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A B S T R A C T

Autism, learning disabilities and attention deficit/hyperactive disorder are often comorbid disorders. In order to try and find some markers that might be 
transnosographic, we hypothesized that abnormal postural sway profiles may discriminate children with neurodevelopmental disorders (NDDs) from typically 
developing chil-dren. The aim of our study was thus to compare spatial and temporal measures of the Center of Pressure in three distinct groups of children with NDDs 
(high functioning autism spectrum disorders, learning disabilities (dys-lexia) and attention deficit/hyperactive disorders) and in typically developing children. 
Postural performances were thus evaluated in 92 children (23 per group, sex-, age- and IQ-matched groups) by using the Multitest Equilibre platform (Framiral®). Two 
viewing conditions (eyes open and eyes closed) were tested on a stable and unstable platform.

Results reported similar poor postural instability for the three groups of children with NDDs with respect to the typically developing children, and this was 
observed for both spatial as well as temporal analysis of dis-placement of the center of pressure.

Such postural instability observed in children with NDDs could be due to impairment in using sensorial inputs to eliminate body sway, probably due to poor 
cerebellar integration.

1. Introduction

Postural stability is a complex process, which allows obtaining a
coordinated relation of the various physical segments of the body.
Muscle effectors involved in postural control are connected to various
structures in the central nervous system, such as the basal ganglia, the
brainstem, the cerebellum, and several cortical areas (Mergner and
Rosemeier, 1998). Different inputs are also responsible for good pos-
tural control, including those transmitted through the proprioceptive,
vestibular, and visual afferents (Brandt, 2003). The correct relationship
between all of this information is necessary to reach an appropriate
posture during everyday life in the natural environment. Thus, a deficit
in one of these inputs may lead to an imbalance in other sensory inputs
and consequently may lead to postural instability.

Several studies explored postural control in children with neuro-
developmental disorders as autism, dyslexia and hyperactivity;

however, to our knowledge no study has compared at the same time
these pathologies with respect to typically developing (TD) children.

Kohen-Raz et al. (1992) were the first, to record body stability of
children with autism using a computerized posturographic procedure,
and they showed that autistic children exhibited fewer age-related
changes in postural performance and were significantly more unstable
than control children. A synthesis and meta-analysis of deficits in motor
control in autistic children was done by Downey and Rapport (2012).
All studies exploring postural control in autistic children are in favor of
the hypothesis that their poor postural stability could be due to a deficit
in multimodal sensory integration, in other words to poor ability of
autistic children at reweighting sensory inputs.

Similarly, dyslexic children have poor postural control. Frank and
Levinson (1973) were the first to show poor postural capabilities in
dyslexic children subjectively with the Romberg test. Afterwards, sev-
eral studies were done by our group (Bucci et al., 2013a,b, 2014;
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were naïve of psychotropic treatment.
Children with ASD had been evaluated by the Expert Centre for

High Functioning and diagnosis of ASD was based upon evaluation data
from the ADI-R (Autism Diagnostic Interview-Revised, by Lord et al.,
1994), the ADOS (Autism Diagnostic Observation Schedule, by Lord
et al., 2000) and expert clinical judgment based on DSM-5 criteria.

Dyslexic children were recruited from the Center for Language
Disorders and Learning, to which they had been referred for a complete
evaluation of their dyslexia, including an extensive examination of their
phonological capabilities. For each child, the time required to read a
text passage, text comprehension and the ability to read words and
pseudo-words using the L2MA battery (oral Language, written
Language, Memory, Attention, Chevrie-Muller et al., 1997) were mea-
sured. Inclusion criteria (more than two standard deviations from the
mean) were scored on the L2MA.

The diagnosis of ADHD children was done according to DSM-5
criteria (APA, 2013) and it was carried out using the Kiddie-SADS semi-
structured interview (Kiddie Schedule for Affective Disorders and
Schizophrenia, Goldman et al., 1998). ADHD symptom severity was
assessed using the ADHD Rating Scale-parental report (ADHD-RS). This
scale is based on a large collection of normative data and has demon-
strated reliability and discriminant validity in children and adolescents
(DuPaul et al., 1998; Collett et al., 2003).

Patients with comorbid diagnosis such as developmental coordina-
tion disorder, ASD and ADHD (or ADHD and dyslexia) were not in-
cluded in our study.

