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Abstract Visual stabilization of posture is known to
improve when the distance to target fixation decreases;
this is attributed to increased angular size of retinal slip
induced by body sway. At near distance, however, the
eyes converge and efferent or afferent oculomotor sig-
nals could also be involved in posture stabilization. The
goal of this study is to test whether the distance effect
exists for both young and elderly and to test the role of
vergence itself and of gaze position. Eighteen young
(25.3 years) and 17 elderly (61.6 years) subjects were
asked to fixate a target in quiet stance presented either
at close (40 cm) or at far distance (200 cm); the vergence
angle was 9� and 2�, respectively. For each distance,
three gaze positions were studied straight-ahead (0�),
15� up or down. We found a decrease in the surface of
center of pressure (CoP), of standard deviation of an-
tero-posterior and lateral body sway and of speed var-
iance at near distance that occurs for both young and
elderly. At far distance, the surface of CoP is smaller for
15� up or down gaze in comparison with straight-ahead
position, but at near distance there is no such gaze po-
sition effect. In an additional experiment, subjects fix-
ated a target at far distance (200 cm) but prisms were
used to cause the eyes to converge by an amount similar
to that required for 40 cm viewing distance. The use of
prisms decreased surface of CoP to values similar to
those for natural near viewing distance. The effect of
gaze position and of convergence (experiment with
prisms) leads us to suggest that in addition to retinal
slip, the ocular motor signals and perhaps related neck
muscle activity are involved in postural stabilization.
Finally, the elderly presented higher speed variance of
CoP than the young subjects even though the surface

itself was similar to adult values. We suggest that
increment of speed variance is the first sign of senes-
cence in postural control.

Keywords Quiet stance Æ Visual stabilization Æ
Distance Æ Sustained convergence Æ Gaze position Æ
Ageing

Introduction

Postural stabilization is based on multiple sources of
information such as somatosensory, proprioceptive,
vestibular, visual and oculomotor. The importance of
vision on postural stabilization is well known. First, the
posture stability is better when eyes are open than close
(the Romberg coefficient). The influence of vision de-
pends on task requirements and on age (Turano et al.
1994; Corriveau et al. 2001, 2004; Amiridis et al. 2003;
Jonsson et al. 2005). One mechanism by which vision
helps postural stabilization is detection of visual motion.
Visual motion can be either afferent (objects are moving
in the environment) or efferent consecutive to move-
ments of the eyes, body or head. Retinal slip detection
by the visual system depends on the viewing distance.
Weak body oscillation will cause weak retinal slip that
could hardly be detected if the subject is viewing from a
far distance. The distance effect on postural stabilization
has been described by Bles et al. (1980), Paulus et al.
(1984, 1989) and Brandt et al. (1986). Indeed, these au-
thors showed an increase in the root mean square
(RMS) of antero/posterior and lateral body oscillation
with viewing distance. They emphasised the importance
of viewing distance and vergence angle for detecting
visual motion.

The purpose of our study is to examine the distance
effect for both young and elderly subjects. Prior studies
indicate that elderly subjects present larger surface of
center of pressure (Doyle et al. 2004), increased activity
of hip muscles (Amiridis et al. 2003), or of anterior
muscular tibialis (Jonsson et al. 2005) relative to
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younger ones. The distance by itself was not considered
in such studies. Our expectation for deterioration of
postural stabilization is related to deterioration of vi-
sual acuity and presbyoptia (Ivers et al. 2000; Laitinen
et al. 2005) that could diminish the quality of visual
motion signals (Tran et al. 1998; Wist et al. 2000) or in
contrast could improve it (Betts et al. 2005). Visual
acuity decrement could be more or less severe accord-
ing to distance (Laitinen et al. 2005). Another reason
could be related to the difficulty to converge the eyes at
a close distance in the elderly (Rambold et al. 2006).
Thus, it is possible that the privilege of close distance
for postural stabilization is not present in healthy aged
subjects.

