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Background: Minor motor problems have been reported in low birthweight children, but few studies have
assessed motor skills in adolescents.
Objective: To examine the prevalence of motor problems in adolescents with low birth weight.
Method: Fifty four very low birthweight (VLBW: birth weight ( 1500 g), 59 term small for gestational age
(SGA: birth weight , 10th centile), and 83 control (birth weight > 10th centile at term) children were
assessed with the Movement assessment battery for children (Movement ABC) at the age of 14 in a
population based study.
Results: One in four VLBW children (odds ratio (OR) 9.3, 95% confidence interval (CI) 2.5 to 34.5) and
one in six SGA children (OR 4.7, 95%CI 1.2 to 18.4) had motor problems compared with controls (3.7%).
There were no sex differences in motor problems in the VLBW group, and the increased risk was consistent
across the continuum of the Movement ABC. For SGA children, the increased risk of motor problems was
particularly in manual dexterity in boys.
Conclusion: VLBW and SGA adolescents have increased risk of motor problems compared with control
children.

L
ow birth weight is the most important risk factor for
perinatal death and morbidity,1 and may result from
short gestation and/or intrauterine growth retardation.2

Advances in prenatal care, obstetrics and neonatal medicine
over the last 20 years have improved short term prognosis,3

but at the same time there is increasing concern about long
term outcome for these children.4–6

Children with a birth weight ( 1500 g (very low birth
weight: VLBW) are especially at risk of later developmental
problems. These children have an increased risk of cerebral
palsy3 7 and other major handicaps, such as blindness,
deafness, and subnormal intelligence.3 Motor problems seem
to be the most common minor impairment in VLBW
children.8 Several studies have reported an increased pre-
valence of motor problems in VLBW children at preschool9–13

and school age.14–18 There have been few reports on motor
skills in VLBW adolescents.19 20 However, a high prevalence of
motor problems in 12–13 year old VLBW children has been
reported.20

Children who have been growth retarded in utero are
usually diagnosed by having a low birth weight adjusted for
gestational age (small for gestational age: SGA). SGA infants
born at term are at some risk of later developmental
problems, as indicated by a slightly increased risk of cerebral
palsy21 and minimal neurological dysfunction.22 Studies on
motor problems among younger SGA children born at term
have shown inconsistent results,23–25 and we are not aware of
such studies in adolescents.
In this study, we wanted to examine whether VLBW and

term SGA children have an increased prevalence of motor
problems in adolescence compared with control children.

MATERIAL AND METHODS
Study design and study population
This is a follow up study of two groups of low birthweight
children: (a) preterm VLBW (birth weight ( 1500 g); (b)
term SGA (birth weight , 10th centile). Details of the study
are presented in the preceding article.26

A total of 54 VLBW (29 boys, 25 girls), 59 SGA (27 boys,
32 girls), and 83 control (35 boys, 48 girls) children had
a motor assessment. Table 1 shows gestational age and

anthropometric measurements. Fifteen VLBW, 33 SGA, and
27 control children did not consent to participation. 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 participate in any of the groups.

Methods
Each child was tested with the Movement assessment battery
for children (Movement ABC)27 by the first author (phy-
siotherapist), who was blinded to the adolescent’s group
assignment. The Movement ABC consists of eight items,
scored between 0 (optimal score) and 5 and grouped as three
subscores: manual dexterity, ball skills, and static/dynamic
balance. Scores , 5th centile indicate definite motor
problems.27 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 centile derived from the control
group, corresponding to a total score of 14, well in accordance
with the 5th centile in the manual.
In this study, intratester reliability with respect to timing

and counting was assessed by videotaping 34 children. The
intraclass correlation (ICC 1.1)28 was found to be 0.9996 for
timing (item 1) and 0.9935 for counting (item 4).
Five children (four VLBW children, one control) were not

able to complete all test items. Analysis on item scores and
subscores were performed by both using all available data
and excluding subjects with incomplete data.
Cerebral palsy was diagnosed and classified as diplegia,

hemiplegia, or quadriplegia by project paediatricians.29

An estimate of intelligence quotient (IQest) was calculated
using four subscales of Wechsler intelligence scales (WISC-
III).26 30 We defined ‘‘low IQest’’ as below 2 SDs of the control
group mean value.
Socioeconomic status was calculated according to

Hollingshead’s two factor index of social position.26 31

Abbreviations: IQest, estimate of intelligence quotient; Movement ABC,
Movement assessment battery for children; SGA, small for gestational
age; VLBW, very low birth weight
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Ethics
The regional committee for medical research ethics approved
the study protocol. Written informed consent was obtained
from both adolescent and parents.

