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Abstract

Although much of children’s motor skills have a heredity component, at least half of the variance
is likely to be influenced by the environment It is important to ascertain features of the
environment that are responsible so that toxins can be avoided, children at risk can be identified
and beneficial interventions initiated. This review outlines the results of published studies and
recommends the areas where further research is required. We found much confusion with little
comparability concerning the ages or measures used. Few studies had sufficient power and few
allowed for confounders. We found that research to date implicates associations with prenatal
drinking =4 drinks of alcohol per day; diabetes; taking antidepressant drugs; being deficient in
iodine or iron; dietary fish; and postnatal depression. The child appearing to be most at risk was
born of low birth weight (but not due to preterm delivery); or with neonatal problems.
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Introduction

There is growing interest in the importance of child development on the life chances of
young people as they grow to adulthood.12 The importance of early physical and cognitive
development on the individual have been highlighted within the Marmot review, “Fair
Society, Healthy Lives”.3 Dyson and colleagues concluded that early childhood
development strongly influences many aspects of wellbeing progressing into adulthood
including mental health, heart disease, competence in literacy and numeracy, criminality,
and economic participation throughout life.*

Although considerable attention is paid to mental development, including features of speech
and vocabulary, attention and memory, and other cognitive measures, development of motor
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skills tends to be neglected throughout childhood. Severe motor coordination difficulties can
affect activities of daily living resulting in a diagnosis of developmental coordination
disorder, which is associated with significant difficulties in other developmental domains,
including mental health and educational attainment.>~" Early detection of a delay in motor
development, whether of gross or fine motor skills, or of specific abnormalities can be of
benefit to the child and family so that investigations can be undertaken and appropriate help
given.8 Even more useful would be the identification of factors that may be responsible for
poor motor skills, so that primary preventive actions can be initiated.

In this paper we concentrate on the features that have been highlighted in the literature as
being associated with motor skills as broadly defined. We do not consider cerebral palsy, or
balance as a number of reviews have considered these.>1 Nor do we consider specific
syndromes. Rather we concentrate on factors associated with motor skills in general.

General features of motor skills

Timing—The development of features of the human brain that influence motor
development occur at various stages both during pregnancy, in the postnatal period, and
during childhood.12 The importance of timing is illustrated by a study that showed that if
thyroid hormone deficiency occurs early in pregnancy, the offspring displays problems in
gross motor skills; if it occurs later in pregnancy children are at additional risk of fine motor
deficits.13

Nature or Nurture—Most studies of heritability estimate the genetic contribution to an
outcome by comparing the concordance between monozygotic twins with that between
dizygotic twins, or by assessing concordance between siblings in family studies. Estimates
of heritability of hand motor skill are quoted as 41%* and 78%,1° gross motor skill as
65%:16 a review published in 1983 indicated that heritability of scores on different fine
motor tests varies from 50% to 80% and of gross motor tests from 45% to 91%.17 A
different design tested twins who had been reared apart — they also demonstrated a very high
heritability rate.1® Although these twin studies indicate a strong genetic component, they do
not preclude environmental influences on the development of motor skills. Below we
examine the various environmental features that have been considered in the literature.

Methodology used in the literature search

A variety of sources were used to identify studies that had examined child motor skills in
regard to aspects of the environment, including physical, psychological and psychosocial
features. The major sources included: (a) an accumulated set of reprints that one of us [JG]
had collected and key-worded since 1968 — this included chapters in books as well as
academic papers (the keywords in this collection were derived from reading the full
publication, not just the abstract); (b) a series of searches particularly of the more recent
literature mainly using Google Advanced Scholar, with a variety of keywords, but always
with “‘motor’ and “child’; (c) a search of PUBMED using keywords ‘motor skills’ or ‘motor
development’ and “‘environment’. All articles were scanned for references to other
publications of relevance.
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It will be seen that a variety of different tests of motor skills have been used in the literature.
These have been listed with appropriate references in the Appendix.

Chemical exposures

Toxic trace metals

Toxic metals such as lead, cadmium, mercury and arsenic are known to influence the
development of the brain adversely. This has been shown using animal experiments, and
also in humans after contamination from major accidents or exposure to high levels from
occupations or residence near industrial plants. Less well studied are the possible effects of
the range of exposures to which the general population may be exposed.

Lead—In Sydney, Australia, prenatal blood lead and yearly postnatal levels of 207 children
were compared with the results of tests at age four years using the McCarthy. There was no
significant relationship between lead levels at any age and motor or (mental) development.1?
There have been several studies in the USA: in 1984 Bellinger and colleagues2° compared
cord blood and six-month blood lead levels with scores on the Psychomotor Developmental
Index on 249 six-month-old infants — they found no relationship with either measure of
blood lead. A study in Cincinnati of 245 six-year-olds showed a negative association of
neonatal blood levels but not maternal prenatal blood lead levels with fine motor
coordination.2!

Teeth were used in two studies. Grinding up the milk teeth enables an assessment of lead
exposure of the child during early childhood, but mostly during the time period prior to
shedding the teeth. Winneke and colleagues?? collected teeth from 115 schoolchildren and
reported that the level of lead was ‘nearly’ significantly negatively associated with speed of
finger tapping. Needleman and colleagues?3 had tested 132 adults and shown that higher
lead levels in their childhood teeth were significantly related to slower finger tapping and
poorer hand-eye control.

Thus, of the studies available the evidence suggests an association between lead levels in the
child and reduced fine motor skills which may continue into adulthood. There is currently
insufficient evidence to implicate prenatal exposure.

Mercury—In contrast with lead there have been many studies on the possible effects of
mercury. For example, in Boston 341 pregnant women were enrolled between 1999 and
2002. Blood levels of mercury were compared with their offspring’s fine motor skills using
WRAVMA at three years. The results showed that the children had lower average scores if
the maternal blood mercury level was in the highest compared to the lowest decile.24 A
study of 374 children in Poland compared the level of mercury in cord blood with results on
the Bayley at ages 12, 24 and 36 months: there was a reduction in motor development at 12
months but not thereafter as mercury levels increased.2® In the Faroe Islands prenatal
mercury levels measured in maternal hair were positively associated with adverse motor
function at age seven years.26 Of the 1022 children, 878 were contacted and tested again at
age 14; there was an inverse association between the maternal prenatal mercury level and
the speed of finger tapping, but there was no such association with postnatal levels of
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mercury in the child.2 In the Seychelles a pilot study of 87 children for whom maternal
prenatal mercury was measured were followed up at nine years: two tests of visuo-motor
coordination showed improving scores with increasing prenatal mercury.28 In the main
study 779 children were followed up at nine years of age. Maternal hair mercury was not
associated with any of the motor tests except one where it was adversely associated, but only
in boys.2% At age ten years in this cohort, no association was shown with visual motor
coordination.30

In response to general anxiety in regard to the small doses of mercury in many vaccines,
1047 children were tested at ages 7-10 years and the results compared with the amount of
thiomersal [the mercury compound used] that they had been exposed to prenatally,
neonatally, and up to seven months of age. There were no signs of adverse effects - in fact
beneficial effects associated with mercury levels were found with finger tapping in the
dominant hand.3!

