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SENSATION QANED PAIN.

THE limits of a single lecture are too small to
give any adequate idea of the complicated struct-
ures and processes by which we experience what
we call sensation and pain. But my primary ob-
ject being to obtain some practical deductions
from certain basic facts connected with the phe-
nomena of sensation and pain, rather than to en-
tertain you with a detailed exposition of the subject,
I must beg your attention while I give, as necessary
to a proper understanding of conclusions which will
be ultimately arrived at, a brief outline of some of
the main and primary facts of nerve-structure and
nervous action. In doing this, I shall not enter
any debatable ground, as between physiologists and
metaphysicians, but shall simply lead you a little
way over a very common road.
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You will see, in Fig. 1, an ideal illustration of the
simplest form of a nervous system, as it appears to
have been actually differentiated; whether *““evolved,”
one order from the preceding, or specially created,
one order after another, it is not necessary to our
épresent purpose to inquire. It consists of a nerve-
tract passing from without inwardly where it joins
a highly endowed structure called a nerve-cenire.
And from this so-called nerve-centre there goes
another nerve-tract which proceeds outwardly to
some structure which is to be excited to action.

Fig T,

C

If A, in the figure A, B, C, (Fig. 1) be touched,
an impulse is produced which is conveyed along the
nerve-tract, A, B, to the nerve-centre, B, where a re-
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markable thing happens: the impulse of the touch
causes a change to take place in the highly un-
stable substance of the nerve-centre, which so mod-
ifies it, that one of another quality is sent out
along the nerve which proceeds from the centre
and it becomes now a motor impulse—or an impulse
which causes the organ to which it proceeds to act:
if a muscle to contract; if a gland to secrete, etc.
Speaking generally, there can be no functional ac-
tion of any organ without an appropriate supply of
nervous stimulus. But the nervous stimulus thus
supplied, is what is denominated 7reflex; that is, it
proceeds from an impulse set up by external agency,
is transmitted to the nerve-centre, inducing there a
disturbance of such a nature that a motor impulse is
sent off along a nerve proceeding from the centre,
with the effect of causing some kind of action in the
organ to which it goes.

In this ideal illustration of the plan of nervous
action, I have supposed, for the more easy compre-
hension of the subject, but a single nerve-fibre as
a nerve-tract, and a single cell as a nerve-centre. In
reality there are many nerve-fibres in every nerve-
tract, and many nerve-cells entering into the struct-
ure of every nerve-centre;infact, vast numbersof them
go to make up a very small centre of nervous force.
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FI1G. 2.

Nervous System of the Ascidian.
[FroM CARPENTER'S MENTAL PHYSIOLOGY.]

The next figure (Fig. 2) represents the nervous
system of the Ascidian. There is a single nerve-
centre with two or three pairs of nerves communi-
cating with the mouth, vent and body of the crea-
ture. Now if these nerve-tracts be straightened
out, we should have an arrangement of the nervous
system almost as simple as the ideal one represented
in figure 1.

Here (Fig. 3) are several nerve-cells, highly mag-
nified, and their intimate relations through connect-
ing fibres are also to be seen. It is this arrange-
ment of sensitive nerves to carry an impulse inward,
and of nerve-centres to receive and evolve energy,
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FiG. 3.

Nerve Cells—Gray Matter—Magnified.
[FroM DALTON’S PHYSIOLOGY—DEAN.]

independently of consciousness and will, which
makes life possible.

Neither man nor the lower orders of creatures could
exist except for the constantly acting agency of reflex
nervous action. A single example will sufficiently
illustrate reflex nervous action in the lower orders.
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Fig. 4.

Nerwvous System of the Centipede.
[FRoM CARPENTER’S MENTAL PHYSIOLOGY.]