Statistical analysis
SPSS 11.5.1 was used for data analysis, and a significance
level of 0.05 was chosen. Three-group comparisons were
made using one way analysis of variance for variables with a
normal distribution, and Kruskal-Wallis for variables with a
non-normal distribution. If a significant difference was
found between the three groups, two-group comparisons
were made by Scheffe’s post hoc test for variables with a
normal distribution and Mann-Whitney U test for variables
with a non-normal distribution. The x2 test was used to
analyse differences in proportions between groups.
Odds ratio (OR) was calculated and used as an estimate of

the relative risk of motor problems for children with low birth
weight compared with the control group. We applied biva-
riate logistic regression analysis for variables associated with
group and/or outcome measures to calculate adjusted odds
ratios, in order to control for possible confounding factors.32

RESULTS
At follow up, VLBW and SGA children were shorter, lighter,
and had smaller head circumference than controls, whereas

body mass index did not differ between the three groups
(table 2). Socioeconomic status was lower in the VLBW group
than in the control group. There were no differences between
groups with regard to age, sex, or handedness.
Six (11%) VLBW children (four diplegia, one hemiplegia,

one quadriplegia) and one (2%) SGA child (diplegia) had
cerebral palsy. Four children with cerebral palsy completed
all test items. Ten (18.5%) VLBW, four (6.8%) SGA, and three
(3.6%) control children had a low IQest.
The VLBW group had higher mean values than the control

group in total ABC score and all subscores (table 3). This
persisted after the exclusion of children with cerebral palsy,
low IQest, and/or children with incomplete test results from
the analysis (data not shown). There were no differences in
mean subscores or total ABC score between the SGA group
and the control group.
Boys had poorer manual dexterity than girls in both the

SGA and control groups (table 4). This sex difference was not
found in the VLBW group. There were no differences in ball
skills, balance, and total ABC scores between boys and girls in
the VLBW or the control group. In the SGA group, boys
scored better than girls in ball skills, but worse in balance and
total ABC score.
Thirteen of 50 (26%) VLBW children (OR 9.3, 95%CI 2.5 to

34.5 v controls), and nine of 59 (15.3%) SGA children (OR
4.7, 95%CI 1.2 to 18.4 v controls) had motor problems
compared with three of 82 (3.7%) control children (table 5).
After exclusion of the children with cerebral palsy, the risk of
a total ABC score , 5th centile was slightly reduced for both
VLBW (OR 7.1, 95%CI 1.8 to 27.4) and SGA children (OR 4.2,
95%CI 1.1 to 16.6). After exclusion of children with low IQest,
the results showed a small reduction in risk of motor
problems in the VLBW (OR 6.1, 95%CI 1.5 to 24.6) and the
SGA group (OR 3.7, 95%CI 0.9 to 15.0).
Compared with the control children, the VLBW children

showed poorer skills in both manual dexterity and balance,
and the SGA children showed an increased risk of poor
manual dexterity. The OR for the subscores remained
essentially the same after exclusion of children with cerebral
palsy, low IQest, and the children who did not complete the
whole test (data not shown).
Weight and socioeconomic status at 14 years of age were

the only factors associated with both birthweight group and
outcome variables; higher weight and lower socioeconomic
status were associated with poorer balance and total ABC
score. When socioeconomic status was included in the
logistic regression analysis, the risk of motor problems was
unchanged in the VLBW group and slightly reduced in the
SGA group (OR 4.0, 95%CI 1.0 to 15.9). When weight was
included in the logistic regression analysis, the risk of poor
balance increased in both low birthweight groups (table 5).
Even though weight was not associated with the other

Table 1 Gestational age and anthropometric
measurements at birth in two groups of low birthweight
children compared with a control group in a follow up
study

VLBW
(n=54)

SGA
(n = 59)

Control
(n = 83)

Gestational age (weeks) 28.9 (2.7)* 39.4 (1.1) 39.6 (1.2)
Birth weight (g) 1179 (234)* 2934 (235)* 3691 (459)
Body length (cm)� 38.5 (2.8)* 48.4 (2.0)* 51.0 (1.8)
Head circumference (cm)` 26.9 (2.5)* 33.8 (1.2)* 35.4 (1.1)

Values are mean (SD).
*p , 0.001 v controls (gestational age and birth weight were the
selection criteria, and differed by definition from controls).
�Body length was only measured for 35 children in the VLBW group.
`Head circumference was only measured for 41 children in the VLBW
group.
VLBW, Very low birth weight; SGA, small for gestational age.

