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Abstract A postural vertical (PV) tilted backward
has been put forward as a reason explaining the
backward disequilibrium often observed in elderly
fallers. This raises the question of a possible ageing
process of the PV involving a backward tilt of
verticality perception increasing with age. We have
explored this hypothesis by measuring PV in pitch
using the wheel paradigm in 87 healthy subjects aged
from 20 to 97 years. The possibility that this
physiological ageing accelerated in the second part
of life was also analysed. Two indices were calculat-
ed: the mean orientation (PV-orient) and the disper-

sion (PV-uncert). The correlation between age and
PV-orient was r=−0.2 (p<0.05). Added to the fact
that PV was twice as shifted backward in the 38
seniors over 50 years (−1.15°±1.40°) as in the 49
young adults under 50 years (−0.45°±0.97°; t=2.75,
p<0.01), this indicates the existence of a physiolog-
ical ageing process on the direction perceived as
vertical by the whole body, with a slight backward
shift of PV throughout the life span. The correlation
between age and PV-uncert was r=0.35 (p<0.001) in
all subjects and r=0.59 (p<0.001) in seniors. This
indicates that subjects get less and less accurate in
their perception of the postural vertical with age,
especially very old subjects who show great uncer-
tainty in determining with their body the direction of
the vertical. Taken together, these findings indicate
that the internal model of verticality is less robust in
elderly people. This may play a part in their postural
decline.
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Introduction

The perception of the vertical (subjective vertical) is
perfectly aligned with the gravitational vertical in
normal subjects. Certain diseases may alter the
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perception of the vertical, in the frontal and/or the
sagittal plane. In the frontal plane, a tilted perception
of the vertical and/or an uncertainty in the perception
of the vertical is frequently observed in patients with a
hemisphere stroke (Bonan et al. 2006; Brandt et al.
1994; Perennou et al. 1998; Perennou et al. 2000;
Perennou et al. 2008; Saj et al. 2005; Yelnik et al.
2002), or a peripheral or central vestibular disease
(Aoki et al. 1999; Bisdorff et al. 1996; Bronstein et al.
2003; Dieterich and Brandt 1992). In the sagittal
plane, a tilted perception of the vertical has recently
been found in elderly fallers (Manckoundia et al.
2007). Some recent papers have clearly established
that lateropulsion and retropulsion may be the
consequences of a tilted internal model of vertical-
ity, in the frontal and the sagittal plane, respectively
(Manckoundia et al. 2007; Perennou et al. 2008).
Among the different modalities to evaluate the
subjective vertical, i.e. the visual vertical, the haptic
vertical and the postural vertical (PV), the latter is
the most relevant in explaining balance disorders
(Manckoundia et al. 2007; Perennou et al. 1998;
Perennou et al. 2008). For research purposes, the
measurement of PV is often performed by means of
a motorised driven machine (Bisdorff et al. 1996;
Ito and Gresty 1996; Van Beuzekom and Van
Gisbergen 2000), little suited to disabled patients
in terms of accessibility into the machine and also
in terms of noise and ill-secured surroundings. A
non-motorised paradigm, namely the wheel para-
digm, has been recently designed to measure the PV
in a clinical context, both in the frontal plane
(Mazibrada et al. 2008; Perennou 2006) and in the
sagittal plane (Manckoundia et al. 2007). Although
this paradigm has been found to be relevant in a
clinical context, its normative values and clinimet-
ric properties remain to be investigated in a wide
number of subjects of different ages, especially in
measurements concerning the sagittal plane. In light
of two recent studies in which PV was measured in
the sagittal plane using the wheel paradigm in
young and older healthy people (Barbieri et al.
2008; Manckoundia et al. 2007), a question arose
about a possible ageing process involving the
perception of PV, characterised by a slight back-
ward tilt in the normal elderly. Whether this
possible physiological ageing shows acceleration
in the second part of life was also open to question.
These were the issues of this study.

Materials and methods

Subjects

The PV in the pitch plane was measured in 87 able-
bodied subjects (38 females and 49 males) aged from
20 to 97 years. Fifty years being the value closest to
the median and mean age (45 and 48 years, respec-
tively) and divisible by ten, was used as the cut-off
point to divide this cohort into two age groups: young
adults <50 years (n=49), senior >50 years (n=38).
Subjects were recruited among the students, paramed-
ical and medical staff working in our laboratory and
rehabilitation centre, and among their relatives for the
oldest participants. All gave their informed consent to
participate in this study according to the recommen-
dations of the local ethics committee. None of them
reported having any known neurological or motor
disorder and their score on the backward disequilib-
rium test (Manckoundia et al. 2007) was 0, which
means that they were perfectly upright whilst seated,
standing with and without vision and performing sit to
stand or stand to sit movements. All had a normal gait.

