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Abstract: Very preterm children (<32 weeks gestation at birth; VP) are at risk of developmental
difficulties. Specific functional difficulties and delays in visual perception, fine motor, and visual-motor
skills have received little research attention, although they are critical for daily life and school readiness.
Our aim was to assess these skills in a contemporary cohort of 60 VP and 60 matched term-born children
before school entry. We administered the Movement Assessment Battery for Children (M-ABC-2)
and the Developmental Test of Visual Perception (DTVP-2). Linear and logistic regressions were
run to test group differences in performance and rates of developmental delay in visual perception,
fine motor, and visual-motor skills. Very preterm children had lower scores than term-born children
in visual perception (β = −0.25; p = 0.006), fine motor (β = −0.44; p < 0.001), and visual-motor
tasks (β = −0.46; p < 0.001). The rate of developmental delay (<−1 SD) was higher among VP in
visual perception (odds ratio (OR) = 3.4; 95% confidence interval (CI 1.1–10.6)), fine motor (OR = 6.2
(2.4–16.0)), and visual-motor skills (OR = 13.4 (4.1–43.9)) than in term-born controls. VP children
are at increased risk for clinically relevant developmental delays in visual perception, fine motor,
and visual-motor skills. Following up VP children until preschool age may facilitate early identification
and timely intervention.
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1. Introduction

Survival rates of very preterm infants have increased over the past decades [1,2]. However,
while the prevalence of severe disabilities such as cerebral palsy has decreased [3], the high risk of
developmental delay in very preterm cohorts has remained unchanged [1,4]. Relatedly, prevalence of
severe brain injury after very preterm birth has decreased but diffuse white matter abnormalities have
remained stable or increased, causing very similar neurobehavioural consequences [5]. In addition to
known difficulties in cognition and executive function in very preterm children [6,7], deficits in motor
skills have been documented [8–10].

Compared with other areas of developmental difficulties after preterm birth, specific functional
impairments in visual-motor skills have received less research attention. However, even subtle
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developmental delays in fine motor skills and handwriting may negatively affect children’s school
performance [11,12] and daily functioning [8]. Studies have reported delays in fine motor skills,
visual-motor skills, and visual perception in very preterm children born in the last decades [8,13].
However, these previous studies mainly focused on motor or visual outcomes but did not combine
assessments of specific visual perception, fine motor, and visual-motor skills. In general, studies have
documented that developmental delays after very preterm birth tend to exacerbate as children grow
older [11] and specific demands increase, for example with their entry into formal schooling [14].
Early identification of developmental delay is critical to facilitate timely intervention and support [11,
15,16]. In addition to differences between preterm and full-term children, visual perception, fine motor,
and visual-motor skills may differ between boys and girls [12,17–19] according to the level of parental
education [20,21], thus both variables are considered as confounders in the current study.

To assess the extent of delays in visual-motor skills among preterm survivors born in the last
decade, we examined very preterm and term-born children at the age of 5 or 6 years, directly before
their formal school entry in Germany. We hypothesised that very preterm children would show lower
average performance (hypothesis 1) and higher rates of developmental delay (hypothesis 2) in visual
perception, fine motor, and visual-motor skills than term-born controls, after controlling for parental
education and child sex.

2. Materials and Methods

2.1. Participants

Between June 2017 and August 2018, very preterm (<32 weeks gestation, n = 60) and term-born
(≥38 weeks gestation, n = 60) children’s visual perception, fine motor, and visual-motor skills were
assessed in this observational cohort study at mean age 5 years 11 months. Very preterm participants
were born between December 2010 and November 2012 in Level III neonatal intensive care units (NICU)
in Germany. A summary of the recruitment strategy and exclusion criteria is presented in Figure 1.
Children with severe perinatal complications were excluded. A comparison of the very preterm
participants’ and non-participants’ perinatal medical records showed that they did not significantly
differ with regard to gestational age, birth weight, and child sex (p > 0.05). The very preterm and
term-born cohorts were stratified by child sex (30 females per cohort). Dropouts and incomplete data
of participants did not occur with regard to primary variables.
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Figure 1. Recruitment strategy and exclusion criteria. Notes. NICU = neonatal intensive care unit, IVH 
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ROP = retinopathy of prematurity, CP = cerebral palsy, severe cognitive impairment based on 

diagnoses reported in medical records or defined by intelligence quotient <70, a participants can fulfill 

multiple exclusion criteria. 

2.2. Standard Protocol Approvals and Patient Consents 

The study was carried out in accordance with the Helsinki Declaration and approved by the 

local ethical committees in Essen (16-7265-BO) and Duesseldorf (2017074357). Parents of all 

participants gave written informed consent and children gave verbal assent for participation and 

publication. 

2.3. Clinical Characteristics 

Perinatal clinical characteristics were collected from infant medical records. Gestational age 

(weeks, range: very preterm = 23 + 6 – 31 + 6, term comparisons = 38 + 0 – 42 + 0), birth weight and 

sex were assessed at birth. Intraventricular haemorrhage (IVH) was determined via ultrasound 

examination and classified into grade I, II, III or parenchymal haemorrhagic infarction [22]. 

