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Abstract
Background: Although autism spectrum disorder (ASD) is characterized by impairments in social communication
and the presence of repetitive behavior and/or restricted interests, there is evidence that motor impairments may
be a contributing factor to the ASD phenotype. The purpose of this study was to examine the motor act of
reaching-to-grasp in children at high risk (HR; with an older sibling diagnosed with ASD) and low-risk (LR; no family
history of ASD) for ASD.
Methods: Children were compared for differences in reaching-to-grasp based on sibling status and diagnostic
outcome. Children were enrolled between 6 and 12 months of age and the reach-to-grasp movement was scored
at 6, 9, (where available) 12, 15, 18, 24, and 36 months of age using the qualitative Skilled Reaching Rating Scale to
determine the presence of any group-, age-, or sex-related differences in the mechanics of the reach-to-grasp movement
using a Mixed Models analysis. At 36 months, all children underwent a gold-standard diagnostic assessment, which
resulted in three outcome groups: HR children diagnosed with ASD (HR-ASD; n = 10), HR children not diagnosed with
ASD (HR-N; n = 10), and low-risk children not diagnosed with ASD (LR; n = 10).
Results: The group of children who were later diagnosed with ASD (HR-ASD group) showed higher (worse) total scores
on the reach-to-grasp movement, as well as higher scores on the components of Orient, Lift, and Pronate compared to
children in the LR and HR-N groups.
Conclusions: Our results support the growing literature indicating that children who are later diagnosed with ASD show
impaired early motor performance. These results highlight the importance of early surveillance of children who are at
elevated risk for ASD, and early initiatives should focus on early signs of the phenotype, including both movement and
sensory differences (prodromal signs) prior to the emergence of diagnostic characteristics.
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Background
Autism spectrum disorder (ASD) is characterized by
impairments in social communication and the presence
of repetitive behavior and/or restricted interests [2].
There is evidence that motor impairments may be a
contributing factor to the ASD phenotype. Many individuals with ASD have gross and fine motor deficits [26,
29, 49, 50, 61, 86], including difficulty performing motor
gestures [35, 51, 72], impairments in motor control and
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motor learning [1, 30, 31, 34, 77], and disturbances in
the kinematics of reach-to-grasp (i.e., velocity; [47]), as
well as the ability to perform a peg-board placement
(reaching and manipulation) task [57]. Much of this
work was conducted with children or adults who already
had a diagnosis of ASD, and the quality of different components of the movement was not compared between groups.
Growing evidence indicates that motor impairments
appear in the first year of life [4, 43, 80, 87], preceding
differences more directly related to ASD diagnostic
criteria (reviewed by [88]).
Prospective assessment of younger siblings of children
with a diagnosis of ASD (“baby siblings”) who are at
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heightened risk for also being diagnosed with the disorder (approximately 18%; [58]) provides an opportunity
to explore ASD-related behavioral differences early in
life. With respect to motor impairment, research using
the baby sibling design has compared composite scores
between high-risk children who were diagnosed versus
not diagnosed with ASD [8, 19, 37, 41] and the attainment of gross or fine motor skills on developmental
measures, such as the Mullen Scales of Early Learning
[33, 55]. Results of these studies indicate that children
who were later diagnosed with ASD had lower (i.e.,
poorer) overall composite scores on measures of motor
skills/development compared to community controls and/
or other high-risk children who were not diagnosed with
ASD. However, examining composite scores or the absence
of specific motor behaviors only provides part of the
picture—it is also important to understand whether the
mechanics of motor behavior differ based on risk status.
The reach-to-grasp movement provides an opportunity
for a more detailed examination of motor development, in
terms of movement quality and developmental timings for
different components of the reach, and is also of functional significance.
The reach-to-grasp movement, in which a hand advances
towards an object to grasp with the digits, is a natural act
and is displayed in a variety of forms by developing infants
and adults. Newborn infants will automatically grasp
objects that have been placed in the hand [11, 81],
4-month-old infants begin to reach for distal objects
[12, 24, 59], and 12-month-old infants display arm
movements and hand grasps that approximate those of
adults [22, 67, 79, 85]. The topography of the reach-tograsp movement has been standardized using healthy
young and older adults [66], adults with Huntington’s
disease [36], Parkinson’s disease [66, 68], and recovering
from stroke [23]. Thus, reaching-to-grasp is a robust
movement that can be used to study the development of
skilled hand movement and its sensory control, beginning
in infancy and continuing across the lifespan. Detailed
description of the development of the reach-to-grasp
movement beyond 12 months in typically developing
infants is still warranted, in addition to potential developmental differences in the movement in children at
HR for ASD.
The purpose of this study was to examine whether the
reach-to-grasp movement is impaired in children at high
risk (HR; with an older sibling diagnosed with ASD) for
ASD, relative to controls. Infants were recruited from
HR and low-risk (LR; no family history of ASD) families
to compare potential differences in reaching-to-grasp
based on sibling status and diagnostic outcome. The
reach-to-grasp movement was recorded from two ASD
assessments, the Autism Observation Scale for Infants
(AOSI; ages 6, 9 (where available), 12, and 15 months;

