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Background: Preterm infants are at a higher risk for poor 
motor outcome than term infants. This study aimed to describe 
the long-term motor profile in very preterm born children.
Methods: A total of 98 very preterm infants were included. 
Volumetric brain magnetic resonance imaging (MRI) was per-
formed at term age, and the Movement Assessment Battery 
for Children—Second Edition (The Movement ABC-2) was 
employed at 11 y of age. The diagnosis of Developmental 
Coordination Disorder (DCD) was determined at 11 y of age 
according to the International Classification of Diseases.
results: Eighty-two of 98 (84%) very preterm infants had 
normal motor development at 11 y of age. In these children, 
the mean percentile for the total test score in the Movement 
ABC-2 examinations was 42 (SD 20). Eight (8%) children had 
DCD. The mean percentile in these children was 4 (SD 2). Eight 
(8%) children had CP. Their mean percentile was 6 (SD 14). 
Decreased volumes in all brain regions associated with lower 
Movement ABC-2 total scores.
conclusion: The majority of the very preterm infants had 
normal motor development at 11 y of age. Volumetric brain 
MRI at term age provides a potential tool to identify risk groups 
for later neuromotor impairment.

Preterm infants are at a higher risk for poor motor out-
come than term infants (1–5). While the incidence of CP 

has slightly decreased due to vast advances in perinatal and 
neonatal care over the past decades (6), the rate of milder 
motor problems is reported to be significantly high in prema-
turely born children (7). Furthermore, these problems seem 
to continue when entering adulthood (8). The Developmental 
Coordination Disorder (DCD) is defined as a motor impair-
ment that appears in the absence of any obvious neurological 
and structural abnormality or intellectual disability that would 
interfere with activities of daily living or academic performance 
(9). The prevalence of DCD in school-aged children is 5–6%, 
the reported prevalence being higher in children born at very 
low birth weight or very preterm, from 9.5 to 51% (4,7,9,10).

The Movement Assessment Battery for Children is the most 
commonly used and best validated tool for detecting DCD (9), 
also in a high-risk population of very preterm infants (11). 

The structural validity of its revised version (The Movement 
Assessment Battery for Children—Second Edition, The 
Movement ABC-2) has recently been established (12). The 
Developmental Coordination Disorder Questionnaire 2007 
(DCDQ’07) is a parent report developed to assist in the iden-
tification of DCD. The sensitivity and the specificity of this 
revised questionnaire are 89 and 76%, respectively, in the age 
group of 10–15 y (13).

Even though the predictive value of magnetic resonance imag-
ing (MRI) for short-term outcome is established (14), there is 
little data on the predictive value of MRI on long-term outcome. 
The existing data suggest that motor impairment in children with 
perinatal adversities is especially related to white matter abnor-
malities MRI (15). We have previously shown the predictive 
value of structural brain MRI at term age for neurosensory, cog-
nitive and neurological outcome in very preterm born children 
at 2, 5, and 11 y of age (16–18). A recent study did not find cor-
relations between brain volumes at term age and the Movement 
ABC-2 scores at age 5.5 y (19). We have recently published the 
associations between brain volumes at term age and neurological 
performance at 11 y of age in very preterm born children (18).

The objective of this study was to describe the long-term 
motor profile of very preterm infants at 11 y of age. The motor 
assessment was completed by using the Movement ABC-2 to 
identify children with movement difficulties. An additional 
aim was to study the associations between volumetric neona-
tal brain MRI and long-term motor outcome in very preterm 
infants.

RESULTS
The neonatal characteristics of the 98 very preterm infants are 
shown in Table 1. Of all infants, 96 (98%) were examined by 
brain MRI at term age. The mean age at the time of MRI exam-
ination was 400/7 (SD 2.6 d, (minimum 391/7, maximum 413/7)). 
All the children without CP (n = 90) were examined using the 
Movement ABC-2 at 11 y of age, and all their parents were 
interviewed according to the DCDQ’07. Seven (88%) of the 
eight children with CP could be examined. The mean age at the 
time of examination was 11 y and 2 mo (SD 4 mo, (10 y and 6 
mo, 11 y and 9 mo)). All the neonatal characteristics (Table 1) 
of the study infants and drop-outs (n  =  23) (Figure 1) were 
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compared. The only statistically significant finding was that 
children lost to follow-up were more often born by cesarean 
section than the study children (P = 0.01).