Another issue addressed in this study is to what
extent the dependence of postural stabilization on dis-
tance can be attributed to angular size of visual motion.
An alternative explanation would be that the oculo-
motor convergence itself, necessary to view at near
distance, influences postural stabilization either via
efferent, or via proprioceptive signals coming from ex-
tra-ocular muscles, including attentional effort related
to near space. Indeed, two electrophysiological studies
from Kapoula et al. (2002) and Tzelepi et al. (2004),
respectively, found that the event-related potential
(ERP) activity during the preparation of a vergence
movement was higher than that during the preparation
of a saccade or of a combined saccade–vergence
movement; moreover, activation was stronger prior to
convergence than prior to divergence. These results
were attributed to increased attention especially prior
to the convergence needed to fixate an object at near
space.

Furthermore, oculomotor convergence might be
coupled with neck muscle activity in the absence of
head movement. In head fixed subjects, a tonic and
dynamic coupling of the neck splenius muscle with
horizontal eye position is present (André-Deshays et al.
1988, 1991). The authors concluded that the oculo-
motor command would be distributed to both eye and
neck muscles. More recently, authors described a sim-
ilar phenomenon for monkeys: the discharge of the
neck muscles has been found to precede that of
extraocular muscles (Corneil et al. 2004). Whether the
convergence of the eyes is coupled with an activation
of lateral neck muscles used for head rotation, and/or
with muscles of head flexion is not known. Indirect
evidence comes from a study that demonstrated in
humans that the vibration of neck muscles used for
lateral head rotation improves the trajectory and the
speed of accommodative vergence (Han and Lenner-
strand 1998).

The results of our study indicate a clear distance ef-
fect for both young and old subjects that could be re-
lated to both—differences in visual motion detection and
to oculomotor vergence signals (efferent or afferent) and
perhaps to hypothetical coupling with neck muscle
activity.

Materials and methods

Subjects

Eighteen young subjects, in the age range of 22–33 years
(25.3±2.7 years), were recruited among the laboratory
co-workers. Twenty older subjects participated in our
preliminary tests: 14 coworkers from the laboratory,
who were in good health; the other six subjects were
recruited in a sports center. Three subjects were ex-
cluded. One of the excluded subjects had Meniere’s
disease, another had a mild difference in length of the
legs, and another had unilateral amblyopia. The age of
the selected older subjects ranged from 55 to 71 years
(61.6±4.4 years). Medical examination and several
preliminary tests confirmed normal findings without
neurological signs, and no medication. Examination of
the visual function was also done for all subjects, young
(except for S8 and S13) or aged (except for S2 and S7)
Stereo-acuity, Wirt (sec of arc). The purpose of this
examination was to screen the binocular visual functions
and the vergence capabilities. We examined the visual
acuity at far distance; binocular vision was evaluated
using the Wirt stereoacuity test (or Titmus stereo test),
based on polarized filters; the near point of convergence
(NPC) was also measured. Absence of the balance
problems was grossly evaluated with the Unterberger/
Fukuda stepping test. All subjects retained for postu-
rography had normal performances for their ages for all
these preliminary tests (see Table 1). The investigation
adhered to the tenets of the Declaration of Helsinki and
was approved by the institutional human experimenta-
tion committee. Informed consent was obtained from all
subjects after the nature of the procedure had been ex-
plained.

Posturography

Platform characteristics

To measure the postural stability, we used a platform
(principle of strain gauge) consisting of two dynamo-
metric clogs (Standards by Association Française de
Posturologie; produced by TechnoConcept, Céreste,
France). The excursions of the center of pressure (CoP)
were measured during 51.2 s; the equipment contained
an Analog–Digital converter of 16 bits. The sampling
frequency of the CoP was 40 Hz.

Visual target

A vertical screen was used to display a target along the
vertical midline. The target was a letter ‘‘x’’ placed be-
tween two vertical segments. The angular size of the
letter x was adjusted to subtend 1� for both viewing
distances (200 and 40 cm).