Bronchopulmonary dysplasia (BPD) was defined by the need for supplemental oxygen at 36 weeks 

postmenstrual age. BPD was classified into mild (respiratory support without supplemental oxygen), 

moderate (with <30% O2) or severe (≥30% O2 and/or positive pressure) [23]. Persistent ductus 

arteriosus (PDA) was identified by echocardiography [24]. Sepsis was defined as a systematic 
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classification [26]. 
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Figure 1. Recruitment strategy and exclusion criteria. Notes. NICU = neonatal intensive care
unit, IVH = intraventricular haemorrhage, PVL = periventricular leukomalacia, NEC = necrotising
enterocolitis, ROP = retinopathy of prematurity, CP = cerebral palsy, severe cognitive impairment
based on diagnoses reported in medical records or defined by intelligence quotient <70, a participants
can fulfill multiple exclusion criteria.

2.2. Standard Protocol Approvals and Patient Consents

The study was carried out in accordance with the Helsinki Declaration and approved by the local
ethical committees in Essen (16-7265-BO) and Duesseldorf (2017074357). Parents of all participants
gave written informed consent and children gave verbal assent for participation and publication.

2.3. Clinical Characteristics

Perinatal clinical characteristics were collected from infant medical records. Gestational age (weeks,
range: very preterm = 23 + 6 – 31 + 6, term comparisons = 38 + 0 – 42 + 0), birth weight and sex were
assessed at birth. Intraventricular haemorrhage (IVH) was determined via ultrasound examination and
classified into grade I, II, III or parenchymal haemorrhagic infarction [22]. Bronchopulmonary dysplasia
(BPD) was defined by the need for supplemental oxygen at 36 weeks postmenstrual age. BPD was
classified into mild (respiratory support without supplemental oxygen), moderate (with <30% O2) or
severe (≥30% O2 and/or positive pressure) [23]. Persistent ductus arteriosus (PDA) was identified by
echocardiography [24]. Sepsis was defined as a systematic inflammatory response syndrome in the
presence of suspected or proven infection or as a result of them [25]. The diagnosis of retinopathy of
prematurity (ROP) was based on international ROP classification [26].

2.4. Parental Education

The highest educational qualification held by either parent was obtained via questionnaire and
coded according to the International Standard Classification of Education (ISCED) into low (level 0–2),
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middle (level 3–4), and high (level 5–8) [27]. The category “low” was not present, resulting in a
binary-coded variable parental education (medium vs. high).

2.5. Outcome Measures

Visual-motor skills were assessed with the German version of the Developmental Test of
Visual Perception 2 (DTVP-2) [28,29], encompassing four motor-enhanced subtasks: Eye-Hand
Coordination (drawing straight lines); Copying (drawing different geometrical shapes); Spatial Relation
(connecting different points by drawing straight lines according to a template); and Visual–Motor Speed
(assigning two different symbols to a set of geometrical shapes within one minute). Visual perception,
in particular Position in Space (distinguishing the spatial orientation of different shapes), was also
evaluated using the DTVP-2. The DTVP-2 has good reliability (Cronbachα= 0.78–0.88 for subscales) and
high validity (correlations with the Beery–Buktenica Developmental Test of Visual-Motor Integration
(VMI) and the Test of Visual Perceptual Skills – Revised (TVPS-R) subscale scores >0.70) [28,30,31].
Fine motor skills were measured using the subtask Manual Dexterity of the Movement Assessment
Battery for Children - second edition, German version (M-ABC-2) [32,33]. The subtask contains
threading beads, dropping coins into a slot, and guiding a pen within lines. The M-ABC-2 is one of the
most popular motor assessments [34,35], with acceptable reported validity and reliability [32].

For both assessments, raw scores of each subtest were transformed into age-adjusted standard
scores with a mean (SD) of 10 (3), higher scores indicating better performance. Standard scores lower
than 1 SD of the normative mean (i.e., <7) are an indication of a developmental delay and were
binary-coded accordingly [28,32].

2.6. Statistical Analysis

Analyses were performed using SPSS 23 (IBM Corp, New York, NY, USA). Linear regressions
were run to evaluate group differences in visual perception, fine motor, and visual-motor skills (step 1).
Child sex and parental education were entered as control variables in step 2. Analyses were repeated
using logistic regressions to determine group differences with regard to risk of developmental delay.
We used Bonferroni correction to avoid inflation of type I error for multiple testing by adjusting the
alpha level to p = 0.025.

Sample size estimation was performed a priori (before starting data collection), using the Optimal
Design software. Based on an expected effect size of d = 0.62 [9] for the difference in the continuously
distributed primary outcome fine motor skills between very preterm and term children, an alpha level
of p = 0.025, and an estimated 5% of explained variance by the control variables child sex and parental
education, the required total sample size was N = 98 children (n = 49 per group) to achieve 80% power
for multiple linear regression. Subgroup analyses are not necessary with regard to the hypotheses.

