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Abstract
BACKGROUND: Autism Spectrum Disorder (ASD) is a neurodevelopmental condition characterized by
deficits in communication and social interaction. Motor impairments appear early and often constitute
the first warning signs reported by families. Parental concerns typically emerge around 23 months,
although diagnosis may occur substantially later. The aim of this study was to examine motor
development in children with ASD using an ad hoc caregiver survey and to describe family members’
perceptions of motor development.

METHODS: This observational, cross-sectional study included 156 participants (mean age 4.90 ± 1.06
years), of whom 74% were male.

RESULTS: No children with 0 or 1 previously acquired milestones achieved independent walking before
12 months. Among those who walked before 12 months, 39.4% had achieved all prior milestones within
the expected timeframe. Each additional milestone increased the odds of early walking by a factor of
2.5.

CONCLUSIONS: Motor development showed delays compared with normative data, particularly in head
control and crawling patterns. Parental perceptions were consistent with the timing and number of
milestones achieved.

1. Background
Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by deficits in
communication and social interaction domains1,2 with sensory disturbances and restrictive and
repetitive patterns of behavior according to the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5)1,2.

Current prevalence is estimated at approximately 1 in 59 individuals by DSM-5 criteria1. Global
prevalence has been estimated at 119.25 per 10,000 individuals by Zeidan et al.3. Variability across

regions has also been documented3,4. For example, in Europe, the mean prevalence is 63.1 per 10,000,
with a median of 47.4 per 10,0003, whereas rates range from 4 per 1,000 children with ASD in New
Jersey to 2 per 1,000 in Indonesia4.

Regarding the age of identification, advances in screening and diagnostic practices indicate that autism
can be reliably identified as early as 18–24 months, when core symptoms begin to differentiate from
typical development3,5.

However, the age at formal diagnosis remains substantially later. Martinez et al.6 reported a mean age at
diagnosis of 38.8 months. Similarly, a European sample (n = 1410) showed a mean diagnostic age of
42.16 months (SD = 13.42)7.
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Parental concerns are often the first warning signs. Höfer et al.8 reported that, although parental
concerns emerged earlier (mean age 23.4 months), diagnosis was established much later, at a mean age
of 78.5 months.

Motor impairments in children with ASD appear from an early age, predominantly serving as the first
warning signs families report9. Hyman et al. in 20202 and Lord et al. in 201810 described variations in
muscle tone and alterations in coordination function as motor impairments that are not mentioned in
DSM-51.

During childhood, differences in the timing of motor milestone acquisition tend to widen between
children with ASD and their typical development peers9. Overall, this has been shown to negatively
impact autonomy and participation11, 12.

Nevertheless, by the time children are typically identified and referred for intervention during the second
year of life5, 13, the most foundational motor milestones of early development including head control,
rolling, independent sitting, and the onset of independent ambulation have already been achieved14, 15.

Direct observation of early motor milestones cannot always be performed in clinical settings, where
motor development is typically assessed using standardized tools such as the Alberta Infant Motor
Scale (AIMS)15 and the Peabody Developmental Motor Scale, Second Edition (PDMS-2)16 as well as

broader developmental measures such as the Mullen Scales of Early Learning (MSEL)17. Given the
importance of early motor development, reconstructing the chronological sequence of milestone
acquisition becomes necessary. This process relies on parental reporting, a well-established
methodological approach in early developmental assessment. In this context, caregiver-provided
information is routinely collected through both qualitative methods, such as guided open-ended
surveys18, and standardized, validated instruments designed to document the timing and progression of
developmental milestones. Examples include the Ages & Stages Questionnaire, Third Edition (ASQ-3)19,

the Modified Checklist for Autism in Toddlers (M-CHAT)20 for early screening, and developmental history
measures such as the Early Motor Questionnaire (EMQ)21 and the Vineland Adaptive Behavior Scales
(VABS)22, all of which systematically capture parental observations relevant to early motor and
behavioral development.

The aim of this study is to examine the motor development in children with autism spectrum disorder
using an a-hoc survey designed by the authors.

2. Methods
This study is an observational, cross‑sectional descriptive study based on a self‑administered caregiver
survey, using a non‑probability convenience sampling approach.
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A total of 164 families of children aged 0–6 years with a clinical diagnosis of ASD participated in the
study. Responses were screened for completeness and adherence to eligibility criteria; five incomplete
questionnaires and three submissions that did not meet eligibility criteria were excluded, resulting in a
final sample of N = 156.

Inclusion criteria required families to be living in Spain, having a child aged 0–6 years, and having a
formal ASD diagnosis established by a mental health professional or a medical specialist. Exclusion
criteria were the presence of additional neurological or motor conditions that could significantly affect
motor development (e.g., epilepsy, Down syndrome, cerebral palsy, fragile X syndrome), as well as visual
or hearing impairments.

