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Abstract

Introduction: Autism Spectrum Disorder (ASD) is a condition that involves a spectrum of manifestations, including alterations in restricted and repetitive sensory
motor behavior and social communication deficits that expresses in activities of daily living. The functionality of posture and balance is investigated by observing
aspects related to physical measures and clinical characteristics of the center of pressure sway and daily living skills (DLS) in individuals with ASD.

Objective: To characterize the functionality of postural control in patients diagnosed with ASD and to observe correlations between changes in postural control
in clinical features and DLS.

Methodology: This study conducted a bibliographical survey in the PubMed, SciElo, PEDro, and Bireme databases. The inclusion criteria included studies from
2011 to 2021, free texts in Portuguese and English, and articles of evaluations in children up to the age of adults (44 years) that were within the study objective.
Articles excluded described coordination and balance disorders other than ASD, studies proposing treatment protocols, and evaluations of adults older than 45.

Results: Five pieces compose this review in which the characteristics observed show postural balance changes. There is a difference in the performance of
individuals with ASD and typical development (TD), showing a longer time for postural development and difficulties in DLS.

Conclusion: Although the studies present different ways of evaluating postural and balance development, balance disorders are evident, considering a correlation
between DLS and IQ.

Keywords: Autistic spectrum disorder « Postural balance + Patients

Introduction to assess postural balance in different diseases. The center of pressure
tells us about the body's control in different postures and how it organizes
The function regarding posture and balance involves sensory-motor its forces to maintain it. Also, different aspects of the center of pressure's
components with various features in the individual, task, environment, ~ measures, varying the tasks proposed, can assess the postural balance
and context domains [1,2]. These functions can be as simple as brushing  in different conditions [1,3], for example, a task to maintain posture during
teeth or eating when an orthostatic or seating posture is needed to createa @ visual stimulus [4]. Thus, the function of postural balance in people with
reference of the motor program and allow da||y ||V|r|g act|v|ty Autism Spectrum Disorder (ASD) can explain the real difficulties Underlying
sensory and motor behaviors and daily living skills.
Motor control stems from physiological characteristics related to
nervous system functions. Motor control of postural balance comes from  Postural control and its sensory-motor components are required for daily
characteristics that integrate developmentally related reflexes, reflexes  living skills as it establishes the reference posture for the activity in each
from sensory and sensorimotor systems, developmental postural reactions, context. This study aimed to characterize the disorders of postural control
integrative tasks, adaptive features, sensory integration, functional and ~ in individuals diagnosed with Autistic Spectrum Disorder (ASD) and to
cognitive aspects, and strategy formation [1-3]. The concern is a complex observe the correlations of postural control manifestations in clinical ASD
skill that reports to behavior. The integration of these reflexes and systems ~ patients and their daily life skills.
can aid in the formation of a neural system that assists in the construction

of strategies and adaptation of neural circuits [1-3]. Materials and Methods

Posture and balance characteristics can be assessed in computerized  To conduct this literature review, a bibliographic search was made following
dynamic posturography through force platforms and scales [4-6]. The kinetic  the PRISMA Criteria [7] and accessed the following databases: PubMed,
measures, particularly those related to the center of pressure, are used SGiELO, PEDro, and Bireme, using the English descriptors "Autism
Spectrum Disorder" and "Postural Balance" associated with Boolean
descriptors ("AND") to direct the study better. Two reviewers independently
complete the research process.
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with Autistic Spectrum Disorder.

Regarding age, the articles considered were about evaluations in children
and adolescents up to the age of adults (44 years) [8]. Studies about other
coordination and balance disorders, such as Coordination Disorders, were
excluded. The exclusion criteria were also about studies that considered
treatment protocols.

Research strategy

Data collection was performed on 10/28/2021 by the two reviewers
independently. In the studied platforms (PubMed, SciElo, PEDro, and
Bireme), the search was made in the "Advanced Search" option, using
the descriptors and MeSH Terms (Medical Subject Headings) in English
"Autism Spectrum Disorder" and ("AND") "Postural Balance." Filters such
as article publication period (2011-2021), article availability (only freely
available articles, and article type (we searched for Clinical Trials and
Randomized Controlled Trials). The Bireme search also allowed using the
filters Main Subject (Postural Balance, Autism Spectrum Disorder, Posture,
and Gait) and Type of Study (Controlled Clinical Trial, Observational Study,
Prognostic Study, Prevalence Study)-the same strategy performed for the
SciELO and PEDro platforms.