For each ASD, dyslexic and ADHD child the mean intelligence
quotient (IQ) was evaluated using the WISC-IV (Wechsler Intelligence
Scale for Children, fourth edition); for all subjects the WISC-IV was in
the normal range (between 85 and 115). The WISC-IV is composed of
four indexes: (1) Verbal Comprehension Index (VCI). This index is
calculated from the performance to tests measuring verbal concept
formation (including similarities, vocabulary, and comprehension). (2)
Perceptual Reasoning Index (PRI). This index is calculated from the
performance to tests measuring non-verbal and fluid reasoning (in-
cluding block design, picture concepts, and matrix reasoning). This
index may also be influenced by visual-spatial perception and visual
perception-fine motor coordination, as well as planning ability. (3)
Working Memory Index (WMI). This index is calculated from the per-
formance to tests measuring working memory (including digit span and
letter-number sequencing). (4) Processing Speed Index (PSI). This index
is calculated from the performance to tests measuring speed of in-
formation processing (including coding and symbol search).

The IQ in typically developing children was estimated in two

Table 1
Clinical characteristics of the four groups of children tested (TD, typically developing children; ASD, children with autism spectrum disorders, DYS, Dyslexic children and ADHD, children
with hyperactivity).

TD (N = 23) ASD (N = 23) DYS (N = 23) ADHD (N = 23)

Age (years) 10.2 ± 0.3 10.3 ± 0.4 10.2 ± 0.2 10.3 ± 0.3
ADHD-RS total score 5 ± 1 6 ± 2 5.8 ± 1.8 39.9 ± 1.5

Autism Diagnostic Interview-Revised (ADI-R) scores
Social Reciprocal Interaction 18.8 ± 0.9
Communication 12.2 ± 0.8
Stereotyped Patterns of Behaviors 5.0 ± 0.3

Autism Diagnostic Observation Schedule (ADOS) scores
Social Reciprocal Interaction 8.3 ± 0.7
Communication 3.9 ± 0.3

Wechsler scale (WISC-IV) scores
Verbal Comprehension subscale 101 ± 6 100 ± 5 101 ± 2
Perceptual Reasoning subscale 99 ± 4 98 ± 3 97 ± 2
Working Memory subscale 92 ± 3 90 ± 4 85 ± 4
Processing Speed subscale 89 ± 3 90 ± 5 91 ± 3

Similarity test 12.5 ± 2 12 ± 1 10 ± 2 11 ± 1
Matrix reasoning test 10.7 ± 1 11 ± 1 10.8 ± 1 10 ± 2

Goulème et al., 2015a,b) and other researchers (Barela et al., 2011; 
Quercia et al., 2011; Vieira et al., 2013) during simple and/or dual 
postural tasks in dyslexic population, measuring body sway objectively 
with postural platforms. All these studies confirm the hypothesis that 
automaticity, via the cerebellum activity, is responsible for co-
ordinating sensory and motor information, and that it could be im-
paired in dyslexic children, leading to poor postural stability.

Attention deficit hyperactivity disorder (ADHD) is associated with 
poor gross and fine motor control tasks (Piek et al., 1999; Wang et al., 
2011; Papadopoulos et al., 2014). Several studies also reported postural 
instability in ADHD children compared to TD children (Zang et al., 2002; 
Wang et al., 2003; Buderath et al., 2009; Bucci et al., 2014, 2016). 
Interestingly, a study by Hove et al. (2015) reported for the first time a 
positive correlation between postural sway and cerebellar gray matter 
volume in adults with ADHD, providing additional support for cerebellar 
involvement in ADHD. Furthermore, as reported by Stoodley (2016) in a 
recent review, cerebellar deficiencies have been found in several 
developmental disorders (autism, dyslexia, ADHD); she sug-gested that 
deficits in different cerebellar subregions related to poor specific 
cerebro-cerebellar circuits could lead to the behavioral symp-toms at 
both motor and cognitive levels observed in these children.

Based on these findings, we aim to compare postural capabilities in 
children with autism, dyslexia and ADHD and in a group of typically 
developing children. We used the Multitest Equilibre from Framiral® 

(www.framiral.fr), which permits to analyze the Center of Pressure 
(CoP) both in the spatial and temporal domains. In particular, im-
portant information on the dynamic of the CoP may be reached by 
applying nonlinear analysis methods such as the wavelet transforma-
tion method. Indeed, a study by Ghulyan et al. (2005) demonstrated that 
a dynamic analysis of posture allows a better discrimination of the 
pathological effects on postural control.

2. Materials and methods

2.1. Subjects

Postural capabilities were explored in four different groups of 
twenty-three children sex-, IQ-and age-matched (Table 1): Group 1, 
children with high functioning Autism Spectrum Disorder (ASD); Group 
2, dyslexic children; Group 3, children with ADHD and Group 4, typi-
cally developing children (TD).