Testing conditions

Quiet stance posturography was done in a normal fur-
nished experimental room. Subjects were placed on the
platform and were asked to fixate the ‘‘x’’ target. The
target was placed at either 200 or 40 cm, either at
straight-ahead (0�) or at 15� up or down (Fig. 1). At
200 cm, the angle of vergence was 2� while at 40 cm it
was 9�. During posturography, subjects wore their
habitual spectacle correction and the target was visible
and clear for both distance conditions. The two dis-
tances were counterbalanced between subjects and for
each distance, the three conditions corresponding
to each gaze position (0, 15� up or down) was also
counterbalanced.

Postural parameters

We analysed the surface of the CoP excursions, the
standard deviations of anterio-posterior (SDy) and lat-
eral body sways (SDx) and the variance of speed. The
surface area of the CoP was calculated so that 90% of
the CoPs were inside an ellipsoid.

Additional experiment with prism

For this experiment, we used the same material and the
same instructions as for the main experiment. The dis-
tance examined was 200 cm and subjects fixated the ‘‘x’’
target displayed at eye level 0�. A convergent prism of
five diopters was placed in front of each eye. This caused
the eyes to converge by about 9� which corresponds to

Table 1 Corrected visual acuity for each eye, stereo-acuity and
near point of convergence (NPC) for each subject.

Subjects
(age)

Visual acuity Stereo-acuity,
Wirt (sec of arc)

NPC
(cm)

Young subjects
S1 (22) LE : 14/10RE : 14/10 40 4
S2 (25) LE : 14/10RE : 14/10 60 7
S3 (24) LE : 8/10RE : 8/10 40 9
S4 (27) LE : 9/10RE : 10/10 40 5
S5 (27) LE : 10/10RE : 10/10 40 3
S6 (23) LE : 10/10RE : 10/10 40 9
S7 (28) LE : 9/10RE : 8/10 80 5
S8 (26) LE :RE :
S9 (24) LE : 9/10RE : 9/10 40 5
S10 (23) LE : 10/10RE : 8/10 40 9
S11 (22) LE : 9/10RE : 8/10 60 8
S12 (22) LE : 12/10RE : 10/10 50 9
S13 (33) LE :RE :
S14 (25) LE : 10/10RE : 12/10 50 9
S15 (26) LE : 8/10RE : 10/10 50 8
S16 (27) LE : 9/10RE : 9/10 40 8
S17 (25) LE : 10/10RE : 9/10 40 8
S18 (27) LE : 9/10RE : 9/10 40 5

Old subjects
S1 (66) LE : 9/10RE : 9/10 50 13
S2 (58) LE :RE :
S3 (71) LE : 10/10RE : 6/10 50 7
S4 (58) LE : 12/10RE : 12/10 50 6
S5 (60) LE : 12/10RE : 12/10 100 ###
S6 (58) LE : 12/10RE : 10/10 40 ###
S7 (59) LE :RE :
S8 (56) LE : 12/10RE :12/10 40 5
S9 (61) LE : 12/10RE : 10/10 60 4
S10 (59) LE : 9/10RE : 9/10 40 6
S11 (62) LE : 12/10RE : 12/10 100 9
S12 (66) LE : 9/10RE : 10/10 50 14
S13 (68) LE : 9/10RE : 8/10 120 9
S14 (63) LE : 10/10RE : 10/10 40 13
S15 (55) LE : 10/10RE : 9/10 40 11
S16 (65) LE : 9/10RE : 8/10 40 7
S17 (62) LE : 4/10RE : 7/10 140 7

Normal values are <10 cm for NPC and <100 sec of arc for
stereo-acuity (von Noorden 1996a, b). For the two old subjects (S5,
S6), we could not measure the NPC as they never reported double
vision. Numbers in bold indicate beyond normal values

A 

B 

40 cm

-x- -15°

0°

-15°

+15°

200 cm

-x- 
-x- 

-x- 

Fig. 1 Illustrations of posturography testing conditions. The
subject viewed a cross target embedded by two vertical line
segments that aimed to reinforce accurate fixation of the letter ‘‘x’’.
The angular size of the cross was 1� both at 40 cm (a) and at
200 cm (b) distance



the vergence angle when viewing naturally a target
placed at 40 cm. Seventeen from the young subjects
(24±2.5 years) and 15 elderly (61.4±4.6) subjects took
part in this experiment.

