Maekawa et al. Journal of Physiological Anthropology 2013, 32:24

http://www.jphysiolanthropol.com/content/32/1/24 Journal of

PHYSIOLOGICAL
: ANTHROPOLOGY

ORIGINAL ARTICLE Open Access

Adaptation changes in dynamic postural control
and contingent negative variation during
repeated transient forward translation in the
elderly

Maki Maekawa', Katsuo Fujiwara'", Naoe Kiyota® and Chie Yaguchi®

Abstract

Background: Adaptation changes in postural control and contingent negative variation (CNV) for the elderly were
investigated during repeated forward floor translation.

Methods: Fifteen healthy elderly persons, living in the suburban area of Kanazawa City, Japan, underwent backward
postural disturbance by a forward-floor translation (S2) 2 s after an auditory warning signal (S1). A set with 20 trials
was repeated until a negative peak of late CNV was recognized in the 600-ms period before S2, and the last set
was defined as the final set. Electroencephalograms, center of foot pressure in the anteroposterior direction (CoPap),
and electromyograms of postural muscles were analyzed.

Results: CoPap displacement generated by the floor translation was significantly decreased until the twelfth trial in
the first set, and mean CoPap displacement was smaller in the second and final sets than in the first set. The mean
displacement was significantly smaller in the final set than the previous set. A late CNV with a negative peak was
not recognized in the first and second sets. However, most subjects (13/15) showed a negative peak by the fourth
set, when the late CNV started to increase negatively from about 1,000 ms after ST and peaked at about 300 ms before
S2. At about 160 ms before the CNV peak, the CoPap forward shift started. The increase in timing of the gastrocnemius
activity related to the CoPap shift was significantly correlated with the CNV peak timing (r= 0.64). After S2, peak
amplitudes of the anterior postural muscles were significantly decreased in the final set compared to the first set.

Conclusions: It was demonstrated that even for the elderly, with so many repetitions of postural disturbance, a late
CNV with a negative peak was recognized, leading to accurate postural preparation. This suggests the improvement of
frontal lobe function (e.g., anticipatory attention and motor preparation) in the elderly.

Keywords: Adaptation, Anticipatory postural control, Contingent negative variation, Elderly subject, Floor translation,
Postural disturbance, Postural muscle activation

Background

Deterioration of equilibrium function is considered to be
a primary cause of falls in the elderly. Falls often occur
in a dynamic situation, such as when perturbation is ex-
ternally applied and during walking. Backward falls pose
a greater risk for serious hip and head injuries due to
the absence of backward visual information [1,2]. Thus,
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it is meaningful to develop equilibrium training to pre-
vent backward falls in the elderly. For training, forward
floor translation can be applied to cause backward dis-
turbance, as this manipulation resembles slips during
walking [3-5].

In order to adapt to a postural disturbance, the antici-
pation of disturbance timing and preparation for the dis-
turbance are required functions [6,7]. The main brain
parts executing these functions are the frontal lobe, in-
cluding the prefrontal cortex, supplementary motor area,
premotor area, and primary motor area [8,9]. Although
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studies of postural control have reported more marked
training effects even in the elderly [10,11], there have
been few experimental studies using electroencephalog-
raphy (EEG) to directly address training effects on the
frontal lobe function related to dynamic postural control
in the elderly [12].

Postural control functions of the frontal lobe have been
evaluated with measurement of the contingent negative
variation (CNV) of EEG in a S1 (warning signal) to S2
(response signal) paradigm [13]. It has been suggested that
the late component of CNV (late CNV) is related to the
activation of various cortical and subcortical regions, such
as frontal cortical areas, the somatosensory cortex, and
basal ganglia [14]. Late CNV is reported to reflect the
motor preparation process and anticipatory attention di-
rected to S2 [15,16], and its amplitude increases with
larger amounts of attention directed to S2 [16]. It has been
suggested that a negative peak of the late CNV corre-
sponds to a critical point of anticipatory attention and/or
onset of attentional shift to objects other than S2, such as
sensory information and output of motor commands [17].
In our previous studies, floor translation has been used as
S2 [12,18,19]. Across 40 postural disturbances using for-
ward floor translation, we investigated adaptation changes
in dynamic postural control and CNV [12]. In the process
of the adaptation, the late CNV negatively increased in
later trials for young adults, but the CNV with the nega-
tive peak was not found in the elderly. For the young
adults, corresponding to the CNV peak before disturb-
ance, the forward shift of center of foot pressure in the
anteroposterior direction (CoPap) and/or the increase of
postural muscle activities started just before S2.