There has been one primate experiment. Monkeys dosed with mercury from birth to age 7
years were compared with controls. By 13 years of age there was evidence that they had
started to become clumsy. A second set of monkeys, treated from pregnancy to four years of
age showed changes in manual sensitivity many years after the treatment had stopped. Both
groups of monkeys had impaired vibration sensitivity.32

The delay in motor effects shown was also found in humans exposed to the Minamata
pollution episode in Japan. This occurred when an industrial pollution incident resulted in
high levels of mercury in the local seafood, especially shellfish,- eaten by the surrounding
population; 40 years later tests showed increasing difficulty in performing daily activities
compared with controls.33

Thus there is conflicting evidence in regard to prenatal and early child effects of mercury on
motor development in childhood. However the evidence from primate studies and the
Minimata accident raise the possibility of an adverse effect many years after exposure.

Arsenic—Most studies of the adverse effects of arsenic have occurred in developing
countries where water drawn from a well can have high levels. Arsenic is known to cross the
placenta; it occurs in seafood and other features of the diet as well as the water supply and
s0il.34 In a major longitudinal study of around 2000 pregnancies in Bangladesh, with
measures of arsenic at 8-9 and 30 weeks gestation, the Bayley tests of psychomotor
development at seven months3® and at 18 months3® showed no association with maternal
arsenic levels. One cross-sectional study has, however, shown an association: the arsenic
levels in 304 children aged 8-11 were negatively associated with measures of motor
function and fine motor coordination.3’

Manganese—Manganese is both an essential nutrient and a known neurotoxicant. In
animal experiments it produces motor abnormalities — and these are also found in adults
occupationally exposed.38 Given this, it is somewhat surprising that there have been few
studies on infants and children. There have been two reviews of the literature concerning
possible neurotoxic effects of exposures of the fetus or child to manganese. The first
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reviewed 12 studies,3° only one of which had measured motor developmental outcomes.
That indicated that the level of manganese in cord blood was associated negatively with
psychomotor indices at age three years, but not at six years.*? The second only reviewed
studies published between January 2011 and July 2012.38 Four studies had assessed effects
on motor outcomes; only one of these was longitudinal — the authors had found no
association between the child’s manganese levels and motor development at 12 or 24
months as measured using the Bayley in 448 infants in Mexico.*! The cross-sectional
studies included an association in 11-14 year-olds between level of manganese in the soil
and a reduction in motor coordination in Italy;*2 a further study in Mexico examined 195
children aged 7-11 years and found “a subtle negative association of manganese exposure
with motor function and fine motor coordination”;3 in Bangladesh a study of levels of
manganese in 8-11 year olds showed no association with motor function or fine motor
coordination.3”

Other toxic metals—Few studies have been carried out on other toxic metals. A review
of cadmium effects on health in 2006 suggests a possible association with motor
development, but indicates that there is very little in the way of information or research in
the area.** In regard to aluminium, a study of offspring of rats exposed to aluminium lactate
prenatally reported that locomotor coordination was reduced,*® but there do not appear to
have been any human studies.

Deficiencies of essential trace metals

In contrast to studies of potentially neurotoxic chemicals which cannot be used in
confirmatory experiments on humans, studies of nutritional deficiencies may conduct
randomised trials ethically.

Iron—A number of randomised controlled trials [RCTs] have been carried out during
pregnancy and childhood. For example, in Nepal, a complex RCT design using several
micronutrients found that fine motor functioning was positively associated with prenatal
iron/folic acid supplementation in an area where iron deficiency is prevalent. There was no
separate association with the other micronutrients.® Elsewhere a group of iron deficient
formula-fed children were randomised to iron-fortified or non-fortified formulae;
psychomotor development of the two groups differed at nine and 12 months but not at six or
18 months.#” An RCT of iron supplementation in 614 preschool children in Zanzibar found
that motor development 12 months later had improved in those who had been supplemented,
but only in those children who had a Hb <90g/1.48

There have been a number of reviews: in 1989, Parks and Wharton concluded that iron
deficiency in childhood affects psychomotor development — but can be reversed by giving
iron.49 In 2001 an editorial in the British Medical Journal stated that iron deficiency is
associated with impaired psychomotor development.>9 In 2010 a systematic review of the
literature concluded that iron supplementation of non-anaemic infants tends to result in
improved psychomotor development, but seems to have no effect on mental development or
behaviour.5!
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lodine and thyroid hormone deficiency—An RCT using iodised oil and placebo
(saline) injections to women prior to pregnancy in an area of Papua New Guinea with
extreme iodine deficiency resulted in almost complete lack of cretinism and reduction of
major motor problems in the offspring.52 A follow-up study of children born to women in
the trial showed a benefit in manual function in the group who had been born to women
injected with the iodised 0il.>3 Subsequently there have been trials of iodine
supplementation in Europe that have found effects on motor skills; they include a Spanish
trial that found improved scores on both gross and fine motor coordination at 18 months if
the supplements were given in early compared with late pregnancy.>* A study on 10-13 year
old children living in a mildly iodine deficient area in Albania found that iodine
supplementation at this age improved their fine motor skills.2°

The mechanism by which iodine deficiency may have such an effect is thought to involve
thyroid hormones. If thyroid hormone deficiency occurs early in pregnancy, the offspring
display problems in visual attention, visual processing (i.e. acuity and strabismus) and gross
motor skills. If it occurs later in pregnancy, children are at additional risk of subnormal
visual (i.e. contrast sensitivity) and visuospatial skills, as well as slower response speeds and
fine motor deficits.13 A study of thyroid hormones in cord blood in 62 children followed up
at 5-6 years found negative correlations between TSH and both general motor and fine
motor abilities.>6

The evidence for a beneficial effect of iodine supplementation in early pregnancy seems
unequivocal, but Nyaradi and colleagues utter a note of caution since an RCT of high
maternal prenatal iodine supplementation in Spain reportedly resulted in lower psychomotor
infant development.5’

