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Horizontal tracing movements of eyes modify the type of vertical posture maintenance 
decreasing the role of the lower segment in the regulation of the position of the pressure 
center. The relationship between fluctuations of the pressure center in the frontal and sagittal 
planes increases. Periodicity of eye movements corresponds to fluctuations of the pressure 
center and these signals were phase shifted relatively to each other. 
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Despite numerous investigations of  the vertical pos- 
ture regulation, higher levels of this regulations remain 
little studied, specifically, the effects of mechanisms 
of spatial orientation on the process of posture main- 
tenance. We studied the maintenance of equilibrium 
during tracing eye movements (TEM), which by them- 
selves cause no changes in the position of the mass 
center, but are closely related to the mechanisms of 
spatial orientation. 

The effects of TEM on the posture are usually 
studied by analyzing the range of stabilogram fluctua- 
tions. In a pioneer study of equilibrium maintenance 
[2] the effects of eye tracing of a big pendulum mo- 
ving with a frequency of 48 oscillations/min (0.8 Hz) 
were analyzed. Tracing caused an increase in the range 
of fluctuations in the majority (89.5%) of observers 
(by 109% in the frontal and by 54% in the sagittal 
plane). However, the effect of tracing on equilibrium 
maintenance is not so clear [4]. Tracing of a visual 
target moving at a frequency of 0.5 Hz caused an 
increase in the amplitude of body fluctuations in only 
17% observers; in 3% this amplitude decreased, and 
in 79% cases the effect was null. No significant corre- 
lation between pressure center movements and eye 
movements or eye and head movements were detected 
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[8], but the coefficient of correlations between pres- 
sure center movements and head movements was >0.6. 
On the other hand, averaged data indicated pressure 
center and head movements "parallel" to eye move- 
ments, but with a phase delay [8]. 

The study of TEM effects on the maintenance of 
vertical posture were carded out by the traditional me- 
thods of stabilogram analysis. We used another ap- 
proach and analyzed the equih'brium maintenance with- 
in the framework of a two-component model of upset 
pendulum, when hum_an body can be presented as con- 
sisting of two segments "hinged" with the hip joint. 

MATERIALS AND METHODS 

The experiments were carried out in 9 volunteers aged 
22-53 years without known motor and visual dis- 
orders. Two volunteers were tested twice in order to 
control the data reproduction. 

Three variants of the experiment were carried out: 
tracing of a visual stimulus moving along a sinusoidal 
trajectory with 0.1 and 0.01 Hz frequencies (rapid and 
slow TEM) and fixation of  a visual target situated 
directly in front of the volunteer (control). The vo- 
lunteers traced horizontal movements of a visual sti- 
mulus (0.2 angular grades in diameter) on a cylindrical 
screen occupying the entire visual field. The stimulus 
movements were provided by signal transfer from G6- 
15 generator of low frequency signals to the entry of 
a voltmeter with a light mirror (3• mm) fixed on the 
axis. The ray from a laser pointer was projected to the 
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mirror. The amplitude of the stimulus movements was 
___35 angular grades to the right and left at the level of 
volunteer's eyes. The experimental room was dark. 
The duration of each recording was 2 min. 

The horizontal component of TEM was recorded 
on an electrooculogram, the frontal and sagittal com- 
ponents of the pressure center transpositions were re- 
corded on a stabilographer (stabilograms), and trans- 
positions of the upper and lower segments (US and 
LS, respectively) of the body in the frontal plane were 
recorded using tensometric pickups (mechanograms). 
Mechanograms were recorded in points lying at the 
crossing of the median spinal line and axes of the hip 
and arm joints rotation in the frontal plane. All joints 
except the talocrural and hip ones were fixed by means 
of battens fixed to the body: two battens fixed the knee 
joints and the third was fixed on the median line of 
the spine, providing fixation of the head position on 
the trunk and spine. 

Signal processing included analysis of the am- 
plitudes of stabilogram and mechanogram oscillations 
and of the relationship between the recorded signals 
(coefficients of correlations and cross-correlation func- 
tions (CCF)). The significance of differences was eva- 
luated using Student's t test and paired Wilcoxon's test. 