[10]) and the Autism Diagnostic Observation Schedule
(ADOS; ages 18, 24, and 36 months; [44]). The movement
was analyzed using the Skilled Reaching Rating Scale [67]
to determine the presence of any group- or age-related
differences in the mechanics of the reach-to-grasp
movement.
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Method
Participants

Thirty infants from a longitudinal study of infant siblings
of children with ASD (see [10, 89]) participated in the
current study. The main study tracked HR infant siblings
(each with an older biological sibling diagnosed with
ASD) and LR controls (no family history of ASD) to
document differences in early development potentially
associated with ASD. All infants were enrolled between
6 and 12 months of age and underwent comprehensive
assessments of communication, social, cognitive, and
motor abilities at ages 6, 9 (where available), 12, 15, 18,
24, and 36 months. Infants in the present study were a
subsample of participants from the Autism Research
Centre at the Glenrose Rehabilitation Hospital (GRH),
Edmonton, Alberta.
Infants were selected at random to comprise three groups
of equal size: (1) 10 non-sibling controls (LR-control; 7
boys); (2) 10 HR siblings without an ASD diagnosis (i.e.,
with an older sibling with ASD but did not receive an ASD
diagnosis themselves at 36 months; HR-N; 3 boys); and (3)
10 HR siblings with an ASD diagnosis (i.e., with an older
sibling with ASD and also received an ASD diagnosis at 36
months; HR-ASD; 6 boys). The HR siblings were recruited
from families following assessment of the older sibling with
ASD at the GRH. The diagnosis of the older sibling (or
“proband”) was based on evaluation by a multi-disciplinary
team and expert clinical review using DSM-IV-TR criteria,
supported by a comprehensive developmental history and
the Autism Diagnostic Observation Schedule (ADOS; [44]).
The LR controls were recruited from the local community
on the basis of having no first- or second-degree relatives
with an ASD diagnosis. All participants were born at 36 to
42 weeks gestation, had a birth weight greater than 2500 g,
and no known genetic or neurological disorders. Table 1
presents detailed participant characteristics. The local institutional review board approved the research protocol and
parents provided written informed consent.
Assessments administered

Several assessments were administered to track cognitive
and ASD-specific characteristics over time; Table 1 presents a summary of these.
Mullen Scales of Early Learning (MSEL; [54])

The MSEL consists of five scales, four of which (Visual
Reception, Receptive Language, Expressive Language, and
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Table 1 Participant characteristics
LR controls

HR-N

Number

10

10

HR-ASD
10

Age first visit (mos)

6.94 ± 1.82

7.06 ± 1.29

8.56 ± 2.14

Age diagnostic visit
(mos)

36.84 ± 1.13

37.23 ± 1.8

37.66 ± 1.98

Sex

7 boys; 3 girls

3 boys; 7 girls*

6 boys; 4 girlso

6 months

11.11 ± 4.13

10.38 ± 3.58

14.75 ± 2.50

9 months

6.89 ± 1.83

8.89 ± 3.55

7.22 ± 2.77

12 months

5.00 ± 2.05

7.60 ± 3.41

9.70 ± 5.21*

15 months

4.50 ± 3.72

8.40 ± 4.86

10.0 ± 5.16*

18 months

7.70 ± 5.29

9.20 ± 5.40

14.80 ± 5.90*o

24 months

5.50 ± 3.03

6.70 ± 4.90

14.90 ± 6.10*o

36 months

4.20 ± 4.94

5.00 ± 3.50

17.30 ± 4.10*o

ADI–R total score

6.60 ± 2.76

9.10 ± 2.28

19.80 ± 10.80*o

MSEL ELC

123.60 ± 15.71

106.60 ± 11.31

96.44 ± 21.18*

VABS ABC

102.20 ± 7.21

89.88 ± 12.03

75.83 ± 11.94*

AOSI total score
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communicative behaviors, and behavioral reactivity. A
“press” is either a verbal or non-verbal request with the
goal of eliciting behavior in the child. For example, a
press for a “social smile” would involve the assessor
looking at the child and smiling, with the goal of eliciting a reciprocal smile from the child. The AOSI was
administered at 6, 9, 12, and 15 months of age.
Autism Diagnostic Observation Schedule (ADOS; [44])

ADOS severity score

Values reported are means + standard deviations. Significant difference from
*LR control; oHR-N, ps < .0167. Note: reaches were scored at 6 and 9 months
(where available) and at 12, 15, 18, 24, and 36 months
LR low-risk, HR-N high-risk and not diagnosed with ASD, HR-ASD high-risk and
diagnosed with ASD, N total sample, mos months, AOSI Autism Observation
Scale for Infants, ADOS Autism Diagnostic Observation Schedule, ADI Autism
Diagnostic Interview—Revised, MSEL ELC Mullen Scales of Early Learning Early
Learning Composite ELC, VABS ABC Vineland Adaptive Behavior Scales
Adaptive Behavior Composite ABC

