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Effects of postural changes of the upper limb on
reflex transmission in the lower limb
Cervicolumbar reflex interactions in man

P. J. DELWAIDE, C. FIGIEL, AND C. RICHELLE

From the Section of Neurology and Clinical Neurophysiology, Department of Internal Medicine,
University of Liege, Liege, Belgium

SUMMARY The influence of passive changes in upper limb position on the excitability of
three myotatic arc reflexes (soleus, quadriceps, and biceps femoris) of the lower limb has been
explored on 42 volunteers. The results indicate that the excitability of the three myotatic arcs
can be influenced at a distance by postural modifications of the upper limb. When the ipsilateral
upper limb is forwards or the contralateral backwards, a facilitation of both soleus and quadri-
ceps tendon reflexes is observed while the biceps femoris reflexes are reduced. This pattern of
facilitation and inhibition is reversed when the ipsilateral upper limb is backwards or the con-
tralateral forwards. The facilitations as well as inhibitions of proximal myotatic arc reflexes are
quantitatively more marked than that of the soleus reflex. Facilitation and inhibition are not
linearly related to the angle of the arm with the trunk. Effects begin at a considerable angle,
become maximal at 450, and progressively disappear for greater values. It is suggested that the
distinct pattern of facilitation and inhibition which is exerted in reciprocal fashion on extensor
and flexor motor nuclei might depend on the long propriospinal neurones connecting cervical
and lumbar enlargements.

Some aspects of muscular coordination between
the various myotatic arcs of a limb in man have
been studied (Delwaide et al., 1976). In this case,
segmental spinal mechanisms are supposed to play
an important role. Long, intersegmental co-
ordination should however be emphasised.

In the cat, cervicolumbar reflex interactions are
well known (Lloyd, 1942; Lloyd and McIntyre,
1948; Djalali, 1970). These interactions have a
great interest in relation to gait mechanisms: the
movements of the upper and lower limbs are co-
ordinated in walking, and it has been shown that
this coordination is brought about, at least in part,
by reflex systems within the spinal cord. In man,
because of the bipedal position, it is a matter of
speculation as to what extent the activities of the
upper and lower limbs are coordinated. If a
specific influence of arm swing in natural walking
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may be supposed to be only a vestigial function,
some physiological links between upper and lower
limbs may be looked for in other circumstances.
For example, when the arm is horizontal instead
of vertical, some changes in tone and posture may
be suspected, especially in the leg, to adjust the
equilibrium of the body.

In this study, a possible influence of passive
changes in upper limb position on the excitability
of motoneurones supplying lower limb muscula-
ture has been explored. We have considered three
myotatic arcs activated by their tendon reflexes.
Soleus, quadriceps, and biceps femoris myotatic
arcs were selected. We have tried to establish
whether there is a different pattern of effects in
extensor and flexor, proximal or distal muscles in
relation to changes in position of ipsilateral and
contralateral upper limbs respectively. Preliminary
results dealing only with the soleus tendon reflex
have been published (Delwaide et al., 1973).

Sample and methods

Forty-two volunteers, mostly students, aged from
616
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16 to 27 years, have been investigated in a total
of 82 experiments. The subjects were placed in a
seated position with the trunk inclined backwards
at 30°. Both lower limbs were kept parallel by
fixation of the knee and foot, such that the knee
was flexed at 1350 and the ankle plantar-flexed to
1100. The head was immobilised.
The soleus, quadriceps, and biceps femoris myo-

tatic reflexes were evoked by percussion of their
respective tendons by firmly fixed electromagnetic
hammers. The intensity as well as the angle of
each percussion was similar. In every case, the
maximal reflex response in resting conditions was
sought.

