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Summary. The functional role of short-, medium-
and long-latency responses for the maintenance of
upright posture was investigated in twenty healthy
subjects standing on a platform which could be
rotated in pitch around the subject’s ankle joints.
Tilting the platform toe-up evokes a stretch reflex in
the triceps surae muscle (TS, latency 55-65 ms) and
at higher speeds and amplitudes of platform displace-
ment a medium-latency response (latency 108-123
ms). Both responses functionally destabilize posture,
since they enforce the induced backward displace-
ment of the body. Compensation of body displace-
ment in this situation is achieved by a long-latency
EMG response in the anterior tibial muscle (TA
130-145 .ms). Platform movement toe-down elicits
a rather small medium-latency response in TA
(103-118 ms), but no short-latency response. A late
compensatory response occurs in the triceps surae
muscle (latency 139-170 ms). The mean latency of
the late antagonistic EMG response was significantly
shorter than that of a voluntary movement triggered
by a somatosensory stimulus. Integrals of rectified
EMG responses from the two muscles were linearly
related to the amplitude and to a smaller degree to
the velocity of platform displacement. The slope of
this function (gain) varied depending on the direction
of ankle displacement and the functional importance
of the subsequent EMG responses. Destabilizing
short- and medium-latency responses of the stretched
muscle had a lower gain relative to amplitude than
the late stabilizing response of the antagonist. This
functionally adaptive modulation of gain was not
seen in relation to the rate of platform displacement.
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Introduction

The maintenance of upright human posture after an
external disturbance requires the integration of affer-
ent information from proprioceptors, vision, and the
vestibular system, and the coordination of short-,
medium- and long-latency responses with subcortical
and voluntary postural control movements. In the
case of minor disturbances applied to the body or the
extremities the visco-elastic properties of the mus-
cles, ligaments, and tendons may be sufficient to
compensate for most of the imposed disturbance
(Gurfinkel et al. 1974; Bizzi et al. 1978; Allum et al.
1982a). In addition, body inertia plays a major role,
particularly at high frequencies. When the amplitude
of an imposed displacement is increased, however,
muscular activity then becomes increasingly more
important for restoring the initial position.

Sudden disturbances through tilt about the ankle
in a standing subject cause a number of clearly
separable EMG responses of varying latencies in
flexors and extensors of the lower leg (Nashner 1976;
Allum and Biidingen 1979; Gottlieb and Agarwal
1979, 1980a; Allum et al. 1982b). The relationship of
the latency and amplitude of these responses to the
angle and velocity of the displacement of the support-
ing platform, although determining their functional
significance has up to date not been examined. In the
sitting man sudden torques about the ankle cause
similar EMG responses of short (myotatic reflex) and
medium latency (postmyotatic reaction) in the
stretched muscle (Gottlieb and Agarwal 1979, 1980a,
b; Gottlieb et al. 1981; Allum et al. 1982a). The
“myotatic reflex” in the triceps surae and the later
responses in both the triceps surae and the anterior
tibial muscle demonstrate a linear relation to and
high correlation with the rate of muscle stretch.

Tilt of the supporting platform toe-up stretches
the triceps surae. Myotatic and postmyotatic



responses to stretch through tilt further destabilize
posture whereas activity of the anterior tibial muscle
stabilizes. The time-locked response in the anterior
tibial muscle, although occurring somewhat later,
tends to counterbalance the destabilizing medium-
latency response in the triceps surae muscle (Allum
and Biidingen 1979). Our experiments were con-
ducted in an attempt to elucidate to what degree a
setting according to functional demands facilitates or
inhibits segmental and suprasegmental responses to a
sudden external disturbance in a subject standing at
rest. Our working hypothesis was that a high positive
relationship in the amount of destabilizing EMG
responses to the rate or amplitude of the imposed
stretch, as in the experiments of Gottlieb and Agar-
wal, would be extremely unfavorable in that it would
increasingly destabilize posture along with the
increasing rate and amplitude of the rotating support.
Functional demands in the standing subject would
require a proportionally lower gain of destabilizing
EMG responses in the stretched muscle and a higher
gain of the EMG responses in the shortened antago-
nist, the functionally stabilizing muscle.