Patients from Groups 1, 2 and 3 were enrolled in the study at the 
Child and Adolescent Psychiatry Department, Robert Debré Hospital 
(Paris, France); they had a neurological exam in the normal range and
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3. Postural recording procedure

Postural performance was evaluated using the Multitest Equilibre,
also called Balance Quest, from Framiral®, with a static/dynamic plat-
form by Micromedical Technologies (www.framiral.fr). The displace-
ment of the CoP was sampled at 40 Hz. The child was placed on the
Framiral® platform in a dark room and he/she was positioned with the
feet aligned in parallel on the footprints, and the arms hanging along
the body. Postural recording was performed on both a stable (S) and an
unstable (U) platform, under two different visual conditions: eyes open
(EO) and eyes closed (EC). The child was asked to stay as stable as
possible. During the EO condition, child had to fixate a small red light
at a distance of 2.5 m. The duration of each postural recording was 30 s,
with a 15-s rest period between conditions to reduce the possible effects
of tiredness. The order of the conditions varied randomly across chil-
dren.

4. Data processing

Analysis in both spatial and temporal domains is described below.

4.1. Spatial domain analysis

The surface area covered by the displacement of the CoP (cm2) and
its mean velocity (mm/s) were analyzed. Recall that the surface area is
an efficient measure of CoP spatial variability, corresponding to an el-
lipse including 90% of CoP excursions (Chiari et al., 2002). The mean
velocity of the CoP is a good index of the amount of neuromuscular
activity required to achieve postural control (Maki et al., 1990). The
Romberg’s Quotient (RQ) also was calculated, that is the ratio between
the surface area of the CoP in the eyes closed condition and in the eyes
open condition (Van Parys and Njiokiktjien, 1976). The RQ was com-
pared in the two postural conditions (stable and unstable platform). The
RQ allows evaluating the influence of weighting of visual input on
postural stability.

4.2. Temporal analysis

We applied wavelet analysis to study the frequency of CoP dis-
placements. A wavelet non-linear analysis using Morlet waves was
applied to CoP displacements in order to elaborate a time-frequency
chart of body sways (Dumistrescu and Lacour, 2006; Bernard Demanze
et al., 2009). This software (PosturoPro, Framiral, Cannes) provides a
time-frequency chart of body sway and a 3D representation of body
sway. This method gives access to the changes in the frequency com-
ponents of body sway with time, the third dimension calculated as the
decimal logarithm of the spectral power being given on the 3D map by a
color code (see Lacour et al., 2008).

Such analysis allows revealing temporal fluctuations in the body
sway spectrum. The time-frequency plane’s main advantage is its
double resolution (time and frequency). The wavelet analysis was ap-
plied on the antero-posterior and medio-lateral sway data by using the
software PosturoPro. From this analysis, the spectral power index (PI)
and the canceling time (CT) were extracted for three frequency bands
(F1: 0.05–0.5 Hz; F2: 0.5–1.5 Hz; F3: > than 1.5 Hz). The spectral

power index represents the amount of energy spent during a condition
and is the integral of the surface of the CoP oscillations frequency at
0.05 Hz step width. The canceling time is the total time during which
the spectral power of the body sway (for a specific frequency band) is
canceled by the postural control mechanisms. Note that the use of the
wavelet decomposition applied to the analysis of postural control allow
to provide a three-dimensional description of the posturographic signal.
In other words, it provides a dual frequency-time resolution with great
precision of the variations of the frequencies throughout all postural
recording period.

The postural instability index (PII), which quantifies the postural
performance by taking into account the two precedent indices (PI and
CT), was calculated as follows:

PII = ∑x ∑y PI (F1, F2, F3)/CT (F1, F2, F3)

where PI and CT are the spectral power index and cancellation time for
each of the three frequency bands (F1, low; F2, medium; F3 high fre-
quency band). The PII values were calculated from both the spectral
power recorded in a given frequency range, and the total time during
which the spectral power of the different body sway frequencies in this
given frequency range tend to be canceled by the posture control me-
chanisms (Bernard-Demanze et al., 2014).

4.3. Statistical analysis

Statistical analysis was performed with the Statistica software using
the GLM (Advanced Linear Models) with the four groups of children
(ASD, dyslexic, ADHD and typically developing children) as inter-sub-
ject factor, and the RQ under stable and unstable condition and the
other postural parameters in the different conditions (EO, and EC on
static -S- and unstable -U- supports, respectively) as within-subject
factor. Furthermore, in case of significant effects post-hoc comparisons
were performed using Bonferroni correction for multiple comparisons.
The effect of a factor was considered significant when the p-value was
below 0.05.