Fine Motor) assess nonverbal, cognitive, and language
ability, while the fifth scale measures gross motor development (from 0 to 29 months only). An Early Learning
Composite is calculated based on scores from the first
four scales for children aged 0–69 months. Inter-rater
and test-retest reliability are excellent [54]. The MSEL
was administered at 36 months of age.
Vineland Adaptive Behavior Scales I/II (Vineland; [74])

The Vineland is a semi-structured parent interview
designed to assess daily living, communication, social, and
motor functioning in everyday life, outlined by typical
developmental milestones anchored to specific ages. The
Vineland has excellent reliability and concurrent validity
and is reported to be sensitive to impairments experienced
by children with ASD [13, 83]. The Vineland was administered at 36 months of age.
Autism Observation Scale for Infants (AOSI; [10])

The AOSI is a semi-structured, observational measure
designed to detect and monitor early signs of ASD in
infants aged 6 to 18 months. The AOSI uses “presses” to
elicit various target behaviors, including visual tracking
and attention disengagement, coordination of eye gaze
and action, imitation, affective responses, early social-

The ADOS includes standardized activities and presses
to elicit communication, social interaction, imaginative
use of play materials, and repetitive behavior. Inter-rater
reliability for the ADOS is excellent [44]. The scoring
algorithm is organized into two domains, Social Affect
(including Communication and Social items), and Restricted
Repetitive Behaviors [28]. The ADOS consists of four modules, each appropriate for individuals of differing language
levels (module 1 = minimal or no language, module 2 =
regular use of non-echoed three-word phrases, module 3 =
child with fluent language, and module 4 = adolescent or
adult with fluent language), the first three of which were
used to assess participants in this study. To compare across
modules (and thus, across language levels), we used the
ADOS severity metric [27]. The ADOS was administered at
18, 24, and 36 months of age.
Autism Diagnostic Interview—Revised (ADI-R; [45])

The ADI-R is an investigator-directed interview that elicits
information regarding social development, verbal and nonverbal communication skills, and the presence of repetitive,
stereotyped interests, and behavior required to make an
ICD-10 or DSM-IV-TR diagnosis of ASD. The questions
are designed to distinguish qualitative impairments
from developmental delays. The ADI-R discriminates
well between ASD and other forms of developmental
disability, and inter-rater reliability is excellent [45]. The
ADI-R was administered to parents when the children
were at 36 months of age.
Diagnostic procedure

At 3 years of age, each participant underwent an independent diagnostic evaluation, conducted by an expert
clinician blind to assessments from previous study visits.
ASD diagnoses were assigned using DSM-IV-TR criteria,
based on the best judgment of the clinician (developmental
pediatrician with over 10 years of diagnostic experience),
considering information from all concurrent assessments.
Because the majority of our sample was diagnosed prior to
2013 (when DSM-5 was published), we continued to use
DSM-IV-TR criteria for diagnoses to remain consistent.
Assessments scored for reach-to-grasp

Reach-to-grasp was coded from the video recordings of
the AOSI and the ADOS by an individual who was not
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involved in the assessments and was blind to sibling
status and diagnostic outcomes.
Autism Observation Scale for Infants (AOSI; [10])

Reach-to-grasp measures were coded from the AOSI at
6, 9 (where available), 12, and 15 months of age using
the two Free Play sections. These together are approximately 10 min, with the first section occurring at the
beginning and the second at the end of the AOSI. The
two sections are separated by two tasks (peek-a-boo and
imitation), lasting approximately 5 min. During the free
play sessions, the child sits at a table across from the
examiner, either seated in her/his parent’s lap or alone in
a posture supportive chair, with hands and arms free to
grasp and manipulate objects. Briefly, the examiner
places a variety of graspable items on the table in front
of the infant and encourages the child to reach for and
grasp the items. The Free Play sections of the AOSI
were chosen because (1) the child is encouraged to pick
up small items (blocks, rings) for manipulation; (2) interruptions by the examiner are minimal; and (3) the two
sections constitute the majority of the AOSI, allowing
ample opportunity to sample grasps sufficiently (see below).
Infants reached for the same set of toys at each age.
Autism Diagnostic Observation Schedule (ADOS; [44])

Reach-to-grasp measures were coded from the ADOS at
18, 24, and 36 months of age using the Birthday Party
routine. The Birthday Party routine occurs at the end of
the ADOS (followed only by “snack”) and is approximately 10 min. During this routine, the child sits at a
table across from the examiner with hands and arms free
to grasp and manipulate objects. Briefly, during the
Birthday Party, the examiner “makes a cake” from
play-dough and encourages the child to grasp and place
candles in the cake. After singing “Happy Birthday,” the
child is encouraged to feed cake and offer drinks to the
birthday baby (i.e., the examiner says, “baby’s hungry”
with the expectation that the child will “feed” the baby).
The ADOS Birthday Party routine was chosen for scoring because (1) the child is encouraged to pick up small
items (candles, fork, knife) for manipulation; (2) this is
one of the longer manipulation sections of the ADOS,
providing opportunities to gather grasps; and (3) the
Birthday Party routine is included in the two ADOS
modules used to assess 18- to 36-month-olds in this
study.
Reaches sampled

