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Abstract The aims of this study were to investigate whe-

ther individuals with AS have impaired motor abilities and

sensorimotor processing and whether these impairments

were age-related. Sensorimotor abilities were examined

using the Movement Assessment Battery for Children-2, and

the Sensory Integration Praxis Test. Fifty boys with AS aged

7–14 years old were compared with typically developing

boys. Overall, children with AS showed significant impair-

ment of movement performance as well as proprioceptive

and vestibular processing. There were no interaction effects

of age and clinical group on level of performance deficit in

any of the modalities tested. Increasing our understanding of

motor and sensory impairment in AS could have treatment

implications for those supporting individuals with AS.
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Movement Performance and Asperger’s Syndrome

Asperger’s syndrome (AS) is a condition largely consid-

ered in terms of dysfunction in the social domain.

However, there have also been accounts of abnormal motor

performance in children with AS going as far back as Hans

Asperger’s early descriptions of the condition (1944).

Subsequent reports have described high frequencies of

relatively poorly specified disturbances in motor perfor-

mance (Rinehart et al. 2001; Ghaziuddin and Butler 1998;

Ghaziuddin et al. 1994). A variety of problems in motor

coordination have been reported with children being

described as clumsy or dyspraxic (Frith 1991), having

impaired skills in playground games and hand-writing

(Wing 1981), and lacking balance. Children with AS also

show problems ignoring obstructions, for example, tripping

over other people’s feet (Aarons and Gittens 1992). Green

and colleagues have found that boys with AS meet criteria

for motor impairment, with ball skills mainly being

affected (Green et al. 2002). More recently, a study of 16

boys diagnosed with AS or high functioning autism (HFA)

described problems in balance and motor skills and evi-

dence of diadochokinesis, suggesting possible disturbances

in motor planning. These observations may imply that

individuals with autism spectrum conditions face problems

with information processing. In addition, the authors noted

a strong association between motor abilities, social with-

drawal, and severity of autistic traits, suggesting that motor

impairment is more integral to autism spectrum than pre-

viously thought (Freitag et al. 2007). Using a neurologic

examination standardised for children, Jansiewicz et al.

(2006) observed that HFA and AS participants displayed

significant motor impairment compared to controls, with no

significant differences between HFA and AS groups.

However, some literature suggests that some aspects of

motor problems seem to be specific to AS. When compared

to participants with autism, Iwanaga et al. (2000) found

that children with AS fell down on a standing and walking

task more than those with HFA. The authors suggest this
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was a consequence of an impairment of a basic component

of movement when standing. They further state that this

may explain why some children with AS reportedly have

an awkward stance and walk (Gillberg 1989). Rinehart

et al. (2006) report motor planning deficits in people with

HFA and people with AS, although they further suggest

that there are qualitative differences in the deficit between

these groups, which manifests as ‘motor clumsiness’ in AS

and ‘abnormal posturing’ in HFA.

