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ABSTRACT

Background
Motor impairments are one of the difficulties present in people prenatally exposed to alcohol, and are in-
cluded in the diagnostic criteria for Fetal Alcohol Spectrum Disorder.

Objectives

The aim of this review was to examine the extent and common types of motor impairment present in per-
sons aged over 12 years prenatally exposed to alcohol as evidence for determining the skills that should be
assessed and addressed in intervention.

Methods
A systematic review of current evidence using various electronic databases was conducted. Studies were
appraised using a recognized clinical appraisal tool.

Results

Seven studies published between 1998 and 2014 met the inclusion criteria. There is some evidence that dif-
ficulties with fine motor skills, visual motor integration, and balance skills persist in people who have been
prenatally exposed to alcohol. Most studies did not focus on adolescent or adult participants in isolation,
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making it difficult to generalize results. Varied methodological designs made it difficult to compare studies

as few used common standardized assessments.

Conclusion

A review of functional difficulties in each individual would be required to determine if a motor assessment
is warranted. Further research is required using assessments recommended in diagnostic guidelines to
determine the common motor difficulties seen in adolescents and adults.

Fetal Alcohol Spectrum Disorder (FASD) is a
diagnostic term used to describe the lifelong neu-
rological disability directly linked with exposure to
alcohol in utero. A recently published systematic
review estimated that the global prevalence of FASD
in the general population was 7.7 per 1000 people.'
In Australia FASD is thought to be underdiagnosed
and reported; but estimates of FASD (with associated
facial features) range from between 0.01 to 1.7 per
1000 live births.” The first Australian prevalence study
conducted in 2009 in a remote Western Australian
community with known high levels of alcohol abuse,
found 12% of the children assessed met criteria for
Fetal Alcohol Syndrome.?

People with FASD can exhibit a range of neuro-
logical impairments, which are linked to difficulties
including poor school completion, increased contact
with the criminal justice system, decreased independent
living, mental health issues, and poor peer relation-
ships.*® The Australian criteria for a FASD diagnosis
has been modified, and like the Canadian guidelines
with which it harmonizes, uses “FASD” as a singular
umbrella term.®’ The currently used Australian Guide
to the Diagnosis of FASD characterizes FASD as:
confirmed prenatal alcohol exposure; the presence
(or absence) of three facial features; and impairments
across at least three neurocognitive domains of brain
structure/neurology, motor skills, cognition, language,
academic achievement, memory, attention, executive
functions, affect regulation, adaptive behaviour, social
skills or social communication. A multidisciplinary
team of health professionals is required to assess all
domains. Previous diagnostic terms under the FASD
umbrella were often related to the number of facial
features seen, and included Fetal Alcohol Syndrome
(FAS), partial Fetal Alcohol Syndrome (pFAS), Pre-
natal Exposure to Alcohol (PEA), Alcohol Related

Neurodevelopmental Disorder (ARND), and Fetal
Alcohol Effects (FAE). In the Diagnostic and Statistical
Manual of Mental Disorders Fifth Edition (DSM 5),
FASD currently falls under the diagnostic category
of “Other specified neurodevelopmental disorder.””®
In this review, all terms will be used interchangeably
depending upon those used in the reported study.

The reported motor impairments associated with
prenatal alcohol exposure include difficulties with
speed, precision, tremor, postural stability, reaction
time, bimanual coordination, visual motor integration,
ataxia, and sensorimotor deficits.”'? A diagnosis of
cerebral palsy is reported to be a comorbidity in 2—10%
of people diagnosed with FAS.'* Motor delays in chil-
dren with FASD are thought to occur in isolation from
the intellectual delays commonly reported.'* Motor
difficulties have been related to neurological damage
to the corpus callosum, cerebellum, motor cortex,
and the peripheral nervous system caused by prenatal
alcohol exposure.'® Previous literature reviews have
examined these motor difficulties in younger children,
including Doney et al.'® who reviewed fine motor skills
in primary school aged children prenatally exposed
to alcohol, and found that more complex motor skills
including visual motor integration were more impaired,
but that functional fine motor skills need further as-
sessment and research. A meta-analysis by Lucas, et
al.,'” reviewed the research concerning gross motor
skills in children from birth to 18 years of age who
were prenatally exposed to alcohol. They found that
gross motor skills including balance, coordination,
and ball skills were significant affected by prenatal
alcohol exposure.

