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ABSTRACT 

Postural control is based upon the fusion of 
sensory cues coming from multiple sources re- 
quiring continuously adaptation that may be 
altered due to aging, leading to the poor postural 
equilibrium in older adults. Therefore, the pur-
pose of this study was to examine the adapta-
tion in the relationship between the visual in-
formation and the body sway in older adults. 
Fifteen older (70 ± 7.6 years) and 15 younger 
adults (19 ± 1.1 years) stood upright inside of a 
moving room. Each participant performed 7 tri-
als, each lasting 60 s, in which in the first 3 trials 
the room oscillated at 0.2 Hz, amplitude of 0.6 
cm, and peak-to-peak velocity of 0.6 cm/s. In the 
fourth trial, the room oscillated at 0.2 Hz but with 
amplitude of 3.5 cm and peak-to-peak velocity of 
3.5 cm/s. In the following 3 trials, the room os-
cillated with the same parameters of the first 
three trials. Body sway magnitude was exam-
ined through mean sway amplitude, and the re-
lationship between visual information and in-
duced body sway was examined through co-
herence and gain. Visual manipulation induced 
corresponding body sway in both older and 
younger adults, with no difference being ob-
served between groups in the first three trials. In 
the fourth trial, mean sway amplitude, coher-
ence and gain values were higher for the older 
compared to younger adults. Moreover, in the 
last three trials, older adults still showed higher 
gain values than observed for the younger 
adults. Taken together, these results suggest 
that older adults adapt to abrupt changes in 
visual cues, but not with the same magnitude as 
younger adults. Yet, older adults do not take 
advantage of experienced sensory changes in 

order to adapt the use of the vision information 
in the following experiences, indicating the less 
capability of adaptation to the sensory changes.  
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1. INTRODUCTION 

The maintenance of the upright stance such as during 
daily activities is characterized by stability and flexibility, 
in order to accommodate all the changes in the sur- 
rounding environment. Therefore, the central nervous 
system must process a stimulus-rich and continuously 
changing environment, requiring the unceasing integra-
tion of multisensory information to update our estimation 
of self-motion. Such a mechanism has been denominated 
as sensory reweighting, which refers to the ability to se-
lect and decrease/increase the influence of a specific 
sensory stimulus on postural control [1].  

The concept of sensory reweighting was first intro- 
duced over thirty years ago [e.g., 2,3]. More recently, 
sensory reweighting has been rigorously demonstrated 
by numerous investigators under conditions in which the 
amplitude of the sensory stimulus is manipulated with 
corresponding changes in postural responses, interpreted 
to reflect a change in weighting to the sensory stimulus 
in adults [4-8] and even in children [9]. Moreover, these 
experimental effects have been modeled to understand 
the mechanistic underpinnings of sensory reweighting 
within the postural control scheme [4,7,10-12].  

Aging is characterized by many changes in several 
systems, including a decline in postural control per-
formance as evidenced by larger sway magnitude during 
upright stance [13,14] and the increase of high risk for 
falling [for review, 15]. This decline has been suggested 
to occur due to sensory and motor declines [e.g., 15] and 
how sensory information integration takes place in the 
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central nervous system [16,17]. 
Despite all the efforts in uncovering declines in pos-

tural control functioning due to aging and the suggestion 
that the ability to reweight sensory inputs adaptively is 
one of the most critical factors for postural control in 
older adults [16], only recently a more robust approach 
has been used to investigate sensory reweighting in this 
population [18]. For instance, Jeka and colleagues [18,19] 
observed that older adults were more influenced by vis- 
ual manipulation compared to younger adults. This find- 
ing is consistent with previous results [17,20], and indi- 
cates that older adults can adapt to abrupt changes in 
visual manipulation as well as younger adults. However, 
older adults do not reduce the influence of visual cue 
throughout the sensory exposition as one can observe in 
younger adults.  

Based upon these evidences, older adults can suppress 
sensory influences that may threaten postural stability, 
but such suppression might not be as efficient as in 
younger adults. Evidence for such suggestion has been 
observed in previous studies that revealed that older 
adults couple more strongly to sensory manipulation 
compared to younger adults [14,17,20]. Similar results 
were observed when the visual information was suddenly 
removed and re-inserted (closing and opening eyes, re- 
spectively) and interpreted as an indicative of less effi- 
cient integrative mechanism [21].    

