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LECTURE V

COMPOUND REFLEXES: SIMULTANEOUS COMBINATION

Argument: Combination of reflexes simultaneously proceeding. Spread
of reflex-response about a focus. Gray matter and lines of reflex
resistance. ‘“ Short” reflexes and “long” reflexes. Rules decipher-
able in the spread of reflex reaction. Pfliiger’s “laws” of spinal
irradiation. The “reflex figure.” Variability of reflex result. Irra-
diation of a reflex attaches itself to the problem of the simultaneous
combination of reflexes. Co-ordination of reflex result obtains even
when large mixed afferent nerve-trunks are stimulated. The move-
ment excited by stimulation of the motor spinal nerve-root does not
really resemble a movement evoked reflexly or by the will. Extent
of simultaneous combinations of reflexes. Simultaneous stimuli
arrange themselves naturally in constellations in which some com-
ponent is usually of pre-eminent intensity. The resulting compound
reaction has both positive and negative sides.

A LARGE part of co-ordination consists in the orderly com-
bining of reflexes. In studying this co-ordination we have to
deal with and discriminate between simultaneous combinations
and successive combinations of reflexes. We may proceed to
attempt the former problem.

Irradiation. If by appropriate stimulation of the skin of the
foot, say by unipolar faradization of a spot of the plantar skin
of a digit, the ordinary flexion-reflex of the hind limb of the
dog be evoked, the extent of the reflex increases with increase
in the intensity of the stimulus. The reflex-effect spreads over
a larger and larger field, irradiating as it were in. various direc-
tions from a focus of reflex-discharge which takes effect on the
limb itself.

The centrifugal discharge elicited by any reflex seems as
regards its spatial distribution to be focussed about a centre
round which its irradiation varies according to circumstance.
In the scratch-reflex the pretibial muscles that dorso-flex the
ankle seem to lie at the focus of the motor discharge. In
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the “ flexion-reflex,” if the reaction evoked is very weak a band
of the deep inner hamstring muscle has often in my experience
seemed the only part of the musculature thrown into action.
On the other hand, when the reflex is evoked with medium
strength it can often be seen that after the reflex (the exciting
stimulation being continued unaltered) has been in progress for
a few seconds, flexion at hip adds itself to the flexion at the
knee (see Fig. 45). And by strong stimulation, strong flexion
at hip occurs together with that at knee and practically from
the very outset. In my experience the condition of “spinal
shock ” is very favourable for noting the seat of the focus of
the motor discharge in a reflex, because in that condition it
happens often that the piece of musculature which is at focus
of the discharge is the only one which can be got to give the
reflex-response. It seems possible in this way to determine what
reflex in, for instance, a “ spinal” monkey corresponds with this
or that reflex in a “spinal” dog. In the monkey the severity
and long duration of spinal shock allows merely the focal reply
in the musculature. Thus a feeble tightening of a part of a
hamstring muscle in the “spinal” monkey affords fair evidence,
in response to a stimulus of the foot, that the flexor-reflex — for
the full extent of which one must turn to the “spinal dog” —is
evoked. In man spinal shock seems still more severe and last-
ing than in the monkey. The situation of the weak brief con-
tractions evoked can still reveal which they correspond with
among reflexes better open to study in the lower mammals.

The more intense the spinal reflex —apart from strychnine
and similar convulsant poisoning— the wider, as a general rule,
the extent to which the motor discharge spreads around its focal
area. Thus, as stimulation of the planta causing the flexion-
reflex is increased there is added % 2% to the flexion of the
homonymous hind limb extension of the crossed hind limb, then
in the homonymous fore limb extension at elbow and retraction
at shoulder, then at the crossed fore limb flexion at elbow,
extension at wrist, and some protraction at shoulder; also turning
of the head toward the homonymous side, and often opening of
the mouth, also lateral deviation of the tail.
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According to circumstance, especially according to intensity
of stimulation, the field of end-effect of the flexion-reflex may
vary from a minute field occupying part of a flexor muscle of
the knee to a field including musculature in all four limbs and
neck and head and tail.

