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Recent studies have highlighted interactions between state anxiety, sensory processing involved in
motor performance, and personality traits such as trait anxiety. In the present study, we investigated the
effects of moderate state anxiety on static balance performance with eyes open and eyes closed in two
groups of healthy subjects with contrasting trait anxiety. We found that an anxiogenic condition induces
larger and faster body swaying in both groups in the eyes-open test. This suggests that state anxiety
could modify the processing of the different sensory inputs involved in balance control whatever the
subjects’ trait anxiety level. When vision is absent, precision of static balance control in individuals with
intermediate level of trait anxiety — characterized by a higher visual dependence - is more disrupted
than in low trait anxiety subjects. Moreover, moderate state anxiety seems to disturb the ability to use
vestibular and/or somatosensory inputs in individuals with low anxiety, but not in individuals with
intermediate trait anxiety. These results on inter-individual differences provide a first insight into the

inter-dependence between trait anxiety, state anxiety and static balance control.

1. Introduction

The human balance control system involves complex motor
performance that depends on sensory perception, central cognitive
processing and motor response performance. Several studies have
used posturographic parameters as revealed by centre of foot
pressure (CFP) displacements in order to investigate balance
control [1]. As far as static posturography is concerned, low values
for both sway path length (SPL: distance in mm covered by the CFP
displacement) and sway area parameters (SA: surface in mm?
covered by the CFP displacement) reflect efficient balance control.
While the SPL parameter is closely linked to sway velocity, the SA
parameter is considered to be the most representative parameter
regarding precision in balance [2]. Postural stabilization depends
on visual, vestibular and somatosensory inputs. The importance of
vision in postural stabilization is well known. Although the SA
parameter with eyes open depends on distance to target fixation
(SA decreases when the distance is shortened) [3,4], classically, the
SA parameter is larger with eyes closed (EC) than eyes open (EO).
Indeed, the lack of visual input decreases postural performances.
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When their eyes are closed, subjects compensate for the lack of
visual input by an ankle stiffness strategy, in order to enhance
somatosensory perception [5]. This sensory re-weighting strategy
could help subjects to maintain precision of balance when vision is
absent.

Moreover, studies have shown that balance performance could
depend on psychological state, such as state anxiety [6-10]. The
fact that patients suffering from different pathological anxiety
disorders are frequently confronted with postural instability has
been highlighted [11,12]. This association between anxiety and
balance disorders is not restricted to clinical samples and even
occurs in healthy subjects [13,14]. State anxiety in healthy subjects
could be considered to be a transitory state of either apprehension
or arousal, resulting from the anticipation of an actual or non-
actual threatening event, respectively. It has been shown that state
anxiety caused by actual threat of a fall could lead a healthy subject
to develop a postural stiffness strategy in order to avoid this fall;
this strategy is characterized by a smaller amplitude and higher
frequency in CFP displacements [6,8,15,16]. In contrast, few
studies have investigated the effect of state anxiety not directed
toward potential postural threat [7,9,10] on static balance
performance. When vision is available, state anxiety could
influence interactions of visual input with vestibular and
somatosensory inputs [9,10]. Another study on this issue, one
which used a computer-controlled movable platform, has also
shown that state anxiety and adverse mood changes could affect



the subjects’ ability to use inputs from the vestibular system in
order to maintain balance [7]. These studies suggest that state
anxiety could influence one or more sensory inputs underlying
static balance control. In previous studies using a sensorimotor
task, it has been shown that individuals possessing different trait
anxiety levels preferentially process some sensory modalities in an
anxiogenic condition [17,18]. It should be noted that state anxiety
is transitory, while trait anxiety is a personality trait conceived as
dispositions to perceive and to behave in specific ways, particularly
when state anxiety increases [19]. In addition to the posturo-
graphic parameters, state and trait anxiety could be helpful in
assessing individual sensory strategies used to maintain static
balance. Thus, in agreement with these previous results and with
Spielberger’s concept [19], we hypothesize that the weight of
sensory inputs involved in balance control could be differently
affected by state anxiety, depending on trait anxiety level.
Consequently, the present study was designed to determine the
influence of state anxiety on static balance performance with EO
and EC in two groups of healthy human subjects with contrasting
trait anxiety levels. Balance performance is assessed in a control
condition and an anxiogenic condition induced by the Stroop
Color-Word Test with interference, combined with video recording
[17,18,20,21], which is a moderate cognitive stressor.

