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Development of fine motor skills in preterm infants
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for Children

Fine motor skills are related to functioning in daily life and at school. We reviewed the
status of knowledge, in preterm children, on the development of fine motor skills, the
relation with gross motor skills, and risk factors for impaired fine motor skills.
We searched the past 15 years in PubMed, using [‘motor skills’ or ‘fine motor function’ and
‘preterm infant’] as the search string. Impaired gross and fine motor skills are among the
most frequently occurring problems encountered by preterm children who do not develop
cerebral palsy.
The prevalence is around 40% for mild to moderate impairment and 20% for moderate
impairment. Fine motor skill scores on the Movement Assessment Battery for Children are
about 0.62 of a standard deviation lower compared with term children. Risk factors for fine
motor impairments include moderately preterm birth (odds ratio [OR] 2.0) and, among very
preterm children (<32wk gestation), intra-uterine growth restriction (ORs 2–3), inflammatory
conditions (late-onset sepsis and necrotizing enterocolitis, ORs 3–5), and dexamethasone
therapy for bronchopulmonary dysplasia (OR 2.7).
A better understanding of factors that play a role in the development of and recovery from
brain injury could guide future intervention attempts aimed at improving fine motor skills of
preterm children.

Survival rates of preterm infants have improved during recent
decades, and this tendency is continuing. During the same period,
the prevalence of major impairments has remained relatively con-
stant or even decreased,1 but the prevalence of milder dysfunc-
tions is high,2,3 with a tendency to increase.4,5 This mainly
appears to be the result of the increased survival of very preterm
infants (gestational age <32wk), although more sensitive testing
may also play a role.5

Cognitive, behavioural, and mild motor problems without
major motor deficits are by now the most dominant neurodevel-
opmental sequelae in children born preterm, with prevalences
reported up to 50 to 70%.5 These ‘high prevalence, low severity’
impairments often do not occur in isolation and may considerably
hamper the children’s functional abilities in daily life.6,7

Among the most frequently occurring problems encountered by
preterm children who do not develop cerebral palsy (CP), are
impaired gross and fine motor skills.2,4 Because particularly fine
motor skills are related to adequate functioning in daily life and at
school, our aim was to review the current status of knowledge, in
preterm children, on the development of fine motor skills, the rela-
tion with gross motor skills, and risk factors for impaired fine motor
skills. To this end, we searched PubMed for relevant articles.

Impairments in fine motor skills may hamper various aspects of
daily functioning such as getting dressed, lacing shoes, eating, and
writing. In preterm children without CP, it has been shown that
poor fine motor skills affect the learning of writing skills.8 During
school time, children spend 30 to 60% of the day performing fine
motor tasks.9 Not surprisingly, impaired fine motor skills have a
negative influence on school performance and academic achieve-
ment.10

METHOD
Selection of articles
We searched PubMed for all articles from the past 15 years, using
the combination [‘motor skill’ or ‘fine motor function’ and ‘pre-
term infant’] as search string. We limited our search to articles in
English, with age ranges of the children between 1 month and
12 years. This revealed 231 articles. Based on title and abstract,
we selected 52 articles fitting our aim. We selected an additional
21 articles by checking the references of these articles. As far as
possible we tried to select those studies excluding children with
CP, to limit our discussion on the findings on fine motor skills in
children without CP. In some articles, however, it was not clear
whether children with CP were included or not. Even so, if
children with CP were included in these studies, they would only
have changed the prevalences slightly. Children with CP make up
5 to 10% of preterm cohorts;1 those with severe CP are often
excluded from testing or were not able to perform the tests.
Thus, if our prevalences are overestimations, then they are only
slightly so.