Methods

Subjects stood on a moveable force measuring platform. Strain
gauges at the four corners measured forces perpendicular to the
platform. The displacement of the center of foot pressure (CFP) in
the anterior-posterior direction was computed from the differences
of forces acting on the two anterior and the two posterior corners

“of the platform.! The subject’s weight, which influences the static
and dynamic portion of the measurement, was electronically
compensated. The servo-controlled platform could be rotated
suddenly in pitch about an axis aligned with the axis of the
subject’s ankle joint. The rate and amplitude of the platform
movement could be varied independently; the rate between 5 and
100°/s, the amplitude up to 8°. The rate of motion of the platform
was controlled by integrating the output of an accelerometer
attached to the platform.

The EMGs of the anterior tibial (TA) and the triceps surae
(TS = gastrocnemius + soleus) muscles were recorded with two
surface electrodes placed 5.3 cm apart between the two heads of
the gastrocnemius muscle. EMG signals were full wave rectified
and bandpass filtered (1.6 Hz ~ 1 kHz). The platform movements,
displacements of the CFP in the anterior-posterior direction, and
angular displacements of head and hip were recorded for later
analysis after multiplexing (rate 263 Hz/channel) through the direct
channel of a tape recorder (Tandberg 115 G). EMG signals were
stored on the two FM-channels.

Ten healthy subjects (aged 22-32) participated in the first two
experiments. Subjects were instructed to maintain a comfortable
upright posture with open eyes during the entire experiment. Their
feet were positioned parallel to each other 4 cm apart. Subjects
were not informed beforehand as to the time of onset, the
direction, rate, and amplitude of a forthcoming platform displace-

1 The CFP is not equivalent to the center of gravity, as it includes
dynamic forces, the contribution of which increases with fre-
quency
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ment. In the first experiment the rate of ramp movement of the
platform was varied between 10 and 100°/s, while the amplitude
remained constant at 4°. The sequence of the different angular
velocities of platform movements was randomized, as was also the
direction of the platform displacement, i.e. ‘toe-up’ or ‘toe-down’.
Every combination of platform rate and direction was recorded at
least eight times in order to make reliable averaging possible.

The amplitude of platform movement was varied in the second
experiment between 2 and 8°. The rate of ramp movement
remained constant throughout at 80°/s.

The displacements of CFP, head, and hip were averaged over
eight runs (Nicolet 1070) and displayed on an X-Y-plotter.
Latencies indicating the onset of EMG activity after the start of
platform displacement were separately measured for each of the
eight runs by visual identification with a digital cursor on the
oscilloscope display of the averager.

In the third experiment we tried to investigate whether or not
the late antagonistic EMG response in the anterior tibial muscle
after a platform tilt toe-up is a voluntary response triggered by the
sensory input to the foot when the platform is tilted. Ten healthy
subjects participated in this experiment. The platform was tilted
toe-down with an amplitude of 0.5°, a condition which in none of
the cases evoked a short- or medium-latency response in the
anterior tibial muscle. Subjects were instructed to perform a
voluntary dorsiflection of the foot as rapidly as possible when they
perceived the beginning of the platform tilt. After a training period
with four platform tilts eight runs were performed. The mean
latencies and intraindividual standard deviations indicating the
beginning of the EMG activity in the anterior tibial muscle were
measured and compared to the latency of the antagonistic long-
latency response of this muscle after the platform was tilted ‘toe-
up’ (4°% 50°s).

In the fourth experiment we measured the integrated rectified
EMG (IEMG) activity of both muscles. Twenty subjects partici-
pated in this experiment. Platform movements were controlled by
a microprocessor system which varied randomly the velocity, the
amplitude and the direction of platform movements. Time inter-
vals between individual trials also varied randomly between 2 and
7 s. For each stimulus condition the four corresponding runs were
averaged. Each trial was repeated with another sequence of
platform rates and amplitudes. The average EMGs from each
stimulus condition and subject were shown on the screen of the
interactive graphics terminal of the computer (IN 110). The
latencies of the short-, medium- and long-latency responses were
manually marked by a cursor. The computer calculated the
integrated EMG within the next 40 ms of activity for the short- and
medium-latency response. The IEMG of the long-latency response
was calculated within a time interval of 150 ms and then divided by
3.75 in order to allow a comparison with the earlier responses.