2. Materials and methods
2.1. Subjects

Subject selection included a cohort of 56 participants (26 females and 30 males)
studying for a degree at the University who volunteered for this experiment (mean
age: 19.8 + 1.5). All subjects were healthy individuals with no history of psychiatric,
orthopaedic or neurological disorders. None of them took medication that could alter
postural control or cognitive processing. Each participant provided full, informed
consent according to the declaration of Helsinki before data collection. Trait anxiety
was assessed using the Spielberger’s State-Trait Anxiety Inventory (STAI [22]).

From this cohort, two groups were constituted by selecting the subjects whose
scores on trait anxiety were at the extremes of the distribution (the 9 women and 9
men with higher trait anxiety and the 9 women and 9 men with lower trait anxiety).
According to Spielberger’s classification, the 18 subjects with higher scores formed
the ‘Intermediate Trait Anxiety’ (ITA) group (score range: 40-62; mean score:
48.8 + 6; male (n =9) mean score: 47.1 + 3.9; female (n = 9) mean score: 50.5 + 7.4),
and the 18 subjects with lower scores formed the Very Low Trait Anxiety (VLTA) group
(score range: 23-35; mean score: 29.6 + 3.5; male (n = 9) mean score: 29.8 + 2; female
(n=9) mean score: 29.4 & 4.6).

2.2. Assessment of balance

Stabilometric parameters were obtained using a static force platform fitted with
three strain gauges (with Winposture Software; Medicapteurs, France), with a
sampling frequency of 40 Hz. Subjects stood barefoot on the platform with their feet
angled 30 relative to each other. They were asked to stand with their arms at their
sides, looking at a target placed at eye level about 2 m in front of them in a quiet
room. Each trial lasted 25.6 s (this duration allows 1024 measurements in 40 Hz)
because state anxiety induced by the anxiogenic condition is moderate and
transitory. The SA and the SPL were determined according to displacements of CFP.
The CFP parameters were corrected for subject height.

2.3. Assessment of state and trait anxiety

State and trait anxiety were assessed using the STAI Y1 and Y2 forms [22],
respectively. These two self-evaluated questionnaires consist of 20 items, each
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scored on a four-point scale. State anxiety is considered to be a temporary state in
response to actual or non-actual threats, whereas trait anxiety is a relatively stable
personality trait that reflects dispositions to develop state anxiety [19].

2.4. Control and anxiogenic conditions

In the anxiogenic condition, moderate state anxiety was induced by using the
Stroop Color Word Test with interference [17,18,20,21]. This test consists of color
words printed in incongruent colors. Each subject was asked to say as quickly as
possible and in the sequence presented, the color of the ink used to print a color
name, not the color designated by the word. Hesitations or errors were indicated by
means of a strident sound. Moreover, as used in procedures that simulate public
performance, the subjects’ performance was video recorded and shown on a TV
screen placed in the visual field of the subject (below the fixation target) in order to
increase state anxiety [20]. Furthermore, in order to maintain the anxiogenic
characteristics of the task, subjects did not receive any training. This procedural
decision was designed to avoid habituation effects that could lead the subjects to
better cope with the situation.

In the control condition, the subjects were asked to perform a Stroop Color Word-
like Test with no interference that consisted of color words printed in congruent
colors. The subjects were asked to name the color that appeared in the sequence ata
normal reading tempo. Errors were not indicated and the subjects were not video
recorded while performing the test.

In each condition, the subjects were asked to stand upright on the platform while
they performed the color test. The color tests were located in the same place as the
fixation target and were removed immediately after completion.