Disa 13K60 cutaneous electrodes were fixed
over the three lower limb muscles under investiga-
tion. Electromyographic activity was amplified by
Tektronix 3A9 plug-in amplifiers, displayed on a
TektroniX 565 oscilloscope, and measured on a
digital oscilloscope (Tektronix Type 230 Digital
Unit), while the values were printed out by a
Hewlett Packard 5050B. Further cutaneous
electrodes were fixed over the following muscles
of the shoulder girdle and upper limb: deltoid,
biceps, and pectoralis major. In each case it was
verified that there was no spontaneous electro-
myographic activity in the muscles under investi-
gation, in either the upper or the lower limb.
The reference value for each reflex cor-

responded to the mean of results obtained when
both arms lay along the thoracic wall in the mid-
axillary line. These values were compared with
those obtained when one of the two upper limbs
with the forearm in extension was at various
angles, either towards the front (anteflexion) or
towards the back (extension) relative to the start-
ing position. The displacement was passive. At
every angle, a comfortable support maintained
the position of the upper limb without any electro-
myographic activity being detected in those of its
muscles from which recordings were made. For
each position tested, an average of 30 to 50 non-
consecutive measurements of lower limb ampli-
tudes were made, in order to avoid the influence
of global variations in reflex activity, and of
general factors such as somnolence. In practice,
series of five reflexes were evoked alternately in
the reference and test positions of the upper
limb. The reflexes were evoked at intervals of
seven seconds.

Results

INVESTIGATION OF THE SOLEUS MYOTATIC ARC

Schematically, four different situations can be

distinguished according to whether the ipsilateral
or the contralateral arm respectively is angled
forwards or backwards. Figure 1 shows the results
obtained in each of these situations. Each of the
82 points on this figure represents the mean of
30 measurements. The results are expressed as a
percentage of the reference values obtained when
both arms were in the mid-axillary line. In each
of the situations studied, the upper limb with the
forearm in extension was placed either 600 to-
wards the front or 300 towards the back.

Soleus Tendon Reflex
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Fig. I Amplitude of soleus tendon reflex expressed
as percentage of reference values obtained with arms
in mid-axillary line (each point is mean of 30
measurements). Reflex evoked from right calf. Values
are increased when the ipsilateral arm is anteflexed
and the contralateral arm extendedf; they are reduced
when the ipsilateral arm is extended and the
con tralateral arm an teflexed.

It can be seen that in each of the four situations
represented in Fig. 1, most amplitudes of the
tendon reflexes differed from the reference values.
However, the individual values were scattered and
the variations from the reference values were rela-
tively small. Statistical evaluation (comparison of
the two means and calculation of the reduced
differences) indicates that the differences were
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significant when either arm was in the forward
position. When the arm ipsilateral to the leg under
test was flexed 600 forwards, there was an average
increase in the amplitude of the tendon reflex,
while when it was extended backwards at 300, a

reduction in reflex amplitude was observed. When
the contralateral arm was forwards, inhibition
rather than facilitation of the soleus reflex was
found, while backward extension brought about
facilitation.
The mean value of the facilitation when the

ipsilateral arm was anteflexed was 6.9%, while
when the contralateral arm was in the same

position, the inhibition reached a mean value very

close to 6.8%. Despite the dispersion of values in
the population of test subjects, the same experi-
mental manoeuvre gave rise to fairly similar re-

sults when it was repeated on the same individual
after an interval of several weeks. For example,
from subject GJ, tested four times, the following
values for facilitation were obtained when the
ipsilateral arm was anteflexed: +9.2%, +9.6%,
+9.8%, and + 11.2%; when the contralateral arm
was anteflexed: -10%, -9.4%, -9.1%, and
-11%.
The variations in the amplitude of the soleus

tendon reflex are a function of the angle between
the raised arm and the trunk (Fig. 2). Curve A
shows the values measured when the arm ipsi-
lateral to the leg under test was anteflexed suc-

cessively to 15, 30, 45, 60, 75, and 900 relative to
the trunk. At an angle of 150, no alteration in the
soleus reflex was noted. A slight difference ap-