The first five successful reach-to-grasp movements were
sampled for each infant at each time point. To be included as a sampled reach, the infant had to make an
overt eye movement towards the target, reach his/her
hand towards the target, grasp it, lift the target from the
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substrate, and make an overt eye movement to disengage
from the target. Some infants did not perform five
successful reaches in a given session (e.g., did not lift or
manipulate an object). Table 2 displays the total number
of reaches scored at each time-point, for each infant.
Reach-to-grasp coding

The Skilled Reaching Rating Scale is based on a description of reaching derived from a conceptual framework
using Eshkol-Wachman Movement Notation (EWMN;
[18, 76, 77]). The topography of the reach-to-grasp
movement has been standardized using healthy young
and older adults [66], adults with Huntington’s disease
[36], Parkinson’s disease [66, 68], and stroke [23]. Sacrey
et al. [67] adapted the scoring system to assess its utility
in infant development by comparing the absence/presence of subcomponents of the movement compared to
the typical adult construct. The results showed that the
reach-to-grasp movement undergoes dramatic changes
from 6 to 12 months of age, from an uncoordinated,
immature movement at 6 months to an act that closely
resemble the adult reach-to-grasp by 12 months. This
study extends this research by examining the development
of the reach-to-grasp movement beyond 12 months in
typically developing infants, but also aims to explore
potential developmental differences in the movement in
children at HR for ASD.
The movement is divided into five components:
1. Orient: participant moves the head and eyes in
order to fixate the target visually prior to reach onset
and visually disengage from the target at grasp.
2. Lift: hand is lifted and supinated towards the
midline of the body as the digits close and semi-flex
3. Advance: hand is carried towards the target and
stops above the target
4. Pronation: hand pronates over target item and
digits shape to target size
Table 2 Total number of reaches scored
Age

Assessment scored

LR control

HR-N

HR-ASD

Total

6 months

AOSI

40

40

20

100

9 months

AOSI

40

40

45

125

12 months

AOSI

45

50

50

145

15 months

AOSI

45

45

45

135

18 months

ADOS

42

50

50

142

24 months

ADOS

47

46

43

136

36 months

ADOS

37

49

38

124

296

320

291

907

Total

LR low-risk, HR-N high-risk and not diagnosed with ASDASD, HR-ASD high-risk
and diagnosed with ASD, AOSI Autism Observation Scale for Infants, ADOS
Autism Diagnostic Observation Schedule. Note: reaches were scored at 6 and
9 months (where available) and at 12, 15, 18, 24, and 36 months
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5. Grasp: target is grasped using a pincer grasp
(thumb and index) or appropriate
grasp for object size
The five components are further divided into 14 subcomponents (for a complete description, see Table 3).
The developmental trajectory of reaching was scored
based on infant performance relative to healthy adult
performance. For rating, a score of “0” was given if the
movement was present and resembled the adult construct, a score of “0.5” was given if the movement was
present, but differed from the adult construct, and a
score of “1” was given if the movement was absent.
Thus, lower scores reflect better movement quality relative to that of adults [84]. The first study to standardize
reaching-to-grasp for humans reported no significant
difference between scores from four different raters [84].
The blind coder established reliability on a standard
set of infant reach-to-grasp reliability videos (a total of
168 reaches). Inter-rater reliability was assessed using
Pearson’s r, resulting in r = 0.916, p < 0.002, suggesting
high reliability. For a detailed description of the video
recording procedure, EWMN, and movement onset
and offset definitions, see Additional file 1.
Table 3 Skilled Reaching Rating Scale
Phase

Component SubDescription
component

Orient

Orient

Transport Lift

Advance

Pronation

Grasp

Grasp

A

Eyes locate target prior to
movement of head/reach

B

Eyes disengage target at
tactile contact

A

Initial hand lift due to
flexion of the elbow
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Procedure

Video recordings of AOSI administration at 6, 9 (where
available), 12, and 15 months of age and of the ADOS at
18, 24, and 36 months of age were collected and given to
the coder, who was blind to both sibling status and diagnostic outcome until all reaches were scored. The children
were scored for reach-to-grasp measures at each time
point in chronological order; that is, records were scored
for one child at a time until all were scored, and each
infant’s videos were scored at 6 months, then 9, through
to 36 months. The scores from each time point were
stored in a binder and were not referenced during the
following scoring in an attempt to minimize the influence
of the previous scoring on subsequent time points. After
all records were scored at each of the seven time points,
participants were placed into groups based on sibling
status and 36-month diagnostic outcomes.
Statistical analysis

