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A critical review of evidence concerning long-loop
reflexes excited by muscle afferents in man
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SUMMARY It is the thesis of this review that the origin of the intercurrent facilitation at 50 to
400 msec in the standard recovery curve of the H reflex, evoked with paired stimuli, is a complex.
It is composed importantly of central feedback effects from the conditioning reflex contraction,
influences mediated by cutaneous group III afferent nerve fibres excited by the percutaneous stimulus,
and with a possible additional modest contribution by long-loop, spino-bulbo-spinal influences.

Sherrington (1906) originally distinguished short
spinal reflexes, with muscular responses within the
same locality as that of the application of the
stimulus, from long spinal reflexes evoked at a
distance. The long spinal reflexes involved neck,
trunk, and interlimb postural adjustments which
appeared to irradiate from the local site of applica-
tion of the stimulus and were of the type represented
in the'reflexfigure'. Theywere less easilyand regularly
elicitable than short spinal reflexes. Lloyd (1942)
early demonstrated changes in motor neurone excit-
ability in the lower extremity with conditioning
stimuli to the brachial plexus, and Gemandt and
Megirian (1961) observed ascending effects upon
brachial motor neurones from stimulation of the
hindlimb in cats. These directly conducting ascend-
ing or descending long spinal pathways have been
designated the 'propriospinal system'. The proprio-
spinal system is a slowly conducting system with
multiple crossings of the spinal cord (Gernandt and
Megirian, 1961; Shimamura and Livingston, 1963).
More recently an additional longitudinally orienta-

ted system, differing from the classical long spinal
reflex system, has been described. Gernandt and
Shimamura (1961) noted that a subtetanic dose of
strychnine sulphate was necessary to activate ascend-
ing interlimb responses in high spinal but not decere-
brate cats, and the authors postulated an additional
phasically active supraspinal loop which was
interrupted in the high spinal preparation. Shima-
mura and colleagues (Shimamura, 1963; Shimamura
and Livingston, 1963; Shimamura and Akert, 1965)
further defined 'long-loop' reflexes with intricate
organization. Afferent stimuli proceed centripetally
'rhis work was supported by NIH Grant NB-07562.
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to the bulbar reticular formation where they act to
produce descendingvolleys which evoke serial ventral
root discharge bilaterally. The long-loop system is
rapidly conducting especially on the afferent side.
It was demonstrated that the slowly conducting
direct 'propriospinal' influences and more rapidly
conducting long-loop, spino-bulbo-spinal effects
arrive simultaneously in the forelimb on stimulation
of hindlimb afferents providing synchronous impetus
to motor neurone discharge. A similar coincidence
occurs in the hindlimb on stimulating forelimb
afferents. This coincidence is thought to provide a
bulbar integrating effect on interlimb reflexes.

Long-loop reflexes occur predominantly withstim-
ulation of cutaneous nerves or dorsal roots. Stimuli
applied to a muscle nerve produce reflex discharges
which are of low amplitude and inconstant (Shina-
mura and Livingston, 1963; Shimamura and Akert,
1965). Removal of the cerebellum has been variously
reported to reduce (Gernandt and Shimamura, 1961)
or to have no effect on (Shimamura and Livingston,
1963) the spino-bulbo-spinal reflexes. It was later
demonstrated that groups II and III muscle afferent
nerve fibres, but not group I, were effective in evok-
ing long-loop reflexes (Shimamura and Akert, 1965;
Devanandan, Eccles, Lewis, and Stenhouse, 1966),
although Eccles (1966) proposed an additional long-
loop reflex transmitted by impulses in group la fibres
ascending to the cerebellum and effecting centrifugal
discharge through vestibulospinal or reticulospinal
tracts. Eccles's proposition, which is based upon
evidence abstracted from experiments with man, has
been influential in later attributions of important
excitability changes evoked by muscle stretch or
stimulation of group Ta afferent fibres in clinical
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neurophysiology, as long-loop in origin. It is the
thesis of this review that the occurrence of long-loop
reflexes on stimulation of muscle afferent fibres in
man cannot be regarded as established, and, indeed,
the preponderance of evidence supports explanations
alternative to this proposition.