2.5. Behavioral procedure

The experimental procedure is presented in Fig. 1. All subjects were asked to
perform the control condition first, and were then exposed to the anxiogenic
condition. Throughout the condition (whether control or anxiogenic), subjects
stood upright on the platform and alternately performed color tests and balance
assessments. In this way, in each condition, the subjects had (1) to execute the color
test within a 40 s period (the time to read about 50 words), (2) to stand upright for
balance assessment with open eyes (25.6 s), (3) to execute the color test during a
40 s period and immediately after, to close their eyes, (4) to stand upright for
balance assessment with closed eyes (25.6s). All these tasks were performed
continuously (i.e. with no transition period). Instructions were given before the
beginning of each condition (control and anxiogenic). The subjects were asked to
look at the fixation target and to stand as still as possible during the balance
assessment. At the end of the color tests, the subjects were asked to look at the
fixation target during the EO test or to look at the fixation target and then to close
their eyes during the EC test. The order of the tasks (EO and EC) was specifically
determined in order to correspond to a standardized measure of posturographic
assessment. The control condition was conducted before the anxiogenic condition,
so that the subject would not be disturbed by the induced anxiety state. Before the
beginning of the experiment, 60 s practice trials were performed under EO and EC
conditions to familiarize participants with the tests. Rest periods of 5 min were
given before the experimental session and between the control and anxiogenic
conditions.

The subjects had to complete a psychometric questionnaire for state anxiety
before the experiment, after the control condition and after the anxiogenic
condition. After each condition, the questionnaires were immediately completed
according to the subjects’ general feelings during the balance performances
(including EO and EC tests).

2.6. Data analyses

A two-way ANOVA was applied to state anxiety with condition (repeated
measures: baseline, control condition, anxiogenic condition) and group (ITA, VLTA
subjects) as factors. Posturographic performances (SA and SPL) were analysed using
three-way ANOVAs with conditions (repeated measures: control, anxiogenic),
vision (repeated measures: EO, EC) and group (ITA, VLTA subjects) as factors.
Following the occurrence of a significant interaction, two-way ANOVAs with
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Fig. 1. Experimental procedure of the experiment. Psychometric questionnaires were completed during the first rest period (baseline) and after the control and the anxiogenic
conditions. All subjects performed the control condition first and then were exposed to the anxiogenic condition.



conditions (repeated measures: control, anxiogenic) and group (ITA, VLTA subjects)
as factors, were used to analyse posturographic performances with open eyes and
with closed eyes. Moreover, for the control condition, two-way ANOVAs with vision
(repeated measures: EO, EC) and group (ITA, VLTA subjects) as factors, were used to
analyse SA and SPL parameters. Following the occurrence of a significant F-value,
Tukey’s test was used to perform post hoc comparisons in order to determine
pairwise differences. Statistical significance was accepted for p values lower
than 0.05.

3. Results
3.1. Psychological parameters

Changes in state anxiety are shown in Table 1. Statistical
analyses on state anxiety as measured by the STAI showed main
effects for condition (Fes)=12.25; p<0.0001) and group
(F1,34)=14.35; p<0.001) factors, but no interaction between
these factors was found. Post hoc analyses carried out on both
groups showed a significantly higher level of anxiety in the
anxiogenic condition as compared to the baseline (p < 0.01) and
the control (p < 0.001) period.

3.2. Posturographic parameters

Changes in balance performances are shown in Fig. 2. The
results of the three-way ANOVAs showed significant three-way
interactions for the SA (F(134)=4.89; p<0.05) and the SPL
(F1,34)=14.04; p < 0.001) parameters. Therefore, two-way ANO-
VAs were used to analyse posturographic performances with open
eyes and with closed eyes. Analyses with open eyes revealed a
main effect for the condition factor both for SA (F1 34)=33.20;
p <0.0001) and for SPL (F(134)=17.81; p <0.001). Post hoc
analyses showed that for both groups, SA (p < 0.001) and SPL
(p <0.001) increased in the anxiogenic condition. Conversely,
analyses of posturographic performances with closed eyes showed
significant interactions between condition and group factors for SA
(F1,34)=14.84; p < 0.001) and for SPL (F134)=13.55; p < 0.001).
With regards to the SA parameter, a significant increase during
anxiogenic condition was found for the VLTA group (p < 0.01) but
not for the ITA group. As for the SPL parameter, a significant
increase during the anxiogenic condition was found for the VLTA
group (p < 0.01) but not for the ITA group. No inter-group
difference was observed either in the control condition, or in
the anxiogenic condition.