3. Results

Descriptive findings in Table 1 show that very preterm children were born at lower gestational ages
and birth weights than the term-born controls. No group differences existed with regard to child sex,
age at assessment, and parental education. Very preterm infants (n = 60) suffered from more medical
complications (n = 4 IVH grade I/II, n = 13 ROP grade I/II, n = 1 mild BPD, n = 27 PDA, n = 12 sepsis)
than term-born controls (n = 1 sepsis). On average, very preterm children showed weaker performance
in visual perception, fine motor, and visual-motor skills than term-born controls with moderate-to-high
effect sizes (d = 0.53, p = 0.004; d = 0.98, p < 0.001; d = 1.1, p < 0.001). Example differences in drawing
geometrical shapes (i.e., visual-motor skills) are shown in Figure 2. The first set of drawings of a very
preterm child (a–c) shows several askew and broken lines; in contrast, the second set of drawings from
an age- and sex-matched term-born child (d–f) shows relatively even and solid lines. These differences
are reflected in the coded standard scores of the subtask copying.
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Table 1. Descriptive characteristics of the very preterm and term participant groups.

Very Preterm
(n = 60)

Term
(n = 60) p a

Clinical characteristics
Gestational age, weeks (range) 28.7 (23.9–31.7) 39.5 (38.0–42.0) <0.001

Birth weight, gram (range) 1126.0 (430–1860) 3414.3
(2380–4895) <0.001

Female, n 30 30 1.0

Follow-up characteristics
Age at assessment, years 5.9 (0.3) 5.9 (0.3) 0.681

Parental education (high, n (%)) 36 (60) 41 (68) 0.341
Visual perception, standard score 8.8 (3.2) 10.4 (2.8) 0.004
Fine motor skills, standard score 7.1 (2.5) 9.4 (2.0) <0.001

Visual-motor skills, standard score 7.4 (2.3) 9.6 (1.8) <0.001

Notes. Data are presented as mean (standard deviation) if not indicated otherwise. a T-test and Chi-square results
for continuous and non-continuous data, respectively.
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Figure 2. Example comparison of geometrical shapes drawn by a very preterm (a–c) and term-born
child (d–f).

The distribution of individual data points with regard to the association of visual perception,
fine motor, and visual-motor skills with gestational age at birth is shown in Figure 3. Linear regressions
confirmed hypothesis 1, i.e., very preterm children were less skilled in visual perception (β = −0.25;
p = 0.006), fine motor (β = −0.44; p < 0.001), and visual-motor tasks (β = −0.46; p < 0.001) than term-born
controls (Table 2), even after controlling for confounders.

Hypothesis 2 was also confirmed: The risk of clinically significant developmental delay (<−1 SD)
was higher among very preterm children in visual perception (odds ratio (OR) = 3.4; 95% confidence
interval (CI) (1.1–10.6)), fine motor (OR = 6.2 (2.4–16.0)), and visual-motor skills (OR = 13.4; (4.1–43.9))
than in term-born controls (Table 3; also see Figure 3 for details about individual participants scoring
below the clinical cutoff score of 7 in each group). All effects persisted after adjusting for parental
education and child sex.
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Figure 3. Distributions (scatter plot) and simple linear regression lines showing associations of (a) visual
perception, (b) fine motor, and (c) visual-motor skills with gestational age at birth. Notes. Dotted
horizontal lines show each tests’ normed standard scores of 10 (i.e., the baseline mean) and the normed
cutoff scores of 7 (i.e.,−1 standard deviation below the baseline), indicating clinical developmental delay.
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Table 2. Regression analysis investigating effects of very preterm birth, child sex, and parental education on visual perception, fine motor, and visual-motor skills
(n = 120).

Visual Perception Fine Motor Skills Visual-Motor Skills

b 95% CI β p b 95% CI β p b 95% CI β p
Step 1

Very preterm −1.60 −2.68 to −0.52 −0.26 0.004 −2.23 −3.06 to −1.40 −0.44 <0.001 −2.24 −2.99 to −1.49 −0.48 <0.001
Total R2 0.07 0.20 0.23

Step 2
Very preterm −1.53 −2.61 to −0.45 −0.25 0.006 −2.19 −3.02 to −1.37 −0.44 <0.001 −2.17 −2.91 to −1.43 −0.46 <0.001

Female −0.11 −1.21 to 0.99 −0.02 0.841 0.59 −0.26 to 1.42 0.12 0.170 −0.10 −0.86 to 0.66 −0.02 0.793
Education high 0.85 −0.30 to 2.00 0.13 0.147 0.45 −0.43 to 1.33 0.09 0.316 0.91 0.12 to 1.70 0.19 0.025

Total R2

(∆ R2) a
0.09 *
(0.02)

0.21 ***
(0.02)

0.27 ***
(0.04)

Notes. CI = confidence interval; Education = parental education. a Differences between Total R2 and the sums of ∆ R2 are due to rounding; negative regression-coefficients indicate lower
skills, statistical significance of explained variance R2 based on F test. * p < 0.05. *** p < 0.001.

Table 3. Developmental delay (<−1 SD, %, OR) in visual perception, fine motor, and visual-motor skills in very preterm (n = 60) and term children (n = 60).

Very Preterm Term Unadjusted OR (95% CI) Adjusted OR a (95% CI)

Visual perception 23.3 8.3 3.35 (1.12–9.99) 3.45 (1.12–10.64)
Fine motor skills 45.0 11.7 6.20 (2.43–15.83) 6.24 (2.42–16.04)

Visual-motor skills 46.7 6.7 12.25 (3.94–38.08) 13.48 (4.13–44.00)

Notes. SD = standard deviation; OR = odds ratio; CI = confidence interval. a Adjusted for parental education and child sex.
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4. Discussion

This study represents the first combined investigation of group differences between
very preterm-born children and matched term-born controls in visual perception, fine motor,
and visual-motor skills at the age of 5 and 6 years in a recent cohort. Both hypotheses were confirmed:
very preterm children showed statistically significant lower performance (hypothesis 1) and a higher
risk of developmental delays (hypothesis 2) in visual perception, fine motor, and visual-motor skills
than their term-born peers. Group differences remained stable even when controlled for child sex and
parental education.

