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Vibration-Induced Postural Reaction
Continues After the Contact
With Additional Back Support

Vera L. Talis and Irina A. Solopova
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We investigated the development of postaral reactions induced in standing
subjects by Achilles tendon vibration. W compared vibratory reactions in 3
different conditions: normal standing, standing near support, and when the
solid support being protracted forward changed the initial posture. Additienal
support for the back was placed at subject’s sacral or shoulder level. In the
easy standing condition, the postural vibration reaction consists of progres-
sive backward upper body movement. When the body contacted the addi-
tional support on the sacral level during the vibratory reaction, the movement
of the upper body continued in mest of the subjects. This was accompanicd by
an increase of pressure on the toes, When the support was applicd at the shoulder
level, the body motion reversed its direction in half of the subjects. In this
case, backward-forward oscillations occurred near the support, The initial
change of body-support interacion did not influence the cnsuing, vibration
reaction; numely (he reaction was similar to that with the support near to the
body at the sacrad level, Our data demonstrate that the vibration-induced reac-
tion is not a local reaction Hmited o one joint, but a complex postural symergy
that involves both leg and ounk muscles and integrates the information from
teuch and pressure afferents of the upper hody.

Introaduction

Imensive investigations of postural responses to muscle vibration began with the
tieneering works of G. Eklund (1972, 1973). He demonstrated that vibration-in-
duced muscle activity influences body equilibrium, Vibration selectively activates
muscle spindles, predominantly la afferents. As a result of this activation, one can
abserve a contraction of the muscle that is being vibrated (Tonic Vibration Reflex
"T'VR]; Matthews & Stein, 1969). The vibration-induced postural sway ( Vibeation
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Induced Fall [VIF]}, however, cannot be well explained by lension changes due to
a local tonic vibration reflex (Eklund, 1972, 1973}, Moreover, many studies have
since shown a high dependence of the effect of vibration on the ongoing postural
context (Gurfinkel et al., 1992; Hayashi et al.,1981; Popov et al., 1981: Smetanin
el al.,1993). For example, vibration-induced postural reactions depend on the dis-
tribution of pressure on the feet (Popov et al., 1981) and on the position of the
body segments (Gurfinke!l &Latash, 1978). Our recent experiments (Ivanenko et
al., 1999) have shown that a decrease in postural stability significantly diminishes
the effects of Achilles tendon vibration,

In the present experiments, we analyzed whether a support applied to the
back influences the development of postural responses o vibration. It is well known
that if the body motion is mechanically constrained before the stimulation, the
vibration reaction is degenerated into kinesthetic illusions (Lackner & Graybict,
1978; Quoniam et al,, 1990), Moreover the direction of the illusionary body mao-
on depends on the level in which the hody is fixed to the external support ( Lackner,
1988, 1992). In these studies, the authors usually applied a short period of inten-
sive vibration and also fixed the body prior to vibration onset. In confrast, our
present experiment utilized a prolonged vibration of intermediate mtensity. Also
as opposed to fixing the body in advance, our subjects could contact the external
supporl during the development of the postural Teaction.

We planned to address the following questions within this study:

1. What is the time course of the postural reaction to the moderate vibraton?
2. What are the effects of additional support placed at different position in re-
spect to the body on this reaction?

For this purpose, we compared reactions to Achilles tendon vibration of 20 5
in casy standing, in standing close to the additional solid support, and with the
support initially protracted forward (resulting in a change in initial posture) at the
sucral or shoulder level,

Methods
Subjects

Eight normal subjects, 3 females and 5 males, mean age 33.9 years (47.3 Sy,
mean weight 70.5 kg (11,6 ), and mean height 1.76 m (£0.09 5D without any
known neurological or motor disorders, took part in the experiment, They gave a
written informed consent to the study afrer the procedure was explained.