The number of children with normal motor outcome was 82 
(84%). Of these children, 79 (96%) had a total test score >67 
(>15th percentile), and 3 (4%) had a total test score of 57–67 
(>5th-15th percentile) in the Movement ABC-2. The mean 
total score of the parental questionnaire DCDQ’07 for these 

children was 67 (SD 7, (46, 75)), and 7 (9%) children had a 
total score ≤57 indicating risk for DCD. Fifty-two (63%) of the 
children with normal motor outcome participated regularly in 
after-school sporting activities. Eight (8%) children had scores 
≤56 (≤5th percentile) in the Movement ABC-2 and were diag-
nosed with DCD. The mean total score of the DCDQ’07 for 
these children was 52 (SD 14, (35, 74)), and 4 (50%) had a total 
score ≤57, indicating risk for DCD. Two (25%) of the children 

table 1. Neonatal characteristics of the very preterm infants (n = 98)

Characteristics
Children with normal  

motor outcome (n = 82)
Children with  

DCD (n = 8)
Children with  

CP (n = 8)

Birth weight, mean (SD) (minimum, maximum), 
grams

1,087 (258) (580, 1,500) 792 (338) (400, 1,490) 1,031 (306) (560, 1,500)

Gestational age at birth, mean (SD) (minimum, 
maximum), weeks

29 0/7 (2 5/7) (24 0/7, 35 6/7) 26 3/7 (2 1/7) (23 0/7, 30 1/7) 28 0/7 (3 1/7) (25 5/7, 35 1/7)

Males, n (%) 34 (41) 8 (100) 5 (63)

Cesarean section, n (%) 48 (59) 4 (50) 5 (63)

Small for gestational age, n (%) 32 (39) 3 (38) 2 (25)

Bronchopulmonary dysplasia, n (%) 9 (11) 3 (38) 3 (38)

Sepsis, n (%) 17 (21) 3 (38) 3 (38)

Necrotizing enterocolitis, surgical, n (%) 1 (1) 1 (13) 2 (25)

Retinopathy of prematurity, laser treated, n (%) 1 (1) 1 (13) 0 (0)

Structural brain MRI findings at term age  
(data missing for two infants)

Normal findings 52 (65) 3 (38) 1 (13)

Minor pathologies 18 (23) 2 (25) 0 (0)

Major pathologies 10 (13) 3 (38) 7 (88)

Figure 1. The flow chart of the participants, mean birth weights and gestational ages in weeks.

Live-born VLBW/VLGA 
infants n = 149

(BW 1,013g, GA 28 1/7)

Final number of infants 
n = 98

(BW 1,058g, GA 28 5/7)

Dropouts n = 23
(BW 1,064g, GA 28 4/7)

- 10 refused to 
participate

- 13 withdrew during the 
follow-up

Excluded n = 5
(BW 1,021g, GA 28 6/7)

- 1 did not fulfill the language criteria
- 3 families lived outside the catchment 
area of the hospital
- 1 infant with genetic syndromes

n = 121 eligible infants
(BW 1,059g, GA 28 5/7)

n = 23 infants died
(BW 766g, GA 25 2/7)

Infants with CP n = 8
(BW 1,031g, GA 28 0/7)

Infants without CP n = 90
(BW 1,061g, GA 28 5/7)
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with DCD participated regularly in after-school sporting activ-
ities. There were eight (8%) children with CP. The mean total 
score of the DCDQ’07 for these children was 49 (SD 10, (37, 
68)), and 6 (86%) had a total score ≤57. One (14%) of the chil-
dren with CP participated regularly in after-school sporting 
activities. The mean values of the three domains and the total 
test score of the Movement ABC-2 in all children are shown 
in Table 2. The distribution of the total test scores in children 
with and without CP is shown in Figure 2.

