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Abstract: We studied the influence of vibratory stimulation of shank muscles
proprioceptors on equilibrium maintenance in postures with different stability. 12
practically healthy subjects participated in the study. Subject stood on a stabilograph with
eyes opened on two or one leg. When subject stood on one leg the other (not weight
bearing) leg was freely hanging. The tendon of triceps surae or tibialis anterior muscle of
one leg was subjected to moderate vibration. Vibration was always applied to weight-
supporting leg. Body tilt evoked by vibratory stimulation was less pronounced during
standing on one leg than during usual standing. The relative increase of stabiligram
lengths during vibration when standing on one leg was also less than in bipedal standing.
So the influence of the proprioceptive system disturbance decreases with increase of
posture instability. Apparently, when standing on one leg the central nervous system
preferably uses visual and vestibular information and also information from muscles-
antagonists.
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Introduction
It was shown elsewhere [1] that vibratory activation of receptors of muscles, which took part
in equilibrium maintenance in the frontal plane, produced most prominent effects on posture
maintenance in a stable body position (with increased support, with subject’s feet apart) and
was practically non-effective in unstable posture (feet in tandem). Thus in this respect
proprioceptive perturbations differ strongly from visual and vestibular perturbations, as their
influence becomes more prominent with increase of posture stability [2, 3].

In present work we continued the study of the influence of vibratory stimulation of
shank muscles proprioceptors on equilibrium maintenance in postures with different
stabilities. The usual standing and standing on one leg were chosen as postures with different
stabilities. Preliminary results of this work were reported elsewhere [4, 5].

Materials and methods

Twelve apparently healthy subjects (aged from 21 to 52 years) without any known
neurological or motor disorders participated in the study. During the experiment the subjects
stood with eyes opened on two or one leg. Subject’s feet were positioned on wooden pedestals
10 cm x 18 cm x 40 cm (H x W x L) placed on a stabilograph (force platform). The pedestals
were narrower and shorter (10x8x30 cm) in preliminary experiments [4]. When subject stood
on one leg the other (not weight bearing) leg was freely hanging since one of the pedestals
was taken away. The tendon of triceps surae (TS) muscle (experiment 1: 12 subjects) or
tendon of tibialis anterior (TA) muscle (experiment 2: 11 subjects) of one leg was subjected to
moderate vibration (30 Hz, 0.8 mm peak-to-peak amplitude, which did not depend on the
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pressure applied to vibrator). When the subjects stood on one leg, this weight-supporting leg
was vibrated.

The vibration was applied by electromechanical vibrator (DC-motor DPM-30-N1-01,
Voronezh, Russia, equipped with eccentrics) fixed over the TS or TA tendon with elastic
band. The same vibrator was used for the right and left leg vibrations.

The signals of the force platform were amplified, digitized with the sampling rate 20 s’
! and stored in the computer. Prior to the analysis the data were filtered by a low-pass filter of
forth order with a cut-off frequency of 2 Hz. The lengths of the frontal and sagittal
stabilograms and changes of the center of gravity position (CGP) were used for result
analysis.

In each experiment there were 4 types of trials:

1) subject stood on two legs, tendon on the right leg was vibrated (will be designated
below as 2, d);

2) subject stood on two legs, tendon on the left leg was vibrated (2, s);

3) subject stood on the right leg, tendon on the right leg was vibrated (1, d);

4) subject stood on the left leg, tendon on the left leg was vibrated (1, s).

For each type 4 records were made. The record duration was 60 seconds, vibration
was applied from 20th to 40th second. The following order of trial conditions was used: at
first vibration was applied to the tendon on the right leg and trials (2,d), (2,d), (1,d), (1,d),
(2,d), (2,d), (1,d), (1,d) were made, then the tendon on the left leg was vibrated, and trials
were conducted in the same sequence. Between tests subjects rested sitting in a chair for 2-3
minutes. The feet position of the subject was plotted on the paper attached to the pedestal at
the beginning of the experiment, so after the rest the subject put feet on the same place.