Ten young adults repeated the measurement pro-
cedures a second time with another experimenter in
order to test the inter-experimenter reproducibility.

Measurement of PV

The experimental setting (Fig. 1a) used was that
designed by Manckoundia et al. (2007) to measure the
backward tilt of PV in the elderly and derived from
that previously elaborated by Bisdorff et al. (1996) to
evaluate the PV in the frontal and sagittal planes. The
subjects were strapped in a sitting position to a
framework inside a 180-cm diameter×80-cm wide
drum made of welded steel tubes, with head, trunk,
thighs and legs restrained by webbing and pads and
aligned upright, and the feet strapped on a plane
support. The experimental setting used was designed
to prevent subjects from moving. Before each
measurement of PV, the experimenters visually
ensured that no movement was possible. The assess-
ment started only after this check. Subjects’ eyes were
closed and entirely masked.

Measurement of the PV was carried out according to
a random order after several practise trials to familiarise
the subject with the procedure. No feedback was given
to subjects about their performance before the whole
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assessment was completed. In total darkness, the
subjects were randomly tilted to a given position
(backward or forward at 10°, 15°, 20°, 25° or 30°),
then the wheel was manually rolled in the opposite
direction, as steadily and smoothly as possible at an
approximate velocity of 1.5° per second which is the
threshold of stimulation of the semicircular vestib-
ular organs (Benson et al. 1989), until subjects
reported reaching an upright position. Small adjust-
ments around this position were then performed if
needed until the subjects were satisfied that they
were perfectly vertical. To control rolling velocity,
only two well-trained experimenters, capable of
manually ensuring rolling velocity at less than 1.5°
per second, carried out the assessments.

Ten trials were performed in a pseudo-random
sequence, five from front to back (starting position
10°, 15°, 20°, 25° or 30°) and five from back to front
(starting position −10°, −15°, −20°, −25° or −30°)
alternatively. Trials were performed according to an
unpredictable experimental plan with an initial wheel
position which was neither constant nor specific in
order to prevent subjects from using time representa-
tion to perform the task. The orientation of the PV
was measured by means of an inclinometer indicating
0° for the gravitational vertical, negative values for
backward orientation and positive values for forward
orientation. The PV orientation was obtained by
averaging first the five trials from the front (PV-
front), then the five trials from the back (PV-back)

Fig. 1 a Experimental setting to measure PV. Left the subject is
oriented upright; right the subject is inclined −10° backward. b
Wheel rotation induces the same body rotation, symbolised by
no movement of the head and the feet (upper part). The mean
angular velocity was around 1–1.5° per second, except when

the movement started/stopped for minor positional adjustments
(lower part). c Scatter plot of the PV orientations measured for
each angle by the two experimenters with ten subjects (n=100).
The equation and the coefficient of determination (r²) of the
linear regression are noted
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and finally the ten trials (PV-orient). The total PV
uncertainty (PV-uncert) was obtained by averaging
the standard deviation of the five trials from front to
back (PV-front SD) and that of the five trials from
back to front (PV-back SD).

Pilot measurements

Kinematic analysis during PV measurement

In order to check that subjects were passively tilted
with the wheel without significant differential dis-
placements of body segments and that the tilt velocity
was close to 1.5° per second, pilot measurements
were associated in one subject to kinematic analysis
with the SMART-e movement analysis system (sam-
ple rate, 120 Hz). Measures were taken with reflective
targets (15 mm diameter) arranged all around the
wheel and at the head and feet of the subject. SMART
acquisition started and stopped with a 1- or 2-s delay
before and after the wheel tilt.

Inter-experimenter reproducibility

PV measurements in ten subjects were taken two
times by two different experimenters (exp 1 and
exp 2) well trained to manipulate the set-up. Half of
the subjects completed their first session with exp1
and the other half with exp2 to avoid a session effect.
Between each session, the wheel was manually
replaced in the vertical position and the subject
remained strapped to the seat with eyes open for
5 min. The second experimenter was not informed of
the results obtained in the first session.