In previous CNV studies with finger reaction tasks for
the elderly, the negative peaks of late CNV were re-
ported to be small or absent [14,20]. This finding would
suggest age-related deterioration of anticipatory atten-
tion and/or motor preparation. However, in the previous
study related to the adaptability with finger movement
tasks, the elderly were able to perform the complex task
as automatically as young adults, although more trials
were needed. Further, in the adaptation stage, the acti-
vated brain area during the task was larger in the elderly
than in the young [21]. On the other hand, Kiyota and
Fujiwara have reported that after anti-saccade training
for 3 weeks, performance improved even for the elderly,
and the peak amplitude of pre-saccadic brain potential
increased, which is considered as an index of information
processing and activation in the frontal brain regions [22].
These results suggest that even for the elderly, the frontal
lobe function related to those tasks could be improved
with repetitive training.

Therefore, for the elderly, forward floor translation
was applied more than 40 times, and adaptation changes
in postural control and late CNV were investigated. The
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working hypotheses were as follows: i) postural stability
would be improved in the early stage, and with so many
repetitions of the disturbance, CNV potential would in-
crease negatively toward S2 and show the negative peak
just before S2; ii) corresponding to the CNV peak before
the disturbance, the forward shift of CoPap and/or the
increase of postural muscle activities would start just
before S2.

Methods

Subjects

Fifteen healthy elderly adults (7 men, 8 women) partici-
pated in this experiment. Mean * standard deviation
(SD) of age, height, weight, foot length (FL), and audi-
tory threshold were 71.2+6.0 years, 156.7 +10.0 cm,
584 +9.1 kg, 23.6 £ 1.6 cm, and 41.9 + 8.0 dB, respectively.
The subjects lived in the suburban area of Kanazawa City,
Japan, and could perform activities of daily living without
assistance. No subject had any history of neurological or
orthopedic impairment. Informed consent was obtained
from all subjects in accordance with the Declaration of
Helsinki following an explanation of our experimental
protocols, which were approved by the Institutional Ethics
Committee of Kanazawa University.

Apparatus and data recording
A platform (FPA34; Electro-design, Japan) was used to
measure CoPap. The CoPap electronic signals were
sent simultaneously to two computers: one of them
(PC9801BX2; NEC, Japan) to determine CoPap position
and the other (Dimension E521; Dell Japan, Japan) for
analysis. The former received CoPap data via an A/D
converter (P109045; I/O-Data, Japan) at 20 Hz with 12-
bit resolution, and generated a buzzer sound when
CoPap was located within +1 cm of the required pos-
ition. CoPap position was calculated and represented as
the percentage distance from the heel in relation to FL
(%FL). The force platform was fixed to a handmade
table that was movable horizontally in an anteroposter-
ior direction by a computer-controlled electric motor
(VLA-ST-60-60-0300; THK, Japan). Direction, velocity,
and amplitude of platform movement were adjusted
using Cutey Wave II software (Sanmei-Denshi, Japan).
S1 was an auditory stimulus delivered via earphones
with frequency, intensity, and duration of 2,000 Hz, 35
dB above the threshold, and 50 ms, respectively. The
onset of a transient forward floor translation was used
as S2, which was detected by an accelerometer (AG-2GB;
Kyowa, Japan) fixed to the force platform. To measure the
platform movement, a position sensor system (C5949;
Hamamatsu Photonics, Japan) was used.

Ag-AgCl cup electrodes (diameter, 8 mm) for record-
ing EEG were affixed to the scalp at Fz, Cz, and Pz in
accordance with the international 10-20 system, and
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referenced to linked ear lobes; a ground electrode was
placed at Fpz. Electrooculography (EOG) was recorded
from a pair of electrodes placed above and below the left
eye. To fix eye position, subjects were instructed to gaze at
a fixation point presented on an Eye-trek face-mounted
display (FMDO11F; Olympus, Japan). Surface electrodes
(P-00-S; Ambu, Denmark) were used in bipolar derivation
to record surface electromyography (EMG) of the follow-
ing muscles on the left side: rectus abdominis (RA);
erector spinae; rectus femoris (RF); biceps femoris; tibialis
anterior (TA); medial head of gastrocnemius (GcM); and
soleus. For each muscle, electrodes were fixed after shav-
ing and cleaning the skin with alcohol. The electrodes
were aligned along the long axis of the muscle with an
inter-electrode distance of about 3 cm. Electrode input
impedance was <5 kQ. Signals from electrodes were amp-
lified (EEG, x40,000; EOG, x4,000; EMG, x4,000) and
band-pass filtered (EEG, 0.05-100 Hz; EOG, 0.05-30 Hz;
EMG, 5-500 Hz) using an amplifier (Biotop 6R12; NEC-
Sanei, Japan).

