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Summary

The study investigated whether anticipatory postural adjustments
(APAs) of gait initiation and kinematics of the first step are
modified with absence of vision in relation to age. Twenty-two
young and twenty-two older subjects initiated a self-paced gait
with the vision available and deprived. APAs were measured by:
(1) force platform and evaluated by maximal amplitude of the
center of pressure (CoP) displacements; (2) two inertial sensors
attached to the trunk and evaluated by maximal accelerations.
Step kinematics was recorded using a motion capture system and
evaluated by duration, length and maximal velocity of the first
step. Visual deprivation led to a significant reduction of forward
trunk accelerations during the anticipatory phase of stepping in
older adults. Moreover, they significantly reduced first step length
and maximal velocity and prolonged duration of the first step.
Contrary, young adults did not respond to absence of vision by
significant changes of neither APAs, nor first step kinematics.
These findings suggest that gait initiation is strongly associated
with increased reliance on vision in older adults. We further
indicate that trunk accelerations during the anticipatory phase of
stepping may be a more sensitive measure to detect age-related
changes of APAs due to absent visual information compared to
CoP.
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Introduction

Gait initiation involves the correct sequencing of
movement preparation and movement execution.
Specifically, anticipatory postural adjustments (APAs)
precede the onset of voluntary movement such as gait
initiation (Bouisset and Do 2008). Immediately prior to
the stepping, APAs act to accelerate the center of body
mass forward and towards the stance foot by moving the
center of pressure (CoP) backward and towards the
stepping foot. After the unloading of the stepping leg and
the toe off, asingle support phase of the gait cycle
follows. By initial contact of the stepping foot with the
ground, a first step is accomplished (Winter 1995).
During walking, the visual system provides essential
sensory information to maintain dynamic stability. Vision
plays a critical role in adapting the basic postural patterns
for various environments and in guidance of goal directed
movements (Patla 1997). In healthy adults, visual
information determines gait direction, walking speed,
cadence, stride length and stance phase duration (Jahn
et al. 2001, Rietdyk and Rhea 2006, Saucedo and Yang
2017). The ability to manage the competing demands for
propulsion and maintaining equilibrium during walking is
compromised by the progressive sensory, neural and
motor declines associated with ageing. Age-related
proprioceptive and vestibular impairments are associated
with increased reliance on visual inputs, with vision itself
being affected by the process of ageing (Kanekar and
Aruin 2014). Based on the close link between postural
control and locomotion it can be assumed that there are

age-related differences in the impact of visual deprivation
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on dynamic stability and gait (Hallemans et al. 2009b).
An impaired balance control and dynamic stability
resulting from the sensorimotor deficits increase the risk
of fall which is one of the major problems in elderly
(Rubenstein 2006, Terrier and Reynard 2015, Cuevas-
Trisan 2017). The studies which examined the potential
effects of visual deprivation on gait have concluded that
low vision reduces dynamic stability and increases the
dependency on the somatosensory and vestibular systems
to control gait stability (Saucedo and Yang 2017,
Reynard and Terrier 2015, losa et al. 2012, Hallemans
et al. 2010). Significant decrease in walking speed, step
frequency and step/stride length were observed between
eyes open (EO) and eyes closed (EC) conditions in
healthy adults (Hallemans et al. 2009a, losa et al. 2012).
Moreover, differences in whole-body kinematics
(Hallemans et al. 2009b) along with reduction of upper
body stability (Iosa et al. 2012) occurred when the vision
was deprived. The withdrawal of visual information had
a direct effect on the stride-to-stride fluctuations in young
adults and these fluctuations were dependent on the
walking speed (Wuehr et al. 2013). In the study of
Saucedo and Yang (2017), dynamic stability during
treadmill walking was also influenced by the deprivation
of vision, where both young and older adults took
a cautious gait pattern during walking with eyes closed,
but there were no age-related differences observed in gait
stability while EC walking. Cromwell et al. (2002)
demonstrated that older adults decreased walking speed,
cadence and peak head velocity during EC walking.
However all of these studies focused on the steady state
gait but none of them paid attention to the transition from
standing to walking (i.e. gait initiation) which may be
especially challenging because of requirement to
maintain equilibrium while a forward propulsive force is

Table 1. Participant characteristics.