This study was conducted following the Declaration of Helsinki and approved by the Research Ethics
Committee, specifically the Subcommittee on Human Samples and Studies in Humans of XXX, and all
caregivers provided informed consent before participating.

Motor development and diagnostic information were assessed using a caregiver-reported, self-
administered survey, developed by the authors of the study and implemented through Microsoft Forms
(An additional file shows this in more detail [see Additional file 1). Caregivers of children with ASD and
representatives from autism associations were consulted during the development of the survey to
ensure the relevance and clarity of the items. The instrument comprised multiple item formats designed
to capture both early developmental milestones and current motor abilities in children diagnosed with
autism spectrum disorder.

The demographic section included closed categorical questions assessing birth date, sex, and age at
ASD diagnosis. The motor development section consisted of ordered closed-choice items documenting
the ages at which children achieved key gross motor milestones, including:

Head control, the child is able to keep the head in the midline.

Rolling from supine to prone.

Sitting without support, the child independently achieves and exits a sitting position and is able to
balance the weight of the trunk while playing for up to 10 seconds.

Crawling, considered hands and knees crawling when the child’s stomach does not touch the
supporting surface23.

Alternative modes of mobility (creeping, bottom shuffling, rolling, bear crawling...)

Walking alone, the child shows the capacity to take more than six steps without holding on and can
change direction without losing balance.

Data collection occurred between May and August 2025. The online survey was disseminated through
early intervention centers, social media platforms (LinkedIn and Instagram), relevant associations, and
printed posters in assistive centers for children. Caregivers accessed the survey through a secure link
and completed it independently.
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Upon accessing the survey, participants were first presented with detailed information about the aims
and procedures of the study and provided electronic informed consent before proceeding. The average
completion time for the full instrument was 6 minutes and 51 seconds, indicating low participant burden.

Data analysis consisted of descriptive statistics aimed at characterizing the sample and all study
variables. Categorical variables (e.g., sex, age ranges for milestone acquisition) were summarized using
frequencies and percentages. Age was described using the mean.

A new variable was created summarizing the number of milestones prior to walking (head control,
rolling, sitting, and crawling) that were acquired before the estimated normative age, named ‘previous
milestones’, and another variable which included the five milestones assessed on the survey named
‘motor development indicator’. The association between previous milestones and the age of walking
acquisition was analyzed using the Pearson chi-square test, and the linear trend was additionally
evaluated using the linear-by-linear association test. A binary logistic regression was performed to
examine the association between the number of milestones acquired before the expected age and the
probability of achieving independent walking before 12 months. Results were expressed as odds ratios
with 95% confidence intervals. The relationship between the motor development indicator and parental
perception of MD was analyzed using Spearman correlation.

Statistical analyses were conducted using SPSS 29.0.2.0.

3. Results
A total of 156 participants were eligible, mean age 4.90 ± 1.06. 74% of participants were male. The
predominant diagnosis age was between two years and two years, eleven months. Mothers were
respondents in 90% of the surveys. For more results see Table 1.
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Table 1
Demographic and diagnostic characteristics of the sample.

Variable Category n %

Sex

  Male 116 74.4

  Female 40 25.6

Respondant

  Mother 141 90.4

  Father 3 1.9

  Both 10 6.4

  Other family member 2 1.3

Age at diagnosis

  0–23 months 30 19.2

  24–35 months 68 43.6

  36–47 months 32 20.5

  48–59 months 16 10.3

  60–71 months 5 3.2

  ≥ 72 months 5 3.2

Note: percentages are calculated based on the total sample (n = 156).

In the motor development questions, 50% of participants achieved head control before three months of
age. Regarding rolling from supine to prone, 63% initiated this milestone before they were six months.
Additionally, 89% of children were sitting without support before ten months of age. Crawling was
reported in 83% of participants (n = 129), with 44 children acquiring this skill before nine months of age.
Finally, 81% began independent walking after 12 months. Further details are presented in Table 2.
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Table 2
Age of acquisition of early motor milestones.

Milestone Category n %

Head control

  Before 3 months 78 50.0

  After 3 months 58 37.2

  Do not remember 20 12.8

Rolling over (supine–prone)

  Before 6 months 99 63.5

  After 6 months 57 36.5

Sitting without support

  Before 10 months 139 89.1

  After 10 months 17 10.9

Crawling

  Before 9 months 44 28.2

  After 9 months 85 54.5

  No crawling 27 17.3

Walking alone

  Before 12 months 29 18.6

  After 12 months 127 81.4

Note: percentages are calculated based on the total sample (n = 156).

No children with 0 or 1 previously acquired milestones achieved independent walking before 12 months.
Among those who achieved walking before 12 months, 39.4% corresponded to children who had
attained all previous milestones within the expected timeframe. Further details are presented in Fig. 1
and Table 3.

