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Abstract: The tonus of axial muscles is of interest in connection with considerable
differences in innervation of axial and proximal muscles in comparison with distal ones.
Such studies are also of practical importance as at many diseases the pathology of axial
tonus precedes changes in distal muscles. With the help of the bar with the built-in strain
gauge, rigidly attached to a ceiling, a head or the shoulders were fixed relative to external
space. During head fixation the torque was caused by resistance in neck region of a body
and equalled to about 0.1 Nm. If the shoulder girdle was fixed, the torque grew up to 0.8
Nm, in this case it was caused by twisting in lumbar segment. After the increase of
vertical load with the help of elastic bands (prophylactic loading suit "Penguin 3"), the
torque grew 1.5-2 times. The torque increased with decrease of frequency of rotation
(from 0.1 up to 0.18 Nm for muscles of a neck and from 0.6 up to 1.2 Nm for the trunk).
The increase of resistance with reduction of frequency suggests that active contractile
responses "assisting to rotation" are evoked in shortening muscles. The tonus of axial
muscles in patients with Parkinson disease was appreciably increased in comparison with
healthy persons. In contrast to healthy persons in the patients the resistance practically
did not depend on frequency of platform rotation.
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Introduction

Investigation of the mechanisms of maintenance and control of the tonus of axial muscles and
of the role of proprioception from these muscles in the postural regulation and the function of
oculomotor system is one of the important and urgent tasks of the biomechanics and
physiology of movements. Its importance is due to the fact that till now majority of the
researchers tried to explain muscular tonus by the application of results obtained in studies of
phasic reflex reactions. The frameworks of such approach ignores the questions of tonic
readiness, mechanisms of distribution of a tonic background, role of the tonus in spatial
orientation and perception of a body configuration. Besides in connection with methodical
difficulties, the study of tonus was as a rule limited to distal muscles, to which it is easy to
apply necessary changes of length (mainly the muscles producing movements in elbow and
ankle joints). However, axial and proximal muscles substantially differ from distal ones by
innervation, character of activity, the role in maintenance of a posture and deserve more
detailed study. Besides, it is possible to assume that the information from axial muscles close
to the body axis plays the special role in the elaboration of internal representation of a body
configuration, orientation of its longitudinal axis and so on. Is not accidentally, that just with a
trunk the central nervous system associates the reference system under the conditions of
deficiency of the information about external space [1, 2]. In this connection proprioception
from axial and proximal muscles could play extremely important role in the control of
different postural and motor reactions, in particular, in the control of eye movements directed
on maintenance of stable anchorage to external space [3, 4].
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Fig. 1. The scheme of the experimental facility. a — measurement of the neck torque; b — measurement of the
waist torque.

The studies of tonus of axial muscles could also have significant practical importance,
as during many diseases the pathology of axial tonus precedes changes in usually tested distal
muscles.

The present work represents the first part of the comprehensive research covering
various aspects of the specified problem: from realization of the first quantitative
measurements of axial muscles tonus in different spine segments, to determining the role of
axial muscles proprioception in the control of vertical posture and eye movements. Besides of
importance for a basic science, the information about tonus of axial muscles at the healthy
people could be used for an estimation of results of neurosurgery in the patients with
Parkinson disease. Such work in co-operation with N.N. Burdenko Institute of Neurosurgery
(Russia) is under way.

The preliminary results in form of abstracts appeared in [5, 6].

Material and Methods

The experimental facility (Fig. 1) represented a turning platform with electric drive
capable to turn around vertical axis in the angular range from +6° to £20°. The frequency of
platform rotation could be adjusted from 0.006 up to 0.03 Hz. If necessary, the stabilograph
could be placed on a platform for recording the movement of the common centre of gravity of
the subject in sagittal and frontal planes.

The facility was equipped with a set of fixating devices: allowing to fix a head; a head
and shoulder girdle; a head, a shoulder girdle and pelvis relative to external space. These
fixing devices were mounted on the mobile carriage suspended under a ceiling, so, that
fixating device preventing rotation, did not interfere with body inclinations in sagittal and
frontal planes. The bar connecting the carriage to the fixing device was equipped with a strain
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Fig. 2. The comparison of torque due to resistance of axial muscle in lumbar and neck regions. An the

beginning of trial the mobility in neck region was excluded by rigid fixation of a board attached to subject’s

back to a helmet. In a moment marked by arrow fixating bar was removed. 1 — torque; 2 — platform rotation,
horizontal axis — time, minutes.

gauge, which measured the torque arising during turns. (Torque produced by resistance of
axial muscles.)

There was also fixing device with hinges for prevention of pelvis rotation relative to
feet. This device also had such design that it did not interfere with movement of a body in
forward-backward and lateral direction. Thus under the conditions of experiment it was
possible to twist a body on small angles at three various levels:

1) at the level of a neck (fixing of a head relative to a ceiling of a room);

2) at the a level of lumbar trunk segment (fixing of a head and a shoulder girdle);

3) under the conditions of legs rotation relative to pelvis (fixing of all upper parts of a
body including a pelvis).