peared at 300, while at 450 it was clear, and in-
deed maximal. The effect did not increase, but
was reduced, when the arm was 600 forwards,
and disappeared at 900.
When the inhibition, rather than the facilita-

tion, brought about by the contralateral arm was
examined, the same effects appeared as a function
of the angulation of the arm (Fig. 2B). No effect
was seen at 150 or even at 300; the effect was
maximal at 450 and became progressively reduced
up to 90°. When two facilitatory manoeuvres,
such as flexion of the ipsilateral and extension of
the contralateral arm, were performed simultane-
ously, the effect measured was usually greater
than when either was carried out alone. Although
marked individual variations occurred, the com-
bination sometimes reached a value equal to the
sum of the two obtained separately. Conversely,
simultaneous performance of inhibitory man-
oeuvres (anteflexion of contralateral and extension
of ipsilateral arm) brought about a greater inhi-
bitory effect. This latter result is particularly
interesting since it indicates that the results are
not due to a non-specific phenomenon such as the
Jendrassik manoeuvre.

INVESTIGATION OF THE QUADRICEPS MYOTATIC ARC

The amplitude of the quadriceps tendon reflex is
also modified when a comparison is made between
reference values and those obtained with a raised
arm in various positions.
When the ipsilateral upper limb was forwards

or the contralateral backwards, a clear facilitation
of the quadriceps tendon reflex was observed. On
the other hand, when the contralateral arm was
forwards or the ipsilateral backwards, inhibition
was observed. Thus the quadriceps reflex was
influenced by the various conditioning positions
of the upper limb in the same direction as was the
soleus reflex.
As is shown in Fig. 3, the intensity of the effect

is related to the angulation of the arm. For an
angle of 150 forwards, there was no effect; at 300,

Fig. 2 Variations in amplitude of the Achilles
tendon reflex as a function of the angle between
arm and trunk. Amplitude is expressed as
percentage of reference values obtained with both
arms in the mid-axillary tine. Curve A shows
values obtained when the ipsilateral arm is at
various forward angles. Curve B shows values
obtained when the contralateral arm is at
various forward angles.
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Fig. 3 Changes of amplitude in quadriceps (TQ),
soleus (T Sol.), and short head of biceps femoris
(TSB) tendon refltxes at different stepped forward
angles of the ipsilateral upper limb. Values are
expressed as a percentage of reference
measurements made with both arms in the
mid-axillary line. Facilitation of the quadriceps
tendon reflex is more marked than that of the
soleus. The short head of biceps reflex is
inhibited.

mean facilitation was 70/ at 450, 28%, while at
60° it was reduced to 11%. The facilitation of the
quadriceps was quantitatively more marked than
that of the soleus reflex; the mean value of +28%
observed when the ipsilateral arm was anteflexed
to 450 contrasted with the +6% facilitation seen

in the soleus.
The inhibition measured when the contralateral

arm was anteflexed was also marked. As is shown
in Fig. 4, clear inhibition already occurred at an

angle of 300, and maintained a
level between 300 and 600.

relatively stable

INVESTIGATION OF THE BICEPS FEMORIS MYOTATIC
ARC

Contrary to the results obtained from an exam-
ination of the (extensor) soleus and quadriceps
reflexes, forward flexion of the ipsilateral arm

induced an inhibition of the tendon reflex in the
biceps, which is a flexor. Figure 3 illustrates this

Fig. 4 Changes of amplitude in quadriceps (TQ),
soleus (T Sol.), and short head of biceps femoris
(TSB) tendon reflexes at different stepped forward
angles of the contralateral arm. In this situation,
the short head of biceps femoris tendon reflex
is facilitated while those of quadriceps and soleus
are reduced.
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inhibitory effect, which was already apparent at
an angle of 300, reaching 20%. It was marked at
450, but subsequently greatly reduced at 600.
When the contralateral arm was anteflexed,

facilitation was seen (Fig. 4). This was influenced
by the angle obtained between the arm and the
thorax. Already present at 300, it reached a maxi-
mum of 20% at 450, and was then progressively
reduced until it disappeared at 90°.
When the ipsilateral arm was extended, facilita-

tion occurred, while inhibition took place when
the contralateral arm was extended.