The first five successful reaches per infant per time point
were included in the analysis. Given instances in which an
infant made less than five successful reach and grasp movements, particularly for the HR-ASD group at 6 months,
scores of each component of the reach for each infant were
transformed into averages across trials. The Statistical
Package for the Social Sciences (SPSS) v. 21 was used to
run a Linear Mixed Model analysis with group (LR control,
HR-N, HR-ASD), age (6, 9, 12, 15, 18, 24, and 36 months),
and sex (boy, girl; due to the disproportionate number of
boys in the HR-ASD and LR control groups) as the independent variables and reach-to-grasp components as the
within-subjects measures. Benjamini and Hochberg [7]
corrections were applied to all post hoc comparisons. This
method controls the expected proportion of rejected null
hypotheses that are false. The p values are ordered smallest
to largest. The alpha level for each test is then set at kα
m
with k corresponding to the p value’s rank (e.g., lowest
p value = 1) and m corresponding to the number of
comparisons, which in this case was 21. The comparisons
stop once one of the t tests is rejected and a resultant q
value is generated. The q value is then used as the new
“alpha” for post hoc comparisons. Effect sizes were
calculated using Cohen’s d, with 0.2–0.49 = small effect,
0.5–0.79 = medium effect, and 0.8+ = large effect [14].

B

Digits semi-flex

C

Hand supinates approximately
30 degrees

D

Tips of digits are brought
towards the midline of the body

A

Hand takes shortest path to
target

B

Hand stops directly above the
target

C

Trunk leans to the side opposite
the reach

A

Digits open and extend over
the target

B

Knuckle on reaching hand
form horizontal line

Results

C

Elbow opens to full arm length
as participant reaches

A

Thumb and index finger/proper
grasp for target size/shape

B

Wrist extends to lift target from
platform

Groups were compared on cognitive/developmental
(MSEL), adaptive behavior (VABS), and ASD symptom
(AOSI, ADOS, and ADI-R) scores. As shown in Table 1,
children who were diagnosed with ASD differed from
the LR controls and HR-N groups on these measures.
Ages at first visit and diagnostic visit were compared. As

Participant characteristics
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shown in Table 1, groups did not differ in age at initial
assessment (F(2,27) = 2.43, p > 0.05) or diagnostic assessment (F(2,27) = 0.59, p > 0.05). More girls were in the HR-N
group compared to the LR control group and the HR-ASD
groups (χ2 = 31.08, p < .001; χ2 = 25.47.08, p < .001, respectively), who did not differ (χ2 = .50, p = .49).
Reach-to-grasp movement

The group means, standard deviations, and 95% confidence intervals for the components, sub-components,
and total reach-to-grasp scores are provided in Table 4.
Total score

As displayed in Fig. 1, significant effects were seen for
group (F(2,144) = 7.66, p = .001), age (F(6, 144 = 72.72,
p < .001), and sex (F(1, 144) = 5.41, p = .02), but no significant interactions emerged (ps > .05). G*Power was
used to calculate estimated power for the overall group
effect, resulting in a value of 0.74. Post hoc analyses
showed that children in the HR-ASD group had higher
(worse) reach-to-grasp scores compared to children in
the HR-N and LR groups (qs < .033; d = .48, d = .74,
respectively), who did not differ (d = .26). Post hoc analyses
on the age effect revealed improvements in the overall
reach-to-grasp score for all time point comparisons at
6, 9, and 12 months, suggesting overall improvement in
reaching in the first year of life, which plateaus for

Fig. 1 Main effect for reach-to-grasp score. LR, low-risk controls; HRN, high-risk siblings without autism spectrum disorder; HR-ASD,
high-risk siblings with autism spectrum disorder. *p < .05; **p <. 01

each successive time point (qs < .038). The sex effect
showed that boys (mean = 4.35) had significantly lower
(better) overall reach-to-grasp scores than girls (mean =
4.87; p < .02; d = 1.96).

Component analyses

Group comparisons were made on components to determine if different aspects of the reach-to-grasp movement
differed between children with ASD and the other two
groups. Overall, children with ASD showed differences in

Table 4 Group means, standard deviations, and 95% CI for the reach-to-grasp measures
Measure
Orient
Engage
Disengage
LIFT

LR

HR-N

HR-ASD

.65 ± .26 (.56–.75)

.65 ± .26 (.56–.75)

.81 ± .26 (.72–.91)

.20 ± .14 (.15–.25)

.24 ± .15 (.19–.29)

.20 ± .13 (.16–.25)

.41 ± .17 (.35–.47)

.51 ± .18 (.44–.57)

.51 ± .16 (.45–.57)

1.03 ± .50 (1.12–1.48)

1.39 ± .54 (1.19–1.58)

1.73 ± .48 (1.56–1.90)

Elbow flex

.10 ± .11 (.06–.13)

.13 ± .12 (.09–.17)

.18 ± .10 (.14–.21)

Digits flex

.40 ± .18 (.34–.47)

.44 ± .19 (.37–.51)

.53 ± .17 (.47–.59)

Supinate

.36 ± .17 (.30–.42)

.34 ± .17 (.27–.41)

.46 ± .17 (.40–.52)

Tips to midline

.44 ± .18 (.38–.51)