Study selection

Articles were selected using the "MyEndNoteWeb" database
(MyEndNoteWeb https://access.clarivate.com/login?app=endnote).
The articles imported to the EndNote Web platform came from the two
reviewers and completed 190 articles. At this point, duplicate articles were
identified and removed. Articles of the last 10 years, free full texts written
in Portuguese and English, were selected, 24 articles. Then the abstracts
of the articles were read, and the exclusion criteria for the sample were
applied, duplicated articles, some treatment proposed, not only ASD, older
individuals (45+), motor training based-paper, other issues, a review study,
and not free-full texts were excluded. At the same time, the full articles
assessed for the review made up the sample, and the final selection
included five articles.

Data extraction

A table form to extract data from each study and randomly fill out by the
two reviewers. The table included the year, author, objective, subjects,
method, variables, results/outcomes, and conclusion. Both reviewers read
all articles. Discrepancies in the completion of the table were brought up
and resolved in a discussion between the reviewers.

Bias risk assessment

The risk of bias was assessed by the Downs and Black checklist [9]. For
each article, a score was made, including punctuation of 0-28 (“power” is

one on a maximal score in this classification) of "excellent" (24-28 points),
"good" (19-23 points), "regular" (14-18 points) or "poor" (<14 points) was
assigned [10].

Results

All the selected studies were experimental, some being case-control studies
and the others evaluating only characteristics of the Autism Spectrum
Disorder group. In the PubMed platform, 37 articles were found by one
reviewer and 38 by the second reviewer; in Bireme, the search carried out
with the descriptors selected 52 articles for one reviewer and 61 for another;
the search carried out by SciELO, with access to 2 articles and PEDro, with
access to 0 articles. Results were finished in 5 selected articles (Figure 1).

After reading the selected articles, the information was recorded so that
comparisons and analyses could be made in the table prepared to evaluate
the articles. The based table included data on the year, author, objective,
subject groups, method (evaluation), variables, results/outcomes, and
conclusion, and those data are reported below in the text. Table 1 resumed
the study type, diagnostic criteria, and methods to study postural control,
sample, age, and conclusion.

“Autism Spectrum Disorder” “AND” “Postural Balance”

SciElo | PEDro Bireme

37 papers (A) 2 papers 0 papers 52 papers (A)
38 papers (B) (A zmd B) (A zmd B) 61 papers (B)

| PubMed

E]egihilily criteria

« Last 10 years (2011 to 2021)
* Free full text
*  Portuguese and English

I
| | 1 1

| 11 papers } I 2 papers I l 0 papers l [ 11 papers I
l Excluded papers:
*  Duplicated: 4 papers

* Some treatment proposed: 1
abstract/ 2 title

Elegibility criteria 24 papers (title
and abstract)

+ Not only ASD: 2 abstract/ 3
title
Excluded . Obldcr individuals (45+): 1
«  Duplicated: 4 papers abstract
v T“fe: 9 pﬂpe,sp P M . Motor training based-paper:
deack . 1 title
* Abstract: 4 papers . .
* Other issues: 2 title

l * Review: I title

‘ Included papers: 7 papers 2 papers excluded per non-free
full text
Final selection
S papers

Figure 1. Flowchart of the review article selection process

Table 1. Articles selected for this study following the inclusion and exclusion criteria

Author Year Study type

Diagnostic

Methods to study postural

Conclusion
control, sample, and age

ASD
participants
showed postural

Greffou et al., 2012

Case-control,
experimental

Autism Diagnosis Interview-Revised and the Autism Virtual reality Cave

Diagnosis Observation Schedule, and expert (but not
standardized) clinical DSM-IV diagnosis of autism (no
information of ASD level)

hypo-reactivity

®environment 16 ASD . o wsugl

e information,

individuals and 34 controls and that i

12-15 years and 16 to 33 .