Differences in balance performances between eyes-open and
eyes-closed tests in the control condition are shown in Fig. 3.
Analyses of posturographic performances in the control condition
revealed a significant interaction between vision and group
factors for SA (F(1,34y=5.12; p < 0.05) but not for SPL. Post hoc
comparisons between SA with open eyes and SA with closed eyes
only showed a difference for the ITA group: the SA parameter was
significantly higher when the eyes were closed (p < 0.01). With
regards to the SPL parameter, a main effect was found for the

Table 1

vision factor (F(;34)=53.41; p<0.0001). Post hoc analyses
showed a higher SPL with EC than with EO (p < 0.001) in both
groups.

It should be noted that initially, ‘sex’ was included in the
ANOVAs as a factor, but no interaction or significant effect of sex
was observed on data either for the psychological parameters or
the posturographic performances. Therefore this factor was
excluded from the analyses. Furthermore, no significant difference
for the number of errors during the performance of the Stroop test
was found between the VLTA and the ITA group.

4. Discussion

The aim of this study was to determine whether sensory inputs
involved in static balance performance are affected differently by
moderate state anxiety according to trait anxiety level. As shown in
previous studies, the present results confirm that the video
recorded Stroop Color-Word Test with interference, which is a
cognitive stressor, induces a moderate but significant increase in
state anxiety, whatever the subjects’ trait anxiety [17,18,20]. The
main finding of this study is that a moderate state anxiety
increases the SA and SPL balance parameters (i.e., larger and faster
body sways) for both VLTA and ITA groups when visual input is
available. In contrast, with EC, the anxiogenic condition affects
balance performance differently according to the level of trait
anxiety.

When visual input is available, our results show that whatever
the subjects’ trait anxiety level, SA and the SPL parameters increase
in the anxiogenic condition. Studies have shown that state anxiety
could modify multisensory integration by modulating the proces-
sing of visual input [9,10] and/or by exerting direct effects on
vestibular functioning [23-25], provoking larger and faster body
sways, which increase the SA and SPL parameters. In the present
study, similar effects may have occurred. In addition, the
somatosensory system could also be influenced by state anxiety.
Previous studies showed that fear of falling induces anxiety and
leads subjects to adopt a postural stiffness strategy (increased co-
contraction of ankle joint agonist/antagonist muscle pairs)
characterized by smaller amplitude and higher frequency in CFP
displacements [6,8,15,16]. In contrast, in the present study, state
anxiety that is not related to a potential postural threat may have
led subjects to adopt different behavior without muscular co-
contraction to fix posture. However, muscular tension associated
with state anxiety [21,26] may have increased motor activity,
which in turn increased both SA and SPL parameters. Finally, when
all sensory inputs are available, state anxiety may modify the
processing or integration of visual, vestibular and/or somatosen-
sory inputs, whatever the trait anxiety level. In the present study,
this led subjects to perform larger and faster body sways.

When vision is not available, results have shown a different
effect of the anxiogenic condition on static balance performance
according to the level of trait anxiety. Previous studies on this issue

Trait anxiety and state anxiety for the two groups measured in the first rest period (baseline), in the control condition and in the anxiogenic condition.