Sensory Integration and the Sensorimotor System in AS

The sensorimotor system is the mechanism that acquires

sensory stimuli from the environment and integrates them

in the central nervous system, thereby generating motor

responses by activating various muscles for locomotion and

performance of functional tasks (Fisher et al. 1991). There

is compelling evidence to suggest that the sensorimotor

system in AS, and in other autism spectrum conditions, is

atypical. A recent article reports that 76% of Swedish

preschool children diagnosed with ASD demonstrated a

major abnormality in at least one sensory modality, and

that this was particularly notable in two subgroups,

including an AS subgroup (Klintwall et al. 2011).On a

cerebral level, the somatosensory cortex processes propri-

oceptive information in order to provide conscious

awareness of joint position and joint motion (Lephart and

Fu 2000). A recent study has shown that there is an

increased dependency on proprioception in autism condi-

tions with stronger links between self-generated motor

control and proprioceptive feedback than would be

expected (Haswell et al. 2009). Further, this study showed

an association between severity of social impairment and

over-reliance on propriception (Haswell et al. 2009). In AS,

people show deficits in body posturing, tandem gait and

balance with closed eyes, which may indicate deficits in

sensory modalities rather than the motor pathway (Weimer

et al. 2001). Using the Sensory Profile Test (Dunn 1999),

Dunn et al. (2002) found that children with AS scored

significantly lower than typically developing children in 22

out of 23 items of the test, which is designed to measure

multi-sensory abilities and assess the effect of this on

performance. McAlonan and colleagues have shown that

people with AS show impaired sensory gating, demon-

strated by inhibition of the startle-prepulse in a test of

prepulse inhibition (PPI), a neurological phenomenon in

which a weak stimulus reduces the reaction to a second,

stronger stimulus. The AS participants in that study did not

modulate their response following the weak stimulus,

which the authors suggest may be linked to volume

reduction in grey matter in frontostriatal and cerebellar

regions and excess white matter around the basal ganglia,

as shown by MRI scanning (McAlonan et al. 2002). The

authors note that findings from scanning comply with a

theory postulated by Damasio and Mauren (1978) that

clinical symptoms of autism, including motor disturbance

would involve a system incorporating the frontal lobe and

basal ganglia (Damasio and Mauren 1978).

Problems with sensory organisation have been demon-

strated through deficits in ‘sway-referenced’ (balance) tri-

als in people with autism. Difficulty with postural stability

has been shown to be particularly notable when somato-

sensory processing was relied upon, and suggests a dis-

turbance of multi-sense integration (Minshew et al. 2004).

The authors of that study noted that as the participants did

not have intellectual disability, the problems with stability

could be directly related to autism. In the general popula-

tion one sensorimotor model that has generated clinically

useful therapeutic interventions, together with a standard-

ised clinical assessment, is that of Sensory Integration

theory. This theory states that ‘‘sensory integration is a

neurobiological process that organises sensation from one’s

own body and from the environment and makes it possible

to use the body effectively within the environment.’’

(Ayres 1989, p. 11). According to sensory integration

theory, problems in motor coordination in children are

usually somatosensory-based and may include somat-

odyspraxia, a term utilised by Ayres (1989) to describe the

difficulty in planning and carrying out skilled motor acts in

the correct sequence. Using the ‘body effectively within the

environment’ is ultimately reliant on motor skills, and thus

it is clear from Ayres’ theory how disrupted sensory inte-

gration could lead to problems in motor function.

Development of Motor and Sensory Atypicalities

It has been suggested that movement problems in AS may

be linked to developmental delay, with learning to walk in

young children with autism spectrum conditions being

delayed by several months (Manjiviona and Prior 1995).

However, there is evidence of motor deficits persisting into

adulthood in young adults with AS (Sahlander et al. 2008).

Similarly, Minshew et al. (2004) reported that people with

autism showed difficulty with postural control, never

reaching levels of typically developing adults.

Despite advances in recent years the picture of sensory

function in AS and its behavioural manifestations is still

unclear and remains under-investigated, often overlooked

in favour of studies of social cognition. Characterising

movement and sensory profiles in AS is essential in sup-

porting the future development of approaches to over-

coming disturbances in sensorimotor functioning. The aims

of this study were (a) to simultaneously investigate motor

and sensory performance in children with AS in the context
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of Sensory Integration Theory and (b) to examine whether

performance was affected by development. This should go

some way to understanding if poor performance is the

result of developmental delay.

Performance across a range of tasks sensitive to discrete

proprioceptive and vestibular functions was examined. We

hypothesised that children with AS would have a gener-

alised impairment of these motor and sensory abilities

compared to typically developing individuals. Furthermore,

we investigated the relationship between sensorimotor

performance and age, in order to examine whether any

expected sensorimotor impairments observed in the AS

group lessened with age.