Other deficiencies—Preterm infants are at high risk of sodium deficiency. A long-term
follow-up at 10 —13 years of preterm (<33 weeks) infants involved in an RCT of sodium
supplementation showed that the supplemented group performed better on motor function.>8

Zinc deficiency has been studied mainly in relation to child health, and RCTs have been
undertaken with regard to morbidity and mortality, but few, if any, studies have looked at
child development in general and motor skills in particular.>” However, in an area of
common micronutrient deficiency in Bangladesh, an RCT of supplements was undertaken
with 221 infants in five groups: (a) iron, (b) zinc, (c) iron + zinc, (d) multivitamins and
minerals, () riboflavin. The results showed that at 12 months the two groups administered
both zinc and iron (i.e. (c) and (d)) had better motor skills.5°

Although selenium is recognised as being important for health, there have been few studies
assessing the effect of selenium deficiency on child development. A cross-sectional study of
selenium in children in Bangladesh showed a positive association with motor function at
ages 8-11 years.3” One of the potential benefits of a high selenium intake lies in its
interactions with mercury; a recent review stated that “effects of high methylmercury
exposures depend on dietary selenium intakes and selenium status”.69
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Other pollutants

PCBs and other organohalogens and pesticides—Polychlorinated biphenyls
(PCBs) are a group of chemicals that, although created in industrial processes, persist in the
environment and are ingested in the food chain. They include dioxins. There were several
summaries of the literature concerning effects on children prior to 2002. In 1989 a brief
review reported associations of prenatal PCB levels with motor impairment in newborns,
and motor delay at six months.61 A review in 1997 of effects of prenatal PCBs in humans
and animals demonstrated effects on psychomotor development.82 Finally a 2001 review of
the effect of prenatal PCBs on the infant demonstrated a decrease in motor skills in the first
months of life in four of five studies that had examined this. There was no apparent adverse
effect of PCBs in breast milk.53 This finding has been queried by a study of 171 infants
followed prospectively. The level of PCBs in breast milk was inversely related to the child’s
motor scores at 30 months.%4

Several studies of PCBs have been published since 2001. In Japan the bloods of 134
pregnant women were assayed for dioxins and PCBs. The offspring were followed up and
tested at age six months using the Bayley. Some of the dioxin isomer levels were negatively
related to the motor development of the infant — with a stronger effect than shown for mental
development.5® In the Netherlands, levels of PCBs in prenatal blood and in breast milk were
measured in 376 mothers; negative associations were found between PCBs and motor
development in their children at school age in those with less optimal homes, but not in
those raised in optimal environments.56 A study of 917 births in the Faroes, with PCBs
measured in cord blood, compared levels of different isomers with the results of a finger
tapping test: no significant associations were found.” However, in Guadeloupe, the
organochlorine insecticide chlordecone was detected in cord blood in 75 of 130 infants.
They were shown at seven months to have reduced fine motor score on adjustment
(P=0.002).58

A study of 62 children aged 5-6 years compared their motor skills with levels of 12
organohalogens in their mothers’ blood in late pregnancy. Some associations were positive
and some negative. For example, brominated flame retardant levels were associated with
worse fine motor abilities but better motor coordination.>8

Pesticides in general—The only studies we found on children used indirect measures as
a proxy for exposure to pesticides. In Ecuador 121 children aged 1-2 years were assessed
according to their mother’s occupation. Children of those women who worked in the flower
industry (and were presumed to be exposed to pesticides) had reduced fine motor skills
compared to the other children.5? In Mexico, Guillette et al’® compared 33 children living in
an area where multiple pesticides were used with 17 children of similar ages living in an
area without such exposures. Those in the pesticide area had worse gross and fine motor
ability.

Other Pollutants—There were two studies relating to other chemicals. Toluene is an
important solvent used widely in industry. One study has shown that women exposed to
toluene at work showed marked deficits themselves in manual dexterity.” Another study
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was concerned with 210 children exposed to nitrogen dioxide from traffic in urban and rural
areas where NO» exposure was estimated by means of land use regression models. Gross
motor ability was worse when there were higher levels of NO,, though this was not
statistically significant.”2

Alcohol—Women drinking alcohol in excess during pregnancy are known to damage their
children’s neurocognitive development. A major study in Washington State of women
drinking more than four drinks per day found that the offspring, examined at eight months of
age, had impaired motor skills compared to those of non-drinkers.” Follow-up of the 402
offspring involved in the study included testing them as adults; their fine motor coordination
showed no effect associated with moderate alcohol intake during pregnancy — but the group
that were exposed heavily (>4 units per day) had poorer coordination scores.”* The only
other study that we could find involved children of 156 women in France who had been
interviewed during pregnancy. At age 4.5 years, children born to the women who had drunk
>21 glasses of alcohol per week had an excess of minor neurological signs compared to
those born to non-drinkers.”

A systematic review suggests a negative effect of prenatal alcohol on motor coordination of
the offspring but only when the maternal consumption exceeded a certain level. Of the six
cohort studies reporting a maternal alcohol intake exceeding four drinks/day, all but one
showed a negative effect of this on the motor function of the offspring; conversely of the
three studies reporting total intakes <10 drinks/week, none showed a deleterious effect on
the offspring’s motor function. However, the authors pointed out that a possible adverse
effect of binge drinking has still to be settled.”®

The topic of breast feeding of women who drink alcohol (which is known to be transferred
to the breast milk) has been considered in two studies. One, in Washington State, showed a
negative effect of alcohol in breast milk on offspring motor development at 12 months.”’
The other, in the UK, with much larger numbers failed to replicate this finding when
assessing the motor development of children using the Griffiths test at 18 months.”8

Cigarette smoking—There is substantial evidence of the effects of maternal smoking on
the development of the fetus resulting in adverse consequences in childhood and into
adulthood. Strangely, although there have been a number of longitudinal studies assessing
the effects of maternal prenatal cigarette smoking on child cognitive development, there
have been few looking at motor skills. One study tested 282 neonates with the Neonatal
Behaviour Assessment Scale; this showed an association between /7 utero exposure to both
maternal smoking and her exposure to passive smoking and adverse scores on the
‘motorsystem cluster’ (which includes tests of motor performance, quality of movement and
muscular tone).”® The Streissguth study, although focussed on prenatal alcohol exposure,
did look at the possible effects of prenatal smoking, but found no significant effect on motor
coordination.”® However, a UK study of 13207 children in the National 1958 Birth Cohort
found smoking during pregnancy to be associated with subtly reduced motor competence of
offspring, particularly on the non-dominant side, at age 11.89 In Canada 503 adolescents
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aged 12-18 years were tested for motor dexterity; there was no association with history of
fetal exposure to maternal smoking.8! Elsewhere, 320 adolescents aged 16 who had been
followed from birth were evaluated. There were significant and independent associations of
maternal prenatal smoking with processing speed and deficits in visual-motor
coordination.82 Thus it is possible that there may be some deficits in motor skills with
prenatal cigarette smoking. The likelihood of a complex association has been evidenced by
the demonstration of gene-environment interaction (between maternal smoking measured
using cord blood cotinine and genes associated with the metabolism of nicotine) and fine
motor skills at two years of age.83