Motor skill development can be affected by multiple
factors. A review found that prenatal alcohol was a risk
factor for delayed childhood motor performance.'® They
also reported on studies, which used mixed reliability,
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factors affecting motor development, including he-
reditary factors; exposure to toxic trace metals during
pregnancy; prenatal drug use including cannabis; stress
during delivery; preterm delivery, low birth weight or
perinatal complications.'® When considering a FASD
diagnostic assessment in an adolescent or adult, the
drug use of the young person, or any history of head
injuries also needs to be considered as a compounding
factor impacting on neurological deficits.’

Studies into the motor impairments seen in those
diagnosed with Developmental Coordination Disorder
(DCD), indicate that the daily impact of motor dif-
ficulties seen in childhood persist into adolescence
and adulthood in approximately 50% of cases.'? It is
thought that some people may have improved motor
skills as a result of intervention in childhood, or after
extensive practice. They may also employ compensa-
tory strategies including avoiding challenging tasks,
or modifying the environment to suit their needs
(e.g., using a computer rather than handwriting).*° It
is unknown if this premise would be similar in people
who have motor impairment as a result of prenatal
alcohol exposure.

Motor impairments among adolescents have been
correlated with secondary concerns including social
skill problems, lower school achievement, decreased
independence in daily living skills, reduced partici-
pation in sport and recreation, reduced employment
rates, higher anxiety, and reduced self-esteem.?'
Therefore, motor skills are important to assess.

In recent times, the profile of FASD been raised
with growing awareness of its impact and prevalence.
More funding is being invested into prevalence and
intervention research and into establishing diagnostic
clinics in Australia.”* As a result, it is possible that
many people who previously could not access a di-
agnostic assessment, are now adolescents or adults.
Therefore, it is important to know the level of motor
impairment expected in these older populations to
help determine whether an assessment is warranted.
This information can help guide clinicians working in
diagnostic teams, or who are providing intervention,
about which assessments should be included in the
therapeutic process.

This review will investigate the extent and com-
mon types of motor impairment reported in persons

aged over 12 years prenatally exposed to alcohol. A
systematic review method was chosen to review and
critically appraise the articles as it offers a transparent
approach for minimizing bias when selecting, apprais-
ing and extracting data from articles.*

METHODS

Search Strategy

An initial search was conducted and included the
following search terms: motor impairment, motor
delay, motor coordination, fine motor, balance, gross
motor, visual motor AND fetal alcohol spectrum, fetal
alcohol disorder, FAS*. FAS* was used to include FAS
and FASD in the search. Many irrelevant articles were
discovered, and so the search strategy was refined in
Medline and adopted for the other databases which
included Medical Subject Heading (MeSH) terms.
All publication dates were considered without a time
restriction. Age ranges were included in the original
search strategy, but were eliminated to allow more
studies to be included in the review. All studies were
reviewed manually, and references were cross-checked,
with some relevant papers followed up and added.

Databases that were accessed included Web of
Knowledge, Ovid (Medline in-process, other non-
indexed citations; Embase), EBSCOhost (Cumulative
Index to Nursing and Allied Health Literature), The
Cochrane Library, Google Scholar, and OT Seeker
over August and September 2016. Hand searching
was also conducted from references used in selected
articles. The search was re-run in September 2017,
and no new articles were found.

Study Selection

Titles and abstracts were reviewed by the first
author to determine their eligibility (see Table 1 for
inclusion and exclusion criteria). Full text articles that
were identified as eligible or unclear were retrieved
and reviewed in full.

The PRIMSA checklist was used to guide the
literature review. A total of 215 articles were found
across databases; 83 were duplicates and removed.
The remaining 132 (plus three that were added from
reference lists of articles) were screened, and assessed
for inclusion criteria based on the title, abstract or after
reviewing the article in entirety. Articles were commonly
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FIG. 1 Example of Search Strategy used in Medline

1. | Fetal Alcohol Spectrum Disorders/
fetal alcohol syndrome.mp. [mp=title, abstract, original title, name of substance word, subject heading word,

2. | keyword heading word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier]

3. |lor2
(motor impairment or motor skills or motor delay or fine motor or gross motor or visual motor).mp.