In the nervous system of the centipede (Fig. 4)
we find a series of nerve-centres corresponding with
each pair of its many legs. The touch of the feet
upon the floor creates a sensory impulse which, be-
ing transmitted to the corresponding nerve-centre,
throws the unstable material of which it is composed
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into excitement and change, during which a motor
impulse is developed which is conveyed back to the
muscles of the legs and they are thus, each time,
successively and renewedly set in motion by their
own impress upon the ground, without the aid of
consciousness and volition. For, let this creature
run over the table and, while at full speed, snip off
his head with the scissors and he will continue to
run, apparently as well as before, until he meets
with an obstacle.

I said that animal life could not exist without the
part played by reflex nervous action. This is just
as true of the higher Mammalia and Man as of the
centipede or the jelly fish.

In the next figure (Fig. 5) you may see a magnified
representation of a transverse section of the human
spinal cord. The spinal cord may be considered as
a prolongation downwards of the brain, with which
it is most intimately connected. It is composed of
two parts; the inner or gray portion is the seat of the
nerve-centres for each pair of nerves which are sent
off at every vertebra. The external or white portion
is composed, principally, of conducting nerve-fibres
for the transmission of nervous impulses in both di-
rections. The internal or gray portion is made
up of the highly endowed, exceedingly unstable
nerve-cells, constituting ‘‘nerve-centres,” which
under stimuli, have the faculty of transforming



SENSATION AND PAIN.

Ises as before

=

=

E

.-r

o

.

(]

=)

(]

e

5

n

4

@

=

oy

e
2

o

_...__ﬂ...-.__uY e

c 0

o

WU O g T
#i.uui .

ptees il

rd.

Human Spinal Co

erse Section of

Transv

]

SIOLOGY

Py

s HuMman

"’E’

M DaALTO

[Fro

her vertebrates

1g
to d

-

cord of the h

inal
lly separated
in

Although the sp

de, the
between

tinct gangli-

15

1mn

that of the cent

ica
bulbs, as is seen
reflex funct

1s not anatom
onic

1pe

101

but the relat

the different nerve-centres is rendered immensely
greater and more intimate by the great multitude

]

t less

ion is no

When we speak of sen-

of connecting nerve-fibres.



SENSATION AND PAIN, ]

sory and motor nerves, we mean entirely distinct
nerve-fibres which pass from without to the centre
and which pass from the centre outward to all the
organs. These different tracts of different nerves
with different offices to perform, have names given
to them according to their respective offices. The
sensory is as often called the afferent nerve because
it transmits the impulse originating externally in
reference to the centre, towards the centre; and
the motor is as often called the efferent nerve be-
cause it conveys the motor energy developed in the
nerve-centre outwardly toward the organ to be ex-
cited to action. The sensory or afferent nerves en-
ter the spinal cord behind and communicate directly
with the gray matter; and the anterior or motor
fibres arise in the gray matter and pass out in front.
But the anterior and posterior portions (or “roots”)
soon unite and form one nervous tract in their dis-
tribution throughout the body. But the ultimate
nerve-fibres are kept entirely distinct throughout
their distribution. I will now remark that, in the
diagram first shown, the tracts of the sensory and
motor nerves were figured distinct from each other
for the purpose of greater definiteness in presenting
the ideas of afferent and efferent nerve-tracts. They
are, in reality, bound up in the same bundle imme-
diately after leaving the spinal cord.

Thus we have the three elements co-operating in
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the production of every physiological act; the sen-
sory nerve to convey inwardly an impulse set in mo-
tion by external causes; the nerve-centre excited
to active change by the stimulus received, and
the motor nerve to transmit the energy gener-
ated in the nerve-centre to the destined organ,
which, in its turn is excited to action. The plan
of nervous action is simple enough when thus
analyzed.