Brain MRI explained 17.8% of the variation in the Movement 
ABC-2 total scores (P < 0.001) in all children and 7.8% in chil-
dren without CP (P = 0.03). Major brain pathologies on MRI 
reduced the Movement ABC-2 total scores compared to nor-
mal findings (b = −3.5 for minor pathologies and b = −25.2 
for major pathologies in all children, and b = −3.6 for minor 
pathologies and b  =  −17.9 for major pathologies in children 
without CP). The negative predictive value of normal find-
ings or minor pathologies in brain MRI and positive predic-
tive value of major pathologies for DCD was 93.3 and 23.1%. 
The negative predictive value and positive predictive value of 
brain MRI for CP was 98.7 and 35.0%. Decreasing volumes 
in all brain regions associated with lower Movement ABC-2 
total scores as shown in Table 3. All the associations remained 

statistically significant when excluding the children with CP. 
The mean values of brain volumes at term age in very preterm 
born children with normal motor outcome, DCD, and CP are 
shown in Table 4.

Of the other background characteristics shown in Table 1, 
gestational age (r  =  0.26, P  =  0.01), birth weight (r  =  0.25, 
P  =  0.01), and bronchopulmonary dysplasia (R2  =  0.07, 
P  =  0.009) were significantly associated with the Movement 
ABC-2 total scores. The DCDQ’07 total scores correlated with 
the Movement ABC-2 total scores (r = 0.43, P < 0.001).

table 2. The mean values (SD, median, and interquartile range) of 
the three domains and the total test score of the Movement ABC-2 
in percentiles in very preterm born children with normal motor 
outcome (n = 82), DCD (n = 8), CP (n = 8), and all children (n = 97)

Domain Mean SD Median
Interquartile 

range

Manual dexterity

Children with normal 
motor outcome

41 22 37 25–50

Children with DCD 11 16 7 1–13

Children with CP* 13 15 5 0–25

All children* 36 23 37 16–50

Aiming and catching

Children with normal 
motor outcome

36 26 37 16–50

Children with DCD 10 10 5 2–21

Children with CP* 3 3 2 1–5

All children* 32 26 25 9–50

Balance

Children with normal 
motor outcome

59 27 50 37–91

Children with DCD 11 12 9 4–13

Children with CP* 13 34 0 0–1

All children* 52 32 50 25–91

Total test score

Children with normal 
motor outcome

42 20 37 25–63

Children with DCD 4 2 5 4–5

Children with CP* 6 14 1 0–2

All children* 36 23 37 16–50

*Data missing for one child.
CP, cerebral palsy; DCD, developmental coordination disorder.

Figure 2. Combined dotplot and boxplot of the percentiles for the total 
test scores of the Movement ABC-2 examinations in very preterm born 
children with CP (n = 8) and without CP (n = 90). Horizontal dashed lines 
of the percentiles 5, 15, and 50 show the cut-offs of significant movement 
difficulty, risk of having a movement difficulty, and the mean of the norm 
population, respectively.
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table 3. The associations between brain volumetric findings at 
term age and the Movement ABC-2 total scores in very preterm born 
children at 11 y of age

The Movement ABC-2 
 b (95% CI) P

Total brain tissue 0.20 (0.10–0.30) <0.001

Ventricles −0.23 (−6.80–6.33) 0.94

Cerebrum 0.20 (0.10–0.30) <0.001

Frontal lobes 0.32 (0.12–0.51) 0.002

Basal ganglia and thalami 1.65 (0.85–2.45) <0.001

Cerebellum 1.16 (0.21–2.11) 0.02

Brain stem 2.13 (0.53–3.73) 0.01

The analysis was adjusted for gestational age, small for gestational age status, gender, 
and MRI categories.
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DISCUSSION
This prospective follow-up study of a regional cohort of very 
preterm infants showed that the majority of children per-
formed within the lower range of normal variation considering 
motor outcome at 11 y of age. Decreasing regional brain vol-
umes at term age associated with poorer motor outcome even 
when excluding children with CP.

The skills to aim and catch a tennis ball were the most com-
monly impaired in very preterm born children. Interestingly, 
others have found the most prominent problems to be in bal-
ance skills (2), whereas the present study found also manual 
dexterity skills to be impaired more often than balance skills. 
This difference may partly be explained by the use of a previous 
version of the Movement ABC examination and the inclusion 
of only extremely low-birth-weight or very preterm infants. In 
addition, it would be interesting to know the regional brain 
volumes in different populations of very preterm infants. 
Different care practices may have different effects especially on 
the vulnerability of the basal ganglia and cerebellum, which 
modify the profile/quality of movement in motor perfor-
mance. Another difference compared to previous literature 
was that no effect of gender or small for gestational age status 
on the motor performance was found (4,9,10). This is consis-
tent with our previous results of similar outcomes in small for 
gestational age infants (20–22).