4.4. Supplementary analysis

To determine whether certain cognitive domains (the four indexes
of the WISC-IV: VCI, PRI, WMI and PSI) were associated to postural
performance among children with a neurodevelopmental disorder, we
performed a Structural Equation Model (SEM). In this SEM, we si-
multaneously examine the relationships between (i) the four indexes of
the WISC-IV, the age of the children, the different conditions (EO-S, EC-
S, EO-I, EC-I), and the three clinical groups of children (ASD, dyslexic,
ADHD) and (ii) the postural surface area of the CoP, the mean velocity
of the CoP and the postural instability index (PII). Because our ap-
proach was exploratory, statistical significance was evaluated using a
two-sided design with alpha set a priori at 0.05. All analyses were
conducted in Mplus Version 7.1 (Muthen and Muthen, 1998) using the
Mplus defaults of delta parameterization and the Maximum Likelihood
estimator. We used standardized data because they are less affected by
the scales of measurement and can be used to evaluate the relative
impact of each predictor (Kline, 2010).

5. Results

The surface area of the CoP (A) and its mean velocity (B) are re-
ported in Fig. 1.

For the surface area of the CoP, the analysis of variance showed a
significant group effect (F(3,88) = 4.17, p < 0.008) and the post-hoc
comparisons reported that the three groups of children (ASD, dyslexic
and ADHD) did not differ from each other for the surface area of the
CoP, while all were different from the TD children group (all
p < 0.03). Moreover, the analysis of variance showed a significant

subtests, assessing verbal ability (the similarities test) and performance 
ability (matrix reasoning test).

The clinical characteristics of all four groups of children are sum-
marized in Table 1.

The investigation adhered to the principles of the Declaration of 
Helsinki and was approved by our Institutional Human 
Experimentation Committee (Comité de Protection des Personnes CPP, 
Ile de France V, Hôpital Saint-Antoine). Written informed consent was 
obtained from the participants’ parents after the nature of the proce-
dure had been explained.
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effect of postural condition (F(1,88) = 34.66, p < 0.0001): the surface
of the CoP was significantly smaller in stable than in unstable postural
condition; and a significant effect of visual condition was observed (F
(1,88) = 15.25, p < 0.0001): the surface of the CoP was significantly
smaller in eyes open than in eyes closed condition. Finally, there was
also a significant interaction between group and postural condition (F
(3,88) = 3.99, p < 0.01): in the unstable postural condition, the sur-
face area of the CoP for three groups of children (ASD, dyslexic and
ADHD) was significantly larger than those observed in the TD children
group (all p < 0.02).

The RQ was also measured for both stable and unstable conditions
but the analysis of variance failed to show any significant difference
(see Table 2).

For the mean velocity of the CoP, the analysis of variance also
showed significant group effect (F(3,88) = 3.58, p < 0.01). Post-hoc
comparisons reported that the three groups of children (ASD, dyslexic
and ADHD) did not differ from each other for the mean velocity of the
CoP, while all were different from the TD children group (all
p < 0.03). There also was a significant postural condition effect (F
(1,88) = 46.13, p < 0.0001): the mean velocity was greater in the

unstable postural condition, and a significant visual condition effect (F
(1,88) = 31.53, p < 0.0001) was noted, showing that the mean ve-
locity of the CoP in the eyes open condition was lower than that re-
ported in the eyes closed conditions. Finally, the analysis of variance
reported also a significant interaction between group and visual con-
dition (F(3,88) = 3.31, p < 0.02): in the eyes closed condition, the
mean velocity measured in three groups of children (ASD, dyslexic and
ADHD) was significantly greater than those reported in TD children
group (all p < 0.01).

To summarize, children with ASD, dyslexia and ADHD have poor
postural control that is worsened, in a dynamic environment and when
visual information is absent.

Using wavelet transformation, the postural instability index (PII)
was measured (see Fig. 2); the analysis of variance showed a significant
group effect (F(3,88) = 8.84, p < 0.0001). Post-hoc comparisons re-
ported that the PII was similar for the three groups of children (ASD,
dyslexic and ADHD), while it was different from that of the TD children
(all p < 0.01). There was also a significant postural condition effect (F
(1,88) = 72.30, p < 0.0001): the PII was greater in the unstable
postural condition, and a significant visual condition effect (F(1,88)
= 35.89, p < 0.0001) was observed, showing that the PII in the eyes
open condition was lower than that reported in the eyes closed condi-
tion.

In conclusion, both static and dynamic analyses of CoP displace-
ment reveal differences in postural control between children with ASD,
dyslexia and ADHD and normally developing children: postural stabi-
lity in children with neurodevelopmental disorders is deficient with
respect to that of control children.