Apparatus

During the experiment subjects stood on a stabiloplatform close to the wall as it is
shown in Figure 1. The signal from the platform was amplified and used to quan-
tify the ankle joint torque in the sagittal plane, hereafter referred to as the ankle
Joint torque (AT). A mechanical stopper (STOPPER) (contect area of 20x4 cm)
was used as a back support. It was equipped with strain pauges to measure the
horizontal component of force acting on the additional support, The initial posi-
tion of the contact surface of the stopper was set at 21 cm from the wall and could
be extended for 8 con more. Tt could be placed at different heights, which could he
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Fipure 1 — Schematic diagram of the experimental arrangement used to study the
influence of backward suppuort on vibratory reaction in standing subject. Arvows
indicute the possibility of up-down and back-ferward support displacement.

adjusted individually to fit the subjects’ sacral or shoulder level. The back support
was removed during the experiment where the postural vibratory reaction in ordi-
sary standing (VIF) was tested.

Twao DC-motor based electromechanical vibrators (60-70 Hz, circa 0.5 mm
peak-to-peak amplitude) were fixed to the Achilles tendons of both legs by means
of elastic bands. The duration of the vibration stimulus nsed was 20 & Anterior-
sosterior displacements of the body segments were measured with two strain gauges
connected by elastic threads to the “chest point™(Ch; a point on the midline of the
<ternum at the level of inter-axial line) and “sacral point” (Se; at the level of the
anterior superior iliac crest). The initial tension and stiffuess of the elastic string
were small (0.75 N and 7.5 Nim, respectively) so that they did not influence the
subject’s posture. Ankle joint angle (AJj) was recorded by means of a potentiom-
eter-based goniometer (see also Guriinkel et al., 1995},

Electromyograms (EMGs) of left musoleus (SOL) and m.tibialis anterior (TA}
were recorded by means of bipolar surface electrodes with an inter-clectrode dis-
tance of 2 cm placed over the muscle bellics. EMGs were sampled into a PC at 500
Hz and other signals at 20 Hz. All the signals were monitored graphically on-line
and stored on the hard disk for off-line analysis.

Procedure

Postural responses to vibration of the Achilles tendons were recorded under three
different conditions. In the first condition (VIF), subjects were asked to maintain
easy standing with eyes closed on the stabiloplatform. In the second condition (A,
B}, additional support for the back was placed at the height of the subjects “sacral
point”(see above). It was either placed at about 1.5 cm from the dorsal body sur-
face (Condition 2A) or shifted forward in such a way that the increase in the ankle
torque due to the forward body displacement was 5 to 10 Nm (Condition 2B). In
the third condition (A, B), additional support for the back was placed al the shoulder
level similar to Condition 2 with the exception of the back support being situated
at the height of the subject’s “chest point”(see above).
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Befote cach trial, subjects were asked to place their feet within a contour
drawn on the platform surface and assume o standard standing position using vi-
sual cues on the PC screen, which displayed the sagittal sway signal. Subjects
closed their eves after fixating a stationary visual target in front of them. Under
Condition 2 and 3, the back support was then shifted forwards and fixed in the
desired position by mens of a screw.

Trial duration was 40 5—10 s before, 20 5 during, and 10 g alter vibration,
The subject stepped off the platform and rested in a chair every three trials, Each
of the five experimental conditions was repeated three times in a randomized or-
der, Three of the 8 subjects, who were exposed to the muscle vibration for the first
time, were given an introductory trial under Condition 1 to get accustomed to the
elfects of vibration. After each trial, subjects were asked about their sensation
during the trial,

Data Analysis

For every parameter, averages across the three trials at the same task were caleu-
lated for each subject, then between-subject analyses were performed. The follow-
ing was calculated:

In Condition [ (and also in Condition 2B, Condition 3B), we evaluated the
effects of vibration as the difference berween mean values of the parameters for
the last,5 s of vibration and the initial 10 s of the trial. For example, for “chest
point” position, the effect of vibration was caleulated as follows: ACh = mean (Ch
[15-20 5]} — mean (Ch [0-10 s13. The change of EMG activity was computed
using the rectified and filtered signal.

As for Conditions 2A and 3A, we compuied the effect of vibration for: (3)
the period from vibration onset until the body contacted the additional support (for
example: ACh1 = Ch (1)) - mean {Ch[0 - 1051}, identification of 1] see in Results)
and (b} the period from the beginning of body contact with the additional support
until the end of vibration (for example: ACh2 = mean (Ch [15-20 s]) — Chityy.
The change of EMG activity was calculated as for Condition 1.