4. | [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier]

5. | Motor Skills Disorders/

6. | apraxias/ or apraxia, ideomotor/ or gait apraxia/

7. |4or5o0r6

8. |3and7

9. | limit 8 to (english language and humans)

TABLE 1 Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria
. - Search concluded September 2016 and re-
Time No restriction
run September 2017
Age of Studies that included participants 12 years and | Studies with only children younger than 12
participants older (no upper limit on age was set) years old
Language English All other languages
Participants Humans Animals
Randomized Control Trials Descriptive
Design Cohort Studies Reviews
Case-Control studies Case studies
Prenatal alcohol | Confirmed Not confirmed
Publihed, commonty used sandardised | Observational daa
Motor assessment ’ Y Non-standardised or uncommonly used
assessments .
. assessments (e.g., computer or robotic)
Parent or other informant report
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excluded due to reasons of: absence of prenatal alcohol
exposure; animal studies; literature reviews; interven-
tion studies, studies referring to other prenatal drug
exposures; assessments used that are not commonly
available to clinicians (e.g., non-standardized robotic
or computerized tasks); and participants not included
in the age range for this review. The original inclusion
criteria were solely participants of any age over 12
years-old; however, this only generated one study. As
a result, the criteria were widened to include studies
with participants older than 12 years but who also had
some participants under this age. These studies were
sorted manually. Following exclusion, seven articles
remained that met the inclusion criteria.

Data Analysis

The seven articles that met the inclusion criteria
were read and key data were extracted into tables.
The primary outcomes that were measured included
any type of motor function such as fine or gross
motor coordination, bilateral coordination, balance,
and motor speed. The National Health and Medical
Research Council (NHMRC) Evidence Hierarchy
was used to guide the strength of the evidence.?® The
McMaster University Critical Review Form- Quantita-
tive Studies,?’ was used as the quality rating tool as

FIG. 2 PRISMA Flow Diagram

database search (n=215)

A

Articles identified through database

is freely available, used across varied research areas
to evaluate a range of research designs (e.g.*®). The
data from the included articles was reviewed by an
additional assessor.

RESULTS

The search identified a total of 215 articles. Using
the inclusion and exclusion criteria, seven articles
were eligible for review. Participants across studies
ranged from 5-39 years-old.

Details about each article were recorded including
author, sample size, type of study, age of participants,
NHMRC level of evidence, assessment tools used,
and findings. Full details are presented in Table 2.

All studies apart from one used matched controls
based on age, gender and ethnicity. One study aimed
to determine if intellectual ability had an effect on
motor performance, so the control group was matched
for Intellectual Quotient (IQ) levels.? Usually 1Q
was reported as lower in the prenatal alcohol exposed
group; which is in line with research findings that on
average, children with FASD have 1Q ability in the
low-average range.*’

One study was a longitudinal study and compared
motor performance in the same person when they were

Potential articles identified through Duplicates removed (n=83)

Additional articles retrieved

searching onceduplicates removed
(n=132)

A

Total articles found and screened

inclusion/exclusion criteria (n=135)

for appropriateness and by using —>|

through other search methods (n=3)

Articles excluded (n=128)

Studies retained for analysis (n=7)
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a child, and again when they were an adult.’' Five
studies were case-control studies; and the remaining
one was a cross-sectional design using normative data
from standardized assessments.*>* There was only one
study that focused solely on adolescent or adult par-
ticipants. Six of the studies included younger children
outside of the original inclusion criteria age range,
and only one of these six analyzed the participants
for any age-related differences.

Although some studies stated that information about
additional prenatal toxic exposures was gathered dur-
ing assessment, they did not report the prevalence or
discuss this as a factor in the results. Only one study
reported that the control group was exposed to ciga-
rettes (11%) and marijuana (4%) during pregnancy.”’