Long-loop effects have been purported to be
demonstrated in man by the occurrence of a late
phase of facilitation in the recovery curve of the
monosynaptic reflex (H-reflex) evoked from the tri-
ceps surae muscle by paired electrical shocks of equal
strength applied to the posterior tibial nerve in the
popliteal fossa. This intercurrent facilitation occurs
from about 50 to 400 msec, and peaks at 200 msec.
It appears to be superimposed on a long-lasting
depression beginning a few msec after the condi-
tioning volley and gradually fading at two to five
seconds (Fig. 1). Indeed, it is this phase of facilitation
which appears to be the most sensitive parameter in
disease states. It is enhanced and occurs with shorter
latency in spasticity (Magladery, 1955; Olsen and
Diamantopoulos, 1967); it is increased in Parkinson-
ian rigidity and decreased somewhat after successful
thalamotomy (Olsen and Diamantopoulos, 1967;
Yap, 1967); it is increased or decreased after spinal
transection (Languth, Teasdall, and Magladery,
1952; Diamantopoulos and Olsen, 1967). It is argued
that there is no process at spinal cord level whereby
a group Ia afferent volley could produce such a
delayed facilitation (Yap, 1967). Yet there are
possible explanations to be considered other than
that of late effects of the conditioning muscle afferent
volley. The period of facilitation has otherwise been
attributed to the central feed-back effects from
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FIG. 1. Mean ofrecovery curves of the maximal H reflex
evoked in 15 normal subjects by paired electrical shocks of
equal intensity applied to the posterior tibial nerve in the
popliteal fossa. The late (intercurrent) facilitation is indi-
cated by a superimposed bracket. Abscissa: interval be-
tween conditioning and test volleys. Ordinate: amplitude
of test H reflexes expressed as percentage of the condition-
ing reflexes. This figure is modifiedfrom a study of motor
neurone excitability in man by Diamantopoulos and Olsen
(1967).

the conditioning reflex contraction (Paillard, 1955;
Diamantopoulos and Olsen, 1967). After the
conditioning reflex contraction, the muscle lengthens,
stretching the spindle organ and exciting group Ia
discharges, which in turn increase motor neurone
excitability. A similar thesis is employed in explana-
tion of muscle clonus. Indeed, experimental evidence
has been advanced to relate this phase of facilitation
with discharge of spindle afferent fibres at the onset
of relaxation after a reflex contraction. Bianconi,
Granit, and Reis (1964) found that this phase of
facilitation of the monosynaptic reflex, recorded
from the proximal stump of a divided central root,
disappeared after the administration of Flaxedil,
indicating the importance of muscle contraction in
its evocation.

In support of the long-loop origin of the inter-
current facilitation, Eccles (1966) advanced the argu-
ment that the facilitation was absent in the recovery
curves of spinal preparations, in which the spino-
bulbo-spinal reflexes would be expected to be inter-
rupted. However, the importance of the temporal
progression of the recovery curves after spinal shock
in man provides perhaps the best evidence for the
local spinal rather than the long-loop hypothesis for
the origin of this phase of facilitation. Diamanto-
poulos and Olsen (1967) found that the facilitation
was absent one to four days after the onset of spinal
shock, about normal in size after one to four weeks,
and considerably enhanced at two to three months
after spinal transection. During the acute phase of
spinal shock, with muscular flaccidity, the mono-
synaptic reflex evoked by sudden stretch of the
triceps surae muscle (ankle jerk) is absent or greatly
diminished, whereas that evoked from the same
population of motor neurones by electrical stimula-
tion of the posterior tibial nerve in the popliteal fossa
proximal to the muscle mass (H reflex) is either
normal or only slightly reduced (Weaver, Landau,
and Higgins, 1963; Diamantopoulos and Olsen,
1967). The electrically evoked reflex, which bypasses
the muscle spindle mechanism, gives a measure of
central excitability; whereas the relationship of the
mechanically and electrically evoked monosynaptic
reflexes provides some evidence for fusimotor func-
tion. Fusimotor paralysis and muscle spindle flaccid-
ity are suggested by a particular depression of the
ankle jerk (Gassel and Diamantopoulos, 1964). The
absence of intercurrent facilitation in acute spinal
shock at the time of spindle organ flaccidity and the
enhancement of the facilitation in chronic spinal
man, provide further support for the concept that
this phase of facilitation originates from central feed-
back effects of spindle organ activation.
The spino-bulbo-spinal reflex origin of inter-