Fig. 1. Means and standard deviations of the surface area covered by the
CoP (in cm2) (A) and the mean velocity of the CoP (mm/s) (B) in the two
visual conditions (eyes open: EO and eyes closed: EC) on a stable -S- or
unstable -U- platform, in the four groups of children tested (TD, typically
developing children; ASD, children with autism spectrum disorders,
Dyslexic children and ADHD, children with hyperactivity).

Table 2
Romberg Quotient (RQ) for the four groups of children tested (TD, typically developing
children; ASD, children with autism spectrum disorders, DYS, Dyslexic children and
ADHD, children with hyperactivity).

RQ stable condition RQ unstable condition

TD 1.1 ± 0.05 1.5 ± 0.13
ASD 1.3 ± 0.13 1.6 ± 0.16
DYS 1.4 ± 0.08 1.5 ± 0.08
ADHD 1.6 ± 0.11 1.6 ± 0.13



5.1. Supplementary analysis

In our SEM (Fig. 3), we did not find differences in postural perfor-
mance between the three clinical groups (ASD, dyslexic, ADHD), but we
did find differences with regards to the four conditions (EO-S, EC-S, EO-
I, EC-I; β not indicated on the figure). Two WISC-IV indexes were ne-
gatively associated to postural performances: PRI was associated to
postural instability index (PII) (β standardized = −0.20 (SD = 0.07);
p-value = 0.004) and WMI was associated to the postural surface area
of the CoP (β standardized = −0.15 (SD = 0.06); p-value = 0.015).

6. Discussion

The present study reported poor postural control in children with
neurodevelopmental disorders with respect to typically developing
children; we also reported that such postural deficit is greater when
sensory inputs are not available, and that some cognitive domains
(working memory and visual perception – i.e. fine motor coordination)
were negatively associated with some of the postural parameters
measured. These findings are discussed below.

This study is the first one comparing postural capabilities in a group

of children with autism, dyslexia and hyperactivity with respect to a
group of typically developing children. The result of this study is in line
with previous studies (see Introduction) showing poor postural control
for children with neurodevelopmental disorders; however we reported
here that autism, dyslexia and hyperactivity lead to a similar instability
and a common postural pattern. Indeed, it is well known that healthy
children use both visual and somatosensory information to control their
postural stability (Gouleme et al., 2014) and that in conditions where
vision is not present anymore and/or somaesthetic information are
misled (as is the case in eyes closed condition on an unstable platform)
both the surface area and the mean velocity of the CoP increase sig-
nificantly, suggesting the important role of sensorial inputs for con-
trolling posture, as already established in previous studies (Shumway-
Cook and Woollacott, 1985; Hirabayashi and Iwasaki, 1995). This also
occurs in children with neurodevelopmental disorders; however such
increase in postural parameters as the surface area and the mean ve-
locity of the CoP is significantly larger to that reported in healthy
children. This finding suggests that, differently from healthy subjects
(Assländer and Peterka, 2014), compensatory mechanisms and re-
weighing of sensorial inputs to obtain a good postural control does not
easily occur in children with neurodevelopmental disorders. This

Fig. 2. Postural Instability Index in the two visual conditions (eyes open:
EO and eyes closed: EC) on a stable -S- or unstable -U- platform, in the four
groups of children tested (TD, typically developing children; ASD, children
with autism spectrum disorders, Dyslexic children and ADHD, children
with hyperactivity).

Fig. 3. Structural Equation Model (SEM) in which we examined the re-
lationships between the four indexes of the WISC-IV, the age of children,
the different conditions (EO-S, EC-S, EO-U, EC-U), and the three clinical
groups of children (ASD, dyslexic, ADHD) and the postural surface area of
the CoP, the mean velocity of the CoP and the postural instability index
(PII).



children with NDDs are needed to gain insight on the relationship be-
tween neuropsychological tests and postural sway and on their use as
transnosographic markers for such children population.

7. Conclusion

This study reported similar postural impairment in children with
autism, dyslexia and hyperactivity with respect to typically developing
children. Both spatial and temporal analysis of the center of pressure
suggests poor use of sensory inputs to compensate natural body per-
turbation, most likely due to cerebellar deficiencies.
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finding is also corroborated by the temporal analysis of the CoP dis-
placement; indeed the Postural Instability Indices are larger, particu-
larly when vision is not present on an unstable platform.
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(Peterka and Loughlin, 2004) and vestibular inputs are particularly 
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Recall that the cerebellum is involved in motor learning and motor 
control, and patients with cerebellar tumors showed large instability 
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instability index. As previously mentioned, the PRI is influenced by 
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orders are well known to manifest difficulties in these cognitive skills 
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