Results and discussion

In preliminary experiments at 9 subjects it was shown [4] that during standing on one
leg CGP shifted under the influence of TS tendon vibration on the average 3-3.5 times less
(0.8 cm) than during standing on both legs. The length of frontal stabilogram during vibration
was nearly the same as the length before vibration. During one leg standing vibration the
length of sagittal stabilogram increased on the average only by 26-28% though during usual
standing length increased by 200%. Since pedestals used in [4] were narrow and some
subjects experienced difficulties during standing on one leg, we undertook the present
investigation with larger pedestals. In addition we studied the influence of TA tendon
vibration.

The examples of stabilographic curves for all experimental conditions, i.e. when
standing on one or two legs, with the right or left TS or TA tendon vibration, are shown in
Fig. 1.

First of all it should be noted that moderate tendon vibration of one leg of the subject
standing on both legs gave rise to the same body deviation as vibration applied to both legs,
despite of undistorted proprioceptive afferentation coming from the other leg (Fig.1 a, b, e, F).
During TS vibration the CGP shifted backward on the average by 3.2 cm (in the experiment
1) and forward during TA vibration on the average by 4.6 cm (the right TA vibration) or 3.7
cm (the left TA vibration) (in the experiment 2).

When the subjects stood on one leg (right or left) the vibration of its TS or TA tendon
did not cause tilt of the body (Fig. 1c, d, h, ).

2D-CGP trajectories in the experiments with vibration of TS tendon of the right (A)
and left (B) legs and TA tendon of the right (C) and left (D) legs when standing on both and
one leg for curves represented in Fig. 1 are shown in Fig. 2. Elongated trajectories correspond
to the usual standing because during vibration CGP shifted backward (Fig. 2 a, b) or forward
(Fig. 2 c, d) and after the end of vibration returned to initial position. During standing on one
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Fig.1. The effect of vibration (from 20 to 40 s) on stabilogram in frontal (curve 1) and in sagittal (curve 2)

planes during usual standing (2) and standing on one leg (1). Conventional signs: v TS s.(d.) — vibration of

TS tendon on the left (right) leg, v TA s. (d.) — TA tendon of the left (right) leg vibration. The curve
deviation upwards corresponds to CGP shift to the right for frontal and forward for sagittal stabilograms.

leg without vibration, CGP of this subject shifted to the right or to the left and a little forward
in comparison with standing on both legs; during vibration further forward or backward tilt
did not occur.

After transition from standing on both legs to standing on the right or left leg, CGP of
all subjects shifted respectively to the right (by 7.5-7.8 cm) or to the left (by 7.1-7.3 cm) and
forward (to 5.5 cm) or backward (to 3.5 cm). The forward shift was more frequent, so the
average shift value was 0.6-1.5 cm. The length of the curve increased 2.5-3 times in frontal
plane and 2.2-2.7 times in sagittal plane .

During standing on one leg the CGP shift under the influence of TS tendon vibration
was smaller than during standing on both legs in half of the cases. The CGP shift during
standing on one leg was larger than during standing on both legs for one subject while
standing on the right leg and for two subjects while standing on the left leg. In other cases
differences were negligible. During standing on the right leg the CGP shift under the
influence of TA tendon vibration was smaller than during standing on two legs in 5 cases
from 11 and larger in 4 cases. During standing on the left leg these values made up 4 and 4.
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Fig.2. CGP trajectories in the experiments with TS tendon of the left (a) and right (b) legs and TA tendon of
the left (c) and right (d) legs vibration (according to data given in Fig. 1).

Table 1. CGP shift (cm) in sagittal plane under the influence of vibration during usual
standing (2) and standing on one leg (1).