current facilitation has been supported by the results
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of the recovery curve of the electrically evoked mono-
synaptic reflex (H reflex), using as conditioning
stimulus an afferent volley sub-threshold or just
threshold for evocation of an H reflex. Paillard (1955)
first reported a slight intercurrent facilitation with
such a sub-threshold stimulus. Clearly, the occur-
rence of a phase of facilitation with conditioning
stimuli, which are sub-threshold for a reflex, would
eliminate the contingency of backfiring from the
stretched muscle spindle as a possible cause, and
would appear to provide strong support for a long-
loop effect transmitted by group Ia fibres. Yet, the
effects of stimulating cutaneous afferent fibres by the
percutaneous stimulus need to be considered. Single-
shock stimulation of the skin of the dorsal and
plantar surfaces of the ipsilateral foot (Gassel and
Ott, 1969) or of the anterolateral, anteromedial, and
posterior surfaces of the leg (Gassel, 1970a) evokes a
similar phase of facilitation with peak at 100 to 250
msec (Fig. 2). This effect has been attributed to
influences transmitted by group III cutaneous fibres
(Gassel and Ott, 1969). The attribution of the facili-
tation with conditioning stimuli sub-threshold for
the H reflex to long-loop effects transmitted by group
Ia fibres is therefore not established. The facili-
tation could well represent the effect of stimulation
of group III cutaneous afferent fibres by the percu-
taneous stimulus.

Additional evidence bearing on the long-loop
hypothesis has been advanced by experiments con-
ditioning the H reflex with stretch of the ipsilateral
triceps surae muscle. Paillard (1955) found that the
recovery curve of the H reflex conditioned by the
ankle jerk showed a more prominent inhibition and
a lesser intercurrent facilitation than the recovery
curve of paired H reflexes. On the other hand, when
conditioning the ankle jerk with an H reflex or
another ankle jerk, there was a long inhibition last-
ing to about 250 msec with a relatively sudden return
of the reflex to control levels. A slight excrescence of
facilitation in the recovery curve was noted at 350
msec, particularly when conditioning the ankle jerk
with the H reflex. Paillard also noted that passive
dorsiflexion or plantar flexion of the ankle generally
depressed the H reflex, although there was occasion-
ally an increase with plantar flexion. Whereas dorsi-
flexion is generally recognized to cause pronounced
depression of the H reflex (Magladery, 1955; Paillard,
1955), Yap (1967) has otherwise found it to accen-
tuate the intercurrent facilitation and to accelerate
the late recovery in both normal subjects and patients
with spasticity. A system for sudden passive stretch
of the ankle has been evolved (Taborikova, Provini,
and Decandia, 1966a, b). Conditioning the H reflex
with such sudden stretch evoked a phase of facilita-
tion at about 100 to 500 msec, which is preceded and
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FIG. 2. Recovery curves ofthe monosynaptic reflex (ankle
jerk) conditioned by a single shock stimulus delivered with
subcutaneous electrodes to the ipsil2teral mid leg, antero-
lateral, anteromedial, and posterior surfaces in a normal
subject, R.B. The conditioning stimulus was applied to the
dorsum of the distal foot in subject P.K., in the bottom
curve. Each graphicpoint represents the averaged amplitude
of eight reflexes. Control amplitudes were repeated during
the investigation and are indicated in the graphs at the
appropriate intervals. The figures are modified from the
studies of the effects on motor neurone excitability of
cutaneous stimulation in man (Gassel, 1970a).