Baseline Control condition  Anxiogenic condition
Mean (S.D.) Mean (S.D.) Mean  (S.D.)
Trait anxiety = VLTA group 29.6 (3.5) - - - -
ITAgroup 476 (6.7) - - - -
State anxiety VLTA group 26.1 (4.4) 26.7 (5.7) 31.1 (8.9) *1t
ITAgroup 35.8 (10.8) 325 (6.9) 411 (10.6)

State and trait anxiety were evaluated by the STAI [22].
*Significantly different from baseline (p <0.01).
fSignificantly different from control condition (p < 0.001).
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Fig. 2. Differences in balance performances with eyes open (A, C) and eyes closed (B, D) for the sway area (mean in mm?; A, B) and the sway path length (mean in mm; C, D)
between the control condition and the anxiogenic condition for the very low trait anxiety group and the normal trait anxiety group. *p < 0.01, **p < 0.001, significantly

different from the control condition.

did not show any influence of state anxiety in the EC condition
[9,10], but none of these took the level of trait anxiety into account.
In the present study, the VLTA group but not the ITA group
increased the SA parameter and the SPL parameter in the
anxiogenic condition. These results may provide initial insight
into inter-individual trait anxiety differences in managing static
balance without visual input.

Similarly to the test performed with visual input, VLTA subjects
have larger and faster body sways in the anxiogenic condition
when vision is absent. In agreement with studies that proposed a
relationship between sensory inputs and psychological states
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Fig. 3. Control condition: differences of balance performances (sway area and sway
path length) between eyes-open (EO) and eyes-closed (EC) tests. *p < 0.01,
**p < 0.001, significant difference between EO and EC tests.

[7,9,10,23,25], we suggest that in this condition, state anxiety may
influence vestibular input and/or somatosensory input. Moreover,
the effects of state anxiety on static balance control do not seem to
be dependent on whether visual input is present for VLTA subjects.
In contrast, static balance control of ITA subjects may not be
influenced by the anxiogenic condition when vision is absent.
Supplementary statistical analyses carried out in the control
condition (see Fig. 3) highlight some specificities in the way
balance is regulated when vision is absent. Comparisons between
eyes-open and eyes-closed performances have shown that SPL
increases in both groups, while SA increases in the ITA group only.
In agreement with previous studies, VLTA subjects tended to
compensate for the lack of visual input with an ankle stiffness
strategy [5]. This somatosensory regulation of balance, which
increases the SPL parameter, allows the SA parameter to be
maintained when the eyes are closed [4,27]. In contrast, in this
condition, the ITA subjects do not seem to use a strategy like this to
compensate for the absence of visual input. These discrepancies
could be explained by a visual dependence phenomenon. Studies
have shown that anxious patients were visually dependent in
balance performance [28,29]. Moreover, it has been also suggested
that ITA subjects have a greater visual dependence than VLTA
subjects while performing a perceptual-motor task [30]. In
agreement with this concept of visual dependence, our own
results in the control condition show a significant SA increase in
eyes-closed compared to eyes-open performances. We suggest
that the lack of visual input could disrupt the precision of static
balance control in ITA subjects more than in VLTA subjects. Given
this potential visual dependence, we have hypothesized that the
ITA subjects could be perturbed by the EC test even in the control
condition. In addition, the state anxiety induced remains moderate
and could not be sufficient to cause additional perturbation. The
lack of increase in SA and SPL parameters between control and



anxiogenic conditions in the eyes-closed test in ITA subjects could
suggest that moderate state-anxiety does not disturb the ability to
use vestibular input and/or somatosensory input. The main
discrepancy between VLTA and ITA groups is that VLTA subjects
are less visually dependent than ITA subjects, and therefore more
sensitive to the effects of moderate state anxiety in the EC test.
Future studies should be aimed at investigating higher level of
state anxiety.

5. Conclusion

Our results provide further evidence that state and trait anxiety
could affect sensory inputs involved in balance performance.
When vision is available, whatever the trait anxiety level, state
anxiety could modify the processing or integration of visual,
vestibular and/or somatosensory inputs. When vision is absent, the
precision of static balance control in individuals with an
intermediate level of trait anxiety, characterized by a higher
visual dependence, is altered. Furthermore, moderate state anxiety
appears to disturb the ability of individuals with a lower trait
anxiety, but not that of individuals with intermediate trait anxiety,
to use vestibular and/or somatosensory inputs. These results
confirm the interdependence of trait anxiety, state anxiety and
static balance control. New clinical tools should therefore
incorporate psychological state, including intrinsic predisposi-
tions, in order to obtain a comprehensive assessment of balance
control.
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