Data were then normalized in order to allow for a comparison
between subjects. For this purpose we separately averaged all of
the integrated EMG activities of each muscle across the entire
experiment for each subject. This mean was given an arbitrary
value of 50%. All the individual EMG integrals were then
recalculated on this basis.

We performed a regression analysis in order to obtain the
mean slopes of the functions relating IEMG to the rate of
displacement as well as to the amplitude of platform displacement.
This calculation was separately done for each EMG response.
From the 200 individual measurements (20 subjects X 2 trials X 5
stimulus velocities respectively amplitudes) we additionally calcu-
lated the coefficient of correlation.

In order to get an estimate of the torque about the ankle joint
produced by a certain amount of IEMG we performed an ad-
ditional experiment. In this experiment subjects were asked to
lean actively forward and backward. Subjects had to adjust their
body position such that the CFP which was displayed on an
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Fig. 1. Average displacement of platform and CFP after a sudden
displacement of the measuring platform toe-up (left) or toe-down
(right) with a velocity of 60°%s. EMG responses in the anterior tibial
(TA) or triceps surae muscle (TS) are indicated by arrows. SL =
short-latency response, ML = medium-latency response, LL =
long-latency response. Average from eight runs. Plus means a
forward shift of the CFP

oscilloscope in front of the subject, matched a target signal set, for
example, to an equivalent of 2 cm displacement of the CFP. The
same was repeated for different target signals equivalent to
displacements ranging between 0.5 and 4 cm. We then calculated
the integrated EMG of the actively shortened muscle within a time
interval of 250 ms. This was only done if the antagonist muscle was
relaxed.

The integrated EMG of the triceps surac and the anterior
tibial muscle was then related to the torque acting on the ankle
joint (which was also measured by the platform). The coefficient
of correlation for torque versus integrated EMG was 0.925 for the
triceps surae and 0.818 for the anterior tibial muscle. The slope of
the function was 0.159 for TA and 0.191 for the TS.(Y intercept
—0.145 and -0.111, respectively). We had evidence indicating that
the assumption of a linear relationship between IEMG and torque
at the ankle joint was valid (Hof and van den Berg 1977). The two
slope coefficients indicate that a unit change in EMG for each
muscle produces roughly the same unit change in torque about the
ankle, but in opposite directions.

Results
a) EMG responses

Sudden upward displacements of the platform, which
stretch the triceps surae muscle, caused a short-
latency reflex in this muscle with a latency of between
55 and 65 ms (Fig. 1, left side). The second medium-
latency response in the triceps surae had a latency of
108-123 ms. In the antagonistic anterior tibial muscle
the first activity appeared after 130-145 ms. It was
sometimes followed by a tonic contraction of the
anterior tibial muscle at a lower level of activity.
During the first part of the platform movement the
pressure on the forefoot increases and leads to a
forward displacement of the center of foot pressure
(CFP). This first segment is mainly due to the inertia

of the foot and to the passive viscoeleastic resistance
of the muscles and ligaments stretched. Correlated
with the activity of the anterior tibial muscle, the
CFP shifts backwards, since this muscle activity
increases the pressure of the heels on the measuring
platform.

Platform displacements ‘toe-down’ failed to
evoke a short-latency reflex in the anterior tibial
muscle, a phenomenon which was earlier observed
by others (Allum and Biidingen 1979; Gottlieb and
Agarwal 1979). A rather small medium-latency
response in this muscle could be seen at a latency of
103-118 ms and again a stabilizing long-latency
response in the antagonist muscle after 139-170 ms
(Fig. 1, on the right). The displacement of the CFP
differs from that after platform movement toe-up.
The “plateau” of the CFP in the latter situation was
not observed after platform movements toe-down.
The forward shift of the CFP after 150 ms is due to
the activity of the triceps surae muscle.