For subsequent analyses, all electrical signals were
simultaneously sent to the computer for analysis via an
A/D converter (ADA16-32/2(CB) F; Contec, Japan) at 1
kHz with 16-bit resolution.

Procedure

All measurements were carried out while subjects were
standing barefoot, with feet 10 cm apart and parallel on
the force platform, and upper limbs crossed in front of
the chest. To prevent falls due to floor translation, sub-
jects wore a harness around the waist (Figure 1).

First, the mean positions of CoPap were measured
while subjects maintained a quiet standing (QS) posture
for 10 s. The mean value of the five trials was adopted
as the QS position. Next, mean CoPap position during
extreme backward leaning (EBL) posture was measured
twice. Subjects gradually leaned backward from QS for
approximately 5 s, pivoting at the ankles with the rest of
the body kept aligned, and then maintained this EBL
posture for 3 s. The more posterior CoPap mean pos-
ition of the two trials was adopted as the EBL mean pos-
ition, and the posterior peak position of CoPap in the
adopted trial was defined as the EBL peak position.

Preceding the experimental session, in order to apply a
relatively equal intensity of postural disturbance among
the subjects, the velocity and amplitude of floor transla-
tion was set for each subject, based on the EBL mean and
peak positions, as follows [23]. First, the translation vel-
ocity was determined. To begin, 10 cm/s floor translation
was applied at 5- and 10-cm amplitudes. If the posterior
peak of CoPap after the translation at either amplitude
was located between EBL mean and peak positions, 10
cm/s was adopted as the translation velocity. If not, the
velocity was reduced or increased until the posterior peak
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Figure 1 Experimental setup. (A) Platform; (B) Earphone; (C)
Harness; (D) Ag-AgCl cup electrodes; (E) Eye-trek face-mounted

display. Direction of platform movement is indicated by an arrow.

at either amplitude was located between these positions.
Second, a linear regression line was drawn through the
two coordinates of the floor translation amplitude and the
posterior peak of CoPap at the determined velocity. Based
on the line, the translation amplitude, at which the poster-
ior peak would be located midway between EBL mean and
peak positions, was determined. The mean + SD of the
adopted translation velocity and amplitude were 14.9 + 4.2
cm/s and 7.6 + 2.0 cm, respectively.
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The experimental session was carried out as follows.
In both the setting of the translation intensity and the
experimental session, subjects maintained CoPap pos-
ition within the QS position +1 cm, which was presented
by a buzzer sound for at least 3 s, until S2 onset. S1 was
randomly presented 1 to 2 s after the experimenter
stopped the buzzer sound, and then S2 started 2 s after
S1. Subjects were instructed to avoid changing their ini-
tial foot position in response to S2. A set with 20 trials
was repeatedly performed (2—4 sets per subject (mean
was 3)) until the late CNV with a negative peak (CNV
peak) was recognized between 1,400 and 2,000 ms after
S1, which is the range in which the CNV peak appeared
in the previous young subjects [12]. Trials were excluded
if foot position was changed, or if CoPap deviated over
+1 cm from the QS position before S2. Subjects had a
standing rest period of 30 s between trials and a seated
rest period of 3 min and 5 min between every 10 trials
and between each set, respectively.

Data analysis

All data analysis was performed using BIMUTAS II soft-
ware (Kissei Comtec, Japan). To evaluate the magnitude
of backward disturbance in response to the floor transla-
tion, the posterior peak of CoPap after S2 was identified
in each trial and CoPap displacement was evaluated by
the distance from EBL mean position to this peak pos-
ition. Moreover, mean CoPap displacement of all trials
in each set was calculated to investigate the relationship
with CNV.

EEG, EMG, and CoPap waveforms from 500 ms before
S1 to 3,000 ms after S2 were averaged for each set. Trials
with eye blinks or movement artifacts (voltage at EOG
or any EEG electrode exceeding +100 pV) between 500
ms before S1 and S2 were excluded from the averaging,
and at least 12 trials were adopted for each set. The
mean amplitude for the 500-ms period before S1 was
used as a baseline of averaging. Preceding EMG aver-
aging, all EMGs were 40-Hz high-pass-filtered to ex-
clude electrocardiographic and movement artifacts and
then full-wave-rectified (rEMG). Averaged waveforms of
EEG, rEMG, and CoPap between S1 and S2 were 4-Hz
low-pass filtered.