cars contingent on

y both visual
environment

and

development.
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BOT-2 (Bruininks-Oseretsky
- In ASD,
Test of Motor Proficiency- intelligence
2%dition), VABS-II gen
. . could contribute
(Vineland Adaptative .
. to established
Behavior Scale-2nd
edition), Daily Living Scale | Ccompensatory
Case Autism Diagnostic Observation Scale-2nd edition (DLS) WASI-II (Wechsler strategies
Fisher et al., 2018 7 (ADOS-2) (meeting criteria for ASD on oy on DLS,
experimental Abbreviated Scale of -
Modules 3 or 4 on ADOS-2) . o associating
Intelligence-2nd edition) e the context
ADOS-2 (Autism Diagnostic
: of broader
Observation Scale-2nd I
" cognitive and
edition) environmental
52 ASD individuals between
factors.
610 17 years
ASD cannot
coordinate joint
movements
Autism Diagnostic Inventory-Revised (ADI-R), the Postural control (quiet during dynamic
Autism Diagnostic Observation Schedule-Second \ postural
" . e stance and step) in force .
Edition (ADOS-2), and expert clinical opinion based o adjustments
o o platform 17 ASD individuals
Case-control on DSM-5 criteria (One participant completed Module with age between 6 o 19 and has motor
Bojanek et al., 2020 ex erimental‘ 2, 14 participants completed Module 3, and two g cars rigidity that
P participants completed Module 4 for ADOS-2. Three Y interferes with
. ) 20 paired controls (age,
ASD participants’ parents could not complete the sex. non-verbal 1Q and bod posture and
ADI-R, but these participants met ASD classification on ' mass index) y gait. Those
the ADOS-2 and DSM-5 criteria for ASD). features
correlate with
repetitive
behaviors
The Sensory Organization The participants
- had no
Case Testand the Pediatric | yere e with
Cordeiro et al., 2021 7 DSM-V (level one) Balance Scale 12 ASD
experimental o the postural
individuals between 7 to 11
balance scales
years.
performed.
Children with
Eyes-open and eyes-closed
e . ASD could
conditions of quiet posture
. slowly develop
in force platform postural
Li, Liu, Venuti, 2021 Case, DSM-V (level one-mild) 20 ASD individuals (level | i it oty
experimental 1) between 6 and 14 years
. demonstrate
separated in three groups sianificant
((6-8 years (U8), 9-11 years chan%es over a
(U11) e 12-14 years (U14).) long period.
Note: ASD: Autism Spectrum Disorder; DLS: Daily living skills; ADI-R: Autism Diagnostic Inventory-revised, ADOS-2: The Autism Diagnostic
Observation Schedule-Second Edition, 1Q: Intelligence Quotient.

The first article was from Greffou et al. and studied the postural control
of ASD patients in an immersive visual field (checkerboard, CAVE System
®) [11]. The second study was from Fisher et al. (2018), who studied the
relationship between postural control and daily living skills (DLS) in ASD
children and adolescents (52 individuals) with ages between 6 and 17 years
with an intelligence quotient between 67 and 104 [12]. The third article was
from Bojanek et al. (2020) and studied three aspects of postural control
in ASD children and adolescents: Feedback mechanisms to maintain the
stability of postural control, anteroposterior and mediolateral adjustments
and step/step initiation for feedback and feedforward of gait [13]. The Fourth
study of this review was from Cordeiro et al. (2021) they used postural
control scales (Sensory Organization Test and Pediatric Balance Scale) to
assess the postural control and characterize their postural control stability
[14]. The fifth study was from Li, Liu, and Venuti (2021) they proposed
to study age's influence on the postural control of ASD individuals using
amplitude and entropy of postural control sway in ASD individuals [15].
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In the third study from Bojanek et al. (2020), the ASD group was diagnosed
using for that the Autism Diagnostic Inventory-Revised (ADI-R), the
Autism Diagnostic Observation Schedule-Second Edition (ADOS-2), and
an expert clinical opinion based on DSM-5 criteria [13]. The measures of
postural control used three initial postures tests during standing, neutral
standing (stood with feet shoulder width), Romberg one stance with feet
close together, and with feet shoulder-width apart and swaying in a circular
motion. Those measures were tested in a force platform, observing the
anteroposterior and mediolateral center of pressure (COP) sway and COP
trajectory length. Also, they calculated a measure of mutual information
(M) for postural balance in a circular motion. After that, a stepping task
was performed using the two force platforms adjusted in sequence
together. Measures for the amplitude and duration of Anticipatory Postural
Adjustments (APAs), COP sway measures in the first step, maximum lateral
sway, and velocity was calculated. Those measures were compared to
diagnostic measures and correlated. The fourth study was from Cordeiro
et al. (2021); they observed postural control using for those two scales,