Table 2 Age, height, weight, body mass index, head
circumference, and socioeconomic status in two groups of
low birthweight children compared with a control group
at 14 years of age

VLBW
(n=54)

SGA
(n = 59)

Control
(n = 83)

Age (years) 14.1 (0.3) 14.2 (0.3) 14.2 (0.3)
Height (cm) 161 (9.3)*** 164 (7.4)* 167 (7.6)
Weight (kg) 49.9 (12.1)** 52.2 (8.5)* 56.8 (10.7)
Body mass index (kg/m2) 19.1 (3.9) 19.5 (2.9) 20.2 (3.0)
Head circumference (cm) 54.3 (1.9)*** 54.7 (2.0)*** 55.9 (1.5)
Socioeconomic status 3.2 (1.3)* 3.4 (1.3) 3.8 (1.1)

Values are mean (SD).
*p , 0.05, **p , 0.01, ***p , 0.001 v controls.
VLBW, Very low birth weight; SGA, small for gestational age.

What is already known on this topic

N VLBW children have increased risk of motor problems

N Studies on term SGA children have shown inconsistent
results

What this study adds

N Prevalence of motor problems in VLBW and term SGA
adolescents, based on Movement ABC

N Description of motor problems in these groups, high-
lighting:

– Low birthweight adolescents have increased risk of
motor problems

– VLBW adolescents have widespread motor prob-
lems

– SGA boys have specific problems in manual
dexterity
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subscores or the total ABC score, we also adjusted for weight
in these scores. This increased the risk of poor manual
dexterity and overall motor problems in the SGA group.
When children with cerebral palsy and/or low IQest were
excluded, the results changed slightly (table 5).
Factors associated with birthweight group (height and

head circumference) or with one or more of the outcome
measures (sex, handedness, and body mass index) were also
separately included in logistic regression analysis as potential
confounders. The only factor contributing to a major change
in OR was height, and, after adjustment for height, the risk of
poor manual dexterity increased in the SGA group (OR 12.7,
95%CI 2.7 to 60.1).
The increased risk of motor problems in the VLBW group

was essentially the same for boys and girls. In the SGA group,
the increased risk was found only among boys (table 6). This
was most pronounced for poor manual dexterity, where SGA
boys showed five times the risk of control boys (OR 5.2,
95%CI 1.2 to 21.6).

DISCUSSION
In this study, we found that one in four VLBW children and
one in six SGA children had motor problems at 14 years of
age. For VLBW children the increased risk was consistent
among boys and girls, whereas for SGA children the risk was
particularly high for boys with respect to manual dexterity.
Analyses excluding children with cerebral palsy and/or low
IQest suggest that poor motor skills are prevalent among low
birthweight children without known physical and/or mental
deficiencies.

The 10th centile definition of SGA is crude, and a certain
proportion of normal small infants could have been classified
as SGA, whereas some infants who may have been growth
retarded in utero could have been classified as controls.
Nonetheless, we found that the SGA group had a fivefold
increased risk of motor problems compared with the control
group. If SGA children were classified as controls, or vice
versa, this would probably have resulted in smaller differ-
ences between the groups. The VLBW children were classified
according to a birth weight ( 1500 g. We are aware that
some of the children in the VLBW group may have been
growth retarded. However, they were all born preterm, and
we have chosen to treat them as a group in this study as a
contrast with the low birthweight children born at term.
The reason why 75 adolescents (28%) did not want to

participate in this study is not known. We found, however, no
significant differences between mothers and children who
participated and those who did not. It is therefore unlikely
that the results are due to selection bias.
Poor growth has been described in VLBW33–35 and SGA

adolescents,36 and was also found for the VLBW and the SGA
adolescents in our study compared with the controls. Weight
and partly height were identified as possible confounding
factors of the association between low birth weight and
motor problems. Higher weight and height seemed to
increase the risk of motor problems. When we adjusted for
these factors, the relative risk of motor problems in the two
low birthweight groups was even higher. Thus the increased
risk of motor problems in VLBW and SGA children cannot be
explained by poor postnatal growth.
Our finding of a high prevalence of motor problems in