Waveforms recorded from Cz, in which late CNV was
maximum in all sets, were used for CNV analyses. In
each averaged waveform, mean amplitudes for every
100-ms period between S1 and S2 were calculated. CNV
can be classified into early and late components [24-26].
It has been reported that the early component is the po-
tential between 300 ms and 700 ms after S1 [27-29], and
the late component is the negative potential, which grad-
ually increases toward S2 [13,26,27]. We confirmed that
the peak of early component appeared 700 ms after S1
(the mean latency was 514.1 +88.2 ms); thus, mean
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amplitudes in the periods from 700 ms after S1 to S2
were used for the analysis of late CNV. A maximal nega-
tive potential identified from 1,400 ms after S1 to S2 was
defined as the CNV peak, and its latency relative to S2
was calculated as CNV peak time. The set with the CNV
peak was defined as the final set.

In the previous studies using a S1-S2 paradigm with
floor translation as S2, it has been reported that the con-
tinuous increase of EMG background activity and CoPap
shift toward S2 started around the CNV peak point and
high correlations were found between CNV peak time
and onset times of the EMG increase and CoPap move-
ment [12,18]. Therefore, EMG increase and CoPap shift
before S2 were determined in the final set, using the
averaged waveforms. Increasing timing of GcM was
identified as the point in which the amplitude first ex-
ceeds the mean amplitude of S1-S2 period for >50 ms
from around CNV peak to S2 and the start time relative
to S2 was calculated [12]. The start time of the CoPap
shift was also calculated in the same way.

For the first burst activity of anterior muscles after S2
(RA, RE, and TA), the following analyses were conducted
in the trials adopted for averaging. In each trial, the en-
velope line of the EMG burst, continuing at least 50 ms,
was identified by visual inspection of the EMG trace on
a computer. The burst onset was defined as the point at
which the EMG deviated more than the mean +2 SD of
the background activity during the standing posture be-
fore S1, and the onset time from S2 was measured.
Then, rEMG waveforms from -500 ms to +1,000 ms
with respect to the burst onset were averaged for each
set. The mean amplitude of the 300-ms period before S1
was used as a baseline for averaging. The average wave-
forms were smoothed using a 40-Hz low-pass filter, and
then a peak was identified [30]. The peak amplitude
from the baseline and peak time with respect to burst
onset were measured. The integrated EMG from the
burst onset point to the peak point was calculated.

Statistical analysis

Because 2 of 15 subjects complained of severe fatigue
during the fourth set, they could not accomplish the ex-
periment and their CNV peaks could not be obtained.
Therefore, the comparisons between the first and second
sets were conducted for all subjects, and comparisons
between the first and final sets were conducted for the
13 subjects with CNV peaks.

Shapiro-Wilks and Levene’s tests confirmed that all
data satisfied the assumptions of normality and equal
variance, respectively. To compare EBL mean position
and CoPap displacement in this study with those in the
previous study [12], the Student’s t-test was used. To
evaluate set differences in CoPap displacement and EMG
parameters after S2, the paired t-test was used. One-way
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repeated-measures analysis of variance (ANOVA) was
used to assess the changes in CoPap displacement with
repetition of trials. When a significant main effect of the
trial was shown, the differences between the first trial and
the subsequent trials were evaluated by Dunnett’s one-to-
many post-hoc test. A two-way ANOVA was used to
assess the effects of set and period (2 sets x 13 periods) on
the CNV mean amplitude for every 100-ms period be-
tween 700 ms after S1 and S2. When significant main
effects of set and period were shown, and significant inter-
action between the two factors was shown, the difference
between the period of 700—800 ms after S1 and the other
periods were evaluated using the Dunnett’s test by set, and
the difference between sets in each period were evaluated
using the paired t-test. Pearson’s correlation was used to
assess the relationship between CNV peak time and both
onset time of EMG increase and CoPap shift before S2.
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The alpha level for all tests was set at P <0.05. All statis-
tical analyses were performed using SPSS 14.0 ] software
(SPSS Japan).