Methods

Design

The Movement Assessment Battery for Children–2

(MABC-2; Henderson et al. 2007) and the Sensory Inte-

gration Praxis Test (SIPT; Ayres 1989) were used to

investigate sensorimotor performance in a group of boys

with AS and a matched control group. Overall frequencies

of impaired performance (relative to standardised scores)

were compared between the AS and the control partici-

pants. In addition, developmental trajectories in these

groups were examined by comparing sensorimotor per-

formance across age.

Participants

Fifty male children aged 7–14 years with AS were

recruited together with 50 age-matched typically develop-

ing boys by contacting schools and educational authorities

in England and by placing a notice on the National Autistic

Society website. Exclusion criteria included diagnosis of

developmental coordination disorder (DCD), severe sen-

sory abnormalities and evidence of intellectual disability.

AS Group

All AS participants had a diagnosis of AS made by a

clinical service according to criteria set out by DSM-IV

and ICD-10. As a secondary verification, we also inter-

viewed parents using the Autism Diagnostic Inventory-R

(Rutter et al. 1994). We were not able to interview eight of

the 50 participants. The mean subtest scores for those

interviewed are: social interaction mean 23.3 ± 6.3, range

11–30; communication and language mean 19.7 ± 4.9,

range 11–26; restricted and repetitive behaviours mean

8.4 ± 3.3, range 1–12; abnormalities of development

evident at or before 36 months mean 3.6 ± 1.4, range 1–7.

Medical, psychological and educational reports were

inspected by the research team to further verify suitability.

IQ was measured with the Wechsler Abbreviated Scale of

Intelligence (WASI; The Psychological Corporation 1999).

AS participants had a mean age of 10.72 years

(SD = 2.55) and full scale IQ of C80, with a mean score of

106 (SD = 15.1).

Control Group

To exclude the possibility of an undiagnosed autism

spectrum condition the parents of the control participants

were interviewed with the Childhood Asperger Syndrome

Test (CAST) and none of the selected children scored at or

above the cut-off of the test (Williams et al. 2005). Control

participants had a mean age of 10.84 years (SD = 2.21)

and no intellectual disabilities. According to their parents

they had no known neurological or psychiatric disorder and

were not on medication.

Assessments

Movement Assessment Battery for Children–2 (MABC-2)

The MABC-2 was developed by Henderson et al. (2007)

and has been standardised on 1172 children aged between

3 and 16 years in the UK. The MABC-2 takes approxi-

mately 40 min to complete. It assesses three domains of

motor ability: (a) Manual Dexterity (threading a lace),

(b) Aiming and Catching (throwing and caching a tennis

ball) and (c) Balance (balancing on a board, walking heel

to toe).

Sensory Integration & Praxis Test (SIPT)

The SIPT developed by Ayres (1989) has been standard-

ised on 1997 children aged between 4 and 8 years. It

focuses on the processing and integration of sensory

information, and how this is reflected in movement. In the

current study seven tasks were selected that examine the

effect of sensory processing (vestibular and proprioceptive

processing) on motor ability, as described in Table 1.

Procedure

Each participant was assessed in a single session. Before

the testing procedure every task was explained and par-

ticipants had one or two practice trials. All participants

were assessed on the MABC-2 test first and then the SIPT.

During the testing procedure all participants had two

breaks of 10 min each.
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Analysis

Raw scores from each task of the MABC-2 were stand-

ardised, based on the age of the participants, to an equiv-

alent standard score corresponding to the percentile rank of

the performance in the general population according to

MABC-2 guidelines. This gives a performance score for

each of the three domains of the test and a total motor

performance score for the whole MABC-2. Individual

scores from each of the seven tasks employed from the

SIPT were calculated and transformed, according to the test

guidelines, into z scores against the normative sample of

the test, reflecting the magnitude of deviation from them.