Statistics

Statistical analysis was performed using the
programme SPSS (version 14.0 for Windows). The
normality of PV-orient and PV-uncert distributions
was tested using the Kolmogorov–Smirnov test. PV-
orient and PV-uncert were normal in the 87 subjects.
PV-orient and PV-uncert were also normal in the
young adults, whereas in the seniors, only PV-orient
was normal. Correlation analyses (for the entire group
or the two age groups) between age and PV-orient or
PV-uncert were carried out using the Pearson test if
the distribution considered was normal or the Spear-
man test if the distribution considered was not

normal. Regarding the PV-orient in all subjects and
in the two specific age groups, normal PV-orient and
differences from the vertical (zero) were tested using
the sample T test. Comparisons between the young
adults and the seniors were carried out by means of
the Kolmogorov–Smirnov test. Groups were also
compared with regard to the positive/negative ratio
of PV using the χ² test. Differences for age, gender
and procedure (starting direction and starting posi-
tion) were tested using ANOVAs (with Tukey tests as
post hoc analyses). Regarding the PV-uncert, compar-
isons between the young adults and the senior adults
were carried out using a Mann–Whitney test and a
Kolmogorov–Smirnov test. Regarding the inter-
experimenter reproducibility, the error in PV-orient
was calculated as the difference between the two
experimenters and compared from the vertical (zero)
using a sample T test. In addition, the correlation
between measurements of each trial was calculated
using the Pearson correlation. Data are given in the
text as mean±standard deviation (SD).

Results

Pilot measurements

Kinematic analysis during PV measurement

During the manual rotation of the wheel, no unwanted
movements of the head or feet appeared, meaning that
the body passively followed the wheel orientation
(Fig. 1b—upper part). The derivative of the wheel
position signal (velocity) showed that the mean angular
velocity was situated between 1° and 1.5° per second,
except during the start/stop movements for minor
positional adjustments (Fig. 1b—lower part).

Inter-experimenter reproducibility

The inter-experimenter reproducibility was accurate
with a mean absolute error of 0.8° and no systematic
error between the two experimenters or difference
from the reference 0° (0.05°±1.18°, t=−0.16, p>
0.05). There was no difference between the two
experimenters, whatever the starting position (F=
0.01, p>0.05). The correlation between the PV-orient
as measured by exp 1 and exp 2 was r=0.7, p<0.001
(Fig. 1c).

54 AGE (2010) 32:51–60



Age influence on verticality perception

Correlation analysis

PV data according to the demographic characteristics
of subjects are given in Table 1. Tested in all subjects,
the distribution of PV-orient and PV-uncert were
Gaussian. The correlation between age and PV-
orient was r=−0.2 (p<0.05), meaning that as age
increased PV magnitude increased with a negative
polarity. The correlation between age and PV-uncert
was r=0.35 (p<0.001), meaning that uncertainty
increased with age. No gender effect was found on
PV-orient [F(1,86)=1; p>0.05] or on PV-uncert
[F(1,86)=2.66; p>0.05].

Young vs. senior adults

Since PV-orient distributions for both groups were
Gaussian, groups were compared using a parametric T
test. PV was more shifted backward in seniors
(−1.15°±1.40°) than in young adults (−0.45°±0.97°;
t=2.75, p<0.01), PV being significantly different
from the gravitational vertical both in seniors
(t=−5.07, p<0.001) and in young adults (t=−3.28,
p<0.01). The ranges of normality per group, defined
as mean±2SD, ranged from −2.39° to 1.5° and from
−3.95° to 1.65° in young adults and seniors, respec-
tively (Fig. 2a). The symmetry of these ranges of
normality was then analysed by adding up the PV-
front and the PV-back and by comparing the sum to
0° with a sample T test. As distributions of the two
age groups were normal, a sample T test was
performed for each group. For each group, the value
found was different from zero, meaning that norma-
tive values were not symmetrical around the physical
vertical (young adults=−0.91°±1.93°, t=−3.28,

p<0.01; senior adults=−2.3°±2.79°, t=−5.07,
p<0.001). In addition, PV values were more fre-
quently negative in seniors than in young adults (32
negative/six positive vs. 32 negative/17 positive; χ²=
3.93, p<0.05). PV data was also more scattered in
seniors than in young adults (Z=1.56, p<0.05).