The amount of “non-return® 1o the initial level was computed as the differ-
ence between the mean value of the sagittal stabilogram during the final 5 s of the
trial and that during the first 10 s of the trial: AAT, fn = mean (AT[35-40 8] —
mean (AT [0-10 s]).

Two-tailed, paired student’s 7 test for dependent samples was used to test the
differences berween initial position in ordinary standing and standing with the
additional support protracted forward.

Results
1. Vibration Induced Fall (VIF)

When vibration was applied bilaterally to the Achilles tendans during quite stand-
ing, the subject gradually inclined hackwards,

We observed three types of VIF-reactions in our subjects (Figure 2). The
upper part of Figure 2 (one trial of subject §5) shows a typical case of VIF-reac-
tion: simultaneous backward movement of all body sepments during the entire
period of vibration. Another type of VIF-reaction is shown for subject §1: The
stimulation induced a two-phase backward bad y inclination—concurrent backward
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In arder to reconstruct the relative positions of the three body segments (ankle,
hip, upper body) at the end of the vibration period, taking into account the indi-
vidual anthropometrical data, we assumed the initial position of the segments for
all subjects to be as follows: forward inclination of the shin segment from the
verlical, 67 koee angle, 176% and upper body position, vertical. The result of this
caleulation showed that the difference in angular position between chiest and ankle
of 7 subjects was more than 1°, —5.5 £ 3.6° (mean + S0); and between the chest
and sacral points, —3.8 £ 2.1°. One subject moved the body backward as a whaole.

Diespite the difference in the dynamics of the response (Figure 2), the vibra-
tory reaction in all subjects had one common feature: monotonous backward move-
ment of the upper body (-5.4 + 3.4 cm) in contrast to the lower limb motion. This
corresponded to a decrease in the AT level of all subjects (—33.9 4+ 16.7 Nm) and a
suppression of SOL activity and increase of TA activity. The amount of AT change
during vibration over the tnals correlated with the angular difference between the
upper and lower body (= —{..5), which could implicate a compensatory function
of this postural synergy during vibration,

When vibration ceased, there was a fast forward displacement with an over-
shoot beyond the initial position (mean value of AAT, fn was 4.6 £ 3.5 Nm). (For
example, see the trial of Subject 52 on Figure 2.)

2. Back Support on Sacral Level

2.1, Back Support Near the Body on Sacral Level.  All subjects dis-
played the standard VIF reaction until their back touched the additional suppeort
(Figure 3},
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Figure 3 — Twao types of postural responses to Achilles tendon vibration of snbjects 51
and 57 standing near the additional support placed on sacral level. In this figure and
the following, moment of contact with additional back support is marked by a solid
vertical line.
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The moment 10 was defined as when the body touched the additional sup-
Tort after the beginning of the vibratory reaction (solid vertical line on Fipure 33,
T0 was determined as the moment of a sharp change of direction on the AT-trace.
Jn averapge, the lime from backward inclination until contact with the suppon
_asted for 3.5 1 2.6 5. Afler that, when the contact force reached about 1 N or less,
‘he pressure on the toes started increasing gradually. This was accompanied by a
sackward tilt of the upper body in 6 out of 8 subjects. The mean backward dis-
Tlacement of the upper body after the contact was -1.1 £ 1.1 cm.

There were long delays in the return of AT and mechanogram to initial levels
zfter the end of vibration. In fact, 3 subjects remained in contact with the addi-
qomal support until the last 10 s of the trial (as for subject 51 1n Figure 3).

2.2, Back Support on Sacral Level Shifted Forward,  The forward shifi-
ng of the back support at the sacral level induced a significant initial increase of
AT level for all subjects (p < 05), accompanied by a tendency of SOL increase
£=.3). The anset of vibration caused an increase in AT level cotresponding to an
Increase of SOL activity and backward movement of the upper body in 7 oul of &
subjects. The magnitude of the ankle joint position chanpe varied across subjects.
The AT increase commesponded to the amount of force applied to the additional
support. The force applied to the support pradually increased towards the end of
sibration to a level of 15-20 N. Fullowing the end of vibration most of the subjects
overestimated their initial posidon (mean value of AAT, in was 3.5 £ 6.4 Nm).