Scores from the MABC-2 and each of the seven tasks from

the SIPT were checked for normality in distribution in each

group by tests for skewness (normality between -1 and 1)

and kurtosis (normality between -3 and 3) using SPSS

(SPSS Inc., IL, USA). MABC-2 scores were analysed using

multivariate ANOVA. As some components of SIPT did

not follow a normal distribution, scores for SIPT were

analysed using unpaired t test comparisons if normality

was met and Mann–Whitney tests if normality was not met.

Possible effects of age on MABC-2 or SIPT perfor-

mance were examined by assessing main effects and

interaction of group and age using an ANCOVA in SPSS.

Significance levels are set at p \ 0.05 throughout.

Ethical Considerations

Ethical approval was obtained from the Local Research

Ethics Committee. The experimenters adhered to the code

of conduct authorized by their research institutes. The basic

rights to privacy and respect of the participants were fol-

lowed and all personal information remains confidential.

Results

Group Differences in Performance on the MABC-2

Figure 1 shows that control participants scored higher on

MABC-2 overall (Fig. 1a; p \ 0.01, t = -13.92). Control

participants obtained a group mean score of 11.3 (±0.31

sem), scoring higher than the AS group whose mean score

was 5.1 (±0.32 sem). Controls scored higher than AS

participants in the individual tests comprising the MABC-2

(Fig. 1b), attaining a mean of 12.48 (±0.31) compared to

6.08 (±0.41) for Aim and Catch; 8.88 (±0.36) compared to

5.24 (±0.31) for Manual Dexterity; and 12.28 (±0.29)

compared to 6.8 (±0.38) for Balance respectively. A

multivariate ANOVA showed a statistically significant

difference between groups by domain F (3, 96) = 72.23;

p \ 0.001; Wilk’s Lambda = 0.31; partial eta squared =

0.69. Considered separately, results for the dependent

variables demonstrated significantly impaired performance

on each of the constituent domains of the MABC-2 com-

pared to the control group (Fig. 1b; p \ 0.001, Bonferroni

adjusted, for aim and catch, F (1, 98) = 152.5; manual

dexterity, F (1, 98) = 59.41 and balance, F (1, 98) =

132.31, respectively).

After checking for outliers and linearity of fit, perfor-

mance on MABC-2 was found not to correlate with any of

Table 1 Description of the seven SIPT tasks used in this study

Tasks Task decription Sense processing

Sensory integration & praxis test

Kinesthisia Vision is occluded. The examiner places the examinee’s finger on a given

spot then moves that finger to second location telling the child to feel the

change of the position. The examiner, after moving the child’s finger back

to the initial location, asks the child to return the finger to the second

location. The accuracy depends on the examinee’s ability to interpret and

recall sensory input from joint and muscle receptors

Kinaesthetic, proprioceptive

(muscle and joint sense)

Graphesthesia Vision is occluded. Child tries to draw the same design on the back of his

hand that the examiner drew with his finger

Tactile, proprioceptive

Localisation of tactile stimuli Vision is occluded. Child tries to touch the exact spot on his arm or hand

that was touched by examiner

Tactile proprioceptive

Postural praxis Child tries to copy different postures while these are demonstrated by the

examiner

Tactile, proprioceptive,

visual

Sequencing praxis Assesses child’s ability to execute planned hand or finger movements

demonstrated by the examiner

Visual, proprioceptive

Bilateral motor coordinati-on Requires child to imitate smoothly executed movement sequences with

hands and feet, after they are demonstrated by the examiner

Proprioceptive, tactile,

visual, auditory, vestibular

Standing & walking balance Evaluates ability to balance on one or both feet with open and closed eyes Proprioceptive, vestibular
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the ADI subset scores, as measured by Pearson one-tailed

correlation coefficient (p [ 0.05; data not shown).

