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ABSTRACT

Voluntary movement of the upper limb is preceded by postu-
ral movements occuring in the lower limbs, the pelvis and the
trunk, which are shown by recording accelerations at a general
level as well as at a local one.

The anticipatory accelerometric and EMG patterns are speci-
fic to the forthcoming voluntary movement and therefore can be
considered as preprogrammed.

The sequence of the anticipatory activities may represent
part of a central motor program and tends to reduce the early
perturbations of the body's center of gravity.

INTRODUCTION

The existence of postural activity prior to and during a
movement was established in Man by BELENKII et al. (1). Since
these pioneering studies, it has been confirmed in some experi-
mental conditions where standing subjects performed voluntary
movement of the upper limb (2, 4, 6).

The aim of the present research program is to give a comple-
te description of the anticipatory postural adjustments and an
interpretation of their biomechanical organization.

METHODS

Subject stood on a force platform which made it possible to
measure the acceleration of the body's center of gravity, accor-
ding to the antero-posterior, lateral and vertical axes (3). Ac-
celerometers fixed on splints were bound to the wrist of the mo-
ving upper limb and to various body segments. This made it possi-
ble to measure the tangential acceleration of the arm (Aw.) and
to determine the onset and the sign of the anticipatory afitero-
posterior local accelerations. The activity of the Anterior Del-
toideus (AD) and of the main muscles of the lower limb, pelvis,
trunk and scapular girdle, on the ipsi- (i) and contra- (c) la-
teral sides, were recorded by surface electromyography (EMG).
The instruction given to the subject was to point as quickly as
possible, with his upper 1imb stretched out, at a light located
in front of him at shoulder level. The lighting up of the target
was the signal that the instruction should be carried out.

Movements of antepulsion-flexion of the upper limbs have
been investigated according to three conditions : unilateral
flexions with no additional inertia (OUF), with an additional
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inertia (IUF) and bilateral flexions (BF), i.e., movements for
which dynamic asymetry increased from BF to OUF and from OUF to
IUF conditions.

Fifteenhealthy adult subjects were tested during experimen-
tal sessions of 40-70 movements carried out in series of 3-5 mo-
vements of each type. During each trial, EMG activity of the AD.
and/or Aw. were recorded. The other muscles and accelerations 1
were recorded by rotation in order to make all the relevant com-
parisons possible. The onset of the activity of AD. and the onset
of Aw. were used respectively as time origins for the EMG and bio-
mechafiical activities.

RESULTS

. Before the activation of the AD., a sequence of inhibitions
(-) and excitations (+) concerned muséles of lower limbs, pelvis
(fig. 1) and trunk (fig. 2). These anticipatory EMG activities
were arganized according to a pattern reproducible for one sub-
ject and consistent from one subject to another. Moreover, this
pattern was specific to the forthcoming voluntary movement : 1)
for the UF condition, the chronology of anticipatory EMG activi-
ties was Soleus; (-), Tensor Fosciae Latae_(+)/Rectus Femoris_(+),
Semi-tendinosusy (+)/Gluteus Maximus; (+), Erectores Spinaec( )

'Fig 1- EMG activities of
the main muscles of the
Tower limbs and pelvis

for unilateral flexions
with an additional inertia
(IUF) and bilateral fle-
xions (BF).

The figure represents, for
one subject, the rectified
and smoothed EMG activi-
ties of five trials, su-
perposed by synchronizing
the records on the onset
of the Anterior Deltoi-
deus (DA.). From bottom

to top : Soleus (SOL), Ti-
bialis Anterior (TA), Vas-
tus Lateralis (VL), Rectus
Femoris (RF), Semitendi-
nosus (ST), Tensor Fasciae
' Latae (TFL), Gluteus Maxi-
mus (GM) i and c : ispi~
lateral and contralateral
muscles with respect to
the moving upper limb.

The shaded portion of the
curves corresponds to the
period posterior to the
onset of DA-1 activity.
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2) for the BF condition, anticipatory EMG only concerned the
pairs of Soleus, Semitendinosus, Gluteus Maximus and Ercctores
Spinae ; 3) for both types of conditions, the anteposition of
the EMG activities of the lower limb and pelvis increased with
the dynamic asymmetry of the forth-coming movement.

Fig 2- EMG activities of

i E or M the main muscles of the
; : trunk and the scapular
DA; : : Josmv Firdlc for unilateral fle-
: ; Xxions with additional
PMSc E—— *‘,A‘A"']o""‘v inertia (JUF) and for bi-
PMS, ?& ‘ ?! ‘]OAnW Jateral flexions (BF).
TS, . ‘ Josmy As for figure 1, this fi-
: gure represents, for one
TS; v : ]asmv subject, the rectified
: : ] and smoothed EMG activi-
SAc . : _ 06mvV tjes of five trials, su-
SA. M M] perposed by synchronising
i : ! : ]msmv the records on the onset
: - . of the Anterior Deltoideus
Ahe : : 04m¥. (DA.). From bottom to top:
RA; o st ______;.‘g!&g.]OA"N Ereltores spinae (ES), La-
: ; tissimus Dorsi (LD), Obli-
OE. ; ]OAmV qus Externus (OE), Rectus
: ] Abdominis (RA), Serratus
CF; I 0.4mV  Anterior (SA), Trapezoi-
LD. ’A . ] dus Superior (TS) Pectora-
¢ g ——~—___‘!§-_~jl05nw lis Major, sternal portion,
: - (PMS). i and ¢, : ipsi-
Lo : : 08m¥  j.teral and contralateral
ES, A - ]0.0mv muscles with respect to
: : the moving upper limb.
ES; ___H‘L__‘L.__]o,nmv The shaded portion of the
: — ; - curves corresponds to the

period posterior to the

100 00 P
ms 100 ms onset of DAi activity.