.48 ± .19 (.41–.55)

.57 ± .17 (.51–.63)

Advance
Hand path

.45 ± .21 (.38–.53)

.49 ± .22 (.41–.57)

.56 ± .20 (.49–.64)

.25 ± .13 (.20–.29)

.28 ± .14 (.23–.33)

.28 ± .13 (.24–.33)

Hand to target

.20 ± .12 (.15–.24)

.21 ± .12 (.16–.25)

.26 ± .11 (.22–.30)

Trunk lean

.01 ± .05 (.00–.03)

.00 ± .05 (.00–.02)

.02 ± .05 (.01–.04)

Pronation

.82 ± .32 (.70–.93)

.91 ± .35 (.78–1.03)

1.10 ± .31 (.99–1.21)

Digits open

.44 ± .20 (.37–.52)

.51 ± .22 (.43–.59)

.59 ± .19 (.52–.66)

Knuckle

.37 ± .16 (.32–.43)

.40 ± .17 (.33–.46)

.51 ± .15 (.45–.56)

Elbow extend

.001 ± .02 (.0–.01)

.01 ± .01 (.00–.01)

.00 ± .01 (.00–.01)

Grasp
Appropriate grasp
Wrist extend
Reach-to-grasp

.93 ± .23 (.85–1.01)

.89 ± .25 (.81–.98)

.96 ± .22 (.88–1.04)

.23 ± .14 (.18–.28)

.24 ± .15 (.18–.29)

.25 ± .13 (.20–.30)

.70 ± .19 (.63–.76)

.66 ± .20 (.59–.73)

.71 ± .18 (.65–.76)

4.15 ± 1.04 (3.78–4.53)

4.52 ± 1.12 (4.11–4.92)

5.17 ± 0.99 (4.81–5.53)
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the Orient, Lift, and Pronate components. These results
are described below.
Orient. Significant effects were seen for group (F(2,144) =
4.08, p = .019) and age (F(6, 144) = 22.69, p < .001), but not
sex (F(1, 144) = 1.97, p = .16), nor significant interactions
(ps > .05). Post hoc analyses on the group effect showed that
children in the LR group had a lower (better) Orient score
compared to children in the HR-N and HR-ASD groups
(qs < .033; d = .51; d = .47), who did not differ (d = .05).
Post hoc analyses on the age effect showed that improvements in Orient began between 9 and 12 months
and continued to age 3 (qs < .043).
Lift. Significant effects were obtained for group (F(2,
144) = 6.51, p = .002) and age (F(6, 144) = 46.60, p < .001),
but not sex (F(1, 144) = .3.66, p = .06) or interaction effects
(ps > .05). Post hoc analyses on the group effect showed
that children in the HR-ASD group had a higher Lift score
than the LR-control group (q < .017). Children in the
HR-N group did not differ from the other two groups.
Post hoc analyses on the age effect showed that Lift
improved for all time-point comparisons at 6, 9, and
12 months and plateaued for each successive time point
(qs < .036).
Advance. A significant effect was seen for age (F(6,
144) = 67.27, p < .001), but not group (F(2, 144) = 2.41,
p = .09), sex (F(1, 144) = .1.25, p = .27), or interaction
effects (ps > .05). Post hoc analyses on the age effect
showed that Advance improved for all time-point comparisons at 6, 9, and 12 months and plateaued for each
successive time point (qs < .036).
Pronate. Significant effects were obtained for group
(F(2, 144) = 6.17, p = .003), age (F(6, 144) = 33.14, p < .001),
and sex (F(1, 144) = 10.77, p = .001), with no significant
interactions (ps > .05). Post hoc analyses on the group effect
showed that children in the HR-ASD group had a higher
(worse) Pronate score compared to children in the LR and
HR-N groups (qs < .033; d = .66; d = .41, respectively), who
did not differ (d = .21). Post hoc analyses on the age effect
showed that Pronate improved for all time point comparisons at 6, 9, and 12 months and plateaued for each successive time point thereafter (qs < .036). The results of the sex
effect showed that boys (mean = .83) had lower (better)
Pronate scores than girls (mean = 1.05; p = .001; d = 2.75).
Grasp. A significant effect was seen for age (F(6, 144) =
18.59, p < .001), but not group (F(2, 144) = .61, p = .55), sex
(F(1, 144) = 1.39, p = .24), or interaction effects (ps > .05).
Post hoc analyses on the age effect showed that Grasp
improvements began between 9 and 12 months and
plateaued by age 15 months (qs < .029).
Sub-component analysis

The results of the sub-component analyses are summarized
in Table 5. Briefly, eight sub-components showed group
differences: disengage of Orient, elbow flex, digits flex,
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supinate, and tips to midline of Lift, and digits open,
knuckle, and elbow of Pronation.

