367.Marianne W. Furnes:  FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:  
LESSONS FROM RATS  

368.Lene N. Johannessen:  FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN 
HUMAN MONOCYTES AND EPITHELIAL CELLS  

369.Anja Bye:  GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL 
OXYGEN UPTAKE – RELATIONS TO THE METABOLIC SYNDROME. 

370.Oluf Dimitri Røe:  MALIGNANT MESOTHELIOMA:  VIRUS, BIOMARKERS AND GENES.  
A TRANSLATIONAL APPROACH 

371.Ane Cecilie Dale:  DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE. 
ANALYSES FROM THE HUNT1 AND 2 STUDIES 

372.Jacob Christian Hølen:  PAIN ASSESSMENT IN PALLIATIVE CARE:  VALIDATION OF 
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT 

373.Erming Tian:  THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE 
MYELOMA 

374.Ole Bosnes:  KLINISK UTPRØVING AV NORSKE VERSJONER AV NOEN SENTRALE 
TESTER PÅ KOGNITIV FUNKSJON 

375.Ola M. Rygh:  3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY.  A 
CLINICAL EVALUATION 

376.Astrid Kamilla Stunes:  ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED 
RECEPTOR (PPAR) AGONISTS AND SEROTONIN.  COMMON REGULATORS OF BONE 
AND FAT METABOLISM 

377.Silje Engdal:  HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND 
THEIR ROLE IN HERB-DRUG INTERACTIONS 

378.Kristin Offerdal:  IMPROVED ULTRASOUND IMAGING OF THE FETUS AND ITS 
CONSEQUENCES FOR SEVERE AND LESS SEVERE ANOMALIES 

379.Øivind Rognmo:  HIGH-INTENSITY AEROBIC EXERCISE AND CARDIOVASCULAR 
HEALTH 

380. Jo-Åsmund Lund:  RADIOTHERAPY IN ANAL CARCINOMA AND PROSTATE CANCER 

2009 

381.Tore Grüner Bjåstad:  HIGH FRAME RATE ULTRASOUND IMAGING USING PARALLEL 
BEAMFORMING 

382.Erik Søndenaa:  INTELLECTUAL DISABILITIES IN THE CRIMINAL JUSTICE SYSTEM 
383.Berit Rostad:  SOCIAL INEQUALITIES IN WOMEN’S HEALTH, HUNT 1984-86 AND 

1995-97, THE NORD-TRØNDELAG HEALTH STUDY (HUNT) 
384.Jonas Crosby:  ULTRASOUND-BASED QUANTIFICATION OF MYOCARDIAL 

DEFORMATION AND ROTATION 
385.Erling Tronvik:  MIGRAINE, BLOOD PRESSURE AND THE RENIN-ANGIOTENSIN 

SYSTEM 
386.Tom Christensen:  BRINGING THE GP TO THE FOREFRONT OF EPR DEVELOPMENT 
387.Håkon Bergseng:  ASPECTS OF GROUP B STREPTOCOCCUS (GBS) DISEASE IN THE 

NEWBORN.  EPIDEMIOLOGY, CHARACTERISATION OF INVASIVE STRAINS AND 
EVALUATION OF INTRAPARTUM SCREENING  

388.Ronny Myhre: GENETIC STUDIES OF CANDIDATE TENE3S IN PARKINSON’S  
DISEASE 

389.Torbjørn Moe Eggebø:  ULTRASOUND AND LABOUR 
390.Eivind Wang:  TRAINING IS MEDICINE FOR PATIENTS WITH PERIPHERAL ARTERIAL 

DISEASE 
391.Thea Kristin Våtsveen: GENETIC ABERRATIONS IN MYELOMA CELLS 
392.Thomas Jozefiak:  QUALITY OF LIFE AND MENTAL HEALTH IN CHILDREN AND 

ADOLESCENTS:  CHILD AND PARENT PERSPECTIVES 
393.Jens Erik Slagsvold:  N-3 POLYUNSATURATED FATTY ACIDS IN HEALTH AND 

DISEASE – CLINICAL AND MOLECULAR ASPECTS 



394.Kristine Misund:  A STUDY OF THE TRANSCRIPTIONAL REPRESSOR ICER.  
REGULATORY NETWORKS IN GASTRIN-INDUCED GENE EXPRESSION 

395.Franco M. Impellizzeri:  HIGH-INTENSITY TRAINING IN FOOTBALL PLAYERS.  
EFFECTS ON PHYSICAL AND TECHNICAL PERFORMANCE 

396.Kari Hanne Gjeilo:  HEALTH-RELATED QUALITY OF LIFE AND CHRONIC PAIN IN 
PATIENTS UNDERGOING CARDIAC SURGERY 

397.Øyvind Hauso:  NEUROENDOCRINE ASPECTS OF PHYSIOLOGY AND DISEASE 
398.Ingvild Bjellmo Johnsen:  INTRACELLULAR SIGNALING MECHANISMS IN THE INNATE 

IMMUNE RESPONSE TO VIRAL INFECTIONS 
399.Linda Tømmerdal Roten:  GENETIC PREDISPOSITION FOR DEVELOPMENT OF 

PREEMCLAMPSIA – CANDIDATE GENE STUDIES IN THE HUNT (NORD-TRØNDELAG 
HEALTH STUDY) POPULATION 

400.Trude Teoline Nausthaug Rakvåg:  PHARMACOGENETICS OF MORPHINE IN CANCER 
PAIN

401.Hanne Lehn:  MEMORY FUNCTIONS OF THE HUMAN MEDIAL TEMPORAL LOBE 
STUDIED WITH fMRI 

402.Randi Utne Holt:  ADHESION AND MIGRATION OF MYELOMA CELLS – IN VITRO 
STUDIES – 

403.Trygve Solstad: NEURAL REPRESENTATIONS OF EUCLIDEAN SPACE 
404.Unn-Merete Fagerli:  MULTIPLE MYELOMA CELLS AND CYTOKINES FROM THE 

BONE MARROW ENVIRONMENT; ASPECTS OF GROWTH REGULATION AND 
MIGRATION 

405.Sigrid Bjørnelv:  EATING– AND WEIGHT PROBLEMS IN ADOLESCENTS, THE YOUNG 
HUNT-STUDY 

406.Mari Hoff:  CORTICAL HAND BONE LOSS IN RHEUMATOID ARTHRITIS.  
EVALUATING DIGITAL X-RAY RADIOGRAMMETRY AS OUTCOME MEASURE OF 
DISEASE ACTIVITY, RESPONSE VARIABLE TO TREATMENT AND PREDICTOR OF 
BONE DAMAGE  

407.Siri Bjørgen:  AEROBIC HIGH INTENSITY INTERVAL TRAINING IS AN EFFECTIVE 
TREATMENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE 

408.Susanne Lindqvist:  VISION AND BRAIN IN ADOLESCENTS WITH LOW BIRTH WEIGHT 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Subsample
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Subsample
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Subsample
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