Results
Mean + SD of the QS position, and EBL mean and peak
positions were 43.3 + 55%FL, 20.4 + 1.6%FL, and 14.6 +
1.7%FL, respectively. The EBL mean position was not sig-
nificantly different to the previous data on elderly subjects
(21.8%FL) [12], but was more forward than the previous
data on young subjects (18.6%FL) [12] (£ = 2.33, P <0.05).
Figure 2 shows CoPap displacement in response to the
FL in each trial. The CoPap displacement in the first
trial of the first set was -5.1 +£3.9%FL and was not
significantly different with the previous data on elderly
subjects (-3.8%FL) [12]. Compared with the first trial of
the first set, the CoPap displacement was significantly
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Figure 2 Means and standard deviations of CoPap displacement in response to the floor translation in each trial. (A) Comparison
between the first and second sets for 15 subjects; (B) Comparison between the first and final sets for 13 subjects. The asterisk indicates a
significant difference on a trial compared to the first trial in the first set (*: P <0.05).
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decreased after the 12" trial of the first set (P <0.05) for
both the 15 subjects (Figure 2A, the first set: Fig, 266 =
2.76, P <0.001; the second set: Fyg 250 =2.86, P <0.001)
and the subset of 13 subjects (Figure 2B, the first set:
Fi9 200=2.38, P <0.01; the final set Fyp, 240=1.68,
P <0.05). Mean CoPap displacement in the second set
(t14=4.16, P <0.001) was significantly smaller than the
first set (Figure 3A). The mean CoPap displacement in
the final set was significantly smaller than that in the
first set (Figure 3B, £15,=3.55, P <0.01) and in the set
just before the final set (t; =2.93, P <0.05). From the
four subjects who participated in the fourth experimen-
tal set, there was no significant difference in the mean
CoPap displacement between the second and third sets.

Means and SD of mean amplitude for every 100-ms
period of CNV between S1 and S2 are shown in Figure 4.
CNV peak was not found for any subjects in the first
set, but was found in 5 in the second set, 4 in the third
set, and 4 in the fourth set. When the CNV mean ampli-
tude was compared between the first and second sets, a
significant effect of period (F, ,;=5.03, P <0.05) was
found, but there was no significant effect of sets or inter-
action between periods and sets (Figure 4A). Compared
with the period of 700-800 ms after S1, CNV mean ampli-
tudes decreased in the periods from 1,800 ms to 2,000 ms
in the first set, and in the period from 1,900 ms to 2,000
ms in the second set (P <0.05). In the comparison between
the first and final set, there were significant effects of sets
(F1, 12=13.28, P <0.01) and periods (F3, 3, = 2.87, P <0.05)
and interactions between them (F; 35=4.42, P <0.01)
(Figure 4B). Compared with the period of 700-800 ms
after S1, the CNV mean amplitude decreased in the
periods from 1,800 ms to 2,000 ms in the first set, while it
increased in the periods from 1,400 ms to 1,700 ms in the
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final set (P <0.05). The CNV mean amplitude in every
period was significantly larger in the final set than in the
first set (P <0.05).

In the final set, GcM and CoPap started to increase
and shift forward, respectively, from around the CNV
peak to S2 (N =9). Three subjects showed bilateral acti-
vation of the lower leg muscles (TA and GcM). In one
subject, there was a transient increase of TA activation
just before S2 without the CoPap shift. The onset time
of GecM increase and CoPap forward shift were 511.3 +
132.4 ms and 494.7 £ 150.6 ms, respectively. Moreover,
these onset times significantly preceded the CNV peak
(GecM increase and CoPap shift: 178.7 + 138.6 ms and
162.0 + 114.8 ms, respectively) (¢ >4.46, P <0.001). Further,
the onset time of the GcM increase and CoPap forward
shift showed significant correlations with the CNV peak
time (r = 0.64, P <0.05 and r = 0.77, P <0.01, respectively).

For the EMG activation after floor translation, the
burst onset time, peak time, peak amplitude, and inte-
grated EMG are shown in Table 1. The peak amplitude of
RA, RE and TA were significantly decreased in the final
set compared to the first set (RA: ¢;,=2.09, P <0.05; RF:
t12=2.94, P <0.05; TA: t;5=2.90, P <0.05). The integrated
EMG of the RF and TA were significantly smaller in the
final set than the first set (RF: £;5 = 2.88, P <0.05; TA: £;5 =
2.19, P <0.05). In the burst onset time and peak time,
there were no significant differences between the first and
final sets. No significant differences in any measurement
were found between the first and second sets.

Discussion

EBL mean position is an index of the posterior limit of
stability [31]. No significant differences in either the EBL
mean position or CoPap displacement were found between
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the elderly subjects in the previous study [12] and those in
the present study. These results suggest that the intensity
of floor translation could be set similarly between the pre-
vious and present subjects.