b) EMG latency in relation to rate and amplitude of
platform displacement

The onset-latency of the stretch reflex in the triceps
surae muscle depends on the rate of the platform dis-
placement below 20°/s. Above 20°/s and up to 100%s,
the highest value tested, the short-latency response
of the triceps surae muscle occurred at an average of
55 ms (Fig. 2A). At a rate of 80%s the latency was
independent of the amplitude of the stretch between
1 and 8° (Fig. 2C). With a rate of 10 and 20°/s the
reflex response occurred only in 50-70% of our
subjects. With higher angular velocities subjects
invariably showed a short-latency response indepen-
dent of amplitude. With increasing stimulus velocity
and amplitude the medium-latency response in the
triceps surae muscle appeared in an increasing
number of subjects (max. 70%). The velocity
threshold for this response was much higher (60°/s)
than that for the stretch reflex (10%s, Fig. 2A).
Rotating the platform toe-down evoked a me-
dium-latency response in the anterior tibial muscle in
80% of the subjects when the rate of platform
movement exceeded 40°%s. The frequency of this
response was further increased whenever the
amplitude of displacement was increased. The
latency of this response was independent of the rate
at rates greater than 20°%s and independent of the
amplitude of platform rotation at 80°s (Fig. 2B, D).
The mean latency of the late activity in the shortened
triceps surae muscle was also independent of the
amplitude of the platform displacement (Fig. 2D).
The latency seemed to be a monotonically decreasing
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function of platform velocity, however, an analysis of
variance showed that only the latencies for 10 and
20°/s rates were significantly larger than the others. In
contrast to medium-latency responses, the antago-

nistic late responses were evoked in 90% of the

subjects from 40°/s and 4° displacement on.

c¢) Postural response versus voluntary action

The mean latency of the long-latency response in the
anterior tibial muscle (= 121.9 ms) after a platform
tilt toe-up was significantly shorter than the fastest
voluntary action of the same muscle (159.5 ms, t-
test). The mean standard deviation across the eight
trials was also much smaller in the first than in the
second condition (8.7 versus 40.9 ms). Both results
were consistent in all single subjects. While the
voluntary dorsiflection of the foot was practised
before the eight runs, subjects were not exposed to
platform tilts ‘toe-up’ prior to the actual tests.

AMPLITUDE OF PLATFORM DISPLACEMENT [DEG/

d) Integrated EMG in relation to rate and amplitude
of platform displacement (Table 1)

The integrated EMG activity was linearly related to
the amplitude of the platform displacement. In
agreement with Gottlieb and Agarwal (1979, 1980a)
we also observed a linear relationship between the
integral of EMG activity on the one hand and the
rate of platform motion on the other. The slope of
the function relating the two variables, EMG activity
and rate, designated “gain” by Gottlieb and Agarwal
(1979, characterizes the input-output relation of the
short-, medium- and long-latency EMG responses
and helps to interpret their possible functional signifi-
cance. The relationship was as follows: the steeper
the slope, the higher the gain, the stronger the torque
with increasing rate and amplitude of platform move-
ment.

We calculated the regression lines separately for
each of the three EMG responses across our 20
subjects. They are depicted in Figs. 3 and 4 for the
relation between integrated EMG and amplitude of
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Table 1. Regression analysis for the relation between rate of
platform displacement (20°/s to 100%/s, amplitude 4°) and integrated
EMG activity (N = 200)

Muscle Platform y=mx+Db r p(r)

TS (SL) up y=0379x +23.17 0379  p<0.001
TS (ML) up y = 0.480x + 12.05  0.497  p<0.001
TA (LL) up y = 0.468x + 56.64 0485  p<0.001
TA (ML) down  y=0.127x+ 7.46 0238  p<0.001

TS (LL) down  y=0.082x +4587 0.09  n.s.

Regression analysis for the relation between amplitude of platform
displacement (2-6°, velocity 80°/s) and integrated EMG activity
(N = 200)

1y

Muscle Platform y=mx + b r p(r)
TS (SL) up y= 0.0Ix + 5720 0.010 n. s.
TS (ML) up y= 9.79x+ 926 0467 p<0.001
TA (LL) up y =20.15x + 1.09 0.771 p<0.001
TA (ML) down y= 259x + 8.04 0203 p<0.001
TS (LL) down y = 4.64x + 38.00 0.255 p<0.001

SL = Short-latency response; ML = Medium-latency response;
LL = Long-latency response

platform displacement and give an impression of the
main trend and the interindividual variance.