Statistical analysis

A mixed ANOVA design was used with two main fac-
tors (distance, gaze position) and one inter-subject factor
(age of subjects). The post hoc comparisons were done
by Fischer’s PLSD test. One-way ANOVA was used to
test the effect of prism (intra-subject factor) for the
young and old subjects (inter-subject factor).

Results and discussion

Visual examination

The results are shown in Table 1 for young and older
subjects, respectively. For young subjects, almost all
values are in the normal range. They had perfect bin-
ocular vision, low stereoacuity threshold, i.e. below
100 sec of arc (von Noorden 1996b) and their ability to
converge at near point (NPC) was normal, i.e. under
10 cm (von Noorden 1996a).

The results in Table 1 from aged subjects, in general,
show more remote visual acuity, stereoacuity and point
of proximal convergence which are normal for their age.
Stereoacuity was normal for the majority of subjects;
higher stereoacuity thresholds, i.e. beyond 100 sec of arc
(von Noorden 1996b) were observed for two from older
subjects (S13 and S17). Such mild deviations from the
adult normal threshold are presumably expected for
older subjects, as no extensive studies on the effect of age
on binocular vision exist and we refer to adult values.

Decreased visual acuity in elderly, even though normal,
could interfere with visual stabilization of posture (Pa-
ulus et al. 1984; Brandt et al. 1986). Lower stereo acuity
could also impair the stability. Yet, as postural stabil-
ization is a multi-factorial system, mild deficits of visual
acuity or stereoacuity could have no major influence on
posture. Moreover, all aged subjects were able to con-
verge the eyes appropriately without sensing double vi-
sion until 6–14 cm (see Table 1), and our near
posturography testing was done at 40 cm; thus, all
subjects were able to converge at this distance.

Posture measures

The results are shown in Table 2 for young and older
subjects, respectively. They are presented and discussed
next.

Effect of distance

The effect of distance on various parameters of posture
is significant for all parameters. At 40 cm, subjects
(young and older together) presented a smaller surface
of CoP (F(1, 33)=7.12; P =0.012), a weaker lateral and
antero-posterior body sway (F(1, 33)=5.99; P=0.020 and
F(1, 33)=8.34; P=0.0068, respectively) and a lower var-
iance of speed (F(1, 33)=6.14; P=0.019) than at 200 cm.
These results clearly show that postural stability in quiet
stance is better at near vision. The privilege of viewing at
close stance on postural stability is preserved in elderly
subjects.

Our results are consistent with previous studies
dealing only with young subjects, who reported a de-
crease in RMS of antero-posterior and lateral body sway
at near viewing distance in a stationary room (Bles et al.
1980; Paulus et al. 1984, 1989; Brandt et al. 1986) or

Table 2 Means and standard deviations of surface of CoP, standard deviation of lateral, of antero-posterior body sway, and of variance
of speed for each gaze position and each distance for young and old subjects; 0� is straight ahead gaze, +15� is up gaze, -15� is down gaze

Parameters Distance

40 cm 200 cm

Gaze positions Gaze positions

-15� 0� +15� -15� 0� +15�

Surface of CoP (mm2)
Young 94±62 104±93 124±98 139±80 165±115 116±74
Elderly 93±72 116±98 113±103 138±127 191±189 141±145
Standard deviation of lateral sway (mm)
Young 2.0±1.1 2.1±1.2 2.5±1.4 2.4±1.0 2.8±1.6 2.2±1.1
Elderly 1.7±0.8 1.9±0.8 1.9±0.9 2.0±10 2.4±1.1 2.5±1.8
Standard deviation of A/P sway (mm)
Young 3.5±1.5 3.5±1.3 3.8±1.8 4.6±1.5 4.6±1.4 3.8±1.1
Elderly 3.6±1.5 3.7±1.6 3.7±1.4 4.5±2.1 5.0±2.7 4.2±2.1
Speed variance (mm/s)
Young 22±14 24±13 27±36 24±10 26±16 27±12
Elderly 31±19 34±21 33±25 41±23 45±33 41±24



decrease in body oscillations inside a room that moved
back and forth (Freitas Junior and Barela 2004).
According to these authors, decreased stability at far
results from weaker retinal slip detection: e.g. for the
same amplitude of body sway, the angular size of retinal
slip is smaller at far distance and thus less detectable,
leading to postural instability. We will call this inter-
pretation geometrical.