EBL mean position was more forward in the present
elderly subjects than in the previous young subjects
(18.6% FL) [12]. In addition, CoPap displacement signifi-
cantly decreased after the 12™ trial in the first set. The
number of trials for the adaptation was lower compared
with the previous elderly subjects (19" trial) [12]. How-
ever, within the trials after the 12™ trial, there were less

trials with a significant difference compared to the first
trial for the elderly subjects of the present study than for
the young subjects in the previous study. Mean CoPap
displacement in the second set was significantly smaller
than the first set. These results indicated that even for
the elderly, anticipatory postural control was clearly im-
proved by the second set, but the improvement occurred
slightly later compared with the young subjects. For the
improvement of postural stability in the early stage, the
cerebellum, which has a main role in automatic postural
control, closely contributes [32,33].
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Table 1 Means and standard deviations for the EMG activation after floor translation

RA RF TA
Burst onset time First set 1758+169 121.2+£195 106.3 £10.7
(ms) Final set 1728 +259 1174 £20.5 1042 +114
Peak time First set 590.1 +84.5 5995+452 5824 +634
(ms) Final set 550.8 +36.1 581.6 £33.6 543.8+380
Peak amplitude First set 54+38% 858+47.1% 2950+ 113.4%
(V) Final set 46+32% 732+ 46.0* 269.0+ 109.0%
Integrated EMG First set 2421 £1787 54034 +3638.2* 13379.3 £ 8667.8*
(LV ms) Final set 177.7 £156.7 4063.8 + 2658.1* 74473 +3634.3*

Asterisk indicates a significant difference between sets (*: P <0.05).

As in the previous study [12], late CNV with a nega-
tive peak was not recognized in the first and second sets.
However, with more repetitions of postural disturbance,
late CNV was found by the fourth set in most subjects
(13 of 15 subjects). It has been considered that late CNV
is related to the activation of various cortical and sub-
cortical regions, such as frontal cortical areas, the som-
atosensory cortex, and basal ganglia [14], and reflects
the motor preparation process and anticipatory attention
directed to S2 [15,16]. Using various measures for the
elderly, negative CNV amplitude was reported to be
small or absent [14,20]. This finding would suggest age-
related deterioration of anticipatory attention and/or
motor preparation. On the other hand, also in the but-
ton press task under anxious or fearful conditions, late
CNV with a negative peak was not found [34,35]. For
the present subjects, in the sets in which the late CNV
was not recognized, postural controllability was inferior
to the young subjects. Therefore, in the first and second
sets, and due to their lower postural controllability and
their anxiety or fear of postural disturbance, the subjects
may direct their attention to the other object of S2 from
the early phase.

However, even for the elderly, in the final set after so
many repetitions of postural disturbance, late CNV with
a negative peak was found. It is possible that the subjects
could direct lots of anticipatory attention to the postural
disturbance and sufficiently prepare for it. This focusing
of attention would be related to the improvement of
postural stability and the relief of their anxiety or fear to
the disturbance. Such adaptational change in the late
CNV occurred following that in CoPap displacement.
Moreover, mean CoPap displacement in the final set was
significantly smaller than in the preceding set. This sug-
gests that sufficient attention and motor preparation to
S2 might cause further improvement of the postural sta-
bility, mainly relating to the frontal lobe function.

In the final set, many subjects showed a forward shift of
CoPap and an increase of GcM background activity from
around the CNV peak point to the floor translation onset,
which would represent postural preparatory adjustment

against the disturbance. The onset timing of the EMG
increase was 178.7 + 138.6 ms before the CNV peak. This
delay of the CNV peak from the EMG increase would
reflect the attention directed to the processes of sensory
information from postural muscles [12,36]. It is considered
that when the late CNV with a negative peak is recog-
nized, sufficient postural preparation could be executed,
based on the accurate prediction of the disturbance tim-
ing. Also in the final set, EMG activation was significantly
decreased just after the floor translation, in spite of no
changes in the timing of the EMG activation onset and
the time until the EMG peak. This suggests that sufficient
postural preparation against the disturbance would lead to
effective postural control.

Conclusions

It was demonstrated herein, that following so many
repetitions of postural disturbance, the late CNV with a
negative peak was recognized even for the elderly, lead-
ing to accurate postural preparation and effective pos-
tural control. This suggests that improvement of frontal
lobe function (e.g., anticipatory attention and motor
preparation) can occur in the elderly following sufficient
repetition.