In the present study, we employed a strategy to exam- 
ine the magnitude of sway response to visual manipula- 
tion, with different characteristics in several expositions. 
Considering that sensory integration in older adults seems 
to be related to many of the postural control changes and 
that activity-based interventions can improve balance 
[22], an understanding of the mechanism through which 
interventions seem to minimize postural control decline 
must be elucidated in order to target optimal intervention 
strategies [23]. Moreover, employing a controlled stimu-
lus approach and observing the magnitude of the sway 
response in older adults in sequential trials may help us 
to uncover how the central nervous system reconfigures 
internal postural setting due to the expositions of sensory 
cues. Therefore, the aim of this study was to examine the 
adaptation in the coupling between visual information and 
body sway of older adults due to abrupt visual changes 
throughout different visual expositions. Our hypothesis 
was that older adults would couple to visual stimulus as 
well as younger adults but they would be more influ-
enced by larger stimulus and could not carry over previ-
ous experience to the following expositions.   

2. METHODS 

2.1. Participants 

Fifteen older adults (M = 69.8 and SD = 7.62) and 15 

younger adults (M = 19.2 and SD = 1.03) participated in 
this study. All participants were healthy with no known 
musculoskeletal injuries or neurological disorders that 
could impair their ability to maintain balance and had 
normal or correct to normal vision. Older adults were 
enrolled in activities at University where this study took 
place and the younger ones were either undergraduate or 
graduate students. All of them gave their informed con- 
sent prior to participation in the experimental session 
according to procedures approved by the Institutional 
Review Board.  

2.2. Procedures 

Participants were asked to maintain upright stance in-
side a moving room at 1 m away from the frontal wall 
and to look at a target attached at this frontal wall. The 
moving room consisted of three walls and a roof (2.1 m 
long x 2.1 m wide x 2.1 m height), mounted on wheels so 
that it could be moved back and forth by a servomotor 
mechanism while the floor remained motionless. The 
walls and the roof were white with black stripes painted, 
creating a pattern of 42 cm wide vertical white and 22 
cm wide vertical black stripes. A 20-watt fluorescent 
lamp was attached to the ceiling and used to maintain 
consistent light condition throughout data collection.  

The servomotor mechanism consisted of a controller 
(Compumotor, Model APEX 6151), a controlled stepper 
motor (Compumotor, Model N0992GR0NMSN), and an 
electrical cylinder (Compumotor, Model EC3-X3xxN- 
10004a-Ms1-MT1M), which connected the servomotor 
to the moving room’s structure. Specialized software 
(Compumotor, Motion Architect for Windows) con- 
trolled the servomotor mechanism, moving the room 
continuously away from and toward the participant (an- 
terior/posterior direction). The moving room was oscil- 
lated at 0.2 Hz frequency, with amplitude either of 0.6 
cm and peak velocity of 0.6 cm/s or with amplitude of 
3.5 cm and peak velocity of 3.5 cm/s. 

A movement analysis system (OPTOTRAK 3020-3D 
Motion Measurement System, Northern Digital Inc.) was 
placed behind the participants. One infrared emitter was 
placed on the participant’s back (at the 8th thoracic ver- 
tebra level) and another one on the frontal wall of the 
moving room. These emitters provided information about 
the participant’s trunk sway and moving room displace- 
ment, respectively, in the anterior-posterior (AP), me- 
dial-lateral (ML) and vertical directions, with a sampling 
rate of 100 Hz. 

For each participant, 7 trials of 60 seconds apiece were 
collected. The first three trials were named pre-changing 
trials and the room was oscillated with a peak velocity of 
0.6 cm/s and amplitude of 0.5 cm. The fourth trial was 
named changing trial and the room was oscillated with a 
peak velocity of 3.5 cm/s and amplitude of 3.5 cm. The 
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last three trials were named post-changing trials and the 
room was oscillated again with peak velocity of 0.6 cm/s 
and amplitude of 0.5 cm. 

Right after the pre-changing trials, the changing trial, 
and at the end of the experimental procedures, partici- 
pants were asked if they had noticed anything different 
or uncommon during the experimental session. Differ- 
ently from younger adults that reported that the room had 
moved after the fourth trial (changing trial), older adults 
were either not able to discriminate any change in the 
room’s movement or reported that something different/ 
strange had happened as they stood still.  