Another possible explanation is related to a sense of
motion parallax, that is, the relative motion of near
versus far objects. In a study in which subjects were
required to fixate a window frame in the foreground
while the structural background was moving, motion
parallax was perceived that influenced the direction of
their body sway (Guerraz et al. 2001). In another study,
subjects fixated two stationary LEDs aligned in depth.
The motion parallax induced by body sway stabilized
posture and this stabilization was greater when the dis-
tance between the fixated LED in the foreground and
the background increased (Guerraz et al. 2000). Note
that in our study, subjects fixated a stationary target
displayed at far or at close plane on a screen that pre-
vented central vision of the objects in the other plane but
not the peripheral vision. It is still plausible that our
subjects used motion parallax in order to stabilize their
posture. Indeed, when they fixated the close target, the
room wall behind was distant providing a strong motion
parallax at least in the visual periphery. In contrast when
subjects fixated at far, the target and the wall room
background were closer, yielding less influent motion
parallax. In the prism experiment, the motion parallax
influence should be moderate as the subject fixated a far
target; yet, convergence of the eyes induced by the
prisms caused a substantial improvement in stabiliza-
tion. Thus, retinal slip and motion parallax effects, al-
though present, cannot account entirely for the
difference between far and near.

More recent studies from the group of Brandt (Jahn
et al. 2002; Strupp et al. 2003; Glasauer et al. 2005) seem
to favour interpretation of postural stabilization that
takes into account the role of afferent/efferent signals
related to eye movement themselves: they found that
postural sway during pursuit of a moving target or when
looking straight ahead in darkness was higher than when
fixating a stationary target or when nystagmus was
suppressed; in the latter two conditions, extra-ocular
signals were reduced. Sustained convergence of the eyes
in our experiment activates the internal medial recti. The
effect of near distance on postural stabilization could be
related to oculomotor signals efferent or proprioceptive
related to the convergence of the eyes. This interpreta-
tion is further corroborated by the influence of gaze
position and the additional prism experiment that will be
discussed below.

Another possible factor also mentioned in the Intro-
duction is the idea that sustained ocular convergence can
also activate neck muscles in the absence of head
movements. It has been shown in humans that eccentric
gaze position increases the activation of neck muscles

used for the rotation of the head and this occurs in the
absence of explicit head movement. There are no studies
in humans showing the link between activation of neck
muscles and the sustained convergence of the eyes but it
is very plausible that such co-activation exists. The
question is which muscles are activated; lateral head
muscles and/or muscles used for flexion or extension of
the head corresponding to convergence and divergence
respectively. Han and Lennerstrand (1998) showed that
vibration of neck muscles used for lateral head rotation
influences the dynamic of accommodative vergence.
Thus, the effect of better postural stability at near dis-
tance could be attributed to several mechanisms, all
originating from the convergence of the eyes: increased
angular size of retinal slip, ocular motor efferent and
proprioceptive signals, neck muscle activity and propri-
oception.

Gaze position

Gaze position had a significant main effect only for the
surface of CoP parameter (F(2, 66)=4.43; P=0.016). Post
hoc test indicated that subjects presented larger surface
of CoP when they fixated the target at straight-ahead
(0�) than 15� up (P=0.039) or down (P=0.0054;
Fig. 2a). The interaction between the distance and the
gaze position was also significant for the surface of CoP
(F(2, 66)=3.66; P=0.031). Fischer’s PLSD test indicated
that this increase of the surface of CoP when viewing
straight ahead was found only at 200 cm (0 vs.15� down,
P =0.012 and 0� vs. 15� up, P=0.0018, Fig. 2b). When
we consider the distance, its effect was significant when
subjects looked straight-ahead at 0� (P=0.000038) or
15� down (P=0.0042) but not when they look at 15� up
(Fig. 2b).