Abbreviations

CNV: Contingent negative variation; CoPap: Center of pressure in the
anteroposterior direction; EBL: Extreme backward leaning;

EEG: Electroencephalography; EMG: Electromyography;

EOG: Electrooculography; FL: Foot length; GcM: Gastrocnemius;

%FL: Percentage distance from the heel in relation to FL; QS: Quiet
standing; RA: Rectus abdominis; rEMG: Full-wave-rectified EMG;

RF: Rectus femoris; S1: Warning signal; S2: Response signal; TA: Tibialis
anterior.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Contribution of each author is as follows: MM and KF presented all the idea
of this study, planed the method, directed the experiments and interpreted
the results. Most of the article was written by MM and KF. NK and CY
contributed to the experiments, data analyses, and in manuscript
preparation. NK and CY discussed the manuscript with MM and KF. All
authors have approved the revised article.



Maekawa et al. Journal of Physiological Anthropology 2013, 32:24
http://www.jphysiolanthropol.com/content/32/1/24

Page 9 of 9

Author details

1Department of Human Movement and Health, Graduate School of Medical
Science, Kanazawa University, 13-1 Takara-machi, Kanazawa 920-8640, Japan.
2Department of Rehabilitation Science, Osaka Health Science University, 24.
1-9-27 Tenma, Kita-ku, Osaka 530-0043, Japan. *Department of Physical

Therapy, Faculty of Human Science, Hokkaido Bunkyo University, 5-196-1,

23. Kiyota T, Fujiwara K, Toyama H, Kiyota N, Kunita K, Maeda K, Katayama M:
Determination of disturbance parameters of forward floor translation for
balance training to prevent falling. Health Behav Sci 2009, 8:9-16.

Loveless NE, Sanford AJ: Effects of age on the contingent negative
variation and preparatory set in a reaction-time task. J Gerontol 1974,
29:52-63.

Kogane-chuo, Eniwa 061-1449, Japan. 25. Weerts TC, Lang PJ: The effects of eye fixation and stimulus and response
location on the contingent negative variation (CNV). Biol Psychol 1973,

Received: 27 September 2013 Accepted: 9 December 2013 1:1-19.

Published: 19 December 2013 26.  Klorman R, Bentsen E: Effects of warning-signal duration on the early and
late components of the contingent negative variation. Biol Psychol 1975,
3:263-275.

References 27. Yoshida K, lizuka T: Contingent negative variation elicited before jaw and

1. Smeesters C, Hayes WC, McMahon TA: Disturbance type and gait speed tongue movements. J Oral Rehabil 2005, 32:871-879.
affect fall direction and impact location. J Biomech 2001, 34:309-317. 28. Lai C, lkeda A, Terada K, Nagamine T, Honda M, Xu X, Yoshimura N, Howng

2. Masud T, Morris RO: Epidemiology of falls. Age Ageing 2001, 4:3-7. S, Barrett G, Shibasaki H: Event-related potentials associated with

3. Horak FB, Nashner LM: Central programming of postural movements: judgment: cgmparison of 51- a‘nd S2—choice conditi.ons in a contingent
adaptation to altered support-surface configurations. J Neurophysiol 1986, negative variation (CNV) paradigm. J Clin Neurophysiol 1997, 14:394-405.
55:1369-1381. 29. Zappoli R, Versari A, Paganini M, Arnetoli G, Roma V, Battaglia A, Porcu S:

4. Horak FB, Moore SP: The effect of prior leaning on human postural Age differences in contingent negative variation activity of healthy
responses. Gait Posture 1993, 1:203-210. young adults and presenile subjects. /tal J Neurol Sci 1988, 9:219-230.

5. Hughes MA, Schenkman ML, Chandler JM, Studenski SA: Postural 30. Yaguchi C, Fujiwara K: Effects of attentional dispersion on sensory-motor
responses to platform perturbation: kinematics and electromyography. processing of anticipatory postural control during unilateral arm abduction.
Clin Biomech 1995, 10:318-322. Clin Neurophysiol 2012, 123:1361-1370.

6. Fujwara K Maeda K Irei M, Mammadova A, Kiyota N: Changes in event-related 31 Murray I\/I!J, Seireg AA, Sepic SB: Normal postural stability and steadiness:
potentials associated with postural adaptation during floor oscillation. quantltatlvg assessment. J Bone Joint Surg Am 1975, 57:.5 10-576.
Neuroscience 2012, 213:122-132. 32. Horak FB, Diener HC: Cerebellar control of postural scaling and central set

7. Horak FB, Diener HC, Nashner LM: Influence of central set on human in stance. J Neurophysiol 1994, 72:479-493.
postural responses. J Neurophysiol 1989, 62:841-853. 33, Earhart GM, Fletcher WA, Horak FB, Block EW, Weber KD, Suchowersky O,