The neonatal characteristics that associated with poorer 
motor outcome were gestational age, birthweight, and bron-
chopulmonary dysplasia. A previous study of perinatal and 
neonatal predictors for DCD in very low birthweight children 
has shown that male sex, lower gestational age, lower birth-
weight, postnatal steroid exposure, longer duration of venti-
lation, more days of oxygen, retinopathy of prematurity, and 
hyponatremia were associated with poorer motor outcome. 
Of these variables, only male sex, low birthweight and postna-
tal steroid exposure remained significant with the addition of 
neonatal factors (10).

Interestingly, children with DCD seemed to have even lower 
gestational age and lower birthweight than children with CP 
in this study. Also the structural brain MRI findings differen-
tiated the children with DCD and the children with CP. The 

majority of children with CP had major pathologies, whereas 
of the children with DCD, fewer had major pathologies com-
pared to children with CP. According to volumetric findings, 
children with CP had significantly larger ventricles than chil-
dren with DCD. Even though all children with DCD in the 
present study were boys, the small number of children with 
DCD and CP did not enable reliable statistical analysis.

We found increased prevalence of DCD in children born 
preterm as shown earlier. However, our prevalence was lower 
compared to previous studies (4,7,9,10). The possible reasons 
for these differences include different patient populations with 
different inclusion and exclusion criteria, and different age 
point at testing, as the present study is unique in having such 
a long follow-up time. There are also studies using different 
cut-off levels in the Movement ABC examination, and studies 
using the DCDQ as the only diagnostic instrument, which is in 
disagreement with the latest diagnostic recommendations (9).

It is noteworthy that more than half of the very preterm 
infants with normal motor development participated regu-
larly in organized after-school sports, which might potentially 
have supported normal motor development. Having regular 
after-school sporting activities indicates sufficient motor out-
come for participating in peer-group physical activities and, 
potentially, supports not only motor but also social develop-
ment. It is also known that sporting activities are associated 
with higher quality of life (23). As for the children with DCD, 
only a quarter of them had after-school sport activities, which 
is in agreement with a previous study showing that fewer chil-
dren with motor impairment participate in organized sport-
ing activities outside school compared to children with normal 
motor development (24).

The present study showed that decreased volumes in all brain 
regions at term age associated with poorer Movement ABC-2 
total scores at 11 y of age. In contrast to our results, a recent 
study with shorter follow-up time of 5.5 y found no correla-
tions between automatically segmented brain volumes at term 
age and motor outcome in very preterm born children (19). 
The difference might be explained by the fact that our study 
included more major brain pathologies and also more children 
with CP. Our study also had higher follow-up rate. It is possi-
ble that motor problems manifest more clearly with increasing 
age. In addition, the brain volumes were measured manually in 
our study. We have previously shown an association between 
reduced volumes of total brain tissue, frontal lobes, basal gan-
glia and thalami, and cerebellum and poor neurological out-
come at the age of 11 y (18). The present study strengthens 
these previous results suggesting that brain volumes are poten-
tially valuable in finding the risk groups for later neuromotor 
impairment. However, clear cut-off values would require large 
normative samples.

A possible technical limitation is the MRI equipment of the 
study period. More advanced and accurate imaging techniques 
are plausible to improve the prediction of abnormal outcome. 
In addition, T2-weighted images were obtained, but they were 
not used for the volume measurements, since there was a gap 
in the T2-weighted images between slices. Accordingly, the 

table 4. The mean values (SD) of brain volumes (ml) at term age in 
very preterm born children with normal motor outcome (n = 82), DCD 
(n = 8), and CP (n = 8) at 11 y of age

Normal motor 
outcome DCD CP

Total brain tissue 399.2 (44.7) 374.3 (62.7) 359.1 (36.8)

Ventricles 16.1 (9.2) 14.4 (10.4) 44.1 (48.4)

Cerebrum 366.0 (43.0) 346.8 (58.4) 330.5 (33.4)

Frontal lobes 136.9 (22.2) 125.5 (17.0) 113.9 (19.2)

Basal ganglia and thalami 26.7 (5.2) 23.5 (4.0) 22.4 (3.4)

Cerebellum 25.4 (4.6) 21.1 (7.0) 21.4 (2.8)

Brain stem 7.7 (2.9) 6.4 (2.2) 7.2 (2.7)

CP, cerebral palsy; DCD, developmental coordination disorder.
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continuous T1-weighted images were used. Although the slice 
thickness was rather thick (5 mm) on T1-weighted images, 
this, however, allowed sufficient signal to noise ratio for inter-
pretation. It is possible that partial volume effect may have 
caused some error on the volume measurements; however, the 
error would be similar in all infants. Another limitation is the 
lack of a control group.