Because of our normalization procedure the
slope of the functions (gain) may be compared
between the two muscles. The average functional
characterization for each EMG response (short-,
medium- and long-latency response) under each of
the four conditions can be seen from Table 1. The
table displays the mean regression coefficients, the
coefficients of correlation from the individual values
(N = 200) and the significance of the coefficient of
correlation.

Relating rate of platform displacement and EMG
resulted in a positive slope and significant coefficients
of correlation in the destabilizing EMG responses as
well as in the stabilizing long-latency response when
the platform was tilted toe-up. The slope of the
function was nearly identical for all three responses,
thus, disproving our hypothesis. The same notion
holds true for the comparison of the two functions
when the platform is moved ‘toe-down’. The posture-
stabilizing response in the triceps surae muscle
showed no relationship to the stimulus and had an
even lower slope than the destabilizing medium-
latency response.
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Fig. 3. Normalized integrated EMG
responses (ordinate) of the stretch
reflex (SL) and the medium latency
response (ML) from the triceps
surae muscle (top) and of the long-
latency response (LL) in the anterior
tibial muscle (bottom) after a
platform tilt toe-up with varying
amplitudes of platform tilt
(abscissa). The solid lines are linear
regression curves. The slope of the
function relating integrated EMG
and stimulus amplitude is steeper for
the posture stabilizing response
(LL) than for the destabilizing SL

6 and ML responses
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On the other hand we were able to confirm our
hypothesis when we related IEMG and amplitude of
platform displacement (Figs. 3 and 4). The stretch
reflex was unrelated to the amplitude of stretch. The
gain of destabilizing EMG responses was invariably
lower than that of the stabilizing long-latency
response irrespective of the direction of platform
displacement.

Discussion

Sudden angular displacements of the support caused
by the tilting of the platform cannot entirely be
counterbalanced by the viscoelastic properties of
muscles and inertia of the body, but require muscle
activity. Short-, medium-, and long-latency responses
in cooperation with intersegmental corrective
responses constitute the early phase of muscular
activity.

Segmental stretch reflex

Tilting the platform ‘toe-up’ evokes a segmental —
short latency — stretch reflex in the triceps surae
muscle with a mean latency of 55 ms. Reflex latencies
between 35 and 56 ms were measured by others using
the same method or by pushing a standing subject
(Elner et al. 1972; Litvinsev 1973; Allum and
Biidingen 1979; Chan et al. 1979; Gottlieb and
Agarwal 1979; Bussel et al. 1980; Kearney and Chan
1981). The large range of latencies is for the most
part due to the differences in measurement tech-
nique. We measured with respect to the trigger
stimulus, others with respect to the displacement of
the foot. The increase due to mechanical delay in our
experiment was 10 ms. When the stimulus amplitude

was small, the stretch reflex was monophasic and had
a duration of 20 ms. We found no correlation
between amplitude of displacement and latency. This
is probably due to the rather high velocity of dis-
placement used (80°%s).

The latency of the stretch response in the triceps
surae muscle reaches its minimum of 55 ms at a 20%/s
rate of stretch. Lower stretch velocities lead to an
increased delay and lower probability of reflex
occurrence. At 10°s the average latency increases to
98 ms and the probability falls to 70%. In the sitting
man the threshold for the stretch reflex is higher
(between 40 and 80°/s, Elner et al. 1972; Gottlieb and
Agarwal 1979). Upright stance lowers the threshold
of the stretch reflex, probably by descending tonic
activity to the alpha-motoneuron. This modification
of the excitability of the spinal reflex arc is apparently
inaccessible to voluntary control (Burke and Eklund
1977; Burke et al. 1980).

As have others, we too did not observe a short-
latency reflex in the anterior tibial muscle (Allum
and Biidingen 1979; Gottlieb and Agarwal 1979). In
the case of standing subject, however, a velocity
threshold for the reflex exceeding 100%s cannot be
excluded due to the limited range of action of our
equipment. When sitting, stretch velocities of up to
400°/s were not able to evoke a short-latency reflex in
the anterior tibial muscle (Gottlieb and Agarwal
1979); a barely detectable response was obtained
with a stretch velocity of up to 800%s (Chan and
Kearney 1982).