Cannabis and hard drugs—Willford and colleagues showed that maternal prenatal
exposure to cannabis had similar adverse effects on processing speed and deficits in visual—
motor coordination in offspring at age 16 as they had found with prenatal cigarette smoking
(see above) — and since cannabis exposure usually involves using tobacco at the same time,
it is possible that the mixture is important rather than the cannabis per se.82

Although a drug that is only taken intermittently, ecstasy (MDMA) is often taken in the
early stages of pregnancy before the woman is aware that she is pregnant. A recent UK
study reported on 12 month old children of 28 women who had taken ecstasy; they were
examined using the Bayley and compared with 68 controls born to women with no such
history. The exposed children were delayed in motor development, but only if their mothers
had been heavier users (defined as taking more than the median of those exposed).8

Studies following up women who had used hard drugs in pregnancy have tended to
concentrate on cocaine exposure. In spite of one study by Arendt et al comparing 98
prenatally exposed two year-olds with 101 controls which showed poorer fine and gross
motor development in exposed children,8° a systematic review in 2001found evidence of
poorer motor scores only up to the age of seven months but not thereafter.86 The Arendt
study was excluded because recruitment was not prospective — in fact the authors had
recruited the two year-olds and obtained the history of cocaine exposure from medical
records and maternal interview. It is questionable as to whether that means it should have
been discarded. A further study published in 2000 was not included. It compared two groups
each of 25 children from poor socioeconomic backgrounds — one of these groups of children
had been exposed to cocaine prenatally. Examination at 12 months showed better fine motor
skills in those not exposed. In parallel, two groups of children, with similar prenatal
exposures, who had been adopted by parents living in more advantaged circumstances,
showed similar differences in fine motor skills.8”

Caffeine—The Washington State study that had focussed on the adverse effects of alcohol
also assessed whether there were any adverse consequences of maternal caffeine intake. No
significant associations were found in offspring at eight months,”2 four years88 or seven
years.89 There do not appear to be any other studies looking at the possibility of maternal
caffeine exposure having an association with her offspring’s motor skills. This is confirmed
by a detailed review of the literature in 2002.90 Animal studies have suggested that caffeine
may have beneficial effects in regard to toxicants — Bjorklund and colleagues®! for example
showed that the adverse effect of prenatal exposure to mercury was reversed by giving the
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animals caffeine. They suggested that adenosine A; and Ayp receptors were involved in the
alterations triggered by caffeine exposure during development and which reduced
vulnerability to methylmercury.

Dietary factors

Studies of different aspects of the diet on the child’s motor development tend to have
concentrated on contaminants such as mercury, pesticides and PCBs (considered earlier),
deficiencies (particularly iron and iodine) and seafood, particularly focussing on omega-3
fatty acids.

Seafood exposure—There have been several longitudinal birth cohorts that have looked
at the association between maternal seafood consumption and the development of cognitive
skills, but the child’s motor skills have been considered less frequently. In the USA and the
UK, there have been two studies that have considered motor skills. In Boston, 341 pregnant
women, enrolled in 1999-2002, had provided information on fish intake in the second
trimester; their offspring were tested at three years for fine motor skills using the
WRAVMA. The study showed that the children had significantly higher scores if their
mothers ate > 2 portions of fish per week.2 A detailed study of the Avon Longitudinal
Study of Parents and Children [ALSPAC] showed that maternal prenatal seafood
consumption was strongly related to beneficial outcome in fine motor skills of her offspring
at age 42 months assessed by parental questionnaire. It was assumed that this was likely to
be influenced by the omega-3 fatty acids to be found in fish.%2

A study in the Seychelles showed that fish in the diet of pregnant women was an important
source of essential elements such as iron, zinc, selenium and iodine.%3 This has to be
balanced against the toxicants found in fish, especially mercury and PCBs. Much of the
research on the effects of seafood has concentrated on the neurotoxins, rather than the
overall seafood intake. Nevertheless in 2006 Mozaffarian and Rimm concluded, after
reviewing the evidence, that ‘for women of childbearing age, benefits of modest fish intake
... outweigh the risks’.94

Omega-3 fatty acids—There have been a number of studies that have looked at actual
prenatal measurements of fatty acids. A cohort in the Seychelles measured the omega-3 and
omega-6 levels in the mother’s prenatal blood. On examining the offspring at ages nine and
30 months they found beneficial development using the Bayley PDI as the mother’s prenatal
omega-3 blood level increased.% In the Netherlands, 306 cord blood levels of the omega-3
fatty acid DHA were positively associated with the total motor and the quality motor scores
as measured on the MMT when the children were aged seven, but there was no association
between motor measures and the seven-year-old’s blood level of DHA.%

There have been a few randomised controlled trials (RCTSs) in pregnancy and early
childhood:

i. 98 pregnant women in Australia were randomised to either: (a) fish oil, containing
DHA and EPA or (b) olive oil. Seventy-two of the children were tested at age two
and a half years using the Griffiths test. The results showed that group (a) had
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higher scores for hand-eye coordination than group (b). There was also a
correlation between the omega-3 cord blood levels and this outcome.9”

ii. 79 term infants aged < 5 days in the USA were randomised to (a) formula + iron;
(b) formula + iron + DHA, (c) Formula + iron + DHA +AA. Of these, 56 were
tested at 18 months using the Bayley. The study showed that ability scores for both
groups (b) and (c) were significantly greater than group (a) for motor
development.98 In 2003 Auestand and colleagues carried out a similar but larger
RCT in the USA with three groups — formula/formula + DHA/formula + DHA +
AA. Follow-up at 39 months showed no difference in visuo-motor coordination
tested with the Beery Index.%°

A treatment study of children aged 5-12 years with DCD in the UK randomised children to
two groups: one was supplemented with omega-3 + omega-6 and the other with placebo for
three months, there was then a cross-over for a further three months. The study showed no
difference in motor skills as the result of the supplements.100