The strengths of this study included a high coverage of the 
examinations at term age and at 11 y of age. Furthermore, the 
latest versions of the Movement ABC and the DCDQ were 
used. The results of the DCDQ’07 were only used to support 
the results of the MABC-2 as the DCDQ’07 is not designed 
to be used alone to identify DCD. Instead, the diagnosis also 
requires valid clinical measures (13). The presence of DCD was 
defined according to International Classification of Diseases 
(ICD)-10), which is used in many countries. These criteria 
are also comparable with Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV).

This study, showing normal motor outcome in the major-
ity of very preterm infants, supports recent research on the 
improving outcome of preterm infants. Brain growth seems to 
play a pivotal role, since smaller regional brain volumes predict 
a poorer motor outcome.

METHODS
This study is part of the multidisciplinary PIPARI Study (The 
Development and Functioning of Very-Low-Birth-Weight Infants 
from Infancy to School Age), a prospective study of very low 
birth weight or very low gestational age infants born to Finnish- 
or Swedish-speaking families between 2001 and 2006, at Turku 
University Hospital, Finland. The inclusion criteria was a birth weight 
≤1,500 g in preterm infants born <37 gestational weeks, from 2001 to 
the end of 2003. From the beginning of 2004, the inclusion criteria 
were broadened to include all infants born below the gestational age 
of 32 wk, regardless of birth weight. Only the infants born between 
January 2001 and April 2004 were included in this study because the 
MRI equipment was upgraded thereafter. The flow chart of the partic-
ipants is shown in Figure 1. Written informed consent was obtained 
from all children and parents for the follow-up study. The PIPARI 
Study protocol was approved by the Ethics Review Committee of the 
Hospital District of South-West Finland in December 2000 and in 
January 2012.

Magnetic Resonance Imaging of the Brain
The brain MRI was performed at term age. One neuroradiologist 
(R.P.) analyzed the images and manually performed volume mea-
surements blinded to the clinical information of the infant. Axial 
T2-weighted images, coronal three-dimensional T1-weighted images 
and coronal T2-weighted images of the entire brain were obtained 
using the MRI equipment of an open 0.23 Tesla Outlook GP (Philips 
Medical, Vantaa, Finland) equipped with a multipurpose flexible coil 
fitting the head of the infant. All of the sequences were optimized 
for the imaging of a term infant brain. To evaluate the relationship 
between the brain pathology and the motor outcome, the infants 
were categorized into three groups based on the structural MRI find-
ings: (i) Normal findings consisted of normal brain anatomy (cor-
tex, basal ganglia and thalami, posterior limb of internal capsule, 
white matter, germinal matrix, corpus callosum, and posterior fossa 
structures), width of extracerebral space <5 mm, ventricular/brain 
(V/B) ratio <0.35, (ii) Minor pathologies consisted of consequences 
of intraventricular hemorrhages grade 1 and 2, caudothalamic cysts, 
width of the extracerebral space of 5 mm and V/B ratio of 0.35, and 
(iii) major pathologies consisted of consequences of intraventricular 
hemorrhages grade 3 and 4, injury in cortex, basal ganglia, thala-
mus or internal capsule, with injury of corpus callosum, cerebellar 

injury, white matter injury, increased width of extracerebral space 
>5 mm, V/B ratio >0.35, ventriculitis or other major brain pathology 
(infarcts).