8 Duckrow RB. Abu-Hasaballah K Whipplé R Wolfson L: Stance Melvill Jones G: Does the cerebellum play a role in podokinetic adaptation?
perturbation-evoked potentials in old people with poor gait and Ep Brgm Res 2002, 146:538-542. . o )
balance. Clin Neurophysiol 1999, 110:2026-2032. 34. Amabile G, Pozzessere G, Fattapposta F, Albani GF, Cicardi MC, Rizzo PA,

9. Mihara M, Miyai |, Hatakenaka M, Kubota K, Sakoda S: Role of the prefrontal Morocutt‘i C Buﬂa F, Lazzari R Electrophysiolqgical (CNV) analysis of
cortex in human balance control. Neuroimage 2008, 43:329-336. pgrsonallty tralf(s under stress. Neuropsychobiology 1984, 12:260—264.

10. Bugnariu N, Fung J: Aging and selective sensorimotor strategies in the 3. R'Z_ZO PA, .P|ereH| F, Pozz'essere G Fattz?ppostz? F[ Sanarel.h L Morocutti C:
regulation of upright balance. J Neuroeng Rehabil 2007, 4:19. Pain, anxiety, and contingent negative variation: a clinical and

o - . pharmacological study. Biol Psychiatry 1985, 20:1297-1302.

11. !<ub|ck\ A Petrement G, Bonnetblanc F,.Ba\lay Y Mourey F: Pracncg related 36, Quant S, Adkin AL, Staines WR, Maki BE, Mclioy WE: The effect of a
improvements in postural control during rapid arm movement in older o - ; I
adults: a preliminary study. J Gerontol A Biol Sci Med Sci 2012, 67:196-203. concurrent cognitive task on cortical potentials evoked by unpredictable

12. Fujiwara K, Maekawa M, Kiyota N: Adaptation changes in dynamic balance perturbations. BVC Neurosci 2004, 17:5-18.
postural control and contingent negative variation during backward -
disturbance by transient floor translation in the elderly. J Physiol d?':10'1’186/.1 880-6805-32-24 . . .
Anthropol 2012, 31:12. Cite this article as: Maekawa et al: Adaptation changes in dynamic

13. Walter WG, Cooper R, Aldridge VJ, Mccallum WC, Winter AL: Contingent postgral control and cont_inggnt negative variation during' mp?ated
negative \;ariation~ a’n electric sién of sensorim/otor association and transient forward translation in the elderly. Journal of Physiological

. Anth / 2013 32:24.
expectancy in the human brain. Nature 1964, 25:380-384. nthropology

14. Golob EJ, Ovasapyan V, Starr A: Event-related potentials accompanying
motor preparation and stimulus expectancy in the young, young-old
and oldest-old. Neurobiol Aging 2005, 26:531-542.

15. Rohrbaugh JW, Syndulko K, Lindsley DB: Brain wave components of the
contingent negative variation in humans. Science 1976, 191:1055-1057.

16. Brunia CH, van Boxtel GJ: Wait and see. Int J Psychophysiol 2001, 43:59-75.

17. Macar F, Vidal F: Time processing reflected by EEG surface Laplacians.

Exp Brain Res 2002, 145:403-406.

18.  Fujiwara K, Kiyota N, Maeda K: Contingent negative variation and
activation of postural preparation before postural perturbation by Ve ~
backward floor translation at different initial standing positions. Neurosci
Lett 2011, 490:135-139. Submit your next manuscript to BioMed Central

19.  Jacobs JV, Fujiwara K, Tomita H, Furune N, Kunita K, Horak FB: Changes in and take full advantage of:
the activity of the cerebral cortex relate to postural response
modification when warned of a perturbation. Clin Neurophysiol 2008, . . .

119:1431-1442 ¢ Convenient online submission

20.  Michalewski HJ, Thompson LW, Smith DB, Patterson JV, Bowman TE, ¢ Thorough peer review
Litzelman D, Brent G: Age differences in the contingent negative « No space constraints or color figure charges
variation (CNV): reduced frontal activity in the elderly. J Gerontol 1980, . o
35:540-549. ¢ Immediate publication on acceptance

21. Wu T, Hallett M: The influence of normal human ageing on automatic ¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
movements. J Physiol 2005, 562:605-615. * Research which is freely available for redistribution

22. Kiyota N, Fujiwara K: Effects of anti-saccade training with neck flexion on
eye movement performance, presaccadic potentials and prefrontal

i ; . _ Submit your manuscript at -
hemodynamics in the elderly. £ur J Appl Physiol 2010, 110:1143-1154. T biomedcentral comfsubmit ( BioMed Central
- J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Apparatus and data recording
	Procedure
	Data analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References