Subjects TS tendon vibration TA tendon vibration
2 1 2 1
T.K. -1.81 £0.39 -0.73 £0.27 7.86+1.11 0.89 + 0.32
Yu.L. -3.00 £ 0.86 -0.91 £ 2.01 9.28 + 1.65 2.16 £ 1.26
I.S. -3.39 £ 0.54 0.66 + 0.47 476 +1.22 1.72+0.51
V.Sh. -2.90 = 0.66 -1.05+£0.75 3.20+1.32 0.72 £ 0.56
Yu.l. -6.51 £ 0.82 -4.68 £ 0.55 3.28 + 0.88 5.34 £ 0.82
0O.K. -4.34 + 0.63 -3.90 £ 0.91 2.96 + 0.67 3.72+1.23
V.K. -3.88 + 1.03 -2.74 £1.28 0.93+0.74 1.79+0.61
K.P. -243+0.71 -4.01 £ 0.36 4.20+1.61 3.25+0.86
A.B. -3.74 £ 1.55 -4.17 £0.41 3.77 £ 1.00 6.24 + 1.28
I.L. -1.97 £0.49 -2.20 £ 0.69 3.15+0.43 3.14 £ 0.56
V.T. -2.61 £ 0.44 -2.25 £ 0.69 2.02 £ 1.00 1.95 + 0.56
N.D. -2.01 £0.72 -0.03 + 0.83
Mean + std -3.22+1.31 -2.28+1.61 4.13+2.44 2.81+1.7

Table 2. The lengths of frontal (F) and sagittal (S) stabilograms

(cm) on the average for all subjects.

Type of trial F S
usual standing, before vibration 37 34
usual standing, during vibration 58 68
standing on one leg, before vibration 104 82
standing on one leg, during vibration 126 115
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Table 1 shows values of CGP shift in sagittal plane under the influence of vibration
during usual standing and standing on one leg. The data for the right and left legs were
combined into one group. In 7 subjects CGP shift during TS tendon vibration when standing
on one leg was smaller in comparison with usual standing. One subject had CGP shift greater
than during usual standing and for the others differences were negligible. During TA tendon
vibration when standing on one leg 4 subjects had smaller CGP shift as compared with usual
standing, 3 subjects had greater shift and in the other cases differences were negligible. On the
average for all subjects when standing on one leg CGP shift under the action of TS tendon
vibration was 1.41 times less (difference is plausible) than during usual standing; and when
TA tendon was vibrated it was 1.47 times less (difference is not plausible). Thus TS tendon
vibration was less effective than TA tendon vibration.

When the subjects stood on both legs the length of the curve in the frontal plane
during vibration increased 1.7 times in the experiment 1 and 1.5 times in the experiment 2,
and in the sagittal plane did by a factor of 2 in both experiments (average values for all
subjects).

When during TS tendon vibration the subjects stood on one leg the length of frontal
stabilogram increased in comparison with initial value before vibration by factors 1.3 and 1.4
(for the right and left legs) and the length of sagittal stabilogram did by factors 1.4 and 1.7.
During TA tendon vibration the length of frontal stabilogram practically did not change and
the length of sagittal one increased by factors 1.3 and 1.4.

Results listed above show that the postural reaction on TS and TA tendon vibration
differed by the direction of CGP shift; however the differences in lengths were similar. So, for
length analysis the data, received during TS and TA tendon vibration of the right and left legs,
were combined in one group.

The lengths of frontal and sagittal stabilograms while standing on both legs and one
leg before vibration (in cm) and after vibration (in % to the curve length for the same period
of time before vibration) are shown in Fig. 3. When subjects stood on both legs the frontal
stabilogram length was 37 = 10.2 cm and sagittal stabilogram length was 34 + 9.5 cm
(averaged values for all subjects). When subjects stood on one leg the length of frontal
stabilogram increased on the average 2.8 times (from 1.6 to 3.5 for different subjects). The
length of sagittal stabilogram increased on the average 2.4 times (from 1.7 to 3.3). During
vibration the curves lengths increased more when subjects stood on two legs (mean values for
all subjects were 158% (frontal) and 200% (sagittal)) than when subjects stood on one leg
(mean values were 121% (frontal) and 141% (sagittal)). The differences were significant for
all subjects except two subjects for frontal stabilogram and three subjects for sagittal
stabilogram.

Mean values of curves lengths in frontal and sagittal planes over all subjects during
vibration under the conditions of usual standing and standing on one leg are listed in Table 2.
Comparative increase of stabilogram lengths in the period of vibration with respect to initial
condition (before vibration) during usual standing was more (158 % in frontal plane and 200
% in sagittal plane) than during standing on one leg (121 % in frontal plane and 141 % in
sagittal plane). Nevertheless absolute values show that the increase of curve lengths due to
vibration during standing and standing on one leg was equal (21-22 cm in frontal plane and
33-34 cm in sagittal plane).