3. Back Support at the Shoulder [evel

3.1, Back Support Near the Body at the Shoulder Leve!,  In this condi-
tion, there were two typical reactions. In 4 subjects, the movement of the body
ceased when the back touched the support. The backward inclination lasted for 2.5
= 0.8 5 until the support was contacted and the mean upper body inclinalion was
1.4+ 0.8 cm. After the body motion stopped, the increase of SOL activity (see
one trial by subject 56 in Figure 4) and AT level (8.8 + 6.8 Nm) became apparent.

In 4 other subjects, the back support contact induced a reversal in the body
movement. This ensuing forward movement was changed back to the usual back-
ward movement soon after the body lost contact with the support (Figure 4, sub-
Jects 57 and 55). This behavior gave rise to alternating forward-backward move-
ments of the whole body that is to oscillations in the sagittal plane (at (,.6-0.8 Hz),

To determine whether the support was only lightly contacted or was instead
relied upon to support the body weight, we performed the following estimarion. At
the moment when the body started to go forward [rom the additional support, it
was estimated that the body contacted the support at a height of about 1.4 m (mmiddle
high of shoulder where additional support was placed). For a subject weighing 75
kg inclined backward ahout 1.4 cm, a force greater than 7 N (75 % g % 0,014/ 1.4
= 74 N, where g is acceleration of gravity) would be required to support their
weight. II' so, al imes our subjects were physically supported by the mechanical
stopper (as evidenced by forces greater than 7 N see the two initial body tlts of
subject 57 on Figure 4). At other times they were nol (forces smaller than 7 N see
body oscillation of subject $7 in the middle of vibration period and also vibration
reaction of subject 55} In this latter situation, stopper contact did not physically
support the body weight,
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Figure 4 — Cyclic reactions of subjects 87 and S5 and §sometric reaction of subject 56
standing near the additional support, placed on shoulder level,

After the end of vibration most of the subjects exhibited a prominent for-
ward after-reaction (3.3 + 3.5 Nm).

3. 2, Back Support at the Shoutder Level Shifted Forwared Having shifted
forward the additional support at the shoulder level we initi ally increased the ankle
torque of all subjects {p < .05), accompanied by a tendency of SOL to increase
{p=_1). The onset of vibration caused an increase of AT and of SOL-activity in &
out of 8 subjects, The change of ankle joint angle and position of the hip segment
varied for each subject. No cases of oscillation appeared under this condition,

The return to the imitial position, according to the AT parameter, was 0,3 +
5.3 No.

From these data, it can be concluded that the initial change of hody-support
interaction did not influence the ensuing vibration reaction at either the sacral or
the shoulder level.

Kinesthetic iffusions

In Condition 3B, 3 out of the § suhjects reported sensations such as “the heels dove
inta the floor™ or * my fool moved hackward and the body forward.” Under
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Condition 34, the illusion of one subject was “forward bending.” For Condition
24 and 2B, 2 out of § subjects reported illusions such as “the stopper moved for-
ward, and the velocity of this movement was so high that I was surprised to ob-
serve my {rue small inclination afler the trial.” The subjects who had cyclic reac:
tions in Con.3A did not have any illusions in any of the conditions.

Discussion

Our data have allowed us to 51 geest the following answers to the questions formu-
lated in the Introduction:

1. The postural reaction to prolonged Achilles tendon vibration consists of
Jrogressive backward upper body movement. The amplitude of this motion, the
ower body position, and the magnitude of ankle muscle EMG activity vaned across
the subjects.

2. The additional support situated near the body changed the ongoing pos-
tural vibration reaction. Particularly when the body contacted the support on the
sacral level, the movement of the body continued in most of the subjects. When
*he support was applied at the shoulder level, the upper body motion reversed its
direction in half of the subjects, In this case, backward-Torward oscillations oc-
curred near the support.