Most commonly used motor skill assessments
included the Beery-Buktenica Test of Visual Motor
Integration (VMI)** and Grooved Peg Board (GPB).**
The Sensory Processing Measure,*> Movement
Assessment Battery for Children, Second Edition
(MABC-2) - Parent Checklist,*® and Dynamic Gait
Index (DGI)*” were used in one study. Often the re-
search reported on motor assessments as secondary
results, with the primary outcome focusing on other
neurocognitive areas.

Two of the studies found that only those with facial
features commonly seen in people with FASD did
significantly worse on the VMI and fine motor tasks
compared to the control group.*®** However, other
studies that separated the FASD group into different
diagnostic categories depending on the number of
facial features, found similar motor results between
the different groups. Results are reported for fine
motor skills, VMI and balance.

Fine Motor Skills

Mattson et al.*® reported that when 50 children and
adolescents were assessed using the GPB (dominant
hand), results were not significantly different between
the control group and those diagnosed with PEA or
FAS. However, when assessed using the GPB (non-
dominant hand), results showed a significant reduction
in speed in both PEA and FAS groups compared with
the control group. Aragon et al.** had a similar sample
size and age range, and also used the GPB to assess
motor skills. Although GPB (non-dominant hand)

scores were lower in the FASD group compared to the
controls, the difference was not statistically significant.
Important to note is that in this study approximately
20% of the control group’s mothers reported some
alcohol consumption during pregnancy, which may
have had an effect on the control participant’s neuro-
logical profiles. In a larger sample size (n=110) of 6 to
16-year-olds with IQ matched controls, the GPB test
results showed no significant difference between the
FASD group and the control group’s performance.
All three of the aforementioned studies included both
younger children and adolescents with no indica-
tion of the number of children in each age group, or
separation of any age groups for statistical analysis.

Tamana et al.*? completed a cross-sectional study
of 117 young people diagnosed with FASD, comparing
groups within three different age ranges (5-8, 9-12,
13-17 years). No control group was included, with
results compared with normative assessment data.
Participants in the older group performed poorer
than younger participants on the hand dynamometer
(to assess hand strength), finger tapping (to assess
fine motor speed), and GPB tasks. Connor et al.’!
completed a longitudinal study of 402 participants
(25-27 years-old), alongside a clinical study of par-
ticipants aged between 18 and 37 years. In the clini-
cal study, three-quarters of the subjects with FASD
demonstrated more difficulties with motor function
compared to the controls. People with FASD were
less accurate and slower on a hand steadiness task.
In the longitudinal sample, only subjects who had
been identified in childhood as possibly having FAS
(FASD with all three associated facial features) had
difficulties with motor tasks, relative to comparison
subjects. They concluded that those who were exposed
to high levels of alcohol prenatally, and had other
neurocognitive impairments, had motor deficits that
persisted into adulthood.

Visual Motor Integration

Mixed results were reported for visual motor
integration skills using the VMI assessment. Vaurio
et al.”” found a significant difference between results
among the FASD group compared to cognitive matched
controls. This aligned with results from Tamana et al.*
who also found that the VMI difficulties in participants
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with FASD were independent of cognitive function-
ing. In this study, the participants in the older age
range who had FASD had more difficulty completing
the VMI compared to younger participants. They
concluded that deficits in visual motor abilities may
become more obvious with age. However, as this was
a cross-sectional, rather than longitudinal study these
results need to be interpreted with caution. Mattson
et al.*® found that VMI results in the FAS group were
significantly poorer than those of the control group.
The PEA group did not perform as well as the con-
trols but there was no statistically difference. They
concluded that visual motor difficulties were poorer in
those diagnosed with FAS. Roebuck-Spencer et al.'?
assessed 10 to 19-year-olds and found that children
with FASD were slower than the controls to compete
the VMI assessment, but were equally accurate on
basic visual motor tasks. They found no statistical
differences between the age groups during analysis.

Balance

Jirikowic et al.”" assessed balance skills in 20
participants aged 8-16 years-old. In standardized
caregiver questionnaires (Sensory Processing Mea-
sure and Movement Assessment Battery for Children
(MABC-2) - Parent Checklist), carers who had a child
diagnosed with FASD identified more functional balance
concerns. During a clinical balance test, children with
FASD were more reliant on vision to support balance.
There was a significant difference during the Dynamic
Gait Index (DGI) test, with the children with FASD
achieving lower scores; however, as this tool is not
normed on this age range, it is unknown if the scores
were clinically meaningful. No significant difference
between groups was seen during the clinical balance
tasks of the MABC-2. As the proportion of partici-
pants in different age groups was not documented, it
is expected that the sample of adolescents was very
small, and results cannot be generalized.