Volume measurement was performed on T1-weighted images by 
visually separating the cerebrospinal fluid from the brain tissue image 
by image. The anatomical differentiation of the brain was based both 
on anatomical landmarks and signal intensity differences of the brain 
structures. The volumes of the total brain tissue (total brain volume 
minus ventricle volumes), the cerebrum, the cerebellum, the frontal 
lobes, the brain stem (medulla oblongata together with pons), the 
basal ganglia together with the thalami, and ventricles (lateral ventri-
cles, third and fourth ventricles) were measured. The reproducibility 
of these measurements was assessed by repeated volume measure-
ment of 20 children, performed by another neuroradiologist, who was 
blinded for the results of the first measurement. These methods have 
been previously described in detail (16–18,20,25).

Outcome Classification
For this study, normal motor outcome was defined as a total test 
score ≥57 (>5th percentile). The diagnosis of DCD was defined as 
a total test score ≤56 (≤5th percentile) according to ICD-10. A fur-
ther requirement was that the diagnosis was not solely explicable in 
terms of general intellectual disability or of any specific congenital or 
acquired neurological disorder (9). The diagnosis of CP, including the 
grading of functional severity by Gross Motor Function Classification 
System (26), was ascertained by a child neurologist (L.H.) at 2 y of 
corrected age after a systematic clinical follow-up. Data concerning 
the children’s regular participation in after-school sporting activities 
was acquired during the follow-up visit at 11 y of age.

The Movement Assessment Battery for Children—2
The motor assessment was completed at 11 y of age by using the 
Movement ABC-2 to identify children with movement difficulties 
(27). The clinical examination was performed by the author (S.S.). The 
Movement ABC-2 included three domains: manual dexterity (three 
items), aiming and catching (three items), and balance (three items). 
All the items were scored according to best attempt to receive raw 
scores. These were then further calculated to standard scores equating 
to percentiles of each domain and total test score, accordingly. A total 
test score ≤56 (≤5th percentile) denoted a significant movement diffi-
culty. A total test score of 57–67 (>5th to 15th percentile) suggested the 
child was at risk of having a movement difficulty (monitoring required). 
Any total test score >67 (>15th percentile) indicated that there was no 
movement difficulty. The age band 3 (11–16 y) was used and the test 
was scored according to the norms for 11-y-old children as we wanted 
to use identical test tasks and references for all children even if some 
children had not yet turned 11 y at the time of the examination.

The Developmental Coordination Disorder Questionnaire 2007
Parents were asked to compare their child’s motor performance to 
that of his/her peers to support the diagnosis of the DCD concerning 
the interference of motor difficulties in everyday functional activities. 
The DCDQ’07 consisted of 15 items, which were further grouped 
into three distinct factors: control during movement, fine motor and 
handwriting, and general coordination (13). The questionnaire was 
completed by interview (author S.S). All the items were scored using 
a 5-point Likert scale. Total scores were calculated by summing up 
item scores. The total score varied from 15 to 75. Scores from 15 to 57 
indicated DCD.
Data Analysis
Pearson’s correlation was used to study the univariate associations 
between two continuous variables. Univariate associations between 
continuous Movement ABC-2 percentile and categorical predictor 
variables were studied using regression analysis. Associations between 
brain volumes and continuous Movement ABC-2 percentile were 
studied using regression analysis controlling for brain pathology, gen-
der, small for gestational age status, and gestational age. The regression 
equation for the associations between the total scores of the Movement 
ABC-2 and background characteristics was 3.88+0.19*gestational age 
in days-22.36*major pathologies in brain MRI-2.27*minor patholo-
gies in MRI-0.19*small for gestational age status-2.52*male gender. All 
the results of regression analyses remained the same when controlling 
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for the age at the time of brain MRI examination. Continuous vari-
ables are presented with mean (SD) (minimum, maximum). Main 
results were analyzed both in all children and excluding children with 
CP. Continuous variables were compared between study infants and 
drop-outs using the Mann–Whitney U-test and comparisons between 
two categorical variables were done using the v2 test or Fisher’s exact 
test, as appropriate. Statistical analyses were performed using SAS for 
Windows version 9.3. and P values below 0.05 were considered as sta-
tistically significant.