Since distribution of PV-uncert data was Gaussian
in subjects under 50 years but not over, groups were
compared using a Mann–Whitney test. Surprisingly,
no significant difference was found (ZU=−0.94,
p>0.05). The apparent discrepancy between the
existence of a significant ageing process on the 87
subjects and the lack of difference between groups
was further analysed by testing non parametric
correlations between age and PV-uncert in each
group. No correlation was found in young adults
(r=0.1, p>0.05) whereas PV-uncert strongly correlat-
ed with age in seniors (r=0.59, p<0.001). Taken all
together, these results indicate that the ageing process
bearing on the uncertainty was not progressive
throughout the life span but subject to acceleration
in the second part of life. In addition, dispersions of
PV-uncert data were similar in both groups (Z=0.88,
p>0.05). Finally, ranges of normality calculated in the
87 subjects as mean±2SD were from 0.11° to 3.87°
(Fig. 2b).

Influence of the rotation direction and starting
position on PV

These statistical analyses were only performed on PV-
orient. Figure 3 deals with the influence of the
rotation direction of the wheel on PV. A two-factor
ANOVA (two groups/two starting directions) showed
an age effect [F(1,174)=6.51; p<0.05], an influence
of the rotation direction of the wheel [F(1,174)=
48.73; p<0.001], with an interaction between the two

Variable Group Total Female Male

n Mean±SD n Mean±SD n Mean±SD

PV-orient Young 49 −0.45±0.97 23 −0.45±1.00 26 −0.50±0.96
Senior 38 −1.15±1.40 15 −0.86±1.08 23 −1.34±1.56
Total 87 −0.76±1.22 38 −0.61±1.04 49 −0.87±1.34

PV-uncert Young 49 1.83±0.62 23 1.73±0.57 26 1.91±0.66

Senior 38 2.21±1.21 15 1.94±0.55 23 2.39±1.48

Total 87 1.99±0.94 38 1.81±0.57 49 2.14±1.13

Table 1 Comparative
analysis of PV-orient and
PV-uncert for each group
and gender, presented in the
form mean±standard
deviation
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factors [F(1,174)=15.38; p<0.001]. This interaction
was further analysed by means of a one-way ANOVA
for each group. In young adults, a strong direction
effect was revealed [F(1,97)=116.88; p<0.001]. Until
age 50, the perception of the vertical was attracted
towards the direction of the starting tilt of the wheel,
i.e. forward (1.04°) when the wheel was rotated from
front to back (PV-front) and backward (−1.94°) when
rotated back to front (PV-back). In contrast, no
direction effect was found in the elderly (>50 years)
[F(1,75)=2.69; p>0.05] who always perceived the
vertical slightly backward, irrespective of the starting
position of the wheel (Fig. 3).

The influence of the various starting positions
(±10°, 15°, 20°, 25° and 30°) was then tested by

means of a two-factor ANOVA (group/starting posi-
tion). This analysis showed significant differences
between the groups [F(1,869)=14.55; p<0.001] and
between the starting positions [F(9,869)=16.07;
p<0.001] with an interaction between the two factors
[F(9,869)=6.52; p<0.001]. In subjects under 50 years
of age, the farther the starting position from the
vertical, the more the PV was tilted in the same
direction (Fig. 4, white box). In senior subjects, the
PV was oriented backward whatever the starting
position (Fig. 4, black box).

Discussion

The objectives of this study concerned the pitch
plane: to determine the metrological properties of the
wheel paradigm, to determine normative values of PV
and to test the existence of a possible physiological
ageing of PV.

The present study is the first to investigate PV in
pitch in a large group of normal people of various
ages. Few studies have investigated PV in healthy
subjects (most involving a small number of subjects)
serving either as controls for patients with a disease
(Anastasopoulos et al. 1997a; Bisdorff et al. 1996;
Clark and Graybiel 1963; Ito and Gresty 1996;
Manckoundia et al. 2007) and/or tested in various
experimental conditions (Barbieri et al. 2008; Bring-
oux et al. 2003; Ceyte et al. 2007). They provided a
first but limited indication of the expected normal
values of PV in pitch. By assessing numerous healthy
subjects covering all age groups, the present study is a
further step in the definition of normative values of
PV in pitch, confirming that in young healthy adults

Fig. 2 Age-related distribution of a the mean PVorientation and b the mean PV uncertainty. The two age groups are represented. For
each group, the ranges of normality are represented by the values contained between the upper and lower dotted lines

Fig. 3 Influence of the starting direction on the mean PV
orientation in subjects of less (white box) and more (black box)
than 50 years of age. The means and the standard deviations are
represented for the five trials from front to back (PV-front), for
the ten trials (PV-mean) and for the five trials from back to front
(PV-back)
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the perception of the PV is accurate and close to the
gravitational vertical (Anastasopoulos et al. 1997b;
Bisdorff et al. 1996).