Brito Mayara Pacifico, et al.

the Sensory Organization Test and the second the Pediatric Balance
Scale. The Sensory Organization Test is a standard gold test in the force
platform. They applied through scale and used four conditions to assess
balance: Eyes open with the fixed platform, eyes closed with the fixed
platform, eyes open with a sway-referenced platform, and eyes closed
with the sway-referenced platform. The Pediatric Balance Scale assesses
postural balance through 14 items giving a numerical score ranging from 0
to 4 points. The ASD individuals were diagnosed using the DSM-V criteria,
and an interdisciplinary team evaluated the patients. The fifth study from
Li, Liu, and Venuti (2021) studied the postural control through age in ASD
individuals using for that an evaluation on a force platform with barefoot
standing stationary with both feet on the platform with eyes open and eyes
closed for about 15 seconds (short period) [15]. The diagnosis of ASD in this
study was conducted using DSM-V criteria.

The outcomes and conclusions for each study were as follows. The
study of Greffou et al. (2012) showed that at the highest oscillations of
the checkerboard on the immersive virtual reality tunnel, younger autistic
participants showed significantly less instability than typical development
participants, with no differences like this in the older groups [11]. No
differences were found in static or without visual information conditions. They
concluded that autistic participants showed postural hypo-reactivity to visual
information, contingent on both the visual environment and development.
The study of Fisher et al. (2018) showed that global multiple regression
predicting DLS as a function of balance, 1Q, and age was significant [12].
In special, balance changes correlate with DLS only in IQ between 67 and
104. The authors concluded that their study contributes to understanding
the motor challenges of DLS in autism and that intelligence could contribute
to established compensatory strategies on DLS, associating the context
of broader cognitive and environmental factors. In the study of Bojanek et
al. (2020), ASD individuals showed increased center of pressure (COP)
trajectory length across stance conditions and reduced mutual information
(M) in circular sway [13]. They found no differences in anticipatory postural
adjustments during the step. Only differences were found in the initial step
in mediolateral sway, reduced body transfer duration, and increased body

transfer velocity. The study concluded that ASD individuals presented
a reduced ability to coordinate joint movements during dynamic postural
adjustments and also showed motor rigidity that may interfere with balance
and gait. Those features were related to repetitive behaviors in ASD
individuals indicating that motor rigidity and key clinical issues may overlap
pathological processes. In the study of Cordeiro et al. (2021), the authors
found that all the participants achieved the top score on the Sensory
Organization Test Scale and top or near the top on Pediatric Balance Scale
[14]. The authors concluded that the individuals with ASD in their study had
no difficulty completing the tests proposed. Li, Liu, and Venuti's (2021) study
showed differences regarding the age effect for the mediolateral center of
pressure displacement and sway distance [15]. In post hoc analyses, the
younger group (6-8 years) showed more significant measures compared to
the older (12-14 years), and no differences between the younger and the
middle group (9-11 years) and the middle and older groups were found,
suggesting that children with ASD could slowly develop postural stability.
However, differences can only be detected over long periods.

Moreover, they believe that programs aimed to improve the complexity of
postural control may be beneficial to ASD individuals.

Quality assessment

The Downs and Black checklist was used to assess the quality of the
included articles and the risk of bias. To this end, the article by Cordeiro
et al. (2021) was rated "regular," as articles by Bojanek et al., 2020 and Li,
Liu, Venuti (2021), and the article by Fisher et al., 2018 had "good" quality
rating as well as the article by Greffou et al., 2011 [11-15]. Following the
scale above, the item "Internal validity: Bias" was where the articles scored
the lowest, and the items "Presentation of data" and "Power" was where
the articles scored the highest in proportion to the value of each item [16]
(Figure 2).

Table 2 summarizes the values obtained for quality and bias assessment by
by the scale sub-items, total and qualitative assessment [9,10].