Breast feeding—There have been a number of relatively small follow-up studies
concerned with breast feeding: In Brazil 232 infants were examined at age12 months. Breast
feeding at one month was associated with mental but not motor development.191 In Scotland
an examination of 592 18-month-old infants using the Bayley found a significant benefit of
breast feeding at two weeks on mental development, but no such effect for motor
development.192 Similarly in Spain a study of 249 infants aged 18 months showed benefits
of duration of breast feeding on mental development, but not on psychomotor
development.193 In Groningen follow-up at age nine years of 135 breast-fed and 391
formula-fed infants found that, after adjustment, neurological abnormalities (which included
motor coordination) were more likely in the formula-fed group.104

By far the largest study, that of the British Millennium cohort, using results collected at nine
months, found a protective effect of any breastfeeding on the attainment of gross motor
milestones to be “attributable to some component(s) of breast milk or feature of
breastfeeding and not simply a product of advantaged social position, education, or
parenting style, because control for these factors did not explain any of the observed
association.” In contrast, the association found with fine motor delay was explained
statistically by biological, socioeconomic, and psychosocial factors.1% In an earlier large
cohort study (the 1970 British Births), examination of the children at age five years had
demonstrated a benefit of breast feeding on visuomotor coordination skills that increased
with duration of breast feeding and was resistant to adjustment for social confounders.106

Other dietary factors—A pregnancy RCT of supplementation with multiple
micronutrients in Indonesia resulted in improved motor development among the offspring in
the intervention group in the preschool period.1%7 Earlier an RCT in Finland had recruited
1062 infants aged seven months in the years 1990-96. The intervention group had dietary
advice on giving the child a low saturated fat and low cholesterol diet; the controls were
given usual dietary advice. Less than half (496) were assessed at age five using failure on
the Bender Gestalt Test. There were no differences in either gross motor or visual motor
skills between the two groups.198 In Nepal, 390 children aged 10-13 years were tested using
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the Movement ABC; their mothers had participated in a vitamin A/placebo trial during
pregnancy. There was no significant difference between the two groups in overall score, but
no analyses were published to enable the reader to assess whether there were differences in
the fine or gross motor skills.109

Maternal disorders and medications

Maternal epilepsy—It is well known that many anticonvulsants have teratogenic effects
(congenital defects include cleft lip/palate and spina bifida). Surprisingly few studies,
however, have followed-up children born to women with epilepsy to assess possible
associations with motor skills. One relatively old study of births in Berlin between 1976 and
1983 compared 15 month old infants of epileptic women on monotherapy during pregnancy
with those on polytherapy and a control sample. The group with mothers on polytherapy had
significantly lower scores on the Bayley motor test and the motor test within the McCarthy
compared to both the other groups.119111 |n Sweden, 100 infants born to epileptic women
who had taken anticonvulsant medication during pregnancies between 1985 and 1995 were
compared with 100 matched controls at nine months of age using the Griffiths: there was no
difference between the two groups in psychomotor development.112 More recently, a study
of children prenatally exposed to sodium valproate (a treatment for epilepsy) in Australia
found major reductions in 1Q, but little difference in processing speed (a measure of
graphomotor skills).113

Maternal diabetes—Maternal diabetes, especially insulin-dependent diabetes, is
associated with a variety of adverse outcomes: in particular it has a teratogenic effect with
an excess of specific congenital malformations. Although the mechanism is unproven it is
likely to be related to blood glucose levels.114 There have been some small studies following
up the offspring of women with diabetes. For example, comparison of 4-5 year-olds born to
women with insulin dependent diabetes (n=76) and controls (h=92) in Copenhagen in 1980-
83, used the McCarthy test of motor ability as well as the Qualitative Motor Developmental
Score. For both assessments the children born to the diabetic mothers scored worse than the
controls (P< 0.001).11 Two parallel studies in Israel examined school children born to
mothers with either insulin-dependent (n=57) or gestational diabetes (n=32); each group was
compared to 57 control children. The authors report that the offspring of the insulin-
dependent women had similar 1Qs but had worse fine and gross motor development than the
control group.116 A review by Ornoy16 confirmed that in follow-up studies, children born
to diabetic mothers generally have normal 1Q results, but motor function is often impaired.

Prenatal infections—Although we now know that acute infections in pregnancy (such as
influenza) can have long-term effects on the offspring’s brain, especially in regard to an
increased risk of schizophrenia,118 there have been no longitudinal studies that we could
find that assessed whether such prenatal infections are associated with the offspring’s motor
skills. There was just one study that involved chronic prenatal exposure to infection: Foster
and colleagues!1® examined 62 children born with HIV (by definition their mothers will
have had HIV during pregnancy); they had increased gross motor difficulties and abnormal
neurological signs compared with non-infected children.
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Maternal depression—In Bangladesh a cohort study found no evidence of any effect of
prenatal depression on infant motor development at 8-9 months; 20 in the USA a cohort
study of 1021 births in Boston found no effect of exposure to prenatal depression on
visuomotor skills of the offspring at three years of age using the WRAVMA 121

However there appear to be discernible effects if the depressed woman takes medication in
pregnancy. For example, in the USA, of 44 pregnant women with severe depression, 13 had
decided not to use medication and 31 were prescribed SSRIs (selective serotonin reuptake
inhibitors). The offspring were tested using the Bayley at ages 6 — 40 months. This showed
that children exposed /in uteroto the medication had lower psychomotor developmental
indexes and reduced motor quality compared to the non-exposed.122 In Canada, 32 pregnant
women were prescribed an SSRI: compared with controls their offspring exhibited scores
significantly lower on the gross motor subscale of the BSID-III, and this was not explained
by underlying maternal depression.123 In Australia 22 infants of women who had taken
antidepressants in pregnancy were compared with 19 non-exposed. The authors report that
‘children exposed to antidepressant medication in pregnancy scored lower on motor sub-
scales in particular on fine motor scores than non-exposed children’; there was no
association between maternal depression per se and neurodevelopment.124 A small study of
6 neonates exposed to SSRIs /n utero compared with 61 controls showed differences in
autonomic and gross motor activity between those who were or were not exposed after
controlling for active maternal psychiatric illness.12°

The most reliable study on this topic used linked maternal prenatal prescription to offspring
development data in Denmark.126 There, routinely at age 7-10 months, the child undertakes
the BOEL test, a psychomotor developmental test from which the items on hearing were
excluded. The proportion of children failing this test was compared between 82 women who
had taken benzodiazepines in pregnancy, 50 taking antidepressants, 145 anticonvulsants, 63
neuroleptic drugs and 722 controls. All the children born to women taking the drugs had
elevated odds of failing the test — the adjusted odds ratios were 8.1 for the benzodiazepines,
8.0 for antidepressants, 15.5 for anticonvulsants and 4.1 for neuroleptics. However, the
study was unable to assess whether the medications or the disorders were responsible.