Present study demonstrated that CGP shift due to vibratory stimulation was less
pronounced during standing on one leg than during usual standing, although not in all
subjects. Even though the absolute enhancement of the lengths of curves elicited by vibration
during standing on one leg (on the average over all subjects) were the same as during usual
standing (Table 2), the relative increase of curve lengths during vibration in one leg standing
was less almost for all subjects. So it may be assumed that the influence of the proprioceptive
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Fig.3. Frontal and sagittal stabilogram lengths before vibration (in cm) and during vibration (in % to initial

length before vibration) during usual standing and standing on one leg: a, b — the lengths of frontal and sagittal

stabilograms before vibration (in cm); ¢, d — The lengths of frontal and sagittal stabilograms during vibration
(in % to the length before vibration).
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system disturbance decreases with increase of posture instability. More prominent differences
between vibratory effects in usual bipedal standing and standing on one leg, observed in
preliminary experiments [4], could be explained by the fact that initially pedestals for
subject’s feet were narrower and shorter (8x30 cm instead of 18x40 cm in present work).
Thus, in [4] the posture was even less stable than in current study.

It is known that postural effects of vibration could be modified by numerous factors,
such as degree of voluntary control, alertness level, etc. So one could suggest that character of
responses to vibration changed because subjects were habituated to the experimental situation.
It may be expressed in the progressive (from trial to trial) increase of the CGP shift in
response to vibration, while standing on one leg. We did not observe such effects.

Long ago Du Bois-Reymond [6] found that the «active» support surface during
standing was restricted to contour situated inside feet perimeter at 3 cm distance. While
standing on one leg the active support surface decreased more than twice.

It is worth noting that even the gain of monosynaptic stretch reflex arc may be
controlled independently on the level of synapses between la-afferents and motoneuron’s
endings and by modulation of muscle spindle sensitivity through gamma-system. So it could
be conjectured that on unstable support either proprioceptive information from muscle spindle
is blocked or these afferent signals reach higher levels of the central nervous system, but their
motor effects, mediated by spinal reflexes, are suppressed. The known data for enhancement
of stretch reflex thresholds in orthograde posture [7] are in favor of hypothesis for inhibition
of reflexes. It was shown that walking on narrow (3.5 cm) bar suppressed H-reflex [8] (its
value decreased by 40 % in comparison with its value during walking on treadmill).

It should be noticed that the whole body tilt due to shank muscles vibration most
likely is not mediated by the level of segmental reflexes. In unstable posture we have seen the
decrease of vibratory effects both on the mean body position and on the dynamics of
equilibrium maintenance. So in unstable posture changes in mechanisms of utilizing
proprioceptive information take place both on spinal and supraspinal levels. At the moment it
Is difficult to answer what is the mechanism of these changes, supplementary experiments are
necessary for obtaining more certain response to this question.

The other question, raising in connection with vibratory stimulation experiments,
concerns the validity of the initial postulate that afferent activity evoked by vibration is
identical to natural afferentation, arising during muscle stretch. It should be stressed that
afferent activity elicited by vibration is marked by synchronous activity of different afferents,
by the same frequency in different afferents and by constancy of this frequency in time. In
addition artificial stimulation could be characterized by inconsistency of inflow from dynamic
and static spindle endings and by altered relationship between signals of agonists and
antagonists. It cannot be excluded that utilizing some of these features the central nervous
system could distinguish natural signal against the background of artificial one or, if the
signal appears erroneous, substitute it with afferentation from other muscles, for example,
from antagonists.

Recently the hypothesis postulating two-level structure of the system of orthograde
posture maintenance was proposed [9]. The lower level — the level of operative control —
keeps CGP within a small area surrounding the referent point (projection of kinesthetic
vertical) set by the higher level.

Within the frame of this hypothesis it could be supposed that shift of CGP reflects
change of referent position, and curve lengths changes — the changes of quality of regulation
around this referent position. In both cases effect of vibration was less pronounced in unstable
position.