RESULTS 

In order to detect specific features in the maintenance 
of equilibrium during TEM, we analyzed the coef- 
ficients of correlations between the trajectories of the 
pressure center, between US and LS in the frontal 
plane and TEM. Relationships between the trajectories 
of US and LS transpositions were high and statistically 
did not differ in all volunteers under all conditions of 
recording (Table 1). TEM was an essential factor for 
correlations between the trajectories of body segments 
and pressure center transpositions. Coefficients of c o t -  

relations during TEM were lower than during fixation. 
A statistically significant decrease of coefficients of 
correlation between transpositions of US, LS, and 
pressure center in the frontal plane v s .  the control was 
observed during slow TEM. In addition, coefficients 
of correlations between LS transposition and frontal 
stabilogram during fixation and rapid TEM differed 
significantly (Wilcoxon's paired test). 

Coefficients of correlation between the trajecto- 
ries of US and LS transpositions and the sagittal sta- 
bilogram were also significantly lower during TEM 
than during fixation (Wilcoxon's paired test). Coef- 
ficients of correlation between US fluctuations and 
frontal stabilogram were significantly higher than co- 
efficients of correlation between LS fluctuation and 
frontal stabilogram. The relationship between the fron- 
tal and sagittal components of stabilogram increased 
during tracing (Table 1). 

It seems that decreased relationship between the 
trajectories of body segments transpositions and sta- 
bilogram, observed during TEM, reflects changed re- 
gulation of the posture during tracing. As in our expe- 
riments the transpositions of US and LS were recorded 
at the points of spinal median line crossing with the 
arm and hip joint axes, the trajectories do not fully 
reflect the fluctuations of the points situated near the 
joint rotation centers. Presumably, torsion movements 
emerging in TEM modify the stabilogram. These 
movements result in a stronger relationship between 
the frontal and sagittal components of the stabilogram. 
The relationship between US fluctuations and frontal 
stabilogram is stronger than between LS fluctuations 
and frontal stabilogram, which suggests that the effect 
of the lower segment on transposition of body pressure 
center decreased during TEM. 

The relationship between the frontal component 
of stabilogram and TEM increases during TEM (coef- 
ficients of correlations virtually do not differ from the 

TABLE 1. Coefficients of Correlation between the Recorded Signals (n=l 1; / l~m; p=0.05) 

Parameter 

Frontal stabilogram--sagittal stabilogram 

Frontal stabilogram--transposition of body LS 

Frontal stabilogram--transpositions of body US 

Transpositions of body LS--transpositions of body US 
Transpositions of body LS--sagittal stabilogram 
Transpositions of body US--sagittal stabilogram 

Frontal stabilogram--eye movements 
Sagittal stabilogram--eye movements 

Note. *Significant difference from the zero. 

slow 
m 

0,12-+0.12" 

0.82-+0.05" 

0,85_+0.04" 

0.98_+0.02* 

-0.05-+0.10 

-0.06+-0.10 

0.14-+0.14" 

0.08-+0,12 

Tracing 

rapid 

0.11-+0.12 

0.89+_0.05 * 

0.91 -+0.05* 

0.98-+0.01 * 

-0.02-+0.16 

-0.05+0.14 

0.19-+0.12" 

0.00-+0~07 

Fixation 

-0.05-+0.13 

0.93-+0.03* 

0.94-+0, 02* 

0.99+0.01 * 

-0.22-+0.16" 

-0.22+0.16 * 

0.06-+0.17 

0.03-+0.12 
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zero in the control but differ during TEM). The mean 
coefficients of correlations are very low (0.14 for slow 
and 0.19 for rapid TEM). Presumably, low values of 
correlation coefficients can be due to different delay 
of reactions to tracing for eye movements and body 

movements. Cross-correlation analysis showed that 
the CCF peaks were shifted v s .  the zero (Figs. 1, 2). 

The maximum and minimum CCF values alter- 
nate during rapid TEM for pairs: frontal components 
of stabilogran'P-horizontal movements of the eyes and 
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Fig. 1. Cross-correlation functions between fluctuations of the pressure center in the frontal (bold lines) and sagittal (thin lines) planes and 
eye movements during rapid tracing for different volunteers. Here and in Fig, 2: abscissas: shift of eye movement trajectory vs. trajectory 
of pressure center transposition in bines (maximum 1000 bine shift corresponds to 25 sec); ordinates: coefficient of correlation, 



134 Bulletin of Experimental Biology and Medicine, No. 8, 2004 PHYSIOLOGY 

for sagittal components of stabilogram--horizontal 
movements of the eyes (Fig. 1). This indicates that 
tracing of the visual stimulus movement in the hori- 
zontal plane induces the emergence of body fluctua- 
tions in all volunteers with the same periodicity as 