The existence of a backward tilted perception of
PV in aged individuals has recently been reported by
Manckoundia et al. (2007) who investigated an older
population of fallers, with balance disorders and
severe retropulsion. Only eight old normal subjects
serving as controls were investigated, in whom PV
was found to be significantly negative, leading the
authors to hypothesise the existence of a physiolog-
ical ageing process on PV. The present study confirms
this hypothesis and reveals that senior adults over
50 years feel themselves upright when tilted back-
ward at about 1° (this figure represents twice the
corresponding backward tilt in young subjects), with
the magnitude of this tilt linearly increasing with age.
This finding seems robust, supported by an investi-
gation of 87 healthy adults from 20 to 97 years old. In
addition, the present study shows that, with age,
healthy subjects are less and less accurate in aligning
their whole body to the direction of the gravitational
vertical, a finding previously reported by Bisdorff et
al. (1996), but not analysed in Manckoundia’s study
(2007). Major PV uncertainty associated with normal
PVorientation was also observed in peripheral/central
vestibular disorders (Bisdorff et al. 1996) and in
deafferented patients (Mazibrada et al. 2008). In our
study, the elderly subjects reported the absence of any
known neurological or motor disorders, they did not
present a backward disequilibrium nor did they report

falling. However, it is well known that all the major
sensory and motor systems important for balance and
mobility decline with age (Lord and Ward 1994).
Physiological ageing is associated with reduced
functioning in vestibular, visual and somaesthetic
systems (Lord et al. 1996) which are all implied in
the building up and the updating of a central
representation of verticality (Brandt et al. 1994;
Mittelstaedt 1998; Perennou et al. 1998). In particu-
lar, the PV is mainly governed by somatosensory
graviceptive information, provided by visceral
graviceptors in the trunk and by tactile afferents
and proprioception (Barbieri et al. 2008; Bronstein
1999; Clark and Graybiel 1963; Mittelstaedt 1998;
Perennou et al. 1998). It is thus probable that the
greater PV uncertainty observed in the elderly can
be attributed to the age-related decline of one of
these systems, which was not specifically assessed
in this study. Beyond sensory systems, the findings
of the present study indicate that the internal model
of verticality is less robust in elderly people and
that this may play a part in their postural decline.

Regarding the experimental procedure and its
influence on PV orientation, two points have to be
discussed. In the younger population (<50 years), the
PV tended to be oriented in the direction of the initial
wheel position, slightly forward when rotating the
wheel from the front to the back and conversely.
Furthermore, the greater the angle of the starting
position relative to the vertical, the more the PV was
biassed. These effects corroborate previous studies

Fig. 4 Influence of the starting angle on the mean PV orientation, in subjects younger than 50 (white box) and older than 50 (black
box). The means and the standard deviations are represented for each angle
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(Bisdorff et al. 1996; Clark and Graybiel 1963;
Perennou et al. 2002) and may be assimilated to an
Aubert effect (i.e. errors in judgement of visual
orientations) when the subject is tilted. The construc-
tion of the reference of verticality is based on multi-
sensory integration and a correct perception of the PV
is linked to an intact somatosensory contribution
(Manckoundia et al. 2007; Mittelstaedt 1998). Its
recalibration in case of wheel tilt is probably due to
over-weighting of the somatosensory contribution to
gravity perception, while the contribution of the
otoliths remains constant. This may explain why the
PV was oriented in the direction of the initial wheel
position: the internal referential of verticality is
attracted towards the initial tilt, provided that correct
somatosensory integration is obtained (Mittelstaedt
1998). These effects were nonetheless counterbal-
anced by the fact that the experimental procedure was
symmetrically randomised. Strikingly, the elderly
seemed to be less sensitive to the direction and the
amplitude of the wheel rotation. They were system-
atically oriented slightly backward, whatever the
wheel rotation, with a mean PV orientation compara-
ble to that observed in the younger population. On the
basis of a recent study showing that an alteration of
the proprioception input led to the same phenomenon
(Barbieri et al. 2008), the latter finding seems to argue
in favour of a decline in somatosensory information
with age.