These findings are in line with existing meta-analyses, where very preterm children showed lower
performance. However, in the current study of infants born in the last decade, effect sizes were higher
in visual perception (d = 0.53 vs. d = 0.42), fine motor (d = 0.98 vs. d = 0.62), and visual-motor skills
(d = 1.1 vs. d = 0.69) than previously reported [9,13,36]. These findings are particularly remarkable
in light of the homogeneous and low-risk characteristics of this cohort of very preterm children.
Accordingly, very preterm birth itself may be regarded as a risk factor for visual perception, fine motor,
and visual-motor skill development. The significant developmental differences found here may
be explained by a narrower age range, homogeneous neurological risk profile, and the inclusion
of a control group compared to previously published pooled meta-analytical data. Furthermore,
there are various methods of assessment for visual-motor skills. The VMI, for instance, reported in the
meta-analysis by Geldof and colleagues [13], includes only the task Copying, whereas the DTVP-2 has
additional subtests. Interestingly, very preterm children showed lower performance in Copying as
measured by VMI, as well as in the subtest Spatial Relationship (by connecting points according to a
template) and in Eye–Hand Coordination (exact guidance of a pen within lines).

In standardised fine motor tests, the duration and number of errors for specific tasks are recorded.
In the current study, very preterm children required on average more time and more trials to complete
a task. Marlow and colleagues supplemented these findings by reporting more associated movements
and dysfunction in posture in very preterm infants compared to controls [10]. It can only be assumed
what consequences these qualitative observations mean for daily life and school situations. Ecologically
valid assessments, including environmental factors of everyday activities, are required to reflect the
relevance of difficulties or developmental delays.

In the present study, the potential confounders child sex and parental education did not have
significant effects on the assessed skills. The impact of sex on the development of special abilities such
as fine motor skills is discussed. In peg board and threading tasks, girls are described as being more
skillful and faster than boys [37], whereas almost no sex differences are known in standardised tests
such as the M-ABC-2 [17,32]. Studies report that lower visual-motor skills are more often found in boys
than in girls [13,37,38]. This may be related to the use of the VMI test, because gender differences were
not taken into account in the test standardisation. In contrast, the German version of the DTVP-2 has
gender-specific normative data with lower requirements for boys, which were applied here and might
explain the nonsignificant effects of gender in the present study. The impact of parental education on
visual perception, fine motor and visual-motor skills, however, has previously not been investigated
and replication of our nonsignificant findings is warranted.

Although there is vast evidence of functional neural aberrations after very preterm birth, the specific
pathogenesis of developmental delay in visual perception, fine motor, and visual-motor skills is not yet
fully understood. Altered brain structures and networks are discussed since MRI imaging, apart from
severe focal lesions, has shown volume reduction of the white and grey matter [39] and reduced
microstructural integrity of the white structure [40,41]. In an explorative study, Bolk and colleagues
described a positive correlation of the precentral gyrus volume at term equivalent age with fine motor
and visual-motor skills in infants born extremely preterm at the age of six years [15]. Furthermore,
fine motor skills were positively correlated with cerebellar and brainstem volume [15], suggesting
that these regions likely play a role in the development of the developmental dimensions investigated
here. In an innovative MRI examination, white matter microstructure was examined by Young et al.
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using Diffusion Tensor Imaging (DTI). They reported higher directed diffusion (fractional anisotropy)
of water molecules parallel to white matter tracts among term-born compared to very preterm children
at the age of six years [40]. Furthermore, a correlation between low fractional anisotropy or low Neurite
Density Index (NDI) and poorer results in intelligence and visual-motor tests in very preterm infants
was reported. The authors described the reduced NDI as a measure of changes in axonal structure as
well as in myelin [40]. This study provides first indications of microstructural alterations in underlying
neuronal networks involved in visual-motor function. Due to resource constraints, there was no
neuroimaging at the time of testing in the present study. However, very preterm children with severe
lesions on neonatal ultrasound scans were excluded.

Very preterm children are at increased risk for various disorders and lower academic achievement
compared to their healthy term-born peers [42,43]. Disorders of visual perception, fine motor,
and visual-motor skills usually become evident in middle childhood, in a formal school context,
when specific demands arise and differences between classmates become apparent. In particular,
the relevance of visual-motor skills increases rapidly in the first year of school due to the critical
acquisition of handwriting skills [12,44]. Furthermore, fine motor and visual-motor tasks play a major
role in school and take up 31% to 60% of everyday school life [45]. For the recognition and reading
of letters, visual perception plays an essential role. Studies of very preterm children at school have
shown that low visual perception performance correlates with poor reading skills [46,47]. Therefore,
early identification of children at risk for delays may open a time window for intervention before
school entry. However, there is currently no specific intervention with proven efficacy due to the lack
of valid, randomised controlled studies in preschool populations [16]. Future research should not only
investigate associations between visual perception, fine motor, and visual-motor skills, but also focus
on the evaluation of specific interventions and their potential long-term effects.