generated (Jian et al. 1993). Furthermore only few of
them inspected how age influences the effect of visual
deprivation on gait kinematics (Saucedo and Yang 2017,
Reynard and Terrier 2015, Cromwell er al. 2002).
Whether such an effect on stepping differs between
young and older adults still remains unexplored.
Therefore, the purpose of this study was to investigate the
effect of visual deprivation on gait initiation and the
performance of the first step in both young and older
adults. The specific aims were 1) to determine to what
extent the visual deprivation affects the anticipatory
postural adjustments (i.e. CoP displacements and
accelerations of the upper and lower trunk) and the first
step kinematics under both visual conditions (i.e. EO vs.
EC); and 2) to examine whether such an effect is
dependent on age. We hypothesized that older adults
would be more cautious when stepping with eyes closed
than when stepping with vision available and this would
manifest as a reduction of postural and kinematic
parameters of gait initiation. We further hypothesized
that, regardless of visual condition, the anticipatory
postural adjustments and kinematics of the first step

would be compromised in older adults.
Methods

Twenty-two healthy young and twenty-two
healthy older subjects (Table 1) participated in the study.
None of the subjects reported orthopedic, cardiovascular,
or neurological diseases, they had no history of falls, and
reported no pain, numbness, tingling or weakness at the
time of testing. Prior to participation, all subjects gave
written informed consent in agreement with the
Declaration of Helsinki and the Local Science Ethical

Committee approved the experimental protocol.

Young (22-35 years) Older (65-83 years) p-value
n 22 22
Gender (M/F) 9/13 9/13
Age (vears) 29.0 (3.4) 73.7 (5.6) <0.001
Height (m) 1.72 (0.07) 1.63 (0.09) <0.001
Mass (kg 66.5 (13.3) 73.7 (12.2) 0.08
Foot length (cm) 25.8 (1.7) 25.9 (1.6) 0.73

Mean (standard deviation).
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Postural sway (i.e. CoP displacements) during
initial stance and step initiation was measured using
custom-made force platform (0.45%x0.45 m) equipped
with automatic weight correction (see details in Hirjakova
et al. 2017) located at the beginning of a 5-m walkway.
Trunk accelerations were recorded by two inertial sensors
(MTx, Xsens Technologies, B.V., The Netherlands) with
inbuilt 3D accelerometers (+ 1.7 g range) attached to the
anterior trunk at the level of sternum (Acc ST) and the
posterior trunk at the level of the fifth lumbar vertebra
(Acc LS5). Initial stance position was consistent from trial-
to-trial by tracing foot outlines on the force plate. The
following APAs amplitudes were compared from the CoP
displacements and upper and lower trunk accelerations:
(1) APAs amplitudes in anterior-posterior (AP) direction,
that is (i) CoP AP — peak of backward CoP displacement,
(i) Acc L5 AP - peak of forward lower trunk
acceleration, and (iii) Acc ST AP — peak of forward upper
(2) APAs
amplitudes in medial-lateral (ML) direction, that is
(i) CoP ML — peak of lateral CoP displacement towards
the stepping foot, (ii) Acc L5 ML — peak of lower trunk
acceleration towards the stance foot, and (iii) Acc ST ML

trunk acceleration from the baseline;

— peak of upper trunk acceleration towards the stance foot
from the baseline. The onset of APAs was detected by
an automated threshold-based algorithm, with threshold
set as twice the SD of signal during the initial, pre-step
initiation period of each trial (Mancini et al. 2009). The
APAs were considered completed at the time of stepping
leg heel-off (Rocchi et al. 2006).

Kinematics of the first step was recorded by
an optoelectronic 6-camera motion capture system (BTS
Smart DX, Italy) and evaluated by duration, length and
maximal velocity of the first step. Length and velocity of
the first step were measured from the 3D trajectory of the
markers on the lateral malleolus and fifth metatarsal of
the stepping leg. The step onset was defined as the first
observable increase (from the baseline) in the vertical
position trace of the lateral malleolus followed by
an increase in the vertical position trace of the fifth
metatarsal, and the end was defined when the vertical
position trace of the fifth metatarsal returned to the
baseline value. First step length was defined as the root
mean square of the 3D-coordinate of the malleolus
marker during the first step. First step velocity was
calculated as the first step length divided by the first step
duration (Mancini et al. 2016) and the maximal velocity
achieved during the first step duration was evaluated.

All data were acquired with sampling frequency

of 100Hz, CoP data filtered
at 10 Hz cut-off frequency, acceleration data were

were low-pass
low-pass filtered at 3.5 Hz cut-off frequency (Mancini
et al. 2009). For comparison between different body
dimensions and subjects, CoP data were normalized to
foot length, and trunk accelerations, length and velocity
of the first step were normalized to height by detrending
normalization (O Malley 1996).