2.3. Data Analysis 

As visual stimulus manipulation was in the ante- 
rior-posterior (AP) direction, analyses were performed in 
this direction only and divided in two groups. The first 
group of analysis examined the magnitude of partici- 
pants’ body sway through the variable mean sway am- 
plitude. Mean sway amplitude was obtained by subtract- 
ing a first order polynomial from the signal of each trial. 
This procedure eliminated any low-frequency body sway 
changes during the trial that were not related to body 
oscillation. Then, the mean sway variability was calcu- 
lated by obtaining the standard deviation of the trunk 
sway signal. The mean sway amplitude, therefore, cor- 
responded to the variance of the trunk sway, and was 
used to examine the average performance of the postural 
control system.   

The coupling between visual information and trunk 
sway was examined through coherence and gain. Coher- 
ence measured how strongly body sway was coupled to 
the visual stimulus, calculated at a frequency of 0.2 Hz. 
Coherence values close to 1 indicate that the signals 
demonstrate a strong dependency between them. Con- 
versely, values close to zero indicate that the signals 
demonstrate a weak or no dependency between them. 
Gain corresponded to the ratio between the body re- 
sponse amplitude and the visual stimulus amplitude. A 
gain of one indicates the response amplitude is equal to 
the stimulus amplitude. To calculate gain, the frequency 
response function was derived from the trunk sway Fou- 
rier Transforms divided by the visual stimulus Fourier 
Transforms. Gain was computed as the absolute value of 
the transfer function, at the driving frequency (i.e. 0.2 Hz) 
for each participant.  

2.4. Statistical Analysis 

After testing normality and homogeneity of variance, 
three analyses of variance (ANOVAs) were performed to 
verify mean sway amplitude, coherence, and gain be- 
tween groups and among the three first trials (pre- 
changing), this last factor treated as repeated measures. A 

multivariate analysis of variance (MANOVA) was per- 
formed to verify mean sway amplitude, coherence, and 
gain between groups in the fourth trial (changing). Fi- 
nally, three other ANOVAs were performed to verify 
mean sway amplitude, coherence, and gain between 
groups and among the three last trials (post-changing), 
this last factor treated as repeated measures. When ap-
propriate, univariate tests were performed and the α-level 
for all analyses was 0.05.  

3. RESULTS 

Visual information manipulation, due to the movement 
of the room, induced corresponding body sway in both 
older and younger adults. Figure 1 depicts exemplar 
time series of an older adult in the pre- and in the chang- 
ing trial. As one can see, body sway was coupled to 
moving room displacement in both conditions. In addi- 
tion, MANOVA revealed that, in the changing trial, older 
adults responded and coupled to the moving room dif- 
ferently from younger adults, Wilks’ Lambda = 0.698, 
F3.26 = 3.75, p < 0.05. Following we present the analyses 
for each variable. 

3.1. Mean Sway Amplitude 

Figure 2 depicts mean sway amplitude across trials for 
both older and younger adults. Abrupt change in the vis-
ual stimulus amplitude and velocity induced larger body 
sway in older compared to younger adults. ANOVAs 
revealed no group and trial effects, and no group and trial 
interaction in the pre-changing trials and in the post- 
changing trials. However, univariate analysis for the 
changing trial indicated that body sway was larger in 
older than in younger adults, F1.28 = 6.25, p < 0.05.  

3.2. Coherence 

Figure 3 depicts coherence values between the visual 
stimulus and body sway across trials for both older and 
younger adults. ANOVAs revealed no group and trial 
effects, and no group and trial interaction in the pre- 
changing trials and in the post-changing trials. However, 
univariate analysis for the changing trial indicated that 
older adults couple to visual information more strongly 
than younger adults, F1.28 = 4.16, p = 0.05.  

3.3. Gain 

Figure 4 depicts gain values between the visual 
stimulus and body sway across trials for both older and 
younger adults. ANOVAs revealed no group and trial 
effects, and no group and trial interaction in the pre- 
changing trials, but revealed group effect in the post- 
changing trials with postural sway of older adults being 
more induced by visual manipulation compared to  
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Figure 1. Exemplar time series of body sway of an older adult 
during a pre-changing trial (top panel) and a changing trial 
(bottom panel).  
 

 

Figure 2. Mean (± standard deviation) values of mean sway 
amplitude for younger and older adults in the anterior- 
posterior direction according to each trial (t1, t2, t3, t4, t5, t6, 
t7). Note: *indicates difference between groups.  
 

 

Figure 3. Mean (± standard deviation) values of coherence 
for younger and older adults in the anterior-posterior direction 
according to each trial (t1, t2, t3, t4, t5, t6, t7). Note: *indi- 
cates difference between groups.  