Connor et al.,*! in a larger, longitudinal study of
adults, used the Dynamic Balance Test. They found
that participants with FAE and FAS had poorer balance
compared to the control group in the clinical study.
FAE and FAS groups had similar balance scores. These
results demonstrate that balance difficulties may persist
into adulthood in those prenatally exposed to alcohol.

1.41

DISCUSSION

The aim of this systematic review was to explore
the available evidence for motor skill impairment
and functioning in older children or adults who were
prenatally exposed to alcohol. Although the focus was
on adolescents or adults, only two of the seven studies
analyzed the results of this group in isolation from
results for children. As a result, it is difficult to make
conclusions about motor skills in an adolescent or adult
population. Most studies, aside from one, excluded
any prenatal alcohol exposure from control groups.
Factors including additional prenatal drug exposures,
personal drug misuse, and head trauma histories, are
confounding factors for motor performances across
the lifespan.”'® However, no study adequately cap-
tured or discussed additional risk factors for motor
impairment during the prenatal period, birth or other
lived experiences. Many FASD umbrella terms were
considered. The varied diagnostic criteria and terms
used between studies meant that comparing results
to make definitive conclusions was difficult. Most
studies relied on maternal disclosure of prenatal
alcohol consumption quantity. The reliability of this
information is likely questionable given the passage
of time since pregnancy and the stigma associated
with drinking alcohol during pregnancy leading to
underreporting.** Details about alcohol quantity and
timing during the prenatal period were not disclosed
in the studies, so conclusions relating to this are not
made in this review.

The VMI and GPB were commonly used in the
studies that were analyzed. The VMI is commonly
used clinically by occupational therapists or psy-
chologists and is recommended in the Australian
Guide to the Diagnosis of FASD.” The GPB test is
available to clinicians, but norms are outdated, it is
rarely used in isolation, and it is not recommended in
the diagnostic guidelines. Along with the VMI, other
assessment recommended by The Australian Guide to
the Diagnosis of FASD include the MABC-2, or the
Bruininks-Oseretsky Test of Motor Proficiency, Second
Edition. No studies were found which used either of
these assessments to determine a motor functioning
score (with the exception of one which used the bal-
ance subtests of the MABC-2*"). The motor tasks used
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and analyzed in the identified studies would not be
sufficient to assess a person for a motor impairment
using these guidelines,’ so the level of impairment
may be underrepresented.

One article included caregiver questionnaires
to determine any difficulties with functional motor
tasks.*! Otherwise, no studies directly assessed func-
tional motor tasks such as handwriting. Functional
ramification of motor skill difficulties in adolescence
or adults are poorly researched and understood. The
Australian Guide to the Diagnosis of FASD,” recom-
mends occupational therapists or physiotherapist be
involved in the assessment of motor skills. However,
no articles discussed whether these professionals were
involved in the assessment; which questions the qual-
ity of the assessment and credibility of the reported
result’s ability to draw conclusions about motor skills.

Most studies assessed motor skills as part of a
larger neurological assessment therefore weakening the
statistical power of these studies to detect differences
in motor functioning between the matched control
groups. This limits the ability to make conclusions
about clinical differences in motor functioning between
people who are prenatally exposed to alcohol, from
those who have no exposure.

There is some evidence that adolescents with
FASD have difficulties with more complex motor
tasks compared to control groups. For example, the
non-dominant GPB test was more challenging, and
difficulties with complicated shape copying during
the VMI was seen in adolescent participants in some
studies.'>**** This could explain why older children
did not perform as well on the VMI as reported by
Tamana et al.*? Visual motor integration skills require
aspects of executive functioning such as planning and
problem solving. Executive functioning is thought
to become more difficult for a person with prenatal
alcohol exposure as they move into their adolescent
years,” so changes in VMI may be in line with this
finding. However, in another study, participants with
FASD required longer to complete visual motor-
based tasks, but were equally accurate as the control
group.'? Research by Connor et al.,>' and Tamana et
al.** showed that difficulties with fine motor speed and
accuracy were still present in adolescents and adults,
and therefore should be routinely assessed during a

FASD assessment. When analyzed, motor skill difficul-
ties are seen independently of intellectual abilities, so
should be tested in addition to cognitive assessment.