Strengths of the current study are a homogeneous cohort of low-risk very preterm children born
post-2010, the combined investigation of visual perception, fine motor, and visual-motor skills and
controlling of results for the confounders parental education and child sex. Previous studies did not
investigate all three skills simultaneously, thus lacking documentation of a complete developmental
profile, or they did not include a control group [8,9,13,15]. However, there are also limitations.
The current results may be affected by a high rate of families not responding to the study invitation,
maybe due to frequent moves in an urban area, and the semi-structured recruitment of term-born
children. The families who agreed to participate may thus be of higher socioeconomic status than
representative for the study catchment area, also indicated by the absence of parents with low
educational levels. Nevertheless, parental education did not differ between groups; therefore, only a
small bias is assumed for the size of this effect, possibly an underestimation due to limited variance.
In addition to differences in parental education, children’s daily screen times and use of smartphones or
tablets might have an effect on fine motor and visual-motor skills in typically developing children [48]
and may be addressed in future studies. Due to time and cost constraints, the protocol did not include
neuroimaging; therefore, the current study cannot expand the knowledge about association between
developmental delay and cerebral changes. It seems reasonable to investigate various brain network
structures, e.g., in functional MRI studies, in order to identify protective and disruptive factors. Finally,
we were not able to measure parental support in drawing, manual dexterity and visual perception.

In conclusion, very preterm children had lower skills and higher rates of developmental delay
in visual perception, fine motor, and visual-motor skills than term-born controls. Children with
such difficulties may show tense finger postures, require more time to complete daily fine motor
activities, and have to focus on motor performance at the expense of cognitive function. Future research
should focus on the underlying mechanisms of visual perception, fine motor, and visual-motor skills,
their potential precursors, and the particular importance of handwriting skills. Timely evidence-based
interventions need to be developed and evaluated for effectiveness.



Children 2020, 7, 276 10 of 12

Author Contributions: Conceptualisation, A.-K.D., J.J., U.F.-M., and B.M.H.; methodology, A.-K.D., J.J., and B.M.H.;
validation, J.J. and B.M.H.; formal analysis, A.-K.D., J.J., and B.M.H.; investigation, A.-K.D., J.F., T.H., and B.M.H.;
resources, J.F., T.H., U.F.-M., and B.M.H.; data curation, A.-K.D., J.J., and B.M.H.; writing—original draft
preparation, A.-K.D., J.J., and B.M.H.; writing—review and editing, A.-K.D., J.J., J.F., T.H., U.F.-M., and B.M.H.;
visualisation, A.-K.D., J.J., and B.M.H.; supervision, J.J., U.F.-M., and B.M.H.; project administration, A.-K.D.;
funding acquisition, B.M.H. and U.F.-M. Each author listed has approved the manuscript in the current form.
All authors are accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved. A.-K.D., B.M.H., and J.J. have complete
access to the study data that support the publication. All authors have read and agreed to the published version
of the manuscript.

Funding: B.M.H. has received a travel grant to visit the jENS Meeting in Maastricht, Netherlands, by Chiesi
GmbH. The APC was funded by the University Hospital Essen, University of Duisburg-Essen, Germany.

Acknowledgments: We thank Dagmar Timmann-Braun for her advice on neurological examinations, Hemmen
Sabir and Janika Stein for their support during recruitment. Special thanks go to study participants and their families.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or in the decision to
publish the results.

References

1. Pierrat, V.; Marchand-Martin, L.; Arnaud, C.; Kaminski, M.; Resche-Rigon, M.; Lebeaux, C.; Bodeau-Livinec, F.;
Morgan, A.S.; Goffinet, F.; Marret, S.; et al. Neurodevelopmental outcome at 2 years for preterm children
born at 22 to 34 weeks’ gestation in France in 2011: EPIPAGE-2 cohort study. BMJ 2017, 358, j3448. [CrossRef]
[PubMed]

2. Santhakumaran, S.; Statnikov, Y.; Gray, D.; Battersby, C.; Ashby, D.; Modi, N. Survival of very preterm infants
admitted to neonatal care in England 2008–2014: time trends and regional variation. Arch. Dis. Child. Fetal
Neonatal Ed. 2018, 103, F208–F215. [CrossRef] [PubMed]

3. Van Haastert, I.C.; Groenendaal, F.; Uiterwaal, C.S.P.; Termote, J.U.; Van Der Heide-Jalving, M.;
Eijsermans, M.J.; Gorter, J.W.; Helders, P.J.M.; Jongmans, M.J.; De Vries, L.S. Decreasing Incidence and
Severity of Cerebral Palsy in Prematurely Born Children. J. Pediatr. 2011, 159, 86–91.e1. [CrossRef] [PubMed]

4. Potharst, E.S.; Van Wassenaer, A.G.; Houtzager, B.A.; Van Hus, J.W.; Last, B.F.; Kok, J.H. High Incidence
of Multi-Domain Disabilities in Very Preterm Children at Five Years of Age. J. Pediatr. 2011, 159, 79–85.
[CrossRef] [PubMed]