Mote that large inter-individual differences in the effects induced by muscle
~ibration have been previously shown and well aceepted (Eklund & Haghurth,
19663, This is probably due to the fact that postural vibration reactions can be
voluntarily suppressed (Eklund, 1972). Therefore, the effects of vibration depend
sartly on the relaxation state of the entire subject, ‘

Postural Vibration Reaction in Ordinary Standing

Using prolonged vibration of low intensity in easy standing, we have shown a
wide range of reaction types, bul one basic characteristic of postural reaction re-
nained consistent across subjects: backward bending of the upper body (Figure
1). This response was quite similar to a voluntary backward body inclination
WBabinski, 18399, Crenna et al., 1987) with one exception: the velociy ol upper
body movement in our experiment was about 0.4 cm/s, approximately two orders
less than the slow voluntary movement in the experiment of Crenma el al. (20 cind
). The overall structure of both reactions was similar: backward movement of the
upper body and displacement of the lower body to prevent the body from falling,
indicating a standard pattern of postural synergy in both cases. The mosl impres-
sive difference between the voluntary tilt of the body and the backward inclination
oceurring due to vibration was the continuation of the backward movement of the
upper body, while the lower body stopped (subjects 51, 52; Figure 2). It is possible
that this phenomenon was due to the remote influences of muscle vibration from
the leg to the back muscles, as was proposed by Gurfinkel et al.(1992), The au-
thors found upper body inclination was produced by Achilles tendon vibration
during unstable sitting, while during stable sitling, the same vibration clicited knee
extension.
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Postural Vibration Reaction With Additional Support

The progressive backward upper trunk movement during muscle vibration was
recorded hoth while subjects were in a normal standing position and with the sup-
port close to the body at the sacral level, The additional support placed close to the
back at the shoulder level led either to cessation of the movement accompanied by
an increase of SOL activily, or to a change in direction of the vibratary reaction,
followed by oscillations of the whole body in the sagittal plane near the support.

Such a periadic inversion of the postural vibration reaction was also shown
by Popov ct al.{1981}, in which the forward body movement under TA-vibration
inverted after forward displacement of the center of pressure (CP) under the feet.
In this case, the eyclic reaction appeared in one subject, who moved forward dur-
ing TA vibration so much that he raised on his toes. After that, the inversion of the
reaction oceurred and he began to move backward (frequency of oscillation 0, 1Hz),
The displacement of CP in that experiment did not change to the opposite the
reaction to Achilles tendon vibration. Occasionally, in our study the afferent signal
from the shoulder did invert this reaction in some subjects and induced oscilla-
tions with a frequency of 0.6-0.8 Hz. Regarding the oscillation frequency as an
informative parameter, reflective of the typical timing of changes in the reference
frame when the source of information is changed (Kelso 1998), one can consider
these oscillations as a good example of a combination of feedforward and feed-
back loops (see also Fitzpatrick, 1996), Further studies are required to betler um-
derstand this phenomenon.

How can the analysis of postural vibratory reactions contribute to an under-
standing of the control of upnight pesture itself?

1. The Non-Local Response of the Muscle Vibration,  Muscle vibration
15 now a commaon method for studying the nen-local responses, which depend on
the central mechanisms of posture regulation. Achilles tendon vibration evokes
backward body inclination. It must be pointed out that when vibration was ap-
plied, there was no primary activation of SOL {Figure 2). It is unclear whether the
decrease in SOL activity was due to or the consequence of the hody inclination,
One can suggest that Achilles tendon vibration produced the SOL activity and
resulted in body inclination. When a considerable inclination developed, the muscle
activity was inhibited to prevent a fall. Thus, the inhibition of SOL activity can he
considered a consequence of the backward body inclination. The cause of this
inclination remains unclear, It is possible that the onset of the vibration canses a
simall amplitude of TVR, undetectable as SOL EMG, and this TVR is sufficient to
disturb posture and to cause a backward body inclination. However, it was shown
earlier by Gurfinkel et al.(1974) that elasticity of the active shin muscles is exces-
sive due Lo antagonist coactivation. Therefore, small changes in SOL activity are
not likely to disturb balance. On the other hand, it can also he suggested that the
backward inclination of the body was caused by the activity of the rrunk muscles.
If this were the case, the vibratory reaction is substantially defined by a change of
“reference system™ of vertical pose (see Gurfinkel et al., 1994; Massion, 1994),