Table 2. Quality and bias values of selected articles according to the Downs and Black scale

Category Greffou et al., Fischer et al., Bojanek et al., Cordeiro et al., Li, Liu, Venuti,
2012 2018 2020 2021 2021
Reporting 0-11 1 10 10 7 10
External validity 0-3 1 3 0 0 2
Bias 0-7 3 3 2 3 2
Confounding 0-6 5 2 2 3 1
Power 0-5 (1) 4(1) 5(1) 5(1) 5(1) 5(1)
Total 0-32 (0-28) 24(21) 23 (19) 17 (15) 18 (14) 20 (16)
Classification Good Good Regular Regular Regular

Greffou et al., 2012 Fisher et al., 2018 Bojanek et al., 2020

B Li, Liu, Venuti, 2021

|I|I.|L

Reporting External validity Bias Confounding Power

B Cordeiro et al., 2021

Figure 2. Downs and Black scale scores by sub-items of the articles
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selected for this study

Discussion

ASD is a condition that involves a spectrum of manifestations that include
disorders in restricted and repetitive sensory motor behavior and social
communication deficits that are associated with a genetic component
expressed in skills of daily living [17-19].

Revision value

The study on postural balance in ASD individuals can help to understand the
possibility of phenomenological changes that occur in ASD individuals, such
as the movements expressed during the day and difficulties in quiet stance
during daily living skills. In an objective, quantitative way, this correlation
shows whether these patients' balance varies from a range of patterns and
interferes with daily living skills.
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In this review, most of the articles identified that patients with ASD have
sensory-motor disorders concerning postural balance, compromising this
function in orthostatic posture (or standing posture) that is a reference
posture to daily living activities such as brushing teeth, home-activities and
also, walking [11-15].

Eventually, reduced postural stability of these individuals occurs in the
somatosensory system demand responsible for the muscle and joint
information. However, also, visual and vestibular systems information
can be damaged regarding the type of tasks performed in the papers that
found impaired postural balance in ASD individuals [12-15]. This damage
is called functional, or in hypothesis, an expression of neural circuits not
recruited. Also, these studies could express sensory integration damage,
which is the function of joining the sensory systems information to construct
internal body mapping and guide motor responses to the environment, task,
and context [1-3,20]. It was observed that the majority of articles, that is,
four articles out of the 5 articles selected in this study, showed decreased
postural stability in subjects with ASD, and these changes are quantifiable
in different tasks, as already described by Minshew et al. (2004) in sensory
organization test [20].

The only article that registered opposite findings was conducted by Cordeiro
et al. [14]. In this study, no difficulties in manifestations of postural balance
in individuals with ASD were observed. This article presents a methodology
that scores "regular." They used the Sensory Organization Test (scale)
and the Pediatric Balance Scale. The patients achieved the maximum
score; however, the main concern is about the sensitivity of these scales
to describe the quality of execution of the proposed activities and detect
differences among these patients. Also, this study investigated postural
balance only in the individuals that finished the scales in the complete form.
The individuals included in this study were with low severity levels.

Considering postural control's interaction with the daily living skills scale
(DLS), we only obtained one article [12]. They observed that it is not a
direct relationship between DLS and postural balance. They proposed that
this correlation is under the possibility that the ASD individual could develop
adaptation strategies to complete their activities and that this occurs
depending on the 1Q score.

Limitations of the included studies

The main limitation of the studies, when we think about the population
of the evaluations of the cited studies, was that the individuals were not
representative of the population due to local samples [9].

The evaluations performed, such as posturography or postural balance
assessments with a force platform, are not easily found and available to all
patients; because they are particular studies, there are still no references
for the ASD population in general. On methodological levels, according to
the Downs and Black Scale, the four articles that showed balance changes
were characterized with "good" or "regular" [16]. These articles did not
receive higher scores because, in their construction, due to not blinding.

Future prospects

Thinking about the balance and posture assessments presented in this
review, these could be adopted more broadly by the population for the ASD
group, seeking to understand in more detail the daily life skills of these
individuals bringing to clinical posturography situations. These assessments
can quantify and delimit gains and losses in each age group in different
tasks.

The studies in this review considered different tasks such as the step
strategy, the static and dynamic balance, the virtual reality tunnel (immersive
tunnel), and scales for postural balance, each with its task and evaluation,
butin no study was replicability of the strategies. Although the studies in the
present review are of regular and good methodological quality, the method
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needs replicability.

Conclusion

The balance manifestation is more evident in ASD individuals than typical
development individuals; even though the studies presented different tasks
in their proposes, they represented in their outcomes covalent information
in their majority. Postural balance manifestations in patients with ASD are
increasingly better described and show disorders in postural balance and
correlation with daily living skills in these individuals.
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