Discussion
The present study examined mechanical differences
between the reach-to-grasp movements of infants and
toddlers who were at high and low risk for ASD. Children
performed the movement at 6, 9 (where available), 12, 15,
18, 24, and 36 months of age and the movement was
scored using the qualitative Skilled Reaching Rating Scale
[84]. Children who were later diagnosed with ASD showed
higher (worse) total scores on the reach-to-grasp movement, as well as higher scores on the components of
Orient, Lift, and Pronate compared to children in the LR
and HR-N groups. These results suggest that such movement mechanics are relevant to monitoring motor development in children at risk for or diagnosed with ASD.
Our study of the reach-to-grasp movement is, to our
knowledge, the first to examine the quality of various
components of the movement prior to the diagnosis of
ASD. Much of the research examining reach-to-grasp
movements in ASD has either been completed with children or adults who already have a diagnosis or employed
kinematics (velocity/acceleration) to study potential group
differences [16, 25, 47, 75, 82]. Nevertheless, our results
are consistent with previous reports, indicating these
movements are less well-coordinated in children with
ASD compared to age-matched typically developing controls [20, 31]. The emerging reach-to-grasp movements of
children in our study who were later diagnosed with ASD
appeared less well-coordinated than the more adult-like
movements of LR controls and also differed from those of
HR children who were not diagnosed with ASD by age 3.
Previous research examining motor impairments,
specifically reaching and grasping, which identified group
differences often had only LR comparison groups [20, 25,
47, 75]. Additional comparison groups were children with
various developmental disabilities (DD; [16, 31]) or developmental coordination disorder (DCD; [82]). Results from
these studies are mixed, some finding differences between
ASD and DD or DCD, and others not. This is problematic,
as other control groups (e.g., developmental delay, HRnon-ASD siblings, in addition to LR controls) are necessary to separate putative ASD-specific impairments from
more general delays [71].
Children with ASD show impairments in the disengage
subcomponent of orienting. This finding is consistent with
the literature, noting the presence of “sticky attention” in
children who are diagnosed, or HR infant siblings who are
later diagnosed, with ASD (reviewed in [64]). Delays in
disengagement may affect joint attention, spontaneous
gaze to faces, orienting to name, and making eye contact,
which all involve orienting visual attention to biologically
relevant information in the environment [38, 39, 58, 89].
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Table 5 Sub-component analysis results
Component

Orient

Lift

Advance

Pronation

Grasp

Sub-component

Group

Age

Sex

Interaction
effects

Post
hoc
groupO

.13

No

NA

1.12

.29

No

a < b, c

.62

.43

No

a<c

.001*

2.57

.11

No

a<c

.001*

6.53

.01*^

No

b<c

F

p

F

p

F

p

A. Engage

.63

.53

5.33

.001*

2.27

B. Disengage

3.38

.04*

18.65

.001*

A. Elbow flex

4.61

.01*

44.56

.001*

B. Digits flex

4.33

.02*

23.79

C. Supinate

3.77

.03*

34.01

D. Tips to midline

3.91

.02*

24.12

.001*

2.88

.09

No

a<c

A. Hand path

.86

.43

37.47

.001*

1.76

.19

No

NA

B. Hand to target

2.53

.08

56.89

.001*

.001

.98

Yes1

NA

C. Trunk lean

1.58

.21

1.04

.40

1.41

.24

No

NA

A. Digits open

4.02

.02*

15.87

.001*

8.71

.004*^

No

a<c

B. Knuckle

6.57

.002*

43.81

.001*

9.24

.003*^

No

c > a, b
1234

C. Elbow extend

3.39

.04*

4.17

.001*

5.65

.019*^

Yes

b<c

A. Appropriate grasp

.13

.88

13.03

.001*

.11

.75

Yes1

NA

B. Wrist extenda

.60

.55

10.51

.001*

2.95

.09

No

NA

a LR control; b HR-N, c HR-ASD, NA not applicable; *Significantly different at p < .05, OBenjamini and Hochberg corrected p value
1
Age × sex interaction
2
Group × sex interaction
3
Age × sex interaction
4
Group × age × sex interaction
^
Boys < girls

Furthermore, sticky attention may combine with motor
impairments to further impact an individual’s ability to
participate in collaborative activities (i.e., delays in
responding to visual information in addition to motor
deficits). Our finding here, combined with previous research suggesting impaired disengagement of attention
is apparent at 12 months of age [9, 65], can distinguish
between HR siblings who later receive an ASD diagnosis [9, 17, 65], and can distinguish between ASD and
Down syndrome [39], suggests that “sticky attention”
can be a marker in the early identification of children
at risk for ASD.
Neuroimaging research has identified several cortical and
subcortical abnormalities in areas known to be involved in
motor behavior [5, 6, 15, 48, 52, 56, 62]. For example, cerebellar abnormalities have been identified in individuals with
ASD (reviewed in [21]). The cerebellum, a key structure
required to form internal models of motor actions, shares
reciprocal connections with motor cortices to carry out online corrections during movement execution [53, 78], and
these abnormalities likely contribute to the impaired online
movement correction seen in ASD. Abnormal connectivity
between adjacent primary sensory and motor cortices has
also been recorded in ASD [70, 75] and may also contribute
to the impairments seen during the online control of
movement [46]. Of note here, reduced inter-connectivity
between distal areas of the motor system, such as visual
and motor regions subserving action, may lead to impaired