Tests to assess fine motor skills at school age
Here, we review the way in which most clinically and epidemio-
logically oriented studies assess fine motor function. Assessing fine
motor skills accurately is a challenge, because many fine motor
tasks require not only manual abilities but also appropriate
perceptual skills, motor planning, as well as intact and rapid tac-
tile, kinaesthetic, and visual feedback information processing for
bilateral visual–motor coordination.10 These skills are often not
measured separately and therefore cannot be accounted for when
interpreting fine motor skill test results.
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Currently, the Movement Assessment Battery for Children
(MABC)11 is the most widely used test to investigate fine motor
skills at school age in preterm children.4 The MABC is a test bat-
tery assessing fine motor skills (manual dexterity), balance, and ball
skills. For each of these domains, there are multiple subtests. Fine
motor skills are assessed using two subtests of speed and accuracy
of finger movements, for example inserting pegs in a pegboard or
screwing a screw on a bolt, and one subtest of accuracy, for exam-
ple drawing a line between two closely positioned lines forming a
flower. Another frequently used test is the Bruininks–Oseretsky
Test of Motor Proficiency (BOTMP),12 which assesses a broad
array of skills involving fine manual control, for example cutting
out a circle and connecting dots, and manual coordination, for
example transferring pennies and stringing blocks. Finally, the Jeb-
sen Hand Function Test13 is widely used in rehabilitation research.
This test consists of seven timed subtests such as writing, turning
over cards, and picking up light and heavy objects.

RESULTS
Prevalence of fine motor impairments
The prevalence of motor skill impairment (i.e. both gross and fine
motor skills) in very preterm children without CP is estimated
around 40% for mild and moderate impairment (defined as <15th
centile [<P15] on standardized tests, e.g. the MABC) and 20% for
moderate impairment (defined as <5th centile [<P5]).4 This is sev-
eral times more than in typically developing children, because P15
and P5 represent at least 15% and 5% of the population of typically
developing children having a mild and moderate motor impairment
respectively. Mild impairments may affect a wide array of activities
of daily functioning, and a close relation exists between motor skill
impairment (<P15 on the MABC) and developmental coordination
disorder.14 A recent meta-analysis of 41 studies on motor develop-
ment in very preterm children, born with a gestational age younger
than 32 weeks, reported that effect sizes of impairment of motor
skills are approximately 0.57 to 0.88 of a standard deviation for the
MABC and 0.51 to 0.94 for the BOTMP.2

Gross motor and fine motor skills are more or less equally
affected, with scores on the MABC being 0.62 of a standard devi-
ation lower for fine motor skills, 0.77 lower for balance skills, and
0.34 lower for ball skills.2 For the subscales of the BOTMP, fine
motor skills were slightly more affected than gross motor skills,
with 0.86 of a standard deviation lower for fine motor skills, and
0.53 for gross motor skills.2

Specific risk factors for impaired fine motor skills at
school age in very preterm infants
Most studies have reported on outcomes of very preterm children.
Among these children, several studies have reported on risk fac-
tors being associated with an increased prevalence of in particular
fine motor skill impairments at school age. These risk factors
include intra-uterine growth restriction,15,16 severe infections,17–19

and bronchopulmonary dysplasia.20–22

Intra-uterine growth restriction
Intra-uterine growth restriction has long been identified as a risk
factor for a wide variety of developmental problems in term and
preterm children.23 In particular, children born very preterm with
intra-uterine growth restriction are at increased risk, not only for
motor problems but also for behavioural and cognitive impair-
ments.15,16 Recently, it has been reported that the prevalence of
fine motor impairments (using the MABC <P15 as a cut-off point)

is increased in very preterm children with growth restriction com-
pared with non-growth-restricted preterm children (68% vs 43%;
Fig. 1a).16 Of the motor domains, only fine motor skills were
affected.17 Intra-uterine growth restriction increases the risk of fine
motor skill impairments, with raw and adjusted ORs around 2 to
3. The prevalence of motor skill impairments, however, is high in
both groups, as very preterm birth in itself is associated with poor
motor skills. Apart from fine motor skills, attention appeared to be
the only other neuropsychological domain that is affected more in
very preterm children with intra-uterine growth restriction.16