At far distance, the depression or the elevation of the
eyes at 15� up or down produces a better postural sta-
bility than when looking straight-ahead (Fig. 2b). Sim-
ilar to the distance effect, this improvement by the
depression or the elevation of the eyes could be due to
efferent or proprioceptive signals from extra-ocular
muscles. When viewing up, there are contractions of
superior rectus (or superior vertical) and inferior oblique
muscles. When viewing down, there are contractions of
inferior rectus (or inferior vertical) and superior oblique
muscles. While looking straight-ahead, these extra-ocu-
lar muscles are relaxed. It is possible that proprioceptive
or efferent signals from extra-ocular muscles provide
input to the postural system that improves stability. In
other words, the argument made here for the depression
or the elevation of the eyes is similar to what has been
proposed above for the convergence of the eyes.

In addition to the activation of extra-ocular muscles,
neck muscle for head extension or head flexion could be
also involved once again. This does not mean there is a
real head movement. In the same way as horizontal
eccentric gaze position is associated with head neck
muscle activity (André-Deshays et al. 1988, 1991;



Corneil et al. 2004), vertical gaze, up or down, can also
be associated with corresponding neck muscle activity in
the absence of the head motion. There is evidence from
other studies (Buckley et al. 2005; Vuillerme and Rou-
gier 2005) that head flexion or extension deteriorates
postural stability even when visual information is kept
the same for all head positions. But such deterioration is
attributed to vestibular input and/or mechanical factors.
In our experiment, the head was at the same erected
position for all free gaze position conditions, and no
mechanical and vestibular factors are involved. Thus,
neck muscle activation in the absence of head movement
could improve the stability, while active head motion
would deteriorate the stability. Our observations of
better stabilization confirm at least that there was no
real actual movement disturbing the postural stability.

The difference between gaze positions at near dis-
tance is not significant (Fig. 2b). In other words, the
elevation or the depression of the eyes at near distance
does not significantly modulate postural stabilization,
even though the vertical and the oblique extra-ocular
muscles were activated. A possible explanation of this
phenomenon is that at near distance the activation of the
extra-ocular muscles (medial recti) subtending the con-
vergence is the most important influencing factor; acti-
vation of vertical and oblique extra-ocular muscles do
not provide further improvement. Even though there is
no clear gaze position dependence at near distance there

is a mild tendency for down gaze at near to be better
than straight-ahead. This argues in favour of the
importance of the convergence as down gaze is naturally
associated with additional convergence of the eyes
(Collewijn et al. 1988).

Age

There was no significant difference between the younger
and elderly group for the surface of CoP, and for the
standard deviation of antero-posterior (SDy) or lateral
(SDx) body sway. However, the variance of speed in-
creased significantly with age (F(1, 33)=4.28; P=0.047).

Contrary to what we expected, the surface of CoP did
not deteriorate with age. The mean surface of CoP of
young subjects was 123 mm2 , e.g., similar to that of
elderly subjects (132 mm2). This result seems to be in
contradiction with other studies. Indeed, Aufauvre et al.
(2005) found the mean surface of CoP in their elderly
group to be much higher than our value (704 mm2).
However their subjects were older than ours (88.8±5.6
vs. 61.6±4.4 years). Another comparative study from
Doyle et al. (2004) also showed that the surface of CoP
was larger in the group of subjects of average age of
70 years, than younger subjects, average age of 22 years
old; again in this study subjects were older than ours
(69.5 vs. 61.6 years). Thus the difference between our
study and the others studies could be due to age differ-
ences. Therefore, we conclude that at the mean age of
61.6 years, the ability to maintain postural stability,
namely, to keep the surface of CoP small is still com-
parable to that of the young adults.