The results obtained show that the importance of proprioception in the elaboration of
referent vertical in unstable posture is diminished. Besides that, the decrease of relative curve
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length augmentation during vibration in unstable posture gives evidence in favor of
assumption that under these conditions the importance of proprioception for postural control
diminishes also on lower level of current regulation.

When standing on one leg the system probably preferably uses visual and vestibular
information and also information from muscles-antagonists.

Bell wrote [10] that in usual conditions, i.e. on both legs, we even did not know, how
we stand. Only when standing on the narrow support or on one leg we began realize our body
position. Apparently, transition from automatic equilibrium maintenance to conscious one is
the main reasons of differences in reactions on vibratory perturbations.

Conclusions
The vibration-induced postural disturbances were markedly reduced in unstable
posture relative to stable posture.
The use of postures with different stability may represent the useful instrument for
study of the role of proprioceptive, visual and vestibular information in the maintenance of a
human orthograde posture and elaboration of referent position serving as a set point for
current control of equilibrium.
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CPABHEHUE 3®®PEKTOB BVIEPALI,VIOHHO?I CTUMYNALUNN MbILLL
FOJIEHU NPU CTOAHUUN HA OHOU U ABYX HOIAX

T.B. Kupeena, 10.C. JleBuk (MockBa, Poccus)

HccnenoBanu BiAUSHUE BHUOPAIMOHHON CTUMYIALMUA MPOIPHOLETITOPOB  MBbIIIIII
TOJEHH Ha paboTy CHCTEMBI TOJJEpKaHWs pPABHOBECHsI B JIBYX II03aX C pa3HOM
YCTOWYHMBOCTBIO: IPU OOBIYHOM CTOSIHMM U CTOSTHUM Ha OJTHOM HOTE.

12 npakTUyecKH 30pOBBIX HCHBITYEMBIX CTOSJIM C OTKPBITBIMU TIJla3aMH Ha
YCTaHOBJIEHHBIX Ha crabunorpadge mnonacraBkax. [Ipum cTossHMM Ha OJHON HOre OAHY
NOJICTaBKy yOWpanu, W HEONMOpHas Hora cBOOOJHO cBHcaia. BuOpupoBamu cyxoxuine
KaMOaJIOBUTHOM WIIM TepeHeN OObIeOeplioBOi MBIl 0JHONW HOTH ¢ yacToTtor 30 Iy u
amrmutTyou 0.8 mm.

Bulpanust cyxoxxunusi Ha OJHOW HOTe MPU CTOSITHUM Ha JIBYX HOTaX BbI3bIBaJla TAKOE
K€ OTKJIOHEHHE Tella, Kak U BUOpalys CyXOKUJIUI Ha IBYX HOTaX.

B HeycroiiumBOW mMO3¢ TpW CTOSHUM Ha OJHOM Hore A(hdexT BUOpaIMOHHOMN
CTUMYJISIUMU OBUI 3aMETHO MEHbIIEe, YeM B YycToWumBoii mo3e. [lo-Buammomy, B
HEYCTOMUMBOM 1M03e OOINbIIE MCHONB3YETCS 3pUTENIbHAas M BeCTHOYNspHas HHPOpMAIUsS U
uHpOpManKs OT MBIII-aHTaroHucToB. I[lo3pI C pa3HOW  YCTOMYMBOCTBIO MOKHO
UCIIOJIb30BATh ISl UCCIIEIOBAHUS POJIM MPONPUOIIENITUBHON, 3pUTENBHON U BECTUOYISIPHON
uHPOpPMALMKM B TPOIECCe TEKYIIETO PeryJupOBaHHs BEPTUKAJIHHOM O3Bl YEIOBEKa H
dbopMupoBaHus pePepeHTHOr0 TMOJIOXKEHUS, OTHOCUTEIBHO KOTOPOTO OCYIIECTBISETCS
nojjepkanue papHosecus. bu6i. 10.

KnroueBble crmoBa: oprorpamHas 103a, IIOJIOKEHHE paBHOBECHS, TIO3BI C Pa3HOM
YCTONYMBOCTHIO, BUOPALIMS, TPOIIPHOLICTIIUS
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