Discussion

The results reported above indicate that the
excitability of the three myotatic arcs of the lower
limb in man can be influenced at a distance by
postural modification of the upper limbs. The
latter are responsible for a distinct pattern of
facilitation and inhibition which are exerted in
reciprocal fashion on extensor (soleus and quad-
riceps) and flexor (biceps femoris) muscles.
The distant effect is exerted by a specific

mechanism quite distinct from that which is
brought into play by the Jendrassik manoeuvre.
In the first place, electromyographic recordings
indicate the absence of muscular activity in the
upper limb whose displacement influences lower
limb reflexes. Furthermore, even if a Jendrassik
effect due to an unnoticed muscular contraction
could be invoked to explain reflex facilitation, it
could not account for the inhibitory effects
demonstrated. Voluntary contraction in a distant
muscle increases the excitability of all myotatic
reflexes in the lower limb (Delwaide et al., to be
published).

Facilitation and inhibition are discrete effects
in the soleus reflex arc. One may speculate about
their functional value. Are they perhaps more
intense in the presence of distant motor activity
than in conditions of passive postural change?
Further investigations are required on this point.
On the other hand, even in repose, the effects are
clearly more marked in the thigh muscle than in
the calf. The greater intensity of the effect on the
proximal limb segment has also been observed in
a study of the effect of caloric stimulation of the
vestibular apparatus on lower limb myotatic re-
flexes (Delwaide, 1977), and in an investigation of
the Jendrassik manoeuvre (Delwaide et al., to be
published). These findings should perhaps be cor-
related with anatomofunctional data on descend-
ing spinal pathways.

Facilitation and inhibition are not related

linearly to the angle of the arm with the trunk,
but in some more complex way. When the arm
is anteflexed, effects begin at a considerable angle
and become maximal at 45°. Beyond this angle
they are reduced, disappearing when the arm
forms an angle of 900 with the trunk. The curve
could possibly be the result of actions in oppo-
site directions evoked by the discharge of receptors
possessing different recruitment thresholds. It can
be noted that most evident effects are observed
in the range of upper limb displacements occurring
during walking (Ballesteros et al., 1965).
To account for the effects of postural changes of

the upper limb on reflex transmission in the lower
limb, the long propriospinal neurones connecting
cervical and lumbar enlargements of the spinal
cord deserve special attention. In the cat, they
seem to play an important role in forelimb-hind-
limb coordination during walking (Miller and
Van Der Burg, 1973). Long propriospinal fibres
have monosynaptic excitatory connections with
many motoneurones and with excitatory and inhi-
bitory interneurones projecting to motoneurones
(Jankowska et al., 1974). So, the propriospinal
circuitry could possibly be the way by which the
distinct pattern of facilitation and inhibition is
exerted on lumbar neurones. Moreover, the
neurones activated by the propriospinal tract are
almost if not exclusively confined to the ventral
horn, and especially to its medial aspects. A more
prominent effect on proximal myotatic arcs could
be interpreted by this fact.
At present, preliminary findings indicate syn-

aptic activation from the brain of the long pro-
priospinal neurones. In awake normal subjects, it
is likely that higher centres contribute with
spinal structures to influence the reflex trans-
mission in the lower limb. In the cat, a pro-
prioceptive receiving area of the cerebral cortex
has been shown to enhance the cervicolumbar
interactions (Abrahams and Falchetto, 1969;
Abrahams, 1970).
However, before taking as proven that cervico-

lumbar interactions in man depend almost en-
tirely on a propriospinal system, the physiology
of this structure and of its control has to be
better understood.
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