The set of fixing devices could also ensure some other kinds of stimulation of axial
muscles, for example, distributed torsion (a situation when angular deformation is distributed
to all body axis proportionally to compliance of different segments).

Besides, the facility included: six-channel strain gauge amplifier, set of self-made
electromechanical vibrators for vibratory stimulation of muscle proprioceptors, device for
recording of the horizontal direct current electrooculogram on the basis of nanovoltmeter,
computer with analog-to-digital converter for data input, storage and processing.

For calculation of amplitude and phase of the basic frequency of a torque signal in
relation to sine wave movement of the platform the Fourier-analysis was used. The torque
changes were characterized by amplitude and phase. The same parameters (amplitude and
phase) were calculated for electrooculogram signal.

The typical experimental protocol looked as follows: the subject in opaque glasses
stood on a rotary platform turning alternatively to the right and to the left by +6.5° with the
period from 50 up to about 160 seconds. The large periods were used, as at such periods the
angular speeds were below vestibular threshold for the perception of rotation. The subject
could stand without contact with any external object or when he grasped by a hand the handle
connected to a rigid wooden frame. The conditions of contact, according to results of former
works of our group [3], influence the development of proprioceptive illusions.
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Fig. 3. The influence of increased load on the tonus of axial muscles. The prophylactic loading suit

«Penguin-3» was used for creating axial load (trials B and D). Elastic bands of «Penguin-3» were released in

trials A and C. Experiments were performed at higher (A and B) and lower (B and D) frequency of platform

rotation. In each part of the picture higher trace — torque, lower trace — movement of the platform; horizontal
axis — time, minutes.

These reactions could be studied under normal conditions and under the conditions
facilitating the increase of muscle tone (for example, during standing under additional vertical
loading produced by elastic bands). The duration of each trial was 360 seconds.

5 healthy people and 6 patients with Parkinson disease of a different degree of severity
were investigated. In healthy people 4 trials for each of 4 angular speeds (periods equalled to
160 s, 90 s, 63 s, 50 s) and 2 experimental conditions (neck or waist torsion) were performed.
With each patient one trial with measurement of tone of a trunk muscles and two trials with
measurement of tone of neck muscles were carried out (at different angular speeds of platform
rotation).

In present paper only results concerning biomechanical aspects of study are presented
and discussed.

Results and Discussion

Under the condition of head fixation the torque was caused by resistance in neck
segment of a spine and in healthy people was equal to 0.1 = 0.06 Nm. If a shoulder girdle was
fixed, the torque grew up to 0.8 + 0.5 Nm, in this case it was caused by twisting in a lumbar
segment (turn of a pelvis relative to feet was excluded by fixation) (Fig. 2). Increase of
vertical load with the help of elastic bands gave rise to the torque increase by 1.5-2 times (Fig.
3). As the bands increased activation of muscles ensuring maintenance of orthograde posture
it is possible to assume that measured torque was produced, basically, by muscular forces and
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Fig. 4. The dependence of torque in lumbar region on the velocity of rotation. In a moment marked by arrow
the frequency of platform rotation was decreased from 0.02 Hz to 0.01 Hz. Note the increase of torque
amplitude after decrease of frequency. 1 — torque; 2 — platform rotation, horizontal axis — time, minutes.

Fig. 5. Records of the torque in neck region in patient with Parkinson disease. The decrease of velocity of

rotation (compare A and B) does not produce the increase in torque. Note that after the platform arrest in

neutral position torque does not return to zero (A, end of the trial). 1 — torque; 2 — platform rotation,
horizontal axis — time, minutes.

reflected a level of tonus. The torque increased with reduction of frequency of rotation (from
0.10 £ 0.02 Nm up to 0.18 + 0.06 Nm for muscles of a neck and from 0.60 = 0.37 Nm up to
1.20 + 0.64 Nm for trunk muscles) (Fig. 4). The torque of passive elastic — viscous forces
would grow with growth of angular speed, or, at least, would not vary. Therefore increase of
resistance with reduction of frequency suggests that in shortening muscles the active
contractile responses "assisting to rotation" are observed. These responses (shortening
reaction) amplified with growth of speed. Hence, the torque of resistance to twisting was
brought about, primarily, by mechanical properties of tonically active muscles of a neck, and
trunk, including reactions of these muscles to changes of length.

In the patients (Fig. 5 and 6) the torque of forces of resistance in the neck segment
equalled on the average 0.3 Nm (from 0.12 up to 0.6). The torque of force of resistance in
waist segment was about 3.5 Nm (from 1.5 up to 5.2). Thus, in patients the tone of axial
muscles was appreciably increased in comparison with healthy persons especially for trunk
muscles. The curve of resistance vs. time was close to sinusoid with superimposed high-
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Fig. 6. Records of the torque in neck region (A) and lumbar region (B) in other patient with Parkinson
disease. Note the different scale for torque on this figure and more regular character of torque changes with
angle of platform turn. 1 — torque; 2 — platform rotation, horizontal axis — time, minutes.

frequency fluctuations due to parkinsonian tremor. This sinusoid lead the movement of a
platform approximately by 10 seconds. At the same time in healthy subjects this curve was
much less regular. In contrast to healthy subjects in the patients the resistance practically did
not depend on frequency of turns of a platform. Besides in the healthy subjects the curve of
the torque was symmetric relative to zero line, in contrast in 4 of 6 patients it was asymmetric.