Standing on the embedded force platform,
subjects were instructed to initiate gait with their
dominant leg, which was determined by asking which leg
they would use to shoot the ball (Van Melick et al. 2017).
After hearing an acoustic tone, participants took 5-6 steps
forward. During the visually intact step initiation,
participants were instructed to fixate gaze on a point at
the end of the walkway. Vision was deprived by closing
the eyes before stepping and subjects kept their eyes
closed also during step initiation and execution of a few
next steps. Five trials of step initiation with eyes open
and five trials with eyes closed were acquired and
averaged. The order of conditions was randomized across
the subjects. Data were evaluated and analyzed with
MATLAB (MathWorks, Natick, USA). The
normality of distribution of each variable was examined

Inc.,

using the Shapiro-Wilk test, homogeneity of variance was
tested by the Levene's test. The analyzed parameters were
normally distributed and variances between groups were
equal. Therefore repeated measures analyses of variance
(ANOVA) with the between-subject (Age: young vs.
older) and within-subject (Vision: EO vs. EC) factors
were conducted to identify possible influences of visual
deprivation or age on gait initiation parameters. The Age
by Vision interaction effects were also investigated.
Significance was set at p<0.05. Post hoc independent
t-tests were used on all dependent variables to identify
age-related differences during EO or EC stepping. Post
hoc paired t-tests were conducted to detect differences
between EO and EC stepping within each age group. To
reduce Type I error due to the multiple #test
comparisons, the Bonferroni correction was applied. All
statistical analyses were performed in SPSS 18.0

(IBM, USA).

Results

Our results showed significant influence of
visual deprivation on step initiation in relation to
advancing age. A significant main effect of Vision was
detected for APAs amplitudes in AP direction during
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stepping: Acc L5 AP (F(; 42=8.261, p<0.01), and Acc ST
AP (F(142=6.227, p<0.05). Trunk accelerations in ML
direction as well as CoP displacements in both directions
were not significantly affected by Vision. ANOVA
further revealed, that all evaluated kinematic parameters
of the first step were significantly affected by Vision: first
step duration (F(4,=8.872, p<0.01), first step length
(F(1,42=13.896, p<0.01), and max. velocity of the first
step (F42=16.145, p<0.001). Significant age-related
changes were also approved by ANOVA where the main
factor Age affected all APAs amplitudes in AP direction:
CoP AP (Fq4=12.578, p<0.01), Acc L5 AP
(F1.42=6.101, p<0.05), and Acc ST AP (F(4,=4.423,
p<0.05). In ML direction, max. amplitude of CoP
(F(1.4279.319, p<0.01) was significantly affected by Age.
Among kinematic parameters, the main factor Age
significantly affected the first step length (F; 4,=37.550,
p<0.001), and max. velocity of the first step
(F(1.42=20.848, p<0.001). A significant Age by Vision
interaction effect was detected for APAs amplitudes:
Acc L5 AP (F42=11.651, p<0.01), and Acc ST AP

(F1.42=4.436, p<0.05).

Consecutive post hoc analyses showed that
visual deprivation did not result in significant changes of
neither APAs amplitudes (Fig. 1a-c) nor kinematics of the
first step (Fig. 1d-f) in young adults. Contrary, significant
differences in forward accelerations of upper and lower
trunk (Fig. 1b, c) as well as duration, length and max.
velocity of the first step (Fig. 1d-f) were found in older
adults during gait initiation with eyes open compared to
eyes closed. While initiating the step with eyes closed,
older adults significantly reduced forward acceleration
peaks of upper and lower trunk (Fig. 1b, ¢). They also
reduced backward peak of CoP displacement during EC
stepping (Fig. 1a),
illustration, excursions of CoP, Acc L5 and Acc ST in

however not significantly. For
AP direction in representative young and older subjects
during EO and EC stepping are presented in Fig. 2. Post
hoc paired comparisons also revealed that older adults
executed significantly shorter and slower first step with
longer duration when visual information was withdrawn

(Fig. 1d-9).
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Fig. 1. Comparison of APAs amplitudes: (a) peak of backward CoP displacement, (b) peak of forward lower trunk acceleration, (c) peak
of forward upper trunk acceleration; and kinematic parameters of the first step: (d) duration, (e) length, (f) max. velocity for young
(black) and older (red) subjects during stepping with eyes open (EO) and eyes closed (EC). Data are presented as group means, error
bars represent standard error of the mean. Significant differences between visual conditions EO vs. EC, and between age groups young

vs. older are marked: * p<0.05, ** p<0.01, *** p<0.001.
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Fig. 2. Averaged excursions of center of pressure (CoP)
displacement, and accelerations of lower (Acc L5) and upper
(Acc ST) trunk in anterior-posterior (AP) direction during gait
initiation in one representative young (black) and older (red)
subject. Solid lines represent stepping with eyes open (EO),
dashed lines represent stepping with eyes closed (EC).