VLBW children is consistent with the literature. Most studies
have examined younger children and have found that 6–8
year old VLBW children have worse scores on the Movement
ABC than controls.14–17 Few studies have examined motor
problems in adolescents. Powls et al20 found that 34% of 12–
13 year old children with a birth weight , 1251 g scored
, 5th centile on the Movement ABC. This may be well
comparable to the finding in our study, considering that our
VLBW group is defined by a birth weight ( 1500 g.
We are not aware of any studies that have assessed motor

function in SGA adolescents. Results for younger SGA
children are inconsistent. One study did not find any motor
problems in SGA children aged 3–5 years,23 another reported
borderline significance of increased incidence of motor
problems,24 and one found poorer motor skills for 7 year old
SGA children than for controls.25 In our study a substantial
proportion of the SGA children had motor problems at 14
years of age. These discrepancies may be due to different age
groups and methods. However, Sommerfelt et al24 found that

Table 3 Results of Movement assessment battery for children (Movement ABC) for two
groups of low birthweight children compared with a control group

VLBW SGA Control

Total Movement ABC score (n = 50/59/82) 11.0 (7.8)*** 7.3 (5.9) 6.3 (4.4)
Manual dexterity subscore (n = 52/59/82) 2.5 (2.9)** 2.2 (3.1) 1.2 (1.6)
Turning pegs 1.1 (1.4) 1.1 (1.5) 0.9 (1.2)
Cutting out elephant 1.2 (1.6)*** 0.8 (1.5) 0.3 (0.7)
Flower trail 0.5 (1.0)** 0.3 (0.9)* 0.1 (0.4)

Ball skills subscore (n = 51/59/83) 2.7 (2.5)** 1.3 (1.6) 1.6 (1.9)
One hand catch 1.4 (1.6)* 0.4 (0.9) 0.7 (1.1)
Throwing at target 1.3 (1.5) 0.9 (1.0) 0.9 (1.2)

Static/dynamic balance subscore (n = 50/59/83) 5.7 (4.0)** 3.8 (3.2) 3.5 (2.9)
Two board balance 3.2 (1.9) 2.6 (1.9) 2.5 (2.0)
Jumping and clapping 1.9 (1.9)** 0.9 (1.4) 0.9 (1.3)
Walking backwards 0.7 (1.5)** 0.3 (1.0)* 0.1 (0.6)

Values are mean (SD).
*p , 0.05, **p , 0.01, ***p , 0.001 v controls.
VLBW, Very low birth weight; SGA, small for gestational age.

Table 4 Results of the Movement assessment battery for
children (Movement ABC) for boys and girls in two groups
of low birthweight children and a control group

Group Boys Girls p Value

Total Movement
ABC score

VLBW (n =50) 10.6 (9.2) 11.5 (5.8) 0.227
SGA (n = 59) 9.3 (7.0) 5.6 (4.1) 0.048
Control (n = 83) 6.8 (4.5) 6.0 (4.3) 0.658

Manual dexterity VLBW (n =52) 2.5 (3.1) 2.5 (2.8) 0.598
subscore SGA (n = 59) 3.8 (3.7) 0.9 (1.6) 0.000

Control (n = 82) 1.9 (1.9) 0.8 (1.2) 0.001
Ball skills VLBW (n =51) 2.4 (2.5) 3.0 (2.5) 0.291
subscore SGA (n = 59) 1.0 (1.6) 1.6 (1.5) 0.043

Control (n = 83) 1.3 (1.9) 1.8 (1.9) 0.091
Static/dynamic VLBW (n =50) 5.7 (4.5) 5.7 (3.5) 0.710
balance subscore SGA (n = 59) 4.6 (3.3) 3.1 (2.9) 0.053

Control (n = 83) 3.6 (2.8) 3.5 (2.9) 0.904

Values are mean (SD).
VLBW, Very low birth weight; SGA, small for gestational age.
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5 year old SGA children had lower scores than controls using
the Grooved Pegboard test, which may be consistent with the
increased risk of poor manual dexterity in the SGA group in
our study.
The main difference in our results between VLBW and SGA

children is that VLBW children have poor motor function
across the continuum of the Movement ABC, while SGA
children have poor manual dexterity, and poor balance after
adjustment for weight. In the VLBW group, motor problems
were seen for both boys and girls, while motor problems in
the SGA group were found especially for boys. These findings
may indicate more global impairment in VLBW children,
suggesting different pathophysiological mechanisms for the
motor problems in VLBW and SGA children.
A vulnerable area of the developing brain is the peri-

ventricular white matter containing the large motor tracts.
Lesions in this area may be closely related to VLBW.37 The
high prevalence of motor problems in the VLBW group may
therefore be consistent with the previously reported high
prevalence of brain lesions seen on magnetic resonance
imaging in VLBW children.37