Performance on the Sensory Integration & Praxis Test

(SIPT) Tasks

Figure 2 indicates that control participants scored higher

than the AS group on all seven aspects of SIPT. Controls

scored a mean of 0.91 (±0.12) compared to -0.46

(±0.13) for kinaesthesia; 0.94 (±0.09) compared to

-0.75 (±0.17) for graphaesthesia; 1.69 (±0.11) compared

to –0.17 (±0.18) for localisation; 1.38 (±0.1) compared

to -0.83 (±0.2) for postural praxis; 1.17 (±0.08) com-

pared to -0.92 (±0.16) for sequencing praxis; 1.4

(±0.09) compared to -0.34 (±0.15) for bilateral motor

control; and 1.92 (±0.12) compared to -0.94 (±0.17) for

standing and walking balance. Analysis using t tests (and

Mann–Whitney tests for those results that were not nor-

mally distribution) confirmed that these differences were

statistically significant. Figure 2a–g, Bonferroni adjusted;

p \ 0.001 for kinaesthesia, t = -7.74; graphaesthesia,

t = -8.71; localisation of tactile stimuli, t = -8.76;

postural praxis, U = 228.5, z = -7.06; sequencing,

t = -11.64; bilateral motor coordination, U = 153.5,

z = -7.58; and standing and walking balance, t =

-13.53, respectively.

Performance on the Movement Assessment Battery 2

(MABC-2) Across Ages

We investigated whether or not, within the age ranges

included in this study, there was a differential rate of

sensorimotor development in AS and if that determined

impairment in motor performance, by use of ANCOVA.

Age was entered as a covariate predictor and was found not

to interact with group in predicting score. There were no

significant effects of age or interaction effects for overall

MABC-2 score or in MABC-2 components (p [ 0.05; data

not shown).

Performance on the Sensory Integration & Praxis Test

(SIPT) Across Ages

Using ANCOVA with age as a covariate we found that

there were no significant interaction effects of age and

clinical group in any of the seven components of the SIPT

investigated (p [ 0.05; data not shown).

Discussion

In this study, validated measures were used to describe

aspects of movement performance and sensory integration

performance in a group of boys with AS compared to a

control group comprising age-matched typically develop-

ing boys. We have demonstrated that participants with AS

have significant impairments across the sensorimotor

functions investigated. The impaired motor performance

reflected in the MABC-2 test scores confirms previously

reports that children with AS have atypical motor func-

tioning (e.g. Rinehart et al. 2001; Attwood 1998; Wing

1981). Our findings also suggest that movement and SIPT

problems persist into later childhood.

We suggest that movement performance in AS may be

underlined by problems with sensory integration, although

we acknowledge that our chosen assessments make defining

causation difficult. Nonetheless, our data are compatible

with the suggestion that these impairments are underpinned

by an underlying difficulty with processing proprioceptive

and other sensory information (Weimer et al. 2001) and

may suggest that AS participants employ atypical internal

models relating motor coordination to proprioception as

previously suggested (Haswell et al. 2009). According to

the literature, proprioceptive and vestibular processing and

tactility have a substantial impact on movement perfor-

mance (Lephart and Fu 2000; Smith-Roley et al. 2001) and

problems in these senses can disrupt ‘body schema’ (the

internalised model of the body in action). In AS, this may

have generated problems in motor planning, where it

Fig. 1 a Overall performance on MABC-2 for control and AS

participants. White dots represent controls whilst black dots represent

AS participants. ***indicates that p \ 0.001; **p \ 0.01; *p \ 0.05,

respectively. b Performance on aim and catch, dexterity and balance

components within MABC-2 for control and AS participants.

***indicates that p \ 0.001; **p \ 0.01; *p \ 0.05, respectively
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appears that individuals had difficulties in planning simple

actions perhaps because of sensory impairments. This could

explain the difficulty individuals with AS had in keeping

their balance in the MABC-2 balance task and their

impaired performance on the SIPT standing and walking

balance task. Moreover, participants with AS scored lower

in the graphaesthesia and localisation tasks, which are

associated with the interpretation of tactile and proprio-

ceptive information, and in postural praxis, which is con-

sidered as an indicator of dyspraxia, itself associated with

problems in sensory processing (Ayres 1989). Poor per-

formance on the bilateral motor coordination task in the

current study further suggests that participants with AS

faced motor impairments associated with weak proprio-

ceptive and vestibular processing (Ayres 1989). Defining

the causative relationship between movement performance

and sensory integration should be a target for further

studies.