During voluntary contraction, however, passive
displacement elicits a stretch reflex in the anterior
tibial muscle (Iles 1977). Similarly a stretch response
is obtained in this muscle without preactivity if
subjects are warned beforehand (Burke et al. 1980).
This change in the excitability of the stretch reflex
cannot be explained by changes in fusimotor activity
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since the dynamic response of spindle endings is not
altered (Burke et al. 1980). In our experiments the
time intervals between successive trials and tilting
directions varied randomly. Our subjects, therefore,
were not able to anticipate the next stimulus.

Medium-latency response

The responses after 110-120 ms correspond to the
“functional stretch reflex” of Melvill Jones and Watt
(1971) or the “postmyotatic reaction” of Gottlieb and
Agarwal (1980a). This EMG response could be
evoked in only 50% of the subjects. Since the
contraction of the stretched muscle functionally des-
tabilizes posture under our experimental condition,
this response may have been suppressed in the
remaining 50%. This assumption is supported by the
finding of Nashner (1976), who observed a rapid
adaptation of this response when he shifted from a
linear displacement backwards, in which case TS
stabilizes, to platform tilt ‘toe-up’. Subjects who
exhibited this medium-latency response, however,
did not show adaptation in our experiment. The
difference to the results of Nashner (1976) may be
due to the higher velocity of displacement employed
in our experiments.

The origin of the medium-latency response is
unclear. In agreement with the findings of authors
who studied stretch responses in arm and finger
muscles (Philipps 1969; Marsden et al. 1973, 1976;
Lee and Tatton 1975) we feel that a transcortical loop
may be considered, but thus far cannot be proven.

Preloading is necessary to evoke an analogous
resonse in arm muscles and muscles of the lower leg
in sitting subjects, but is not a prerequisite for such a
response when the subjects are standing. The triceps
surae is usually slightly loaded and, therefore, active
since the body’s center of gravity normally projects
anterior to the ankle angle axis when subjects are
standing (Thomas and Whitney 1959). The response
is, however, also seen in the unloaded anterior tibial
muscle with an unexpected toe-down displacement.
Influences such as expectation or a special instruction
(Gottlieb and Agarwal 1980a) were excluded by the
experimental paradigm. It may be concluded that the
task of standing per se comes about with the appro-
priate setting of the spinal cord connectivity and its
supraspinal control centers.

Long-latency response

This response was exclusively and almost invariably
obtained in the antagonist of the stretched muscle.

When the supporting platform is tilted, this EMG
response is the only one which functionally stabilizes
posture, since it counteracts the body displacement
forward or backward. The late stabilizing response of
the antagonist muscle is specific to upright posture
since it is not found when the triceps surae is
stretched in a supine position (Chan and Kearney
1982) or when sitting (Gottlieb and Agarwal 1980a;
Allum et al. 1982a, b). We were unable to determine
whether this response is present with linear displace-
ment. Recordings of Nashner and Grimm (1978)
seem to indicate that this is not the case.

The long latency response of the antagonist
muscle in its stabilizing effect is supported by body
inertia when the platform is tilted. With linear
motion, however, body inertia has a destabilizing
effect. In addition to the muscular effects of the long-
latency response and inertia, the counterphase oscil-
lations of the different body segments also help to
stabilize posture.

With regard to the long latency it may be
considered whether this response is voluntary.
Although well-trained subjects may finally initiate a
voluntary contraction of leg muscles within 90-130
ms after a kinesthetic or acoustic stimulus (Tles 1977;
Chan et al. 1979) postural reactions, as in our
situation, could clearly be differentiated from these
voluntary responses. We observed that some mem-
bers of our laboratory research team were able to
shorten their voluntary reaction-time for dorsiflec-
tion of the foot from 150 ms to 90 ms within a training
period of some days. The latencies of the long-
latency responses were unchanged, even after several
months of experiments.

The nature of these late responses remains un-
clear. Vestibulospinal reflexes (Nashner 1973) are
unlikely, since one subject without labyrinthine func-
tion (due to bilateral 8th nerve section) showed these
late responses with a normal latency. Thus far it
remains unclear whether this response is due to
spindle afferences from the stretched muscle, from
the joint or from pressure receptor afferences. That
spindle unloading is the triggering source of informa-
tion from the shortened muscle is unlikely since,
while standing quietly, the discharge of la-afferents is
minimal (Burke and Eklund 1977).