Figure 1. Independent walking before and after 12 months according to the number of previous motor
milestones
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Table 3
Association between previous motor milestones and independent walking before 12 months

Previous milestones Walking < 12 months Walking ≥ 12 months Total

n % n %

0 0 0.0 10 100.0 10

1 0 0.0 26 100.0 26

2 6 15.4 33 84.6 39

3 10 20.8 38 79.2 48

4 13 39.4 20 60.6 33

Total 29 100 127 100 156

Note: Percentages are calculated within each level of previous milestones. Chi-square test: χ² = 18.082;
p = 0.001

The number of previous motor milestones acquired at the expected age was significantly associated
with independent walking before 12 months (OR = 2.518; 95% CI: 1.564–4.055; p < 0.001). For each
additional milestone achieved at the expected age, the odds of early walking increased by a factor of 2.5.
The model was globally significant (p < 0.001) and showed adequate fit according to the Hosmer–
Lemeshow test (p = 0.442).

A positive correlation was observed between parental perception of motor development and the number
of milestones acquired at the expected age (Spearman’s rho = 0.433; p < 0.001).

4. Discussion
Age of diagnosis.

In the present sample, 43.6% of ASD diagnoses were established between 24 and 35 months of age,
indicating an early concentration of diagnoses. The age at diagnosis of ASD has been widely discussed
in the literature. While initial parental concerns are typically reported around two years of age24 and
reliable diagnosis can be achieved as early as 18 months3,5, the average age at diagnosis remains
considerably higher. For instance, Martinez et al.6 reported a mean age at diagnosis of 38.8 months.

Similarly, Salomone et al.7 described a mean age of 42.16 months in Europe, while higher ages have
been reported in other regions, such as 58 months in Nepal25 and 7.2 years in Japan26. In comparison,
the distribution observed in the present study suggests a trend toward earlier diagnosis relative to these
reports. This earlier pattern of diagnosis may reflect increased awareness, improved screening practices,
or differences in access to diagnostic services.

Head control
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The analysis of head control as the earliest milestone is limited by scarce normative data. Standardized
assessments as the AIMS15, indicate that 50% of infants achieve this ability by one and a half months of
age and 90% by almost three months. In the same position, ASQ-319 reports typical acquisition of head

control between two and four months. Furthermore, the PDMS-216 considers head control when the baby
is held in the arms, but age stills at one month. In our sample, only 50% reached this milestone before
three months, while 37.2% had not achieved it by that age, suggesting a 4:1 ratio of participants with
delay in head control acquisition. Compared with normative references, this represents a markedly
increased proportion of later acquisition. However, these findings should be interpreted cautiously, as
retrospective parental reporting may be affected by recall bias, particularly for early motor behaviors.

Rolling

Ozonoff et al.27 examined parental reports in children with ASD and typically developing peers,
distinguishing between ASD with and without regression; in both groups, the reported age of rolling was
below six months.

In the AIMS15, 50% of infants achieve rolling from supine to prone between five and seven months. The

PDMS-216 reports a similar range, assessing this skill at 7 months, while the ASQ-319 evaluates it at 6
and 8 months. Our findings are consistent with these instruments and align with those reported by
Ozonoff et al.27 in ASD populations, as 63.5% of participants (n = 99) were reported to roll before six
months, based on parental responses.

One possible explanation is that parental concern about delayed head control may have prompted
professional guidance, increased tummy time exposure, and promoting autonomous motor exploration,
thereby facilitating earlier rolling acquisition.

Sitting

During the survey, sitting was defined as the ability to independently assume and exit the position which
is a demanding criterion aligned with PDMS-2 (10 months)16 and AIMS (50th percentile at 9 months;

90th at 11.25 months)15. Notably, 10.9% of children in our sample had not achieved this milestone by 10
months.

In contrast, Ozonoff et al.27 reported mean ages of 6.8 months in children with ASD without regression
and 5.9 months in those with regression, both higher than typically developing peers (5.17 months),
although their measure was limited just to maintaining the sitting position.

Overall, our findings align more closely with motor assessment frameworks such as the PDMS-216 and

AIMS15 than with the data reported by Ozonoff et al.27, likely reflecting differences in how this milestone
is operationalized across instruments and professionals. Specifically, maintaining a seated position
differs from the ability to independently assume and exit that position.
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Crawling on hands and knees.