followed by inhibition in most normal subjects tested.
There are undoubtedly considerable difficulties with
maintenance ofconstancy of the testing percutaneous
stimulus vis-a-vis the posterior tibial nerve during
such violent stretch; nevertheless, the conditions
were sufficiently well controlled to lead Eccles (1966)
to argue that there was no known manner in which
the facilitation evoked by sudden passive stretch of
the ankle could be caused by action restricted to the
spinal cord. Thus, plantar flexion with stretch of
anterior tibial muscles excites group Ia fibres with
direct inhibition, via one interneurone, of antagonist
posterior tibial muscles; group II and joint afferent
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fibres are inhibitory; whereas, la and lb fibres
together produce presynaptic inhibition of group Ia
synaptic actions in the spinal cord. It is noteworthy
that either sudden plantar flexion or dorsiflexion of
the ankle were reported to evoke an intercurrent
facilitation. This would necessitate the postulate of
reflection of long-loop reflexes mediated by both
flexor and extensor muscle afferent fibres to extensor
motor neurones. Yet, analysis of the distribution has
so far revealed long-loop reflexes from afferent fibres
of extensor muscles to other extensors only
(Shimamura and Akert, 1965). The protocol of the
experiment conditioning the H reflex with passive
movements at the ankle is complicated and difficult of
control, and the evidence deserves only modest
emphasis as an argument for long-loop influences.
A characteristic of long-loop reflexes, as originally

defined, is the bilateral and widespread occurrence
of the motor response. Long-loop reflexes were later
reported to reflect to flexor muscles only, with
stimulation of cutaneous afferent fibres; whereas,
long-loop responses elicited from extensor muscle
afferents were found to reflect to other extensor
muscles (Shimamura and Akert, 1965). A study was
made of excitability changes of the triceps surae
motor neurones evoked by distant tendon jerks,
which avoided the complication of autogenic central
feed-back effects from the conditioning reflex con-
traction (Gassel, 1970a). Conditioning the H reflex
or the ankle jerk with either the contralateral or
ipsilatera! biceps jerk facilitated the monosynaptic
reflex from 20 to 200 msec. A slight increment of
facilitation occurred, peaking at about 200 msec in
two of seven subjects (Fig. 3). Some variation occur-
red in the pattern of effect on conditioning with the
contralateral ankle jerk. There was facilitation start-
ing at about 40 msec and extending to 100 msec
followed by a mild depression lasting up to five
seconds in nine of 15 subjects. Mild depression
preceded the facilitation in three of 15 subjects. An
additional mild and relative phase of facilitation
occurred at 150 to 200 msec in five of 15 studies
(Fig. 3). It was concluded that there was evidence of
long descending influence evoked in a population of
triceps surae motor neurones by distant tendon jerk.
The mild and relative late facilitation with peak at
150 to 200 msec, which occurred in seven of 22
investigations, as well as the late inhibition some-
times lasting up to five seconds, was interpreted as
evidence suggestive of long-loop, spino-bulbo-spinal
influences; although a direct long spinal reflex
mediated by small afferent fibres could not be
conclusively ruled out.

Shimamura, Mori, Matsushima, and Fujimori
(1964) reported a 'long-loop response' in man occur-
ring at a latency of 65 to 80 msec in the tibialis
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FIG. 3. A and B: the recovery curve of the monosynaptic
reflex (anklejerk in A andH reflex in B) conditioned by the
contralateral anklejerk in normal subjects. C: the recovery
curve of the ankle jerk conditioned by the contralateral
biceps jerk. Each graphic point represents the averaged
amplitude of eight reflexes. This figure is modifiedfrom a
study of motor neurone excitability changes at a distance
after tendon jerks (Gassel, in preparation).

anterior muscle on evocation of the H reflex with
percutaneous stimulation of the posterior tibial nerve
in the popliteal fossa. Delayed responses were not
found on stimulation of the peroneal, femoral, or
radial nerves. Kugelberg, Eklund, and Grimby(1960)
and Ashworth, Grimby, and Kugelberg (1967)
reported flexion reflex discharges in the tibialis
anterior muscle in man at the same latency on
stimulation of the plantar surface of the foot; a
similar discharge evoked in chronic animal prepara-
tions was also of appropriate latency for a flexion
reflex (Gassel, Marchiafava, and Pompeiano, 1964).
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