Infections and necrotizing enterocolitis
Inflammatory conditions during the preterm period, such as those
present during severe infections and necrotizing enterocolitis,
have recently been identified as risk factors for impaired motor,
cognitive, and developmental outcomes in very preterm
infants.17,24 Again, fine motor skills in particular seem to be more
affected in these children. In a recent case–control study of late-
onset sepsis in very preterm infants, van der Ree et al.19 reported
an increased prevalence of impaired outcomes on several domains
compared with gestational age-matched comparison infants,
including intelligence, attention, motor skills, and verbal memory.
Motor skills, particularly fine motor skills, are impaired, with the
prevalence being 68% compared with 28% in comparison infants
(Fig. 1b). Similar findings were reported by Roze et al.18 in a
case–control study of preterm children with necrotizing enteroco-
litis or intestinal perforation. Domains that showed an increased
prevalence of impairments in these children included intelligence,
attention, visual perception, and motor skills. The prevalence of
impaired fine motor skills is 60% in children with necrotizing
enterocolitis or intestinal perforation, and 33% in preterm com-
parison children (Fig. 1c). These inflammatory conditions thus
lead to a considerable increased risk of impairment of fine motor
skills, with ORs between 3 and more than 5.18,19 These studies
suggest a relation between abnormal outcomes and white matter
injury due to an inflammatory response.17

Bronchopulmonary dysplasia and dexamethasone
treatment
Bronchopulmonary dysplasia is a well-known risk factor for
impaired cognitive and motor development in very preterm
children.20 It has been reported that impaired fine motor skills
are related to the severity of bronchopulmonary dysplasia,
reflected in the duration of oxygen treatment.21 Treatment with
systemic corticosteroids of children with bronchopulmonary
dysplasia, in particular dexamethasone, is another risk factor for
development of severe motor disorders such as CP.25 Recently,
data have been presented on a case–control study of preterm
children with bronchopulmonary dysplasia who had been treated
with dexamethasone.22 Domains affected in these children
included intelligence and motor skills. The prevalence of fine
motor skill impairments was 72% in children treated with dexa-

What this paper adds
• Preterm infants, even those born moderately preterm, are at risk of impaired

fine motor development.

• In very preterm infants, the prevalence of fine motor skill impairments is
between 40% and 60% for mild to moderate impairment.

• Risk factors include intra-uterine growth restriction, inflammatory conditions,
and bronchopulmonary dysplasia.

• Future studies should focus on intervention strategies, through understanding
of factors involved in the pathogenesis of and recovery from brain injury.
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methasone, and 55% in matched comparison children
(Fig. 1d).22 Compared with the control group, treatment with
dexamethasone increased the risk of fine motor impairment (OR
2.7), but the significance was lost after adjustment for broncho-
pulmonary dysplasia. These data, therefore, suggest that illness
severity, including bronchopulmonary dysplasia, may pose an
additional risk for impaired fine motor outcomes, beyond that of
dexamethasone treatment.

Moderately preterm birth as risk factor for impaired fine
motor skills
For moderately preterm birth (32–36wk gestation), evidence is
emerging that the risk of developmental problems is increased.26

Using the Ages and Stage Questionnaire (ASQ), filled out by
parents at the age of 4 years, Kerstjens et al.26 demonstrated a
twofold increased risk for an abnormal total score on the ASQ
(adjusted OR 2.1). For the motor domains of the ASQ, both
moderately and very preterm children had increased risks of
fine motor problems compared with term children (ORs 2.0 and

3.6, respectively). Moderately preterm children, however, did not
have a greater risk of problems with gross motor functioning (OR
1.3), whereas very preterm children did (OR 3.5).26 Apparently,
fine motor skills are more vulnerable than gross motor skills, at
least for birth within the moderately preterm gestational age range.
It has to be noted that lower scores on the ASQ suggest motor
impairment, but do not necessarily ascertain that it is actually pres-
ent. Thus, more observational studies are needed to confirm these
findings. In fact, a follow-up study of this cohort was unable to find
differences anymore, testing the children at 7 years using the
MABC.27