ACKNOWLEDGMENTS
The PIPARI Study Group: Karoliina Aho, BM; Annarilla Ahtola, PhD; Mikael 
Ekblad, MD, PhD; Satu Ekblad, RN; Eeva Ekholm, MD, PhD; Annika Eurola, BM; 
Leena Haataja, MD, PhD; Mira Huhtala, MD, PhD; Jere Jaakkola, BM; Pentti 
Kero, MD, PhD; Riikka Korja, PhD; Katri Lahti, BM; Helena Lapinleimu, MD, 
PhD; Liisa Lehtonen, MD, PhD; Tuomo Lehtonen, MD; Marika Leppänen, MD, 
PhD; Annika Lind, PhD; Hanna Manninen, MD; Jaakko Matomäki, MSc; Jonna 
Maunu, MD, PhD; Petriina Munck PhD; Laura Määttänen, MD; Pekka Niemi, 
PhD; Anna Nyman, MA; Pertti Palo, MD, PhD; Riitta Parkkola, MD, PhD; Liisi 
Rautava, MD, PhD; Päivi Rautava, MD, PhD; Katriina Saarinen, Physiothera-
pist; Virva Saunavaara, PhD; Sirkku Setänen, MD; Matti Sillanpää, MD, PhD; 
Suvi Stolt, PhD; Sanna Sutinen, BM; Päivi Tuomikoski-Koiranen, RN; Timo 
Tuovinen, BA; Anniina Väliaho, MA; Milla Ylijoki, MD, PhD.

STATEMENT OF FINANCIAL SUPPORT
All phases of this study were supported by a grant from Arvo and Lea Ylppö 
Foundation, the Finnish Cultural Foundation, the Finnish Medical Society 
Duodecim, Turunmaa Duodecim Society, the South-Western Finnish Foun-
dation of Neonatal Research, and The Turku University Hospital Foundation.

Disclosures: The authors have no financial relationships relevant to this ar-
ticle to disclose. The authors report no conflict of interest to disclose.

REFERENCES
 1. Evensen KA, Vik T, Helbostad J, Indredavik MS, Kulseng S, Brubakk AM. 

Motor skills in adolescents with low birth weight. Arch Dis Child Fetal 
Neonatal Ed 2004;89:F451–5.

 2. de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Motor develop-
ment in very preterm and very low-birth-weight children from birth to 
adolescence: a meta-analysis. JAMA 2009;302:2235–42.

 3. Edwards J, Berube M, Erlandson K, et al. Developmental coordination dis-
order in school-aged children born very preterm and/or at very low birth 
weight: a systematic review. J Dev Behav Pediatr 2011;32:678–87.

 4. Zwicker JG, Missiuna C, Harris SR, Boyd LA. Developmental coordination 
disorder: a review and update. Eur J Paediatr Neurol 2012;16:573–81.

 5. Synnes A, Anderson PJ, Grunau RE, et al.; CAP Trial Investigator group. 
Predicting severe motor impairment in preterm children at age 5 years. 
Arch Dis Child 2015;100:748–53.

 6. Sellier E, Platt MJ, Andersen GL, Krägeloh-Mann I, De La Cruz J, Cans C; 
Surveillance of Cerebral Palsy Network. Decreasing prevalence in cerebral 
palsy: a multi-site European population-based study, 1980 to 2003. Dev 
Med Child Neurol 2016;58:85–92.

 7. Ferrari  F, Gallo  C, Pugliese  M, et al. Preterm birth and developmental 
problems in the preschool age. Part I: minor motor problems. J Matern 
Fetal Neonatal Med 2012;25:2154–9.

 8. Husby IM, Skranes J, Olsen A, Brubakk AM, Evensen KA. Motor skills at 
23 years of age in young adults born preterm with very low birth weight. 
Early Hum Dev 2013;89:747–54.

 9. Blank R, Smits-Engelsman B, Polatajko H, Wilson P; European Academy 
for Childhood Disability. European Academy for Childhood Disability 

(EACD): recommendations on the definition, diagnosis and intervention 
of developmental coordination disorder (long version). Dev Med Child 
Neurol 2012;54:54–93.

 10. Zwicker JG, Yoon SW, Mackay M, Petrie-Thomas J, Rogers M, Synnes AR. 
Perinatal and neonatal predictors of developmental coordination disorder 
in very low birthweight children. Arch Dis Child 2013;98:118–22.

 11. Dewey  D, Creighton  DE, Heath  JA, et al. Assessment of developmental 
coordination disorder in children born with extremely low birth weights. 
Dev Neuropsychol 2011;36:42–56.