Other studies have shown that simple motor task
difficulties seen in earlier childhood may diminish
in adolescence.** Although animal studies were not
considered in the inclusion criteria for studies in this
review, this is supported by some rat studies that have
shown that motor training can support neuroplasticity,
and diminish the effects of prenatal alcohol expo-
sure on motor skills.***® Further studies in children
using non-standardized computer assessment have
also shown that motor timing and motor reach ac-
curacy difficulties diminish as a child gets older.**4’
Adolescents with FASD required additional time to
process increasing amounts of information, but the
time required to elicit a motor response was similar
to the performance of the control group; and older
children were able to make straighter reaches than
younger children compared with age matched con-
trol groups.*’ Motor skills, particularly balance, has
been linked to poor sensorimotor processing (visual,
vestibular, and somatosensory) for people affected
by prenatal alcohol exposure.’ This aspect of motor
function needs further exploration about whether these
difficulties play a role in older childhood.

Like research into DCD, it may be that the func-
tional motor impairments seen after prenatal alcohol
exposure become less problematic due to motor
practice or utilization of compensatory strategies.'”
As adolescents have had years of exposure to motor
skill practice through everyday activities at school
and recreationally, simple motor challenges seen in
early childhood may be reduced. However, this is not
consistently seen across all studies, and highlights the
gaps in knowledge about the impact of age of motor
skill development.

Limitations

There are limitations in this systematic literature
review which make generalizing the results to older
children or adult cohorts with prenatal alcohol expo-
sure difficult. These include the fact that only seven
studies met the inclusion criteria, and sample sizes
were usually small. As only one study was found
that focused solely on children over 12 years of age,

J Popul Ther Clin Pharmacol Vol 25(1):e1-e14; February X, 2018.
This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial 4.0 International License.

el



Assessing Motor Skills to Inform a Fetal Alcohol Spectrum Disorder Diagnosis Focusing

it was necessary to expand the inclusion criteria to
also include studies that included participants who
were younger than 12 years of age. Most studies did
not separate an older childhood group from younger
participants, so it is difficult to make conclusions for
adolescents and adults. Study participants may have
been exposed to additional confounders affecting mo-
tor skills, which were not reported. As the research
into FASD is relatively new, knowledge is evolving
regularly, so comparing studies across the years is
challenging. For example, the varied FASD diagnostic
criteria employed.

The fact that no study assessed functional motor
skills, except one which included a caregiver ques-
tionnaire; and that the motor assessments were often
not standardized, suggests that motor impairments
may be underestimated. Larger cohort studies would
be required to follow up young people with prenatal
alcohol exposure and determine how motor impair-
ments develop through their lifetime.

CONCLUSION

This systematic review of the research literature
regarding the motor profile of persons aged over 12
years with FASD found limited reliable evidence to
indicate what skills should be routinely assessed as
part of a FASD assessment. The differences in study
designs, varied diagnostic criteria and participant
age ranges; as well as assessment tools with poor
clinical application, meant that making definitive
conclusions about motor skills in older children with
a history of prenatal alcohol exposure is impossible.
There is conflicting research regarding whether the
motor impairments commonly seen after prenatal
alcohol exposure diminish or become more obvious
with increasing age in childhood. Evidence suggests
that VML, fine motor and balance skills may continue
into adolescence, but potentially only when functional
motor concerns are identified.

As funding sources and public knowledge about
FASD grows, many people may seek a diagnosis later
in life, so an understanding of their expected motor
profile is important to ensure accurate assessment and
diagnosis. More research is needed including assess-
ing motor skills in older children and adults using
recommended standardized assessments by relevant

disciplines. As motor skills may affect a young person’s
success at school, employment, recreation, and their
social abilities, early assessment and intervention is
critical.
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