A systematic review of offspring outcomes relating to mothers taking antidepressants
prenatally, considered all publications from 1973 to February 2010.127 Although the
authors’ overall conclusion was that there were few demonstrable adverse effects, they only
found two studies that specifically examined motor function: both reported adverse effects
as described above, 122126

Postnatal depression has been shown to have an adverse association with offspring motor
development in Barbados, where 226 infants were studied at six months of age,128 and in
Bangladesh where 652 infants were examined at 8-9 months.120 However no similar effects
on motor development were found in Australia (n = 360),12° but there were negative effects
on fine motor skills reported from a study of 693 infants in Crete tested at 18 months of age
using the Bayley.130
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Stress—Depression is often a response to stress. A study in the USA measured beta-
endorphins, a marker of stress, in maternal and cord bloods for 106 infants. The authors
found that a complex and stressful delivery resulted in increased levels in cord blood.
Contrary to expectation, follow-up at age three years showed that children born with lower
cord blood levels had lower motor scores on psychometric tests.131 There do not appear to
have been any studies looking at prenatal stress as identified using life events, or measures
of anxiety, in regard to motor development.

Prenatal aspirin—A large RCT was undertaken among pregnant women who were
thought to be at risk of pre-eclampsia and/or fetal growth retardation (the CLASP study). A
sample of the offspring was followed up at 18 months - although not statistically significant,
a group in which the mothers had taken aspirin during pregnancy were less likely to fail to
achieve the age-appropriate fine motor development test questions derived from the Denver
test (28/2146 v. 39/2219).132

Obstetric and neonatal outcomes

Preterm delivery

There have been a large number of studies following up and examining very preterm infants
(e.g. <32 weeks). All find major developmental problems, but will not be reviewed in this
study. Here we have looked at broader definitions of preterm delivery. A follow-up at age
six years of 156 children born at <35 weeks showed high levels of perceptual-motor
problems; in addition 44% scored <15% centile of the Movement ABC.133.134 There have
been few studies that have looked at infants born at <37 weeks — in an American study, 134
children who were delivered <37 weeks were compared with 134 term deliveries and tested
at age four. The preterm group were worse on fine motor, but not gross motor skills.13% A
study in Crete examined children at 18 months using the Bayley; the preterm infants had
lower scores on both the fine and gross motor scales, but these results did not reach
statistical significance.130

A study of 12-13 year olds in Australia compared their motor skills tested using the
Movement ABC with their gestational age at birth: this showed a strong linear association
for the total score, but that when divided into its subcategories, the association was
predominantly due to an association with ball skills rather than manual dexterity.136

Birth weight

There are a large number of studies of very low birth weight infants (<1500g). In this
review, however, we concentrate on infants of low birth weight defined as <2000g or
<2500g. They mainly show the same results as for preterm studies — namely a higher level
of poor motor coordination of various types. In 1986 a literature review indicated that low
birth weight infants are more likely to have problems in visual motor integration.13” More
recently, examination of seven-year-olds demonstrated that low birth weight (<2000g)
infants showed worse fine and gross motor coordination.138 In Helsinki, 386 neonates
recognised as being at high risk because of various conditions and 107 controls were given a
test of motor impairment and a neurodevelopmental assessment at age nine years. The
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analysis demonstrated an association between increased impairment and low birthweight.139
Also in Finland, parental questionnaires completed on over 8000 eight-year-old children in
the North Finland Birth Cohort indicated that those born <2500g were poorer in motor skills
than the rest of the cohort.14% An ingenious study examined, at age nine years, 22 pairs of
twins who had had a birth weight difference between the pair of at least 25%. In general the
smaller of the twins had significantly poorer fine motor performance-balance-coordination,
as well as of visuomotor perception.141

The assumption is made in these studies that the low birth weight is a marker of intrauterine
growth retardation rather than preterm delivery. This was illustrated in the National
Collaborative Perinatal Project.142 Follow-up at seven years included testing using Bender-
Gestalt score. Those defined as IUGR were defined as having a birth weight <2500g in
infants born at term (gestation 37+ weeks): they had significantly lower visuo-motor scores
(n=33,000). However, when they compared the outcomes of 148 pairs of siblings where
only one was IUGR, there was no difference in score. One study has looked at other markers
of fetal growth: a follow up of 194 infants born at <1500 tested at age eight years showed
that motor impairments in this group were closely related to head circumference at birth and
subsequently.143 In Pakistan, 1476 infants born in 1984-87 were examined monthly and
assessed for milestones. Gross motor ability was defined by the age at onset of walking and
fine motor development by the age at which they could build a tower of three cubes.
Thinness at birth (birth weight for length) was negatively associated with both measures and
birth length was positively associated with fine motor development.144

Labour and delivery

Most studies of features of labour and delivery that considered possible developmental harm
to the offspring were undertaken many decades ago. For example the American NCPP,
following births in the period 1958-65, showed that complex patterns of labour were
correlated with eight month motor development scores using the Bayley.14® An early RCT
of vacuum extraction v forceps showed no difference in motor development or psychomotor
features at age four.146 Later, however, a study in Germany of 350 infants born 1986-88 and
followed at ages three months, 24 months and four and a half years reported that
complications of pregnancy and delivery were related to motor delay at each age.14’

Birth asphyxia

There has often been an assumption that children with developmental defects are more likely
to have had difficult deliveries leading to birth asphyxia and a stormy neonatal course.
However few studies have examined children followed up after signs of birth asphyxia. One
study compared 48 term infants with mild birth asphyxia with 43 term controls at 12 months
using the psychomotor scales of the Bayley. There was no difference between the two
groups.148 A Norwegian study used the Norwegian Birth Registry to select infants with low
five-minute Apgar scores, together with samples with higher scores; parents were sent
questionnaires enquiring about the child’s development. The children with low Apgar scores
were more likely to have minor motor disabilities and to develop skills later than usual, but
only if the neonate had had signs of an encephalopathy.14
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Neonatal morbidity

In New Zealand the population-based Dunedin Birth Cohort Study assessed 986 children for
their motor ability using the McCarthy Motor Scale at age five years: there was no
relationship between motor ability and perinatal complications.2®0 In Finland 386 children
who had been recognised as being at high risk because of various conditions in the neonatal
period were compared with 107 controls using a test of motor impairment and a
neurodevelopmental assessment at age nine years. The children with neonatal problems
scored significantly worse on motor impairment in particular if they had neonatal signs of
cerebral depression, long duration of hyperbilirubinaemia or respiratory problems other than
respiratory distress syndrome.3 Furthermore, preterm infants tested at four years revealed
that fine motor delay was greater if the infant had been ill in the neonatal period.13% Children
at age 12-14 years were shown to have different types of coordination disorder if they had
had problems in the perinatal period.1%1