Involuntary postural adjustments can also be
observed in leg muscles before voluntary arm move-
ments are executed (Bouisset and Zattava 1981;
Cordo and Nashner 1982). This and the clinical
observation of a disturbance of postural reactions in
patients with diseases of the basal ganglia or cerebel-
lar diseases, in whom voluntary movements of the
arms may be for the greater part unaffected,
although postural reflexes are absent, delayed or



even enhanced (Traub et al. 1980; Dichgans and
Mauritz 1982), support the concept of a largely
subconscious organization of postural motricity.

Functional significance of involuntary EMG
responses after platform tilting

The functional role of short, medium, and late
responses is poorly understood. The assumption that
the stretch reflex is only a length regulating mecha-
nism and compensates for changes in external
mechanical load could not be confirmed in man and
monkeys (Crago et al. 1976; Bizzi et al. 1978). Its
mechanical significance under our experimental con-
ditions is small. If prominent, it would add passive
destabilization. Houk (1978, 1979) assumed that the
stretch reflex in response to stimulation of spindles
and tendon organs regulates muscle stiffness (the
ratio of force change to length change) and therefore,
linearizes the nonlinear mechanical response of a
muscle to length changes. With platform tilt,
increased muscle stiffness would aid passive destabili-
zation, a fact which, if true, would illustrate the
occasional maladaptivity of segmental reflexes.
Medium- and long-latency responses are gener-
ally considered to be of greater significance for the
compensation of a disturbance of an actively con-
tracting muscle (Hammond 1960). The “gain” of this
“servo reaction” is proportional to the initial load; it
is nearly zero in a relaxed muscle (Marsden et al.
1977). In the sitting man a high gain (integrated EMG
versus rate of stretch) for both segmental reflexes
and “postmyotatic responses” was observed by Gott-
lieb and Agarwal (1979, 1980). In agreement with the
above results we found in the standing man a positive
gain of short-, medium-, and long-latency responses
when we compared integrated EMG and rate of
platform displacement. Although short- and
medium-latency responses to the muscle stretching
destabilize posture with platform tilt, whereas long-
latency responses tend to stabilize it, the increase
in IEMG activity with an accompanying increase in
the velocity of the platform tilt is similar in both

stabilizing-and destabilizing responses. Evidently, the .-

velocity of platform tilt per se is not a critical variable
for the passive displacement of the body. The equal-
ly increasing gain of the stabilizing long-latency
response compensates for the increase of the short-
and medium-latency responses.. This behavour could
possibly account for the increasing stabilizing effect
of inertia with increasing velocity.

In agreement with our hypothesis, we found a
much higher gain in the long latency response as
compared to the short- and medium-latency
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responses when the amplitude of the platform dis-
placement was increased. In this situation the antago-
nistic response must not only compensate for the
destabilizing effects of the earlier EMG responses,
but it must also restore upright position after passive
displacements in the forward or the backward direc-
tion. Admittedly the gain of the medium- and long-
latency response is higher when the platform moves
‘toe-up’ as compared to moving ‘toe-down’. This
probably reflects th subjective experience that it is
much easier to compensate a displacement ‘toe-
down’ than ‘toe-up’. The more difficult a task the
higher is the amount of coactivation of TS and TA.

The relatively high gain of the response of the
triceps surae to stretch at first glace seems to
contradict the interpretation given so far. One of the
reasons for the relatively high gain of the medium
latency response in TS might be that the range of
possible dorsiflection from the neutral position of the
ankle joint is much smaller than that for plantarflec-
tion. In the case of an 8 degree stretch toe-up, as in
our experiment, a reflex opposing this stretch might
be necessary to protect muscle and tendons from
being overstretched. The exclusive comparison of
gains within one muscle overlooks that it is the
proportion of gains in agonist and antagonist that
determines the biomechanical consequences.

The fact that the late stabilizing EMG response in
the antagonist of the stretched muscle shows a linear
relationship to rate and amplitude of platform dis-
placement with a positive slope indicates a “servo-
like” reaction rather than a “triggered response”
(Marsden 1976; Tatton and Bawa 1979; Chan and
Kearney 1982). Triggering might be suspected for the
onset, but responses require a certain rate and
amplitude of the disturbance to reach a minimal
latency.
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