Vibration-Induced Postural Reaction 417

apparently connected with the upper, most masgive part of the body (together with
hands and head, about 63% of total weight),

2. The Role of Somatosensory Information.  The inclination under vi-
Sration by itsell disturbs balance. The cessation of the backward movement in our
2xperiment occurred well within the stability limits and therefore gave rise to os-
zillations around the “neutral level” (far from the range of possible motion: Figure
<). We believe that here, even a weak signal from somatosensory sources of the
pper body appeared to be capable of changing the direction of the postural vibra-
‘ion reaction,

Experimental data concemning the role of additional touch and pressure cues
‘0 posiural control are quite scarce. The role of fingertip contact in the postural
egulation was most widely covered in the Jatest experiments of Jeka et al, (1994,
2997). Analyzing medial-lateral body sway in the tandem Rombers posture with
zdditional hand contaet, they found that the contact of the fingertip with a frontally
moving bar leads lo synchronization of the entire body to the frequency of the
‘ouch-bar movement. It is also known that a subject being rotated about the 7-axis
2 his body while horizontal feels himself inverted by chunging the pressure on the
“3p of his head to the pressure on the soles of his feet (Lackner, 1992}, Tn animal
Sxperiments, it was shown that cats, wearing a vest fitted (o their shaved trunk,
end to keep their limbs extended at a roughly constant orientation relative 1o o
tlatform tilted in the sagittal plane rather than relative to the vertical (Lacquaniti
& Maick, 1994). This behavior may result in a loss of balance with platform tilt
~hanges. The importance of sumatosensory stimuli to postural regulation was also
siggested by Bermnstein in 1947, who observed that the locomotion in the patient
diagnosed with “tabes dorsales™ was improved thanks to a special heavy belt giv-
ng the intermediate pressure to the abdomen skin, Therefore, the cAperimental
results suggest that the increase of postural stability could be a result of the sen-
=0Ty source (cuc) at finger and body surface as well,

Conclusions

1. Tt was shown that the vibratory stimulation of ankle muscle afferents ini-
Giates the whole body inclination associated with the center-of-mass displacement,
The constant feature of this synerey is the backward Gt of the upper body, while
the changes in the position of the lower body and legs varied between subjects,

2. A mechanical stopper placed ar different levels did not terminate the vi-
bratory reaction: it continued, although these reactions were different from the
uswal VIFE. Body contact with a support at the sacral level during the vibration
reaction (developed at one third from maximal) induced the contraction of 3 muscle
being vibrated, which can be accompanied by an upper body backward inclina-
Hon. Moreover, the additional support placed at shoulder level could invert the
direction of the postural reaction.

3. The present data demonstrate that the postural vibration reaction is not a
local reaction limited to one joint, but a complex postural synergy involving both
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teg and tmmk muscles, which also integrates the information from touch and pres-
sure alferents of the upper body,

References

Babinski, J. (1899). De I'asynergie cerebellcuse, Review of Newrology, 1, 806-816.

Bernstein, N.A. (1947}, On the construction of movement. Moscow: Medgiz {in Russian).

Crenna, P, Frign, C., Massion, I, & Pedoni, A (1287}, Forward and backward axial syner-
gies in man. Experimenial Brain Research, 65, 538-548,

Eklund, ., & Hapbarth, K_E. (1 966). Normal variability of tonic vibration reflexes in man.
Experimental Newrology, 1617, B0-92,

Eklund, G, (1972}, General features of vibration-induced effects on balanee., Lippsata Sowr-
nal of Medical Science, 77, 112-124.