A more focussed study examined 111 children who had had meningitis in the neonatal
period compared with two different sets of controls at age 9-10 years using the Movement
ABC. Those who had had meningitis had significantly poorer motor skills.152

Childhood

Growth and nutrition

Studies relating growth and nutrition in childhood to motor skills have been based in low
and middle income countries. In Pakistan, 1476 infants born between 1984 and 1987 were
examined monthly. Postnatal stunting was linked to worse gross motor skills, and postnatal
wasting to both worse gross and fine motor outcomes.144 In Guatemala, follow-up of 357
children to age three years showed that those who were stunted had much poorer motor
development (using the Bayley) and those who were severely stunted were even worse; the
relationship with motor development was stronger than with mental development.153 In a
rural area of India, follow up of children who had been malnourished in the first five years
showed, at age 10 — 12 years, marked deficits in mental performance, but no differences in
manual dexterity.1>4 In Bangladesh, a longitudinal study of over 2000 children showed that,
in an area where stunting of growth is prevalent, the child’s height-forage at 15 months was
related to both the age at achievement of milestones and the results of the Movement
ABC.1%

Gross malnutrition is rare in high income countries, but examination of 51 individuals with
anorexia nervosa and 51 matched controls at ages 16 and 21 years revealed a significant
excess of cases with dysdiadochokinesis at each age (P < 0.01). /Dysdiadochokinesis is the
inability to execute rapidly alternating movements, particularly of the limbs].156

General Health

A prospective American study starting in pregnancy [n=561 women] found that the infants
who had had colic in the first three months showed no association with motor skills at age
five years, but the children with prolonged crying of no known cause showed fine motor
deficits at this age.15” In New Zealand, the Dunedin Birth Cohort Study followed up 986
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children and assessed their motor ability using the McCarthy Motor Scale at five years.
There were significant negative associations of motor skills with maternally reported general
health of the children at three years.150 In Liverpool, 115 survivors of meningococcal
infection were compared with 115 matched controls some 8-11 years later. The cases were
more likely to have poor motor coordination [OR 4.1; 95% Cl 1.4, 11.6].158

Children were screened for hypermetropia (hyperopia or long-sight) at 8-9 months of age in
the UK; those identified and a set of controls were tested at four years using the Movement
ABC. The hypermetropic group were significantly worse in regard to fine and gross motor
development.159

In a single study of 43 mother-infant dyads, motor development was assessed according to
the use of equipment in the home, such as playpen, high chair; the results showed reduced
development with increasing numbers of types of equipment for the child.160

Social circumstances

In Germany, 350 infants were examined at ages 3 months, 24 months and 4.5 years -
significant associations with motor delay included low parental education, parental
psychiatric disorder, poor coping skills, the study pregnancy being unwanted and
overcrowding in the home.147 In Northern Ireland social disadvantage using area deprivation
measures was associated with reduced motor skills at ages 4-5 and 7-8years.161 The five
year assessment of motor ability in the New Zealand (Dunedin) Birth Cohort Study used the
McCarthy Motor Scale. There were reduced motor skills with increased family adversity and
poor child rearing attitudes.1®0 In the British 1958 National Birth Cohort, visuomotor
coordination was significantly worse in single parent families.162 In the Netherlands,
examination of children at 12 — 14 years reported that different types of coordination
disorder were associated with low social class.163 In Brazil, a community sample of 561
infants were followed until 18 months of age. Multivariable analysis showed positive
independent associations between mator ability and both household income and the amount
of space within the home.164 An intriguing study of 50 children born to women living in
socially deprived circumstances compared the 25 who were adopted into socioeconomically
good homes, with the 25 who remained with their mother; the adopted group showed better
fine motor skills at 12 months. However, follow-up of a separate 50 children who had been
exposed to cocaine prenatally showed no improvement in the 25 who had been adopted.8” A
review article of social circumstances published in 2010 noted that children in lower social
circumstances almost always had poorer motor development, the exception being in
Argentina where the reverse was found, and has been attributed to different cultural
practices in the more deprived groups.165 In Crete, examination of 605 infants at 18 months
using the Bayley demonstrated that fine motor development was increased when the mother
had had longer years of education (compared with low levels), and gross motor skills were
increased if the mother was employed but reduced if the child had siblings.166 Other
miscellaneous findings include a lack of association with advanced paternal age in the major
American Collaborative Perinatal Project concerning 33,000 children tested at eight
months.167
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Ethnic background

Parenting

The UK’s Millennium Cohort Study (n=15,994) contacted their members for the first time at
nine months. The results of examination at this time point demonstrated differences in
impaired motor development according to ethnic background: infants with parents whose
origins were Black Caribbean (OR 0.23; 95% CI 0.11, 0.48), Black African (OR 0.31, 95%
Cl 0.18, 0.55), or Indian (OR 0.55, 95% CI 0.33, 0.93) were less likely to show delay in the
attainment of gross motor milestones compared with White infants after adjustment for a
range of explanatory variables. Infants with a Pakistani or Bangladeshi background were
more likely to have delays in fine motor development but this was accounted for by
socioeconomic factors.168

A Brazilian study of 561 infants aged 0-18 months showed, using backward regression
analysis, that the child’s motor skills were positively related to parenting behaviour as
indexed by whether the parents engaged in games about body parts; surprisingly there was a
negative association with whether the child played with other children.164 A German study
of 171 infants followed to 30 months showed a strong relationship between the Bayley
measures of motor skills and parenting as measured with the HOME score.54

Discussion

The results of this literature review have illustrated the vast diversity of concepts used,
measures undertaken and study designs. We have shown that if one study has shown a
positive or negative result there is rarely a similar dataset with which to compare it. Thus
meta-analyses have not been feasible.

As discussed below, there are two major difficulties in reviewing this topic: (i) the different
types of measures used, and (ii) natural changes in motor function of the individual over
time.

Measures used

Continuity

In the Appendix we describe the different terms used and the tests employed. It is likely that
different forms of motor skills are influenced by different types of exposure. We have shown
that some of the measures incorporate a variety of different types of motor ability. This is
likely to make it more difficult to identify important features of the environment that may
influence a child’s specific types of skills even when broadly categorised into fine and gross
motor skills.