 

Figure 4. Mean (± standard deviation) values of gain for 
younger and older adults in the anterior-posterior direction 
according to each trial (t1, t2, t3, t4, t5, t6, t7). Note: *indi- 
cates difference between groups.  
 
younger adults, F1.28 = 5.56, p < 0.05. Similar results 
were observed in the changing trial, F1.28 = 11.86, p < 
0.005, when it was observed a sharp drop in gain values 
compared to the pre- and post-changing trials, but less 
accentuated in older than in younger adults.  

4. DISCUSSION 

In the present study, we examined the adaptation due 
to visual stimulus manipulation over different trials by 
increasing/decreasing stimulus properties. We observed 
that older and younger adults adapted to abrupt changes 
in the visual stimulus, but the magnitude of such adapta- 
tion was less accentuated in older than younger adults. 
More importantly, however, we observed that older adults 
did not carry over the effects of the visual manipulation 
from previous to the subsequent expositions. This obser-
vation is an indicative that older adults are less adaptable 
to continuously changing the environmental stimulus. 

Adaptation to abrupt visual stimulus alteration in 
older adults has been observed in previous studies 
[17,18]. Our results corroborate these previous findings. 
Actually, such a mechanism is quite clever to prevent 
threatening to the postural orientation and equilibrium 
which is present in children [9], younger [12] and older 
adults [18]. It evolves through expositions and experi-
ences in order to the central nervous system to learn 
how to extract from among multiple sources of sensory 
cues the most relevant and useful ones for the task and 
condition at hand.  

Despite of being able to adapt to environmental altera- 
tions, it has been suggested that older adults differ from 
younger ones. Some researchers have shown that aging 
slows the process of sensory reweighting, leading to a 
longer adaptation period when alterations in sensory cues 
occur [17,19,21]. However, with sufficiently long expo- 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



J. A. Barela et al. / Health 5 (2013) 74-79 78 

sition to the sensory conditions, older adults can adapt 
their responses similarly to the younger adults’ behavior 
[18]. Therefore, such difference in the time scale adapta-
tion could explain why older adults are quite more influ-
enced by any dramatic sensory alteration [18,24,25], as it 
would take longer period to resolve the conflicting sen-
sory situation [17] and carry over such adaptation to the 
following visual stimulus exposures.  

Although healthy older adults show improved stability 
on repeated trials in which sensory conditions are main- 
tained [e.g., 26], our results demonstrate that older adults 
use less efficiently previous experiences to modulate 
subsequent expositions compared to younger adults. 
Gain values were higher in the post-changing trials for 
the older than for the younger adults, indicating that dif- 
ferently from older adults, younger ones were able to 
“learn” that visual manipulation occurred between the 
pre- and post-changing trials and, therefore, visual influ- 
ences should be down weighted in order to prevent un- 
necessary postural responses. 

These results suggest that the central nervous system 
mechanisms and the ability to fuse sensory cues coming 
from multiple sources seem to be intact in older adults to 
control the upright stance, as recently suggested [19]. 
However, the natural aging process definitely affects the 
calibration of the parameters involved in this process. 
Older adults not only reduced less postural response due 
to increased visual amplitude manipulation but also 
learned less based upon such manipulation compared to 
younger adults. The ability to predict the effects of an 
action is a fundamental brain function achieved through 
continuous update of the internal model [27]. Such up- 
dating is based upon the previous experience. But in the 
case older adults, it might be slightly compromised, as 
previously suggested [28]. 

A potential cause preventing a precise internal model 
updating, leading to a less calibrated response, would be 
related to peripheral sensory changes that occur due to 
aging. For instance, postural control is compromised due 
to peripheral sensory changes in older adults [e.g., 15,29]. 
Therefore, older adults might use less accurate sensory 
cues coming from the periphery informing body dyna- 
mics and, consequently, not adapt as efficiently as young 
adults in situations that require a prompt postural re-
sponse. As a consequence, any sensory manipulation 
induces larger postural response in older than in younger 
adults [14,17,20,30] and even other related motor tasks 
[28]. Because less accurate cues are available to older 
adults, the central nervous system needs to be exposed 
longer to use such exposition for future situations, as 
observed in our results.  

5. CONCLUSION 

In summary, older adults adapt to abrupt changes in 

the visual stimulus. However, the magnitude of such ad- 
aptation was less accentuated than the one observed for 
younger adults. Subsequent responses are less affected 
by previous experiences, indicating that older adults are 
less adaptable to continuously change the environmental 
stimulus. That might be due to less accurate sensory cues 
obtained by the sensory systems. 
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