In the parasagittal region of the full term brain, vascular
border zones are vulnerable to a fall in perfusion pressure
which can cause subcortical necrosis.38 In SGA adolescents, a
possible pathophysiological explanation for the poor
manual dexterity may be perinatal circulation distur-
bances and hypoxia in these watershed areas, as lesions in

the parasagittal region involve upper, more than lower,
limbs.38

Balance was also affected in SGA adolescents after
adjustment for weight. The cerebellum develops during the
last months of pregnancy,39 and is involved with the
coordination of motor activity and mechanisms that influ-
ence and maintain posture and equilibrium.38 Animal studies
have shown that growth restriction before and after birth
may result in reduced myelination and weight of the
cerebellum.40 41 Growth restriction of the cerebellum may be
responsible for both the poor balance and fine tuning of
movements contributing to poor manual dexterity in SGA
children.
Male fetuses have higher growth velocities than female

fetuses in the third trimester,42–44 when the human brain
more than doubles its weight.45 It is therefore possible that
SGA boys may be more vulnerable to growth restriction
during this period than girls.
Previous studies have shown that motor problems are

associated with poor academic performance,46 47 as well as
emotional and social problems.46 Poor motor skills may be
more problematic for these children in early adolescence, as
the school curriculum introduces a wide range of new
activities which may highlight their motor problems.20 Poor
manual dexterity would in particular be likely to affect
writing skills,17 and may be increasingly important in further
education.

Table 5 Crude and adjusted odds ratio (OR) with 95% confidence intervals (CI) as an
estimate of the relative risk of motor problems, defined by a score below the 5th centile on
the Movement assessment battery for children (Movement ABC) in two groups of low
birthweight children compared with a control group

, 5th
centile

>5th
centile

Crude OR
(95%CI)

OR (95%CI)
adjusted for
weight

OR (95%CI) adjusted
for weight excluding
CP and low IQest

Total Movement ABC score
VLBW (n =50) 13 37 9.3 (2.5 to 34.5) 9.5 (2.5 to 36.7) 6.2 (1.5 to 26.8)
SGA (n = 59) 9 50 4.7 (1.2 to 18.4) 6.7 (1.5 to 29.3) 5.7 (1.2 to 26.7)
Control (n = 82) 3 79 1.0 1.0 1.0

Manual dexterity subscore
VLBW (n =52) 8 44 4.8 (1.2 to 19.0) 5.3 (1.3 to 21.8) 3.5 (0.7 to 17.1)
SGA (n = 59) 11 48 6.0 (1.6 to 22.7) 10.5 (2.3 to 48.4) 9.5 (1.9 to 47.1)
Control (n = 82) 3 79 1.0 1.0 1.0

Ball skills subscore
VLBW (n =51) 7 44 3.1 (0.9 to 11.3) 3.2 (0.8 to 11.9) 3.1 (0.8 to 11.9)
SGA (n = 59) 0 59 * * *
Control (n = 83) 4 79 1.0 1.0

Static/dynamic
balance subscore
VLBW (n =50) 12 38 6.2 (1.9 to 20.6) 8.9 (2.5 to 32.4) 6.3 (1.6 to 24.5)
SGA (n = 59) 7 52 2.7 (0.7 to 9.5) 4.6 (1.1 to 19.9) 4.6 (1.1 to 19.6)
Control (n = 83) 4 79 1.0 1.0 1.0

*OR cannot be computed because of the value 0 in one cell.
VLBW, Very low birth weight; SGA, small for gestational age; CP, cerebral palsy.

Table 6 Crude odds ratio (OR) with 95% confidence intervals (CI) as an estimate of the
relative risk of motor problems by sex, defined by a score below the 5th centile on
Movement assessment battery for children (total ABC score) in two groups of low birth
weight compared with a control group

Group Sex , 5th centile % >5th centile % OR 95%CI

VLBW Boys (n = 27) 7 25.9 20 74.1 11.6 1.3 to 100.9
Girls (n = 23) 6 26.1 17 73.9 8.1 1.5 to 44.2

SGA Boys (n = 27) 7 25.9 20 74.1 11.6 1.3 to 100.9
Girls (n = 32) 2 6.3 30 93.8 1.5 0.2 to 11.5

Control Boys (n = 34) 1 2.9 33 97.1 1.0
Girls (n = 48) 2 4.2 46 95.8 1.0

VLBW, Very low birth weight; SGA, small for gestational age.
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In conclusion, VLBW and SGA adolescents have increased
risk of motor problems compared with control children.
Whether this is due to prenatal, perinatal, or postnatal factors
cannot be answered in this study.
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