In any study of motor skills and motor development, it is crucial to understand how stable
the classification of both general abilities and motor skills may be. One detailed study of 45
children who were examined monthly until 18 months to assess their motor development
showed wide variation from month to month, indicating that these children did not develop
consistently along a steady trajectory; for example 31% were <10™ centile of the
distribution of motor skills at least once.16% Children with poor motor skills studied at
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different ages had either continued with the problem,179 had ceased to be affected’? or the
prevalence of the problem had increased with the child’s age.151 A much larger (n > 2000)
longitudinal study in Bangladesh compared the motor ability of the child using (a) ages at
achievement of gross motor milestones; (b) their results on the Bayley psychomotor
development index at 18 months, and (c) the results on the Movement ABC tested at five
years. Although there were significant positive associations, the levels of correlation were
very low.1%°

In most of the papers we have reviewed, the studies have been straight forward comparisons
between one environmental measure and an outcome. As we have also shown it is likely that
the aetiology of associations of motor skills with environmental factors vary not only with
the age of the child but also with the types of motor skill measured.

To date there has been little attention paid to the possibility of gene-environment or
environment-environment interactions. However, some more detailed analyses have been
produced in regard to the inter-relationships between seafood intake and outcome. As we
have shown, there are often positive associations between fish intake and motor skills. There
are two major correlates of fish intake that have been considered — one is the presence of
mercury, a neurotoxicant, and the other the presence of omega-3 fatty acids, particularly
DHA. An analysis of the data collected in the Seychelles longitudinal project has shown that
the negative effect of maternal prenatal mercury exposure is only demonstrable if the
omega-3 fatty acid levels in the maternal blood are taken into account.172 Conversely the
benefits of omega-3 fatty acids become stronger if mercury is taken into account.%® This
allowance for positive confounding has been discussed by Choi and colleagues, and has the
potential of detracting from the overall beneficial outcomes of prenatal fish consumption.173

We have assessed a large amount of literature collected over a period of 40 years by one of
the authors (JG) with the express purpose of gathering information about environmental
effects on child development. The studies recorded will not necessarily appear in search
engines as they include details that occur in text rather than abstracts, tables rather than text,
chapters as well as peer-reviewed articles, books as well as chapters. We have enhanced
these records with searches on keywords in Google Advanced Scholar and PubMed.
However we do not claim that this is a systematic review. We have tried to include all
studies that are based on population samples followed longitudinally. However, it is unusual
to find studies in this field that are comparable or longitudinal. We have therefore also
quoted the results of studies that are less reliable, but are the only ones concerning a
particular exposure.

Conclusions

Poor motor skills have deleterious effects on the child’s self-esteem and may result in poor
emotional and behavioural outcome.®7 The aim of this review was to determine the general
environmental factors that have been considered in the literature and thence the

environmental features that may have been neglected. We have shown that there is a dearth
of well-designed studies in most fields. Primary or secondary prevention is of public health
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concern; identifying influences that will enable resilience is therefore important. There is a
major requirement for further information. This need not mean that new studies need to be
mounted, but rather that some of the major longitudinal birth cohort studies should be
analysed in detail in an attempt to increase knowledge and understanding in the area of
motor skills.
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Descriptions of the different terms and tests used in the literature in regard

to motor competence

Bayley test: Used to assess fine and gross motor skills, language (receptive and expressive)
and cognitive development in children aged 0-3 years. Scores from the fine and gross motor
skills tend to be combined to give the Psychomotor Development Index.12

Beery Test Visual-Motor Integration. This is used to screen for visual-motor deficits that
can lead to learning, neuropsychological and behaviour problems.3

Bender Gestalt Test or Bender Visual Motor Gestalt Test evaluates “visual-motor
maturity” to screen for developmental disorders, or to assess neurological function or brain
damage.*

BOEL test. A test primarily used in Scandinavia; a modified version is used in the UK,
Netherlands and Australia.®

BSID-I11 (current version): Bayley Scales Infant Development (See Bayley test above)

Denver Test (Denver Developmental Screening Test (DDST)) screens for cognitive and
behavioural problems in pre-school children. It includes subscales for fine and gross motor
development.6

Fine motor skills/coordination/ability: The coordination of small muscle movements e.g.
in fingers, usually in coordination with the eyes (or Dexterity) e.g. drawing, threading a
needle.

Graphomotor skills pertaining to the muscular movements used in handwriting.

Griffiths Mental Developmental Scales This test, which is administered by trained
assessors, has a number of subscales including locomotor, hand and eye coordination, and
performance.’
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Grossmotor skills/coordination/ability: The coordination of limb(s) or whole body as in
walking, running, swimming.

Hand-eye control/coordination. See Fine Motor Skills; Motor development
Manual dexterity: See Fine Motor skills; Motor development

Maastricht Motor Test (MM T) which measures both quantitative (the ability to perform a
movement) and qualitative (how the movement is performed) motor function.8:°

McCarthy test (MSCA or McCarthy Scales of Children’s Abilities (pre-school) — a child
test of test the child’s abilities. It includes a motor scale which incorporates leg coordination,
arm coordination, imitative action, draw-a-design, draw-a-child tests.10

Milestones: Age at achievement of developmental milestones — particularly age at starting
to walk unaided (gross motor) and placing bricks upon one another (fine motor).

Motor development: usually denotes attainment of specific motor developmental
milestones [see above].

Movement ABC (Movement Assessment Battery for Children). This set of tests provides an
overall score, and scores for ball skills, manual dexterity, and balance.!

Neonatal Behaviour Assessment Scale. A scale developed by T. Berry Brazelton in 1973
for evaluating the neurological condition and behaviour of a newborn (recommended for use
up to 2 months of age) by assessing the baby’s alertness, motor maturity, irritability,
consolability and interaction with people.12

Psychomotor Development Index (PDI) is most closely associated with the Bayley (see
above). Test items include motor skills such as rolling, crawling, grasp and use of utensils. It
refers to a measure of motor skills that also involve some aspects of conceptual or
psychological functioning.

Qualitative Motor Development Score: This was developed for a Danish study; it
incorporated observations during a standard test as to the quality of the child’s response to
each motor item.13

Speed of finger tapping: The tapping rate is a test given to assess the integrity of the
neuromuscular system and examine motor control. The number of taps per second one
month after a minor brain injury has been shown to be slower than in healthy people.

Visuo-motor coordination [or visual motor coordination]. The ability to coordinate
vision with the movements of the body or parts of the body.

WRAVMA (Wide Range Assessment of Visual Motor Ability) used on ages 3-17 years.14
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