Our findings raise a question as to whether it is more

appropriate to consider the sensorimotor impairments

observed in AS as a symptom set forming part of the core

nature of the syndrome (Kaplan et al. 2001, 2006) or as a

co-existing condition, as some children with AS do not

have significant movement problems (Dewey and Tupper

Fig. 2 a–g Performance on

components of SIPT for control

and AS participants.

***indicates that p \ 0.001;

**p \ 0.01; *p \ 0.05,

respectively
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2004). The current study showed that atypical function is

present to a significant degree in most of those with AS,

rather than just being a particular problem for a small

proportion, which may suggest that this is a core part of the

syndrome. However, a number of participants with AS did

not demonstrate movement difficulty to the same extent as

the majority of the group. Detailed interviews revealed that

one of the boys with AS, who demonstrated performance

on the balance task close to that of typically developing

children spent a significant amount of time skate-boarding,

which may have improved his balancing abilities. Another

boy, who demonstrated good fine-motor skills but great

difficulty riding a bicycle, had special interest in playing

the guitar. Although we cannot be certain of the direction

of the relationship (as boys with fine motor skills might be

drawn to guitar playing), these examples may give us hope

that motivation and practice could help to improve move-

ment performance in AS, which Barnett and Henderson

(1992) have previously observed with individuals with

DCD.

Impairments in movement performance and sensori-

motor processing cause anxiety and confusion when indi-

viduals with AS have to participate in novel activities. This

could be an additional factor contributing to the manifes-

tation of behavioural problems and the tendency to develop

fixed routines of activities (Smith-Roley et al. 2001).

Children with DCD have poor self esteem and self per-

ception with respect to physical activities and have limited

participation in sports teams or play time (Chen and Cohn

2003; Losse et al. 1991). We suggest that poor movement

performance may exacerbate the reduced opportunities for

social inclusion experienced by individuals with AS, as

typically developing children are reported to value per-

formance in sports more than for example, academic per-

formance (Nikitaras and Ntoumanis 2003; Chase and

Dummer 1992). Individuals with AS could be a target for

bullying because of low self esteem, anxiety in social

settings, lack of confidence and limited success in sports

(Attwood 2007). Adolescents with AS are less physically

fit than peers (Borremans et al. 2010), which may be the

consequence of a vicious cycle of anxiety and poor per-

formance impacting on sports participation. This clearly

will impact on physical health and underlines the impor-

tance of addressing movement difficulties. Movement

performance and associated psychological barriers should

be considered in intervention programmes for children with

AS.

There were some limitations to our study. SIPT is

standardised for children younger than in our sample which

may explain why the controls performed so well, and

makes the AS deficits even more profound. We acknowl-

edge that anxiety and impulsivity that characterises AS

could have affected performance. We have suggested that

problems with performance in childhood may persist into

later life. This is in line with another study that showed that

people with autism did not reach adult levels of postural

control (Minshew et al. 2004). However, that study did

show improvement in the autism group from age 12, per-

haps suggesting that our age range was limited. Despite

this, we believe that our findings from validated tasks

within a large cohort are very valuable and should inform

further research and services.

Conclusions

This research on sensorimotor performance in people with

AS has attempted to investigate an important aspect of

everyday life for children with AS that has been relatively

neglected in favour of a focus on social cognitive aspects of

AS. Individuals with AS face significant impairments in

movement performance and sensory processing and con-

sideration of these could benefit well being in clinical and

educational settings responsible for supporting children

with AS.
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