5. Woodward, L.J.; Clark, C.A.C.; Bora, S.; Inder, T.E. Neonatal White Matter Abnormalities an Important
Predictor of Neurocognitive Outcome for Very Preterm Children. PLoS ONE 2012, 7, e51879. [CrossRef]
[PubMed]

6. Løhaugen, G.C.C.; Gramstad, A.; I Evensen, K.A.; Martinussen, M.; Lindqvist, S.; Indredavik, M.; Vik, T.;
Brubakk, A.-M.; Skranes, J. Cognitive profile in young adults born preterm at very low birthweight. Dev. Med.
Child Neurol. 2010, 52, 1133–1138. [CrossRef]

7. Twilhaar, E.S.; Wade, R.M.; De Kieviet, J.F.; Van Goudoever, J.B.; Van Elburg, R.M.; Oosterlaan, J. Cognitive
Outcomes of Children Born Extremely or Very Preterm Since the 1990s and Associated Risk Factors.
JAMA Pediatr. 2018, 172, 361–367. [CrossRef]

8. Bos, A.F.; van Braeckel, K.N.J.A.; Hitzert, M.M.; Tanis, J.C.; Roze, E. Development of fine motor skills in
preterm infants. Dev. Med. Child Neurol. 2013, 55 (Suppl. 4), 1–4. [CrossRef]

9. De Kieviet, J.F.; Piek, J.P.; Aarnoudse-Moens, C.S.; Oosterlaan, J. Motor development in very preterm and
very low-birth-weight children from birth to adolescence: A meta-analysis. JAMA 2009, 302, 2235–2242.
[CrossRef]

10. Marlow, N.; Hennessy, E.M.; Bracewell, M.A.; Wolke, D. Motor and executive function at 6 years of age after
extremely preterm birth. Pediatrics 2007, 120, 793–804. [CrossRef]

11. Pritchard, V.E.; Bora, S.; Austin, N.C.; Levin, K.J.; Woodward, L.J. Identifying very preterm children at
educational risk using a school readiness framework. Pediatrics 2014, 134, e825–e832. [CrossRef] [PubMed]

12. Feder, K.P.; Majnemer, A. Handwriting development, competency, and intervention. Dev. Med. Child Neurol.
2007, 49, 312–317. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/bmj.j3448
http://www.ncbi.nlm.nih.gov/pubmed/28814566
http://dx.doi.org/10.1136/archdischild-2017-312748
http://www.ncbi.nlm.nih.gov/pubmed/28883097
http://dx.doi.org/10.1016/j.jpeds.2010.12.053
http://www.ncbi.nlm.nih.gov/pubmed/21367430
http://dx.doi.org/10.1016/j.jpeds.2010.12.055
http://www.ncbi.nlm.nih.gov/pubmed/21349538
http://dx.doi.org/10.1371/journal.pone.0051879
http://www.ncbi.nlm.nih.gov/pubmed/23284800
http://dx.doi.org/10.1111/j.1469-8749.2010.03743.x
http://dx.doi.org/10.1001/jamapediatrics.2017.5323
http://dx.doi.org/10.1111/dmcn.12297
http://dx.doi.org/10.1001/jama.2009.1708
http://dx.doi.org/10.1542/peds.2007-0440
http://dx.doi.org/10.1542/peds.2013-3865
http://www.ncbi.nlm.nih.gov/pubmed/25113296
http://dx.doi.org/10.1111/j.1469-8749.2007.00312.x
http://www.ncbi.nlm.nih.gov/pubmed/17376144


Children 2020, 7, 276 11 of 12

13. Geldof, C.J.A.; van Wassenaer, A.G.; de Kieviet, J.F.; Kok, J.H.; Oosterlaan, J. Visual perception and
visual-motor integration in very preterm and/or very low birth weight children: A meta-analysis.
Res. Dev. Disabil. 2012, 33, 726–736. [CrossRef] [PubMed]

14. Jaekel, J.; Baumann, N.; Wolke, D. Effects of gestational age at birth on cognitive performance: A function of
cognitive workload demands. PLoS ONE 2013, 8, e65219. [CrossRef] [PubMed]

15. Bolk, J.; Padilla, N.; Forsman, L.; Broström, L.; Hellgren, K.; Åden, U. Visual-motor integration and fine
motor skills at 6 1

2 years of age and associations with neonatal brain volumes in children born extremely
preterm in Sweden: A population-based cohort study. BMJ Open 2018, 8, e020478. [CrossRef]

16. Kadar, M.; Wan Yunus, F.; Tan, E.; Chai, S.C.; Razaob Razab, N.A.; Mohamat Kasim, D.H. A systematic
review of occupational therapy intervention for handwriting skills in 4–6 year old children. Aust. Occup.
Ther. J. 2019, 67, 1–10. [CrossRef]

17. Kokštejn, J.; Musálek, M.; Tufano, J.J. Are sex differences in fundamental motor skills uniform throughout
the entire preschool period? PLoS ONE 2017, 12, e0176556. [CrossRef]

18. Maeda, Y.; Yoon, S.Y. A meta-analysis on gender differences in mental rotation ability measured by the
Purdue Spatial Visualization Tests: Visualization of Rotations (PSVT:R). Educ. Psychol. Rev. 2013, 25, 69–94.
[CrossRef]