That the reaction should spread in its spatial extent is not
surprising. The afferent neurone on entering the central organ,
the spinal cord, enters a vast network of conduction of paths
interlacing in all directions. A glance at any Weigert prepara-
tion of the spinal cord shows a tangle of branching nerve-fibres,
the richness and intricacy of which seems practically infinite.
Into this forest the receptive neurone conducts the impulses,
and can itself be traced, breaking up into many divisions that
pass in many directions and to various distances. And this web
of conductive channels into which the centripetal impulses of the
reflex are thus launched is known to be practically a continuum
in the sense that no part of the nervous system is isolated from
the rest. “ A group of nerve-cells disconnected from the other
nerve-tissues of the body, as the muscles or glands are discon-
nected from each other, would be without physiological sig-
nificance. To understand the physiology of the nervous system
it is important to keep in mind the fact that by histology it is
found to be continuous throughout its entire extent.” 2® And
there is the generally accredited statement that on exhibition of
strychnine centripetal impulses poured in viz any afferent nerve,
excite reflex-discharge over the efferent channels of the whole
nerve-system. This, even if not strictly true, is sufficiently ap-
proximate to the truth to show the enormous interconnections
between any afferent channel and the congeries of arcs of the

FIGURE 45.— Maintenance of the scratch-reflex A and the flexion-reflex B respectively under
unipolar faradic stimulation of comparable intensity. The diffuse electrode (anode) was
on the fore limb in each case; the primary circuit and itsrate of interruption was the same,
and the secondary coil of the inductorium remained at the same distance from the pri-
mary. For the scratch-reflex the needle electrode was set in the skin of the loin, for the
flexion-reflex in the plantar skin of the outermost digit. After giving 28 beats the
scratch-reflex died out, having lasted about seven seconds. Further continuation of
the stimulation was cut short as useless after four more seconds. The flexion-reflex, on
the other hand, is in full intensity at the end of the 13th second of continued application
of the stimulus,and its amplitude is perfectly maintained at the end of the 2oth, although
the reflex is rather tremulant. At the 44th second, when it has become more tremulant
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whole central nervous system. It is therefore not surprising
that the reflex reaction should spread. On the other hand, the
data leave unexplained tertain features of the spread. How is
it that the spread, as the reflex is intensified, does not extend
everywhere, as it is said to do in strychnine poisoning? How
is it that in the flexion-reflex, of the cat for instance, the spread
does not extend to the muscles of the pinna of the ear? It is
easy from certain parts to obtain the brisk reflex retraction of
the pinna. Yet in my experience the stimulation of the foot
that causes the flexion-reflex and all its various irradiations may
be pushed without evoking retraction or other movement of
the pinna. In other words, the irradiations of the reflex occur
along certain lines only and not along others, and the line to
the pinna is of these latter. :

Evidently the irradiation from each entrant path tends to run
- in certain directions and notin all. This fact is sometimes stated
in the form that gray matter offers to the entrant path lines of
conduction possessing different degrees of resistance. To say
this merely of course restates the fact in terms suggesting
analogy between nerve-paths and electric circuits. Before the
Golgi and methylene-blue methods had thrown doubt on the
intricate forest of nerve-fibres in the gray matter being a net-
work structurally continuous in all directions, as supposed from
the Gerlach preparations and the universal irradiation under
strychnine, the differences in conductive resistance were attrib-
uted mainly to differences in the length of the network to
be traversed by some reflexes as compared with others. The
longer that path in the gray matter the higher was thought to
be the resistance. Evidence indicating slow travel of impulses
in gray matter was taken as evidence of resistance in gray
matter. In certain reactions the impulses were supposed to
have very long paths of travel in gray matter. Thus, impulses
of pain were supposed to ascend along the spinal gray matter to
the brain. The path of impulses connected with pain does plunge
into the gray matter very soon after entering the spinal cord;
it then, probably after a short course, emerges into the lateral
white columns, preponderantly of the side crossed from that on
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which it entered. This short in-and-out traverse of the spinal
gray matter seems typical of all paths in the gray matter; they
are probably all quite short.? If all synapses lie in the gray
matter, each path where it involves a passage from one link to
another of the neural chain must enter the gray matter to es-
tablish its linkage; it probably soon emerges thence again.
Neurone-threshold. But one finds still very generally ex-
pressed the view that the differences of resistance to irradiation
in different directions are referable to different conductive re-
sistance offered by different fibres in the gray matter., The
different resistance seems more probably referable to differences
in the facility of conduction at different synapses. At each
synapse there is a neurone-threshold)® At each synapse a
small quantity of energy, freed in transmission, acts as a releas-
ing force to a fresh store of energy not along a homogeneous
train of conducting material as in a nerve-fibre pure and simple,
but across a barrier which whether lower or higher is always to
some extent a barrier. There is abundant evidence that different
synapses differ from one another. That neurones should differ
in the threshold value of the stimulus necessary to excite them
seems only natural. The arguments adduced by Goldscheider
point in this same direction. Many of the phenomena consid-
ered in the first three lectures are easiest explicable by such
differences. The distinctions between different synapses in re-
gard to ease of alteration by strychnine and by tetanus toxin
emphasize this probability further. On this view the fact that
irradiation of a reflex reaction spreads along certain conductive
arcs more readily than along others, can be schematically figured
as in the diagram (Fig. 46). A receptive neurone A enters the
cord and forms synaptic connections with three neurones, the
neurone-threshold at the synapse with one of the neurones is
higher than that at the synapses with the others. The threshold
heights (resistances) are represented by whole numbers, two and
one respectively. Each of the intraspinal neurones in its turn
forms two synaptic connections with two neurones, and in these
cases also the thresholds at the synapses are of different heights,
numerically, two and one respectively. On the view that the
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FIGURE 46. — Explanation in text.