motor planning and execution in individuals with ASD
[70, 75]. Future research could link behavioral and neuroimaging data to determine whether impairments in
the reach-to-grasp movement are associated with specific
brain areas/abnormalities.
Motor ability is linked to cognitive outcomes in individuals with ASD [3, 60, 73]. This relationship may be
mediated by the effects of motor impairments on opportunities for learning through everyday experience. As an
illustration, consider the motor milestone of independent sitting. If a child is delayed in achieving independent
sitting and therefore spends a large portion of his/her
time on the tummy, this reduces opportunities to use the
hands to engage in reaching and grasping for objects,
showing objects to caregivers, and even requesting objects.
As a consequence, the onset of these “social” behaviors
may in turn be delayed. This is supported by a 2011 study
from Libertus and Needham, who found that typically developing babies who engage in active reaching movements
also show spontaneous orienting to faces. This is in contrast to babies who watch others play with objects, having
not yet achieved active reaching skills, and show less spontaneous orienting to faces. Like sitting, reaching-to-grasp is
typically acquired in the first year [67] and disruptions may
have further implications for more sophisticated object
exploration (e.g., [63]). Reaching provides infants with the
opportunity to play with toys spontaneously, and the ability
to grasp toys and refine the grasp to adjust to the shape or
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features of the toy allows the child to maintain control
while engaging in exploratory behavior. As such, difficulties
with reaching and grasping may constrain these interactions and limit the infant’s ability to explore objects effectively [33]. Furthermore, infants impaired in their ability to
grasp and manipulate objects often also show delays in
speech onset and development (reviewed in [32]), suggesting that the ability to reach for and grasp objects may have
cascading effects on other emerging skills.
How do motor impairments relate to social-communicative impairments? A typically developing child can
use a full movement repertoire to engage in social interactions. Yet, many children with ASD have impaired
motor behavior, detectable as early as 3 months of age [8].
As proposed by Leary and Hill [40], motor ability might
have a significant impact on the core characteristics of
ASD. Specifically, when a person is unable to respond to
another’s action in a timely fashion, he/she will miss the
positive reinforcement associated with interpersonal interactions. As well, the child’s suboptimal response may
negatively affect their relationship with that person (especially with a peer), reducing the likelihood of subsequent
positive interactions. Such consequences may be overt
during an interaction centered on motor activities (e.g.,
team sports such as baseball, which centers on cooperative
motor tasks such as catching and throwing a ball), but
may also occur during a broader range of social interactions that involve responding to another’s actions. Thus,
experiences throughout development may be drastically
altered if, at an early age, a child is unable to remain involved in social interaction and, as a result, may withdraw
from social activities [40]. This “motor cognition” perspective does not imply that social-communicative
impairments directly result from motor impairments,
but rather that impaired movements may interfere with
opportunities for positive social experiences and thus
social learning. Conversely, reduced social interaction
opportunities may also contribute to poor action understanding. Thus, the relationship between social and
motor competencies/impairments may be reciprocal in
ASD, a hypothesis that remains to be explored in future
longitudinal research.
Although our results add to the recent literature of motor
impairments in children with ASD, it is not without limitations. First, the number of children in the HR-ASD group
is low at the earliest age examined (6 months), due to later
enrollment in the study, reducing the number of codable
reaches. Nevertheless, when we directly compared results
inclusive of all data versus data from 12 to 36 months, the
pattern of significance was identical, suggesting the overall
group results are quite robust (see Additional file 1:
Table S1). Second, we acknowledge that the data presented in this paper are based on a relatively small sample
(10 participants per group) coded using labor-intensive
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frame-by-frame analyses. Our smaller sample is similar to
that of other papers analyzing reaching movements in
ASD (e.g., [47, 57]); yet, those papers only tested their
participants at one time point whereas our participants
performed reaching movements over multiple time points
between 6 (where available) and 36 months of age.
Importantly, a large number of reaches were scored
(approximately 300 per group) and the power analyses
indicated that our study could detect small-to-medium
effects as statistically significant because of multiple
sampling per participant at each assessment and over
time.

Conclusion
Our results support the growing literature indicating
that children who are later diagnosed with ASD show
impaired early motor performance. Results such as these
highlight the importance of early surveillance of children
who are at elevated risk for the disorder. These initiatives
should focus on early signs of the phenotype, including
both movement and sensory responsivity/interests (prodromal signs) prior to the emergence of diagnostic characteristics (social communication and repetitive behaviors/
restricted interests). Reports of parental concerns and
early screening instruments note caregivers’ ability to
identify prodromal signs [42, 69], and thus may be a preferred source of information for early surveillance efforts.
Additional file
Additional file 1: Table S1. Comparison of Main Effects for including all
reaches completed between 6 and 36 months versus reaches completed
only between 12 and 36 months. (DOCX 22 kb)
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