Pathogenesis
The pathogenesis of fine motor impairments in preterm infants
is gradually being elucidated. Global, diffuse white matter injury
is the most common type of brain injury in the preterm
infant.24 Pre-oligodendrocytes are the principal cellular target in
cerebral white matter injury leading to this type of brain injury
and subsequently to impairment in motor functioning in pre-
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Figure 1: Distribution of motor outcomes according to the Movement Assessment Battery for Children of very preterm children with various complications versus a
matched comparison group (CG); *p<0.05, unadjusted for confounders. Groups were as follows: (a) very preterm children born small for gestational age (SGA, n=28)
versus a very preterm comparison group (CG, n=28); (b) very preterm children with late-onset sepsis (SPS, n=31) versus very preterm children without sepsis (CG, n=18);
(c) preterm children with necrotizing enterocolitis or intestinal perforation (NEC, n=51) versus a preterm comparison group (CG, n=31); (d) very preterm children at risk of
bronchopulmonary dysplasia, treated with dexamethasone (DXA, n=45) versus a very preterm comparison group (CG, n=49). P, centile.
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term infants. This accounts for both gross and fine motor skills.
Primary injury to pre-oligodendrocytes relates to a confluence
of maturation-dependent characteristics that render these cells
vulnerable to two principal upstream mechanisms: hypoxia–
ischemia and systemic infection or inflammation.17 These
upstream mechanisms converge on three interacting downstream
mechanisms: microglial activation, excitotoxicity, and, ultimately,
free radical attack, which contribute to neuronal damage. As
every preterm infant is subjected to various degrees of hypoxia–
ischemia and inflammation, and because particularly fine motor
behaviour requires an integrated, highly efficient brain network
to feed online sensory information from multiple sensory cortic-
es to the motor cortex rapidly, the preterm child’s increased
susceptibility to white matter damage may easily affect the
development of such networks. This may explain why the rate
of these ‘low severity’ impairments in fine motor skills is so
high. Specific types of brain injury, such as haemorrhages and
ischemic lesions, which affect the motor cortex and corticospi-
nal tract, may further contribute to impairments in fine motor
networks.24

Finally, preterm children often exhibit impairments in multiple
developmental domains such as executive functions, visual percep-
tion, and visual–spatial information processing.7 This complex
neurocognitive profile of comorbidities in multiple domains may
further worsen performance of fine motor tasks in daily life.

CONCLUSIONS AND IMPLICATIONS FOR PRACTICE
The prevalence of fine motor skill impairments in very preterm
infants lies between 40 and 60%, with scores on standardized

tests approximately two-thirds of a standard deviation lower than
the norm population. Preterm infants (even those who are born
after 32wk gestation) are at risk for impaired motor develop-
ment. Additional risk factors for impaired fine motor skills in
these children include intra-uterine growth restriction, inflamma-
tory conditions, and bronchopulmonary dysplasia. A better
understanding of factors that play a role in the development and
recovery from brain injury could guide future prevention and
intervention attempts aimed at improving motor skills of pre-
term children. Prevention of moderately preterm birth, intra-
uterine growth restriction, inflammatory conditions, and bron-
chopulmonary dysplasia is pivotal. Potential therapeutic interven-
tions to improve outcome include strategies providing
neuroprotection, neural recovery, or neurogenesis by means of
cerebral plasticity. They can be deployed at a neurobiological
level such as administrating anti-inflammatory and anti-apoptotic
drugs, growth factors, and hypothermia in the early neonatal
period after perinatal brain injury. Additionally, numerous stud-
ies have developed a variety of intervention strategies at a func-
tional level. Examples are interventions on handwriting skills in
children with fine motor impairments that show encouraging
results.10 Future research should investigate which newborn
infants at risk for adverse outcome will benefit most from these
intervention strategies, which aspects of the different programs
are most effective, and how these programmes can be imple-
mented cost-effectively.
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