action of one neurone upon the next is that of a releasing force
liberating a potential system across a barrier whose resistance
we do not exactly know, it is impossible to predict how the re-
sistance will sum along the whole conductive chain. It is clear
that although the total resistance of the reflex-arc A B may be
numerically represented by 1, the resistance along A D need
not, on the numerical values assigned to the synapses in the
diagram (Fig. 46), sum to the value 4. Vet it is also clear that
the threshold for any whole arc cannot be lower than the
highest individual threshold in it. Further, the individual
thresholds will tend to sum, for an excitation of neurone A
just sufficient to excite neurone @ is hardly likely to excite
a sufficiently to overcome the threshold of synapse 2 D. Thus,
with even small grades of difference of threshold at different
synapses, large differences in the conductive facility of different
reflex-arcs can be established.

Similarly, an additive influence of the threshold will make a
reflex-chain consisting of several neurones offer casteris paribus
higher resistance than a chain of fewer neurones. The diagram
is therefore in accord with the rule that the reflex-chains which
conduct to parts segmentally distant require generally intenser
stimulation to excite them than do merely local arcs.
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Short and long reflexes. For many purposes of description
it is convenient to divide reflexes into “short” and “ long.” 20

The cord may, in its relation to the receptive surface and
skeletal musculature, be considered divisible into right and left
lateral halves, each subdivisible into regions of neck (cervical,
including pinna), fore limb (brachial), trunk (thoracic), hind limb
(crural), and tail (caudal). A reflex action in which the stimu-
lus applied to a receptive area in one of the above regions
evokes a reaction in the musculature of another of the regions
is conveniently called a long spinal reflex. A reflex reaction in
which the muscular reply occurs in the same region as the
application of the stimulus is conveniently called a sko7¢ spinal
reflex. Short spinal reflexes are, as a rule, more easily and
regularly elicitable than are long spinal reflexes. It might
further be convenient to allocate hard-and-fast boundaries to
these regions, but such limits would of necessity be artificial
and arbitrary. The scope of the delimitation is indicated and
its purpose better served by comparison with one retina, say of
the bird, the one lateral half of the skin corresponding with one
retina ; one optic nerve would correspond with the lateral half of
the spinal cord and bulb. Between these comparable surfaces a
difference exists, in that the receptive field of the skin, unlike
the retinal, has instead of one (or two, cf. Kalischer)3? focal
region of concentrated responsiveness, several such foci, e. g
the relatively highly responsive skin at the apex of each limb.
As the retina has muscles at call, so also the skin. The close-
ness of nexus between a retinal point and the visual muscula-
ture is graduate in degree, ¢. g. most close for the muscles of its
own bulbus, next for those of the contralateral, then for the
neck muscles, etc. Similarly there are degrees of nexal closeness
between a point of skin and the related musculature: its connec-
tion is most close with muscles of its own limb, next with those
of another limb or other region. The main interest of direc-
tion of nervous irradiation per se— apart from light it may
incidently cast upon the integrative work of the nervous system
— lies in its elucidation of the machinery for working sentient
surfaces. That the skin is a region which morphologically
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considered is composed of a segmental series seems to have
been allowed greater weight in the estimation of its receptive
functions than is fully justified, at least in the higher vertebrata.
That its segmental innervation demonstrably limits existing
reflex spinal functions in the mammal has not been shown.1%

Rules observed in the spread of impulses in spinal reflexes.
Regarding short spinal reflexes, and the directions taken by the
examples of intraspinal irradition which they furnish, it is possi-
ble to make certain general statements.%

I. Broadly speaking, #e degree of reflex spinal intimacy
between afferent and efferent spinal roots varies directly as their
segmenital proximity. Thus excitation of the central side of a
severed thoracic root, ¢. g. seventh, evokes with especial ease
contraction of muscles or parts of muscles innervated by the
corresponding motor roots, and next easily muscles innervated
by the next adjacent motor roots. The spread of short spinal
reflexes in many instances seems to be rather easier tailward
than headward. This may be related with the oblique correla-
tion that so largely holds between the distribution of the afferent
root in the skin and the distribution of the efferent root in the
underlying muscles.