Dot-dashed lines determine approximated start and end of the
anticipatory postural adjustments (APAs).

Comparison of gait initiation parameters further
revealed significant differences between young and older
adults. During stepping with eyes closed, they differed in
(Fig. 1). Older adults
demonstrated significantly decreased amplitudes of APAs
(CoP, Acc L5, Acc ST) in AP direction as well as
significantly shorter and slower first step than young

all evaluated parameters

adults during EC stepping. Moreover, older adults
showed significantly smaller backward CoP peak and
shorter first step with decreased max. velocity compared
to young adults also during EO stepping. Besides the

significant decrease of CoP and accelerations of upper
and lower trunk in AP direction, also lateral CoP
displacement (CoP ML) was significantly reduced in
older adults during EO (3.58+0.26 vs. 4.524+0.27 cm,
p<0.05, older vs. young); and EC stepping (3.49+0.22 vs.
4.54+0.28 cm, p<0.01, older vs. young).

Discussion

The transition from standing to steady state gait
is a challenging daily activity, providing an ideal task to
examine changes as a function of advancing age. The
current study investigated whether anticipatory postural
adjustments of gait initiation and kinematics of the first
step are modified with absence of vision in relation to
age. Our results showed that visual deprivation led to
significant reduction of forward trunk accelerations
during the anticipatory phase of stepping in older
participants. Moreover, they significantly reduced first
step length and max. velocity as well as prolonged
duration of the first step while stepping with eyes closed.
Contrary, young adults did not respond to absence of
vision during stepping by significant changes of neither
APAs amplitudes, nor first step kinematics. The results
supported our first hypothesis that older adults would
adopt a cautious stepping pattern when visual input is
deprived as evidenced by reduced anticipatory postural
adjustments together with modified first step kinematics.
By adaptively modifying APAs and initial step, older
adults might thereby reduce the dynamic degrees of
freedom (Hallemans et al. 2009a). This could also cause
a semi-rigid kinematic state, which increases stability
under conditions of sensory deprivation and makes the
stepping easier to complete, thus having more time for
haptic exploration, and lowering the possibility of
balance losses (Berard and Vallis 2006).

Previous study, however focused on walking,
reported similar findings that older adults decreased
walking velocity in EC condition (Cromwell et al. 2002).
In agreement with our results, they also reported the
shortening of step length which indicates that older adults
minimized swing phase to reduce imbalance and increase
stability of walking. Shortening of the step length is
typical of cautious gait and it is likely that this enhances
haptic exploration of the ground by the feet (Hallemans
et al. 2010). In the study of Cromwell et al. (2002),
changes in step length were paralleled by changes in
manifested as

upper body movements age-related

decreases in the maximum predominant frequency of
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trunk movement. Our results enlarge the previous
findings showing that reduced accelerations of upper and
lower trunk were present in older subjects not even
during walking, but already during the anticipatory phase
of step initiation with visual input deprived. Therefore, in
the absence of vision, older adults anticipated the
alteration of their postural system and maximized
stability in an effort to create a stepping pattern more
resistant to alteration. Furthermore they relied mainly on
vision and could not easily adapt when vision was
removed. Based on our results, we indicate that gait
initiation is strongly associated with increased reliance on
visual input in older adults. Several factors can contribute
to this. First, the sensorimotor mechanisms which control
the dynamic stability may be less effective in older adults
possibly due to age-related decreases in the
proprioceptive (Zhou et al. 2016) and vestibular (Smith
2016, Alberts et al. 2019) systems. While young adults
were very likely able to compensate for the lack of vision
by using other senses in order to regulate the anticipatory
postural adjustments of stepping as well as kinematics of
the first step, older adults showed cautious APAs and the
first step performance during EC condition indicating
Second, the
reweighting process may be delayed in elderly when

higher reliance on vision. sensory
visual input is altered or visual cues are missing (Jeka
et al. 2010). Ageing alters the relative accuracy of
sensory signals, and, consequently, older adults rely more
on vision than on vestibular or proprioceptive signals to
control balance (Saftari and Kwon 2018). It was shown
that shift in sensory reweighting was primarily due to an
age-related increase of the noise of vestibular signals
(Alberts et al. 2019).