Yet, the aged subjects presented higher variance of
speed than the young adults. It is believed that variance
of speed of CoP displacement is related to the energy
used to achieve postural stabilization, namely, leg mus-
cles activity. Amiridis et al. (2003) and Jonsson et al.
(2005) have shown an increase in hip muscles activity
during quiet stance, an increase in activity of anterior
tibialis muscle during the Romberg stance in elderly
subjects. Our observations for increased variance of
speed are consistent with these studies. Blaszczyk et al.
(2000) found that distribution of weight is asymmetric
between left and right leg in old populations relative to
young ones. Again, in our study using subjects of
61.6 years, we did not confirm a load asymmetry be-
tween the two limbs; the mean load asymmetry was 47.9:
52.1% for left and right limb in young and 47.8: 52.2%,
in old, and this asymmetry was influenced neither by the
distance nor by gaze position.

Finally, one should note that the near distance
examined here was relatively remote, i.e. 40 cm. We
expect more proximal distances such as 10 cm to un-
cover more pronounced deficits in postural stability for
aged subjects. For instance, in line with the results of
visual tests (Table 1) one could observe weaknesses in
keeping the eyes converged for one minute (see ‘‘NPC’’
measures) thereby leading to postural instability.
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Fig. 2 Effect of gaze position on the surface of CoP. Straight ahead
gaze corresponds to 0�, 15� up gaze to +15� and 15� down gaze to -
15�. a asterisks indicate a significant post hoc comparison between
the 0� (straight-ahead) and the 15� up and between the 0� and the
15� down gaze position. b Significant interaction between gaze
position and distance: differences between gaze positions (0 vs.15�
up and 0 vs.15� down) are significant only for the far distance; the
distance effect is significant only for the straight-ahead (0�) and the
15� down gaze position (post hoc test at P<0.05, indicated by
double arrows)



Experiment with prism

The rational for this experiment was the following. As
mentioned in Introduction decrease in retinal motion
resulting from sway at far distance may be attributed to
the geometry i.e. reduced angular size of body sway. In
the prism condition, the physical distance was again far,
thus the geometry stayed the same, while the angle of
convergence of the eyes increased: the eyes converged as
when fixating naturally at a distance of 40 cm. Thus, this
experiment allows testing the role of convergence itself.
Note that the convergence is stimulated by the binocular
disparity induced by the prisms.

The results are shown in Table 3. For both young
and the old subjects, the prism reduced all values mea-
sured. Viewing with prism decreased significantly the
surface of CoP (F(1, 30)=8.22; P=0.0075), and the lat-
eral (F(1, 30)=4.98; P=0.033) and antero-posterior body
sway (F(1, 30)=11.6; P=0.002). The variance of speed
was also smaller with prisms than without prisms but
this did not reach significance (see Table 3). There was
no interaction between age group and prism for any of
the parameters studied. Thus, convergence triggered by
the prism improved postural stability similarly for both
groups.

This result provides the best evidence for the impor-
tance of vergence. Indeed, use of convergent prisms
brought the convergence to a level that corresponds to
natural close viewing. This experiment allows excluding
the geometric consideration as being the only reason for
reducing postural stability at near vision. Indeed, the
physical distance was the same for the prism and no
prism condition (200 cm) and the distance weighting of
retinal slip was the same. Thus, convergence of the eyes
improves postural stabilization via other mechanisms.

General conclusion

This study confirms the existence of a robust distance
effect on postural stability in quiet stance for both young
and elderly subjects. It also showed that the gaze posi-
tion at far distance influences the postural stability,
namely the elevation, or the depression of the eyes

causes better stabilization than the straight-ahead posi-
tion. The interpretation proposed is that the conver-
gence of the eyes at near distance is not only used to
weight the angular size of retinal slip motion resulting
from body sway but it also improves the postural sta-
bility via efferent and afferent proprioceptive oculomo-
tor and perhaps neck muscle signals. For subjects of
mean age 61 years, the distance effect and the gaze po-
sition effect are the same as in young subjects. At the
mean age of 61.6 years postural stabilization is almost as
good as in young subjects except for increased variance
of speed of body sway.
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