TEM both in the frontal and sagittal planes. Fluctua- 
dons in the frontal plane were more pronounced than 
in the sagittal plane in the majority of volunteers, which 
is natural during tracing of a horizontal movement of 
a stimulus in the frontal plane. 
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Fig. 2. Cross-correlation functions between fluctuations of the pressure center in the frontal (bold lines) and sagittal (thin lines) planes and 
eye movements during slow tracing for different volunteers. 
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TABLE 2. Maximum Coefficients of Correlations according to CCF of Stabilogram ComponentshEye Movement Signals 
(M• 

VS 

TC 

TS 

YuL 

VSh 

NKh 

VT 

VT2 

EB 
EB2 

OK 

Mean 

Frontal stabilogram--eye movements 
Volunteer 

rapid tracing slow tracing rapid tracing slow tracing 

0.33 

0.35 

0.48 
0.28 
0.17 

0.25 

0.49 
0.56 
0.32 

0.38 
0.15 

0.34• 

0.42 

0.18 
0.40 

0.32 

0.14 

0.21 

0.22 

0.66 
0.10 

0.29 

0.48 
0.32• 

i 

Sagittal stabilogram--eye movements 

0.23 

0.12 

0.13 

0.20 

0.21 

0.13 

0.21 

0.46 

0.21 

0.17 

0.20 

0.21• 

0.04 

0.05 

0.49 

0.11 

0.33 

0.15 

0.39 

0.27 

0.19 

0.03 

0.43 

0.23• 11 

The CCF maximum was shifted from the zero in 
virtuaUy all volunteers and the frontal stabilogramm 
eye movements and sagittal stabilogram--eye move- 
ments CCF were shifted one vs .  t h e  other. In some 
cases this shift was slight (Fig. 1, VS, NKh, EB), in 
other cases the functions were in the counter phase 
(Fig. 1, OK). These three cases are examples of predo- 
minance of the diagonal fluctuations of the body du- 
ring TEM, that is, the shift of the pressure center to 
the left (or right) is paralleled by a simultaneous shift 
to the front (or backward). These functions were shif- 
ted one vs.  the other by less than half-period in the 
majority of volunteers, which seems to indicate the 
predominance of ellipsoid trajectories. 

No alternation of maximums and minimums, char- 
acteristic of CCF during rapid TEM, was observed 
during slow TEM (Fig. 2). This was due to the fact 
that just less than one oscillation period occurred du- 
ring the entire period of recording (2 min). 

The mean values of maximum coefficients of cor- 
relations in CCF between the stabilogram components 
and signals of eye movements during slow and rapid 
TEM were the same (Table 2). 

A possible cause of changes in the maintenance 
of equilibrium during TEM following a visual stimu- 
lus moving in a horizontal plane is striving to escape 
great angles of eye deviation from the central position. 
The so-called eye centration system [1] maintains eye 
centration in the orbits during ocular movements, that 
is, providing eye return into the "directly in front" 
position (position involving the minimum activity of 
oculomotor muscles). 

The amplitude of the visual stimulus was rather 
long (35 ~ to the right and left from the central posi- 

don). Deviations of the eye in the temporal direction 
(to the right for the right eye and to the left for the left 
one) varied within 40-55 ~ , depending on the individual 
characteristics of a volunteer. If it were possible to mace 
the stimuli by moving the head, the macing would have 
been realized by coordinated movements of the eyes and 
head. In our experiment the head was fixed to the mink 
so that it was impossible to turn it, and tracing was rea- 
lized by coordinated movements of the eyes and US. 

Orientation synergisms belong to the repertoire of 
basic mechanisms responsible for navigation of man 
[5]. Presumably, this orientation of the US in the di- 
rection of the glance movement helps in the formation 
of a stable reference system essential for programming 
and realization of movements. Vibration of the cervi- 
cal muscles causes acceleration of man's movements 
in the direction of the glance [6]. If the head is fixed 
in the space without visual control, slow torsion move- 
ments of the neck [3] and other compartments of the 
spine can cause illusion of head or entire US turning, 
these illusion being associated with high-amplitude 
movements of the eyes towards the illusive movement. 
Reverse effects of TEM on the tone of body muscles 
are also possible: the effects of vibration of oculo- 
motor muscles on the body position of a standing man 
have been demonstrated [7], which led to conclusion on 
the involvement of the proprioception from ocular mus- 
cles in the production of the reference late vertical. 

The study was supported by the Russian Foun- 
dation for Basic Research (grant No. 01-04-49489). 
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