 12. Schulz  J, Henderson  SE, Sugden  DA, Barnett  AL. Structural validity of 
the Movement ABC-2 test: factor structure comparisons across three age 
groups. Res Dev Disabil 2011;32:1361–9.

 13. Wilson BN, Crawford SG, Green D, Roberts G, Aylott A, Kaplan BJ. Psy-
chometric properties of the revised Developmental Coordination Disorder 
Questionnaire. Phys Occup Ther Pediatr 2009;29:182–202.

 14. Hintz SR, Barnes PD, Bulas D, et al.; SUPPORT Study Group of the Eunice 
Kennedy Shriver National Institute of Child Health and Human Develop-
ment Neonatal Research Network. Neuroimaging and neurodevelopmen-
tal outcome in extremely preterm infants. Pediatrics 2015;135:e32–42.

 15. Peters  LH, Maathuis  CG, Hadders-Algra  M. Neural correlates of devel-
opmental coordination disorder. Dev Med Child Neurol 2013;55 Suppl 
4:59–64.

 16. Setänen  S, Haataja  L, Parkkola  R, Lind  A, Lehtonen  L. Predictive value 
of neonatal brain MRI on the neurodevelopmental outcome of preterm 
infants by 5 years of age. Acta Paediatr 2013;102:492–7.

 17. Setänen S, Lahti K, Lehtonen L, et al. Neurological examination combined 
with brain MRI or cranial US improves prediction of neurological outcome 
in preterm infants. Early Hum Dev 2014;90:851–6.

 18. Setanen  S, Lehtonen  L, Parkkola  R, Aho  K, Haataja  L, PIPARI Study 
Group. Prediction of neuromotor outcome in infants born preterm at 11 
years of age using volumetric neonatal magnetic imaging and neurological 
examinations. Dev.Med.Child Neurol. 2016;DOI: 10.1111.

 19. Keunen K, Isgum I, van Kooij BJ, et al. Brain Volumes at Term-Equivalent 
Age in Preterm Infants: Imaging Biomarkers for Neurodevelopmental 
Outcome through Early School Age. J Pediatr 2016;172:88–95.

 20. Lind A, Parkkola R, Lehtonen L, et al.; PIPARI Study Group. Associations 
between regional brain volumes at term-equivalent age and development 
at 2 years of age in preterm children. Pediatr Radiol 2011;41:953–61.

 21. Leppänen M, Lapinleimu H, Lind A, et al.; PIPARI Study Group. Antena-
tal and postnatal growth and 5-year cognitive outcome in very preterm 
infants. Pediatrics 2014;133:63–70.

 22. Maunu J, Lehtonen L, Lapinleimu H, et al.; PIPARI Study Group. Ventricu-
lar dilatation in relation to outcome at 2 years of age in very preterm infants: 
a prospective Finnish cohort study. Dev Med Child Neurol 2011;53:48–54.

 23. Gopinath B, Hardy LL, Baur LA, Burlutsky G, Mitchell P. Physical activity 
and sedentary behaviors and health-related quality of life in adolescents. 
Pediatrics 2012;130:e167–74.

 24. Wocadlo C, Rieger I. Motor impairment and low achievement in very pre-
term children at eight years of age. Early Hum Dev 2008;84:769–76.

 25. Maunu J, Parkkola R, Rikalainen H, Lehtonen L, Haataja L, Lapinleimu H; 
PIPARI Group. Brain and ventricles in very low birth weight infants at 
term: a comparison among head circumference, ultrasound, and magnetic 
resonance imaging. Pediatrics 2009;123:617–26.

 26. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B. Devel-
opment and reliability of a system to classify gross motor function in chil-
dren with cerebral palsy. Dev Med Child Neurol 1997;39:214–23.

 27. Henderson SE, Sugden DA, Barnett AL. Movement assessment battery for 
children (examiner’s manual). London: Pearson Assessment, 2007.

394 Pediatric RESEARCh      Volume 80  |  Number 3  |  May 2016


	The motor profile of preterm infants at 11 y of age
	Main
	Results
	Discussion
	Methods
	Magnetic Resonance Imaging of the Brain
	Outcome Classification
	The Movement Assessment Battery for Children—2
	The Developmental Coordination Disorder Questionnaire 2007
	Data Analysis

	Statement of Financial Support
	Disclosure
	Acknowledgements
	References