19. Peyre, H.; Hoertel, N.; Bernard, J.Y.; Rouffignac, C.; Forhan, A.; Taine, M.; Heude, B.; Ramus, F.
EDEN Mother—Child Cohort Study Group. Sex differences in psychomotor development during the
preschool period: A longitudinal study of the effects of environmental factors and of emotional, behavioral,
and social functioning. J. Exp. Child Psychol. 2019, 178, 369–384. [CrossRef]

20. Josman, N.; Abdallah, T.M.; Engel-Yeger, B. A comparison of visual-perceptual and visual-motor skills
between Palestinian and Israeli children. Am. J. Occup. Ther. 2006, 60, 215–225. [CrossRef]

21. Goyen, T.-A.; Lui, K. Developmental coordination disorder in "apparently normal" schoolchildren born
extremely preterm. Arch. Dis. Child 2009, 94, 298–302. [CrossRef] [PubMed]

22. Volpe, J.J. (Ed.) Volpe’s Neurology of the Newborn, 6th ed.; Elsevier: Philadelphia, PA, USA, 2018; p. 1189,
ISBN 9780323428767.

23. Jobe, A.H. The new bronchopulmonary dysplasia. Curr. Opin. Pediatr. 2011, 23, 167–172. [CrossRef]
[PubMed]

24. Evans, N. Diagnosis of patent ductus arteriosus in the preterm newborn. Arch. Dis. Child 1993, 68, 58–61.
[CrossRef] [PubMed]

25. Goldstein, B.; Giroir, B.; Randolph, A. International pediatric sepsis consensus conference: Definitions for
sepsis and organ dysfunction in pediatrics. Pediatr. Crit. Care Med. 2005, 6, 2–8. [CrossRef] [PubMed]

26. Quinn, G.E. The international classification of retinopathy of prematurity revisited. Arch. Ophthalmol. 2005,
123, 991–999. [CrossRef]

27. ISCED. International Standard Classification of Education: ISCED 2011; UNESCO Institute for Statistics: Montreal,
QC, Canada, 2012; p. 84. ISBN 978-92-9189-123-8.

28. Büttner, G.; Dacheneder, W.; Schneider, W.; Weyer, K. Frostigs Test der Visuellen Wahrnehmung—2 (FEW-2);
Hogrefe: Göttingen, Germany, 2008.

29. Hammill, D.D.; Pearson, N.A.; Voress, J.K. Developmental Test of Visual Perception, 2nd ed.; Pro-Ed: Austin, TX,
USA, 1993.

30. Brown, T.; Hockey, S.C. The validity and reliability of developmental test of visual perception-2nd edition
(DTVP-2). Phys. Occup. Ther. Pedaitr. 2013, 33, 426–439. [CrossRef]

31. Beery, K.E.; Buktenica, N.A.; Beery, N.A. The Beery-Buktenica Developmental Test of Visual-Motor Integration:
Administration, Scoring and Teaching Manual, 6th ed.; Pearson: Minneapolis, MN, USA, 2010.

32. Petermann, F.; Bös, K.; Kastner, J. Movement Assessment Battery for Children-2: (Movement ABC-2);
deutschsprachige Adaptation nach S. E. Henderson, D. A. Sudgen und A. L. Barnett; Manual. 2nd ed.
Frankfurt am Main: Pearson Assessment & Information. 2009; 177p, ISBN 978-3-9812353-2-6.

33. Henderson, S.E.; Sugden, D.A.; Barnett, A.L.; Smits-Engelsman, B. Movement Assessment Battery for Children-2,
2nd ed.; The Psychological Corporation: London, UK, 2007.

34. Slater, L.M.; Hillier, S.L.; Civetta, L.R. The clinimetric properties of performance-based gross motor tests
used for children with developmental coordination disorder: A systematic review. Pediatr. Phys. Ther. 2010,
22, 170–179. [CrossRef]

http://dx.doi.org/10.1016/j.ridd.2011.08.025
http://www.ncbi.nlm.nih.gov/pubmed/22115913
http://dx.doi.org/10.1371/journal.pone.0065219
http://www.ncbi.nlm.nih.gov/pubmed/23717694
http://dx.doi.org/10.1136/bmjopen-2017-020478
http://dx.doi.org/10.1111/1440-1630.12626
http://dx.doi.org/10.1371/journal.pone.0176556
http://dx.doi.org/10.1007/s10648-012-9215-x
http://dx.doi.org/10.1016/j.jecp.2018.09.002
http://dx.doi.org/10.5014/ajot.60.2.215
http://dx.doi.org/10.1136/adc.2007.134692
http://www.ncbi.nlm.nih.gov/pubmed/18838419
http://dx.doi.org/10.1097/MOP.0b013e3283423e6b
http://www.ncbi.nlm.nih.gov/pubmed/21169836
http://dx.doi.org/10.1136/adc.68.1_Spec_No.58
http://www.ncbi.nlm.nih.gov/pubmed/8439203
http://dx.doi.org/10.1097/01.PCC.0000149131.72248.E6
http://www.ncbi.nlm.nih.gov/pubmed/15636651
http://dx.doi.org/10.1001/archopht.123.7.991
http://dx.doi.org/10.3109/01942638.2012.757573
http://dx.doi.org/10.1097/PEP.0b013e3181dbeff0