Could our results be due to a methodological bias?
First, we raise the question of whether the backward
inclination in the normal range is due to an internal
referential which is backwardly inclined or due to the
device. The normal range (−2.39° to 1.5° under
50 years and −3.95° to 1.65° over 50 years) was
more backward than the gravitational reference (i.e.
0°). Contrary to the normative values determined in
the frontal plane (−2.5° to 2.5°) (Mazibrada et al.
2008; Perennou et al. 2008), the normative values
obtained here are not symmetrical around the physical
vertical. A methodological bias cannot be excluded.
Due to the importance of somaesthetic input and
tactile afferent in the perception of PV (Bronstein
1999; Mittelstaedt 1998; Perennou et al. 1998),
coupled with the fact that the device used imposes
more contact surface on the back of the body, PV as
measured in our conditions may be attracted slightly
backward. Alternatively this means that our PV is
slightly and naturally tilted backward, at least in the

sitting position used in the wheel paradigm. Secondly,
the choice of using different starting positions may be
discussed. An initial wheel position which was neither
constant nor specific allowed us to prevent subjects
from using time representation to perform the task.
This procedure, which precludes fixing a single
starting angle, is usual in the literature for measuring
PV (Bisdorff et al. 1996; Bronstein et al. 2003; Ito
and Gresty 1996; Perennou et al. 2008; Van Beuze-
kom and Van Gisbergen 2000). Furthermore, Fig. 4
shows a clear influence of the starting position,
varying with age, which confirmed the relevance of
our procedure. Finally, the validity of our non-
motorised device may also be questioned, especially
in terms of the relative motion between the subject
and the wheel, the rolling velocity and measurement
reproducibility. Pilot measurements showed that it is
possible to passively tilt subjects with the drum
without significant differential displacements of body
segments. These pilot measurements were performed
both in the frontal (Perennou et al. 2008) and in the
sagittal plane (present paper). Performed in several
subjects (only one trial in one subject is displayed in
Fig. 1), they prove that it is possible to perfectly pad
and strap subjects in the device, and thus avoid any
undesirable motion. Particular attention was paid to
the setting up of each subject included in the present
study, and the experiment started only once the
operator had checked that the subject was firmly
maintained in the device. It was easy to see whether
or not this condition was respected. Regarding the
rolling velocity, only two well-trained experimenters
took the measurements, which reduced variations in
the rolling velocity. In addition, the balanced design
of the drum with a large radius and high inertia
(weight=120 kg) ensured that the rotation was silent
and smooth at an average velocity determined by the
experimenter. Although satisfactory, the inter-operator
reproducibility was not perfect if one considers the
correlation coefficient between their measurements
(0.7). In fact, this coefficient correlation underesti-
mates the actual reproducibility because of the very
low PV values. The mean absolute error between both
operators was quite low (0.8°) and the mean error not
significantly different from 0°. These results show
that PV measurement using the wheel paradigm is
accurate and reproducible. However, this reproduc-
ibility will have to be further investigated in more
subjects including subjects showing a bias in PV.
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Taken together, these results confirm those recently
obtained using the same paradigm in the frontal plane
(Perennou et al. 2008), which argues in favour of the
validity of the wheel paradigm and of the procedure
used. This mechanical paradigm also boasts two other
advantages: it is silent and thus free of the possibly
disturbing noise of some motorised machines and the
transfer of frail and/or disabled people into the
“machine” remains relatively easy.

Zago et al. (2009) suggested that an internal model
is built up by experience. Our study argues for a
deterioration of the internal model of verticality with
ageing. This is not contradictory with the fact that
experience could contribute to a more robust internal
model of verticality. Ageing is associated with
decreased cerebral ability that could deteriorate the
updating of internal models.

In conclusion, our study argues for age-related
alterations of the internal model of verticality, which
could play a role in the normal postural decline of
elderly people. The possible link with postural
behaviours such as a mild backward disequilibrium
frequently observed in the elderly (Manckoundia et al.
2008) remains to be investigated. If we assume that
the net backward disequilibrium often observed in
elderly people is partly due to a net backward tilt in
the PV (Manckoundia et al. 2007), our findings
indicate that this net backward disequilibrium is not
caused by a low magnitude physiological ageing of
PV. It is rather due to a pathological mechanism
which remains to be investigated.
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