Conclusions

Torque of forces of resistance arising during torsion of a body of the vertically
standing human relative to longitudinal axis was measured at different levels and at different
angular speeds.

In the healthy people the paradoxical phenomenon — a decrease of the torque with an
increase of frequency of platform rotation was observed.

It was shown that the torque of resistance to body torsion is primarily due to
mechanical properties of tonically activated muscles of a neck and trunk including active
reactions of these muscles to changes of length.

The measurements of the tonus of axial muscles revealed significant differences
between healthy persons and patients with Parkinson disease. In the patients with Parkinson
disease the resistance practically did not depend on frequency. Thus, this method has
appeared more sensitive than a technique of stabilography from the point of view of revealing
tonus pathology, in particular of its latent asymmetry.
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UCCNEOOBAHUE TOHYCA AKCUAJNIbHON MYCKYNATYPbI YENTOBEKA
10.C. JleBuk, B.1O. lUnbikoB (MockBa, Poccus)

ToHyC akcHalbHOI MYCKYyNIaTypbl MPEACTABISET HHTEPEC B CBSI3U C CYIIECTBEHHBIMU
pa3IuuMsIMM B HWHHEPBALlMM AKCHAJbHBIX M MPOKCHUMAJIBHBIX MBI 10 CPaBHEHUIO C
TUCTanbHbIMH. Ero mccrienoBaHus MOTYT MMETh M MPAaKTUYECKOe 3HAUYeHUE, TaK Kak Mpu
MHOTHX 3a00JIeBaHUSX HApYyUICHHUsS aKCHAIBHOTO TOHYCA MPEANIECTBYIOT HM3MEHEHHSM B
JTUCTAIIbHBIX MBIIIIAX.

C noMoIIbI0 KECTKO MPUKPEIUIEHHON K MOTOJIKY IITAHTU CO BCTPOECHHBIM JIaTYMKOM
MOMEHTa TOJIOBY WM IIJIeYd YeJoBeka (PUKCUpOBaIM OTHOCUTENHHO BHELIHETO
npoctpancTBa. Ilpu ¢dukcaum rosI0BBI MOMEHTHI OBUTM OOYCIIOBIIEHBI CONPOTHBIICHHEM B
IICHHOM OT/IeNie MTO3BOHOYHUKA M COCTaBIISIN y 310poBbIX okoso 0,1 Hv. Ecniu pukcupoBamm
I1e4eBOi mosic, MOMeHThl Bo3pactanu a0 0,8 HMm, B 3TOM ciyyae oHM ObUIM 0OYCIIOBIIEHBI
CKpyYHMBaHUEM B TMOSCHUYHOM oTAene. [Ipum yBeanueHWH BEPTUKAIBHON Harpy3ku cC
MOMOIIBIO YIPYTHUX TAT (MPOMUITAKTUYECKH HArpy304HbIA KOCTIOM «IIMHTBHH 3)), MOMEHTHI
Bo3pactanu B 1,5-2 paza. MOMEHTHI yBeTUUUBAIUCH IPU YMEHBIIEHUH YaCTOTHI BpallleHus (C
0,1 no 0,18 ms mprn men u ¢ 0,6 no 1,2 Hm myis xopmyca). MOMEHTBI TaCCHBHBIX YIPYTo-
BA3KUX CHJI BO3pacTaiu Obl C POCTOM YIJIOBOM CKOPOCTH, WJIM, B KpailHEM cliydae, He
MeHsIMCh Obl. [IoaTOMY yBenMueHHE CONMPOTHBIICHUS C YMEHBIIEHHEM 4YacTOTHI TOBOPUT O
TOM, YTO B YKOPAuMBAIOIIUXCS MBIIIIIAX HAOIIOAIOTCS aKTUBHBIE COKPATUTENbHBIE OTBETHI,
"momoraroIue BpameHuio". ITH OTBETHl (peakius YKOPOUEHHUsS) YCHUIIUBAIUCH C POCTOM
CKOPOCTH.

Tonyc akcuanbHON MYCKyNIaTypsl y OOJNBHBIX MapKHHCOHH3MOM OBUT 3aMETHO
MOBBIIIEH TI0 CPAaBHEHUIO CO 37J0POBBIMU JIIOABMH, OCOOCHHO AJIi MyCKYyJaTyphl TynoBuia. B
OTJIMYME OT 370POBBIX y OOJIBHBIX CONPOTUBJIEHHUE MPAKTUUYECKH HE 3aBHCEJO OT YacCTOTHI
MOBOPOTOB Tu1aTGopMbl. buo. 6.
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