II. Taken generally, for eack afferent root there exists in
immediate proximity to its own place of entrance in the cord
(e. & in its own segment) a reflex motor path of as low a thresh-
old and of as kigh potency as any open to it anywhere.
Further, in response to excitation even approximately mini-
mal in intensity a single afferent root, or a single filament of
a single root, evokes a spinal discharge of centrifugal impulses
through more than one efferent root, 7. ¢ the discharge is
plurisegmental. And this holds especially in the limb regions.
In the limb region the nerve root is therefore a morphological
aggregate of nerve-fibres, rather than a functionally determined
assortment of impulse-paths. The view that the efferent spinal
root is a functional assemblage of nerve-fibres is certainly erro-
neous. The formation of functional collections of nerve paths
(peripheral nerve-trunks) out of morphological collections (nerve
roots) seems to be the meaning of the limb-plexuses.



V] INHIBITION REVEALS IRRADIATION 159

III. Motor mechanisms for the skeletal musculature lying
in the same region of the cord, and in the selfsame spinal seg-
ment, exhibit markedly unegual accessibilty to the local afferent
channels as judged by pressor effects. For example, if pressor
effects only, and the primary phase only, of the reflex movement
be considered, the flexors of the homonymous knee and the
extensors of the contralateral are in many animals much more
accessible than the extensors of the homonymous and the
flexors of the contralateral. Inasmuch as at many joints the
flexors and extensors are &0t/ innervated by motor-fibres con-
tained in one and the same efferent root, it follows that the
reflex movement obtained by excitation of an afferent root in
many cases is quite dissimilar from the movement obtained by
excitation of the corresponding efferent root, in spite of the rule
of segmental proximity. ‘

It is necessary to insert the qualification “ pressor” before
“effects” (“reciprocal innervation”). It is only in regard to
pressor effect that the above statement holds for such contrasted
neurones as those of “ extensors” and “ flexors.” I have stated
the rule in this way because more in conformity with the oft-
quoted rule of spinal reflexes coming to us from Ludwig’s labor-
atory, which insisted on the rarity or impossibility of obtaining
hind-limb extension as a primary homonymous spinal reflex.
But how easy and direct is really the reflex nexus between the
receptive surface of the limb and its extensor muscles, ¢ g. at
knee, is shown by nothing better than by giving a small dose of
strychnine. That alkaloid has, as has been mentioned, the
property of converting spinal reflex inhibition into excitation.
The same stimulus which normally reflexly excites the knee-
flexors to contraction is seen after the strychnine to excite the
knee-extensors to contraction. The reflex inhibition of the ex-
tensors which was previously the reflex-effect is more difficult
to observe, but by turning it into excitation the facility of the
reflex nexus with the extensors is found to be as close as with
the flexors. Therefore, in the rule before us, if inhibition and
excitation are botk — as they should be — counted as evidence
of the reflex nexus, then the reflex nexus with the homony-
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mous knee-extensors and with the crossed knee-flexors, is as
close as with the homonymous knee-flexors and the crossed
knee-extensors.

In the question, therefore, that was put above, How is it that
the spread of a reflex reaction, when the reflex is intensified,
does not extend to all parts, as it is said to do in strychnine
poisoning? there are two different things involved. It does not
spread to some parts because, as argued above, an additive
synaptic resistance intervenes across the potentially conductive
path. An instance of such a path was given. But the absence
of apparent irradiation to certain others is for a different reason.
Keeping to the flexion-reflex as elicited by unipolar faradization’
of the plantar skin of a digit as illustration, the instance of the
knee-extensor may be taken. However intensely the stimula-
tion may be pushed, although the reflex reaction is thereby
more and more intensified, contraction of the kneesextensor does
not result, — but for a wholly different reason than that suggested
for the absence of spread of the reflex from the leg to the pinna.
The muscles of the pinna, in my experience, do not at all easily
become involved in the reaction; but the extensor muscle of
the knee is really involved in the reaction from the beginning,
only it is involved in a way that escapes observation unless
special means be taken to reveal it. The reflex-effect upon
it takes the form of an inhibition of the efferent path just
central to its motor neurone, an inhibitory block, which in pro-
portion as the intensity of the exciting stimulus of the reflex
is increased simply becomes itself the more intense. There is
no evidence that this can be broken down and converted into
excitation by merely increasing the intensity of the stimulus
that is evoking it. On the other hand, as shown above, strych-
nihe and tetanus toxin convert it into excitation, and that is
one reason why strychnine seems to increase the spread of re-
flexes so greatly; but in this case the increase of spread which
that drug appears to cause is really merely apparent. The reflex-
effect was there already, but had another form of expression.

IV. The groups of motor nevve-cells contemporancously dis-
charged by spinal reflex action innervate Synergic and not antergic































