Children 2020, 7, 276 12 of 12

35. Piek, J.P.; Hands, B.; Licari, M.K. Assessment of motor functioning in the preschool period. Neuropsychol. Rev.
2012, 22, 402–413. [CrossRef]

36. Geldof, C.J.; Oosterlaan, J.; Vuijk, P.J.; de Vries, M.J.; Kok, J.H.; van Wassenaer-Leemhuis, A.G. Visual sensory
and perceptive functioning in 5-year-old very preterm/very-low-birthweight children. Dev. Med. Child Neurol.
2014, 56, 862–868. [CrossRef]

37. Jenni, O. Wie Kinder die Welt abbilden—und was man daraus folgern kann. Pädiatrie Up2date 2013, 8,
227–253. [CrossRef]

38. Bolk, J.; Fredriksson Kaul, Y.; Hellström-Westas, L.; Stjernqvist, K.; Padilla, N.; Serenius, F.; Hellgren, K.;
Åden, U. National population-based cohort study found that visual-motor integration was commonly affected
in extremely preterm born children at six-and-a-half years. Acta Paediatr. 2018, 107, 831–837. [CrossRef]
[PubMed]

39. Karolis, V.R.; Froudist-Walsh, S.; Kroll, J.; Brittain, P.J.; Tseng, C.J.; Nam, K.; Reinders, A.A.T.S.; Murray, R.M.;
Williams, S.C.R.; Thompson, P.M. Volumetric grey matter alterations in adolescents and adults born very
preterm suggest accelerated brain maturation. Neuroimage 2017, 163, 379–389. [CrossRef] [PubMed]

40. Young, J.M.; Vandewouw, M.M.; Mossad, S.I.; Morgan, B.R.; Lee, W.; Smith, M.L.; Sled, J.G.; Taylor, M.J. White
matter microstructural differences identified using multi-shell diffusion imaging in six-year-old children
born very preterm. Neuroimage Clin. 2019, 23, 1–9. [CrossRef] [PubMed]

41. Kelly, C.E.; Thompson, D.K.; Chen, J.; Leemans, A.; Adamson, C.L.; Inder, T.E.; Cheong, J.L.Y.; Doyle, L.W.;
Anderson, P.J. Axon density and axon orientation dispersion in children born preterm. Hum. Brain Mapp.
2016, 37, 3080–3102. [CrossRef] [PubMed]

42. Wolke, D.; Baumann, N.; Busch, B.; Bartmann, P. Very preterm birth and parents’ quality of life 27 years later.
Pediatrics 2017, 140, 1–8. [CrossRef]

43. Mulder, H.; Pitchford, N.J.; Marlow, N. Processing speed and working memory underlie academic attainment
in very preterm children. Arch. Dis. Child Fetal Neonatal Ed. 2010, 95, F267–F272. [CrossRef]

44. Blöte, A.W.; Hamstra-Bletz, L. A longitudinal study on the structure of handwriting. Percept. Mot. Skills
1991, 72, 983–994. [CrossRef]

45. McHale, K.; Cermak, S.A. Fine motor activities in elementary school: Preliminary findings and provisional
implications for children with fine motor problems. Am. J. Occup. Ther. 1992, 46, 898–903. [CrossRef]

46. Perez-Roche, T.; Altemir, I.; Giménez, G.; Prieto, E.; González, I.; Peña -Segura, J.L.; Castillo, O.; Pueyo, V.
Effect of prematurity and low birth weight in visual abilities and school performance. Res. Dev. Disabil. 2016,
59, 451–457. [CrossRef]

47. Leung, M.P.; Thompson, B.; Black, J.; Dai, S.; Alsweiler, J.M. The effects of preterm birth on visual development.
Clin. Exp. Optom. 2018, 101, 4–12. [CrossRef]

48. Dadson, P.; Brown, T.; Stagnitti, K. Relationship between screen-time and hand function, play and sensory
processing in children without disabilities aged 4-7 years: A exploratory study. Aust. Occup. Ther. J. 2020, 67,
297–308. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s11065-012-9211-4
http://dx.doi.org/10.1111/dmcn.12404
http://dx.doi.org/10.1055/s-0032-1326475
http://dx.doi.org/10.1111/apa.14231
http://www.ncbi.nlm.nih.gov/pubmed/29356073
http://dx.doi.org/10.1016/j.neuroimage.2017.09.039
http://www.ncbi.nlm.nih.gov/pubmed/28942062
http://dx.doi.org/10.1016/j.nicl.2019.101855
http://www.ncbi.nlm.nih.gov/pubmed/31103872
http://dx.doi.org/10.1002/hbm.23227
http://www.ncbi.nlm.nih.gov/pubmed/27133221
http://dx.doi.org/10.1542/peds.2017-1263
http://dx.doi.org/10.1136/adc.2009.167965
http://dx.doi.org/10.2466/pms.1991.72.3.983
http://dx.doi.org/10.5014/ajot.46.10.898
http://dx.doi.org/10.1016/j.ridd.2016.10.002
http://dx.doi.org/10.1111/cxo.12578
http://dx.doi.org/10.1111/1440-1630.12650
http://www.ncbi.nlm.nih.gov/pubmed/32003027
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Standard Protocol Approvals and Patient Consents 
	Clinical Characteristics 
	Parental Education 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	References