Eklund, G. (1973). Further studies of vibrton-indoeed effects on balance, Uppsala Jour-
nel of Medical Science, T8, 65-72,

Filzpatrick, R., Burke, D, & Gandevia, 5.0 (1996). Loop gain of reflexes controlling hu-
man standing measured with use of postural and vestibular disturbances. Journal of
Newropliysiology, T6, 39944008,

Gurfinkel, V.5, Koz, I.M., & Shik, MLL. (1965). The regutation of human posture, Nauka
(in Bussian),

Gurfinkel, V.S, Lipshits, ML, & Popov, K.E. (1974), Is the streteh reflex a basic mecha-
fism in the system of repulation of human vertical posture? Biofizika, 19, 744-748
{in Russian),

Gurfinkel, V.5, & Latash, M.L. (1978). Switch effeet on ankle Joint in human, Physiolegia
Cheloveka, 4013, 30 (in Russian),

Gurfinkel, V.5, Lebedev, MA., & Levik, Yu.&. (1902). The switch effects in svstem of -
balances regulation in man. Newraphysiclogy, 24, 362-470 {in Russian),

Gurfinkel, V.5.(1994), The mechanisms of postural regulation in man, Soviet Seience Ro-
view of Pliysivlogy and General Biology, 7, 59-89, ]

Gurfinkel, V.S, Ivanenko, Yo P, Levik, Yu.S., & Babakova, I.B‘i (1995). Kinesthetie refer-
eftce for human erthograde posture, Newroscience, 68, 229-743,

Hayashi, R., Miyake, A, Jijiwa, H., & Watanabe, 5, (1981 1. Postural readjustment to body
sway induced by vibration in man. Experimental Brain Research, 43, 217-223.

Ivanenko, Yu.P, Talis, V.L., & Kazennikoy, 0.V, (1999}, Support stability influences pos-
tural responses 1o musele vibration in humans. Eurapean Towrnal of Newroscicnee,
11, 647-634,

Jeka, LY, & Lackner, LR. (1994). Fingert pcontact influences human postural conmral.
Experimental Brain Research, 100, 495-502,

Jeka, L1, Schoner, G, Dijkstra, T., Ribeiro, P, & Lackner. TR {19597}, Coupling of finger-
tip somatosensory information to head and body sway, Experimental Brain Research,
113, 475483, :

Kelse, 8.1.A (1998}, From Bemstein’s physiology of activity to coordination dynamics. In
M.L. Latash {Ed.), Frogress in motor control, volume - Bernsteins fraditions in
maovemen! studies (p.206), Champaign, 1L Human Kinetics,

Lackner. | B, & Graybiel, A, (1978). Some influences of touch and pressure cues on human
spatial orientation. Aviation Space and Envirenmental Medicine, 49, T98-804.
Lackner, LR. (1988). Some proprioceptive influences on (he perceprual representation of

body shape and orentation. Hrain, 111, 281-297,



Cibraton-Induced Postural Reaction 414

Lackner, LR. (1992), Multimodal and motor influences on orientation: implications for
adapting to weightless and virual environments, Journea! af Vestilmlar Research, 2,
307-322.

Lacquaniii , F, & Maioli, C. {1994). Independent control of limb position and contac! forces
in cal posture. Jowmnal of Newrophysiotogy, 72, 1476-1495.

Massion , 1. (1994). Postural control system. Current Opinion in Meurobiology, 4, BT7-887.

Matthews, PB.C,, & Stein, R.B, {1969}, The sensitiviey of muscle spindle afferents to small
sinusoidal changes of length. Journal of Physiology, 200, 723-743.

Quoniam, C_, Roll, 1.F, Deat, A, & Massion, I, (1990}, Proprioceplive induced interactions
between segmental and whole body postare, In Th. Brandt, W, Paulus et al. (Eds.),
Lhisorders af posture and gait (pp. 194-197). Stutegar: Georg Thieme Verlag,

Papov, K.E., Gurlinkel, ¥.5., & Lipshits, M.1, (1981} Influence of feel-support mteraction
o vibration indoced ankle's muscles reaction, Phystologio cheloveka, 7, T16-723
(in Russian). .

smetanin, BN, Popov, KLE., & Shiykov, VY. (19933, Postural responses o vibrostimulation
of neck muscle proprioceptors in Bumans, Mewrophysiology (transl, by Plenum,
Meirofrziologea), 25, 86-92,

Acknowledgements

This wark was supported by the RFFI prant # 98-04-48935. We thank Prof. V.
Surfinkel De. Y. Levik, and Dr, O, Kazennikov for their critical dizscussion, and also the two
numymous reviewers for helpful comments.

Haruscript submitted: Fobruary 1, 1999
‘ocepted for publication; March 21, 2000