In contrast with our results, some studies
reported that ageing seems to have little effect on the
capability to manage stability during walking with the
absence of vision (Saucedo and Yang 2017, Reynard and
Terrier 2015). However, differences exist between these
two studies and the current study. First, these studies
examined steady state gait while we paid attention to the
second,

initiation of walking and they performed

treadmill walking instead of overground walking
executed by participants in our study. Whereas it was
shown that kinematics and kinetics of gait were
significantly modified during treadmill walking compared
to overground walking in elderly (Watt et al. 2010), we
preferred overground gait in our study. The lack of
age-related changes reported by Saucedo and Yang

(2017) may be due to small sample size (10 young and

6 older adults). Moreover, they analyzed only one trial of
EO and one trial of EC walking for each subject which
may not be sufficient to comprehensively inspect the
postural responses. In the study of Reynard and Terrier
(2015), sample size was much bigger (100 participants in
age 20-69 years), but there was no specific importance
placed on age-related changes.

Traditionally,  the
adjustments of gait initiation are explored and quantified

anticipatory  postural
by the ground reaction forces (Jonsson et al. 2007,
Henriksson and Hirschfeld 2005) and/or by the center of
pressure displacements (Lu et al. 2017a, Plate ef al. 2016,
Hansen et al. 2016). Recently it was shown that APAs
can be detected also by the inertial sensors worn on the
trunk and described by the means of trunk accelerations
(Mancini et al. 2016, Mancini et al. 2009). In our study,
significant Age by Vision interaction effect on APAs was
detected only for trunk acceleration amplitudes, and not
for CoP amplitudes, indicating that forward trunk
accelerations during anticipatory phase of stepping may
be more sensitive measure to detect age-related changes
of APAs due to absent vision compared to traditionally
observed CoP. As long as the withdrawal of visual
information caused significant decrease of forward upper
and lower trunk accelerations, the amplitude of
CoP displacements did not significantly change with the
absence of vision in older adults.

Our second hypothesis that APAs and execution
of the first step would be compromised in older adults,
regardless of the visual condition, was partially supported
by the results. Specifically, older subjects showed
significantly smaller backward and lateral peaks of
CoP displacements, irrespective of vision available or
deprived, compared to young adults. Furthermore, length
and max. velocity of the first step were significantly
smaller during both EO and EC stepping in older
compared to young adults. Our findings are consistent
adults  exhibited

significantly smaller lateral CoP displacement (Lu et al.

with previous ones that older
2017a) as well as smaller posterior and medial-lateral
ground reaction forces (Henriksson and Hirschfeld 2005)
during gait initiation than young adults. Gradually
decreasing anticipatory activation of ankle muscles
accompanied by less anticipatory backward CoP shift
were indicated as a compensatory strategy in the postural
adjustment in elderly. Contrary, Plate et al. (2016)
reported that APAs are unaffected by age. However, their
finding does not quite reflect the age-related changes in
terms of young vs. older adults, because they considered
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adults
43.8+2.9 years. Thus comparability of our results to this

as young controls the with mean age
study is limited. Congruent with our results, older
participants demonstrated shorter (Lu ef al. 2017a, Muir
et al. 2014, Henriksson and Hirschfeld 2005) and slower
(Muir et al. 2014) first step than young adults. Decreased
length and velocity of the first step may reflect lack of
propulsion strength in older subjects, but also a protective
adaptation to a perceived threat to stability, as the center
of mass must be accelerated from a stationary state, and
the relatively small base of support (Muir et al. 2014).

There are few limitations worth noting. First,
participants were instructed to initiate gait in response to
an acoustic tone which might cause some constraints in
adjusting of the anticipatory postural responses. The
APAs of self-initiated gait were found smaller in
magnitude than APAs of sensory cued stepping (Lu ef al.
2017b). Second limitation may be the low number of
trials collected per subject (5 trials).

In conclusion, ageing led to significant changes
in the anticipatory postural adjustments of gait initiation
and kinematics of the first step when the visual
information was deprived. Older adults anticipated the
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