The study carried out by the World Health Organization (WHO) in 200614 aimed to generate windows of
achievement and to present the actual windows for six milestones (sitting without support, standing with
assistance, standing alone, hands and knees crawling, walking with assistance, walking alone) in typical
development children. A previous study preceding and outlining these six milestones used by the WHO
defined23 crawling on hands and knees as crawling with the stomach not touching the supporting
surface. However, this is not considered an essential milestone, as infants may use alternative
locomotion strategies (creeping, bottom shuffling, rolling, bear crawling...). The WHO14 defines non-
crawlers as infants who do not use hand-and-knees crawling as defined and reports a prevalence of
4.3%. In our sample, the proportion of non-crawlers (17.3%) was approximately four times higher than
that reported in the WHO study14. These alternative locomotion strategies were frequently observed
within this group; notably, more than 50% of non-crawlers used other forms of forward movement on the
floor rather than upright ambulation.

Across the sources consulted, a relatively consistent age range for the acquisition of hands-and-knees
crawling is observed. The WHO Study14 reports the 90th percentile at 10.5 months, while the PDMS-216

falls within this range, initiating assessment of crawling at 9 months. The AIMS15 extends the 90th
percentile to 13 months.

In accordance with the WHO study14 and PDMS-216, Ozonoff et al.27 reported a mean crawling age of
10.9 months in typically developing children, which was higher than in children with ASD, regardless of
regression (8.31m without regression; 7.32m with regression). In contrast, our findings indicate that
children with ASD in our sample achieved crawling later compared with WHO Normative data14.
Specifically, only 28.2% of the total sample had acquired crawling by 9 months, whereas the WHO
Study14 places the 75th percentile at approximately 9.3 months.

Independent walking.

In our study, independent walking was defined as the ability to take at least six steps and change
direction without losing balance. The PDMS-216 and the WHO Study14 describe the ability to take at least
five steps, a criterion comparable to that used in our survey. Both PDMS-216 and the WHO Study14 report

a mean age of independent walking of 12 months. Ozonoff et al.27 reported earlier mean ages in typical
development children (10.0 months) compared with children with ASD (13.44 months without
regression; 12.17 months with regression). Similarly to Ozonoff’s results27, 81.4% of children in our study
had not achieved independent walking by 12 months, indicating a substantial delay relative to
standardized developmental expectations.

Global motor development analysis.
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In our sample, the number of participants who achieved independent walking before 12 months
increased with the number of previous motor milestones acquired at the expected age. No children who
had achieved only 0 or 1 previous milestones attained independent walking before 12 months. A
significant association was observed between the number of milestones achieved and the age of
independent walking acquisition, with each additional milestone increasing the odds of early walking by
a factor of 2.5.

These findings are consistent with those reported by Lloyd et al. (2014)28, who identified associations
between earlier sitting and walking and better gross motor proficiency in toddlers with ASD. Similarly,
Pokoski et al. (2025)29 highlights the importance of early motor development in the early identification of
ASD.

Parental perception of motor development.

Better parental perception of their children’s motor development was associated with higher scores on
the motor development indicator. This suggests that parents perceive motor development more
positively when children achieve a higher number of milestones at the expected age.

Further investigations should include larger and more representative samples, as well as prospective
observational studies following children at risk of ASD from birth. Given the substantial heterogeneity of
ASD, larger samples would help capture a wider range of developmental profiles and increase the
generalizability of the findings. Particular attention should be paid to the motor milestones identified in
this study as being most frequently altered, including head control, crawling, and independent walking. In
addition to recording the timing of milestone acquisition, future studies should assess movement quality,
as qualitative differences may provide valuable information regarding early motor development and
improve the identification of ASD-related motor patterns. Although the sex distribution observed in this
study is consistent with previous literature, the slightly lower proportion of males compared with
previous reports may be attributable to sample characteristics and recruitment procedures.1,3,4,18,24,30–

33.

These findings contribute to the understanding of early motor development in children with ASD. The
proportion of non-crawlers was four times higher in the ASD group than in the typically developing group
reported by the WHO study14. Furthermore, the observed association between early motor milestone
attainment and independent walking suggests that motor development may play a significant role in the
timely acquisition of walking, with each additional milestone increasing the odds of early walking by a
factor of 2.5. Early physiotherapy intervention may therefore support motor development and facilitate
the achievement of independent walking in children at risk of ASD.

5. Conclusion
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Motor development in children with ASD, as reported through caregiver-provided records, showed
notable differences compared with normative references. Specifically, there was a markedly higher
proportion of later acquisition of head control. Differences were also observed in the proportion of
crawlers versus non-crawlers. Additionally, discrepancies in the acquisition of crawling and walking, as
well as a reduced number of milestones acquired, suggest an overall delayed developmental pattern in
our cohort. Furthermore, families’ perceptions of their children’s development were consistent with the
timing and number of milestones acquired.
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Figures

Figure 1

Independent walking before and after 12 months according to the number of previous motor milestones

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Additionalfile1.pdf

Page 17/17

https://assets-eu.researchsquare.com/files/rs-10973709/v1/e64ea8acfa74107186977181.pdf