) _-The onset of Aw. was preceded by anticipatory accelerations
at the general level as well.as at the local one. The shape of
these anticipatory accelerations was reproducible for one sub-
ject and consistent from one subject to another. The body's cen-
ter of gravity was always subjected to a foward and upward anti-
cipatory acceleration (Fig 3). The duration of this general anti-
cipatory acceleration increased with the asymmetry of the forth-
coming movement. The local anticipatory accelerations were orga-
nized according to a pattern which is specific to the forthcoming
movement (see Fig 4): 1) for the UF condition, the local antici-
patory accelerations of the ipsilateral side were different from
the contralateral side. Indeed, on the contralateral side, shank
and thigh showed forward anticipatory accelerations while hip and
shoulder showed forward ones, but on the ispilateral side, shank
and thigh showed backward anticipatory accelerations while hip
and shoulder showed forward omes ; 2) for the BF condition, iden-
tity was the rule. Indeed, both shanks, thighs and hips showed
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Fig 3- General accelerations for unilateral flexion

with an additional inertia (IUF) and for bilateral flexions (BF).
The figure represents, for one subject, five trials superposed by
synchronizing the records on the onset of the tangential accele-
ration of the arm recorded at wrist level (Aw.). R_, R_ and AR
are respectively the antero-posterior, lateral and*ver¥ical acke-
lerations of the center of gravity ; positive accelerations cor-
respond to forward, right -to- left, and upward accelerations.
The shaded portion of the curves corresponds to the period poste-
rior to the onset of voluntary movement. .

Fig 4- Local accelera-
tions for unilateral
flexion with an addi-
tional inertia (IUF) and
for bilateral flexions
(BF).

As for figure 2, the fi-
gure represents, for one
subject, five trials su-
perposed by synchroni-
zing the records on the
onset of Aw.. Measure-
ment axes ate initially
parallel to the postero-
anterior direction.

As and At are recorded
on both sides of the
knee, Ah at the superior
iliac crest level, Atr
at xiphoid point, and
Ash at shoulder 1level.
Positive accelerations
correspond to forward
accelerations. i and c:
ipsilateral and contra-
lateral accelerations
with respect to the mo-
ving upper limb. The
shaded portion of the
curves corresponds to
the period posterior to
the onset of voluntary
movement .
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backward anticipatory accelerations while both shoulders showed
forward ones ; 3) the anteposition of these local anticipatory
accelerations increased with the asymmetry of the forthcoming mo-
vement.

Thus, the anticipatory local accelerations pattern showed
the same modifications with respect to the type of the forthco-
ming movement as the anticipatory EMG activities pattern.

DISCUSSION

The present results establish that voluntary elevation of
the upper limb is preceded by movements of the body's center of
gravity which are related to postural anticipatory movements of
the lower limbs, pelvis, trunk and shoulders. These postural ad-
justments are organized according to a consistent pattern which
is specific to the forthcoming movement.

Therefore, they can be considered as preprogrammed, a result
which is in accordance with BELENKII et al. (1). Moreover, it is
likely that voluntary movement and postural adjustments are parts
of a same motor program, as suggested by GAHERY and MASSION (5).
This concept implies that the postural adjustments may depend on

the nature of the task (unilateral or bilateral movements,...) as
well as initial conditions (additional inertia load, initial pos-
ture,...), which is shown in the present paper and reported re-

cently by CORDO and NASHNER (4) who studied the influence of va-
rious initial balance conditions in the case of a given voluntary
movement .

The purpose of these anticipatory movements should be studied
from the point of view of biomecanical necessities. In view of
this, it is necessary to consider the system of forces acting on
the body at the very beginning of the movement (see fig 5).

Fig 5- Schematic representation
of the system of forces corres-
ponding to the subject at the

onset of the voluntary movement.

Th'e empty arrows correspond to
theoretical biomechanical para-
meters.

The filled arrows correspond to
recorded biomechanical parame-
ters.
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In the movement studied, the forces of reaction applied at
the shoulder level have a resultant acting backwards and down-
wards, including a backward and downward acceleration of the bo-
dy's center of gravity. Moreover, for UF conditions, the resultant
moment about a vertical axis induces a contralateral to ipsilate-
ral rotation.

Now, before the onset of arm deviation, a forward and up-
ward acceleration is applied to the body's center of gravity (as
shown in fig. 3) ; moreover for UF confitions, anticipatory local
accelerations (as shown in fig. 4), indicate an ipsilateral to
contralateral rotation about a vertical axis. Thus the anticipa-
tory postural changes are directly opposed in effect to the forth-
coming movement.

These results support the attrative explanatory hypothesis
according to which the anticipatory postural adjustments serve to
create in the body a movement whose forces of inertia would, when
the time comes, balance the inertia forces due to the movement of
the mobile 1imb which tend to disequilibrate the rest of the body.

In conclusion, a consistent sequence of anticipatory move-
ments concerning all the body 1limbs precede the onset of voluntary
movement of the upper limb. These postural changes are specific
to the forthcoming movement and therefore can only be preprogram-
med. They contribute to the general organization of balance and
serve to reduce postural disturbance due to a forthcoming move-
ment. .
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