I wish now to call your attention to the important
fact that all nervous action consists of pulses, throbs,
ebullitions or explosions of nervous energy, accord-
ing to the degree of action. There is a rising under
sensory stimulus, a pulse of excitement, and a dis-
charge of energy, and then a subsidence, followed by
never-ending quiescence, unless the centre is again
stimulated from some source external to itself. It
is important that this fact—the pulse and subsidence
of activity in the nerve-centre—should be kept in
mind, because it is one of the basic facts of sensa-
tion and, in fact, of all nervous phenomena. The
pulse of activity in a nerve-centre under a sensory
stimulus, during which a motor impulse is generated,
may be illustrated, perhaps, in a crude way, by com-
parison with the Geysers or ‘“‘Spouting Springs,” so
far as the periodical exhibition of force, depending
on exciting causes and determining conditions, may
serve to illustrate. As in the Geysers, there would
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be no activity of the waters except there was a flow-
ing in from surrounding media, an accumulation of
heat, steam and pressure, a throb of uncontainable
forces and a belching forth of the waters, fol-
lowed by subsidence until the same conditions
recur; so the nerve-centres never act except un-
der the compulsion of sensory stimulation, and
the different organs of the body would be forever
dormant except for the energy developed in the
nerve-centres which sets their dormant powers into
action.

Thus we see the fundamental part which sen-
sation plays in animate beings. In fact the term
‘““sentient beings” is often employed as synon-
ymous with animal life.

But while we have been speaking of ‘‘sensory
impulses,” we have not yet reached conscious sen-
sation. Let us proceed a step further in our in-
vestigations. Referring again to our diagram rep-
resenting the nervous system of the centipede
(Fig. 4), we see a succession of ganglia, or little
brains, connected together by slender nervous
fibres and terminating in one ganglion which
throws out prolongations, not to a pair of legs
but to a pair of end organs, namely, a pair of
eyes. That is, the branches of the anterior gang-
lion communicate with organs more highly devel-
oped than are the feet. Now when the creature
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approaches an obstacle or an enemy, this terminal
ganglion of the series becomes affected and sends
back an inhibitory impulse, which, according to
its nature and degree, either modifies the auto-
matic action, as before described, so as to turn
the creature to one side; or, perhaps, arrests
further progress by entire inhibition. Other lan-
guage would be to say that the creature sees the
obstacle or the enemy and the controlling influ-
ence of the more highly endowed terminal gang-
lion is set up.

Passing at a single step from those simple forms
of life which I have illustrated, for convenience, by
the nervous system of the centipede, (Fig. 4) whose
movements are directly reflex, or reflex modified
by the inhibitions of more highly developed ‘“end
organs” or eyes and their specialized ganglion,
we come at once to the most highly differentiated
and endowed nervous system of all, that of man.
Referring to the figure (Fig. 6), we see, that in-
stead of a series of bulbs, with a terminal bulb
more or less specialized, we have a mass, anato-
mically continuous, and terminating in a structure
so enormously expanded as to be properly denom-
inated the “central” organ of the whole nervous
system. But in acquiring continuity of structure,
the spinal cord has lost none of its qualities as a
series of nerve-centres.
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FiG. 6.

Nervous System of Man—DPBrain and Spinal Cord.
[FroM OrTON’S ZOOLOGY.]

It is with the brain as a central nerve-organ—
a congeries of differentiated and highly specialized
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nerve-centres, a nerve-centre of the nerve-centres
—that we have more especially to do.

I have used the simpler forms of reflex nervous
action as illustrative incidents with which to render
more clear the phenomena of all nervous action,—
the excitation by stimuli, the pulse or throb or
ebullition or explosion of energy, according to the
degree of stimulation in the nerve-centre, with
the discharge of a motor impulse to excite action
in the organ to which it is sent,—in order that
you may have a clear conception of what takes
place in that centre of centres, the brain itself.
For the brain is only a nerve-centre—with ex-
traordinary endowments, and of immense size, to
be sure—but it is a nerve-centre still. And it
acts only as it is incited to action by stimuli, ex-
actly the same as the simplest nerve-centre that
controls the motions of an ascidian or a single
pair of a centipede’s legs. But with this differ-
ence that, whereas the simple nerve-centres of
the lower orders of creatures receive impulses from
without along afferent or sensory nerve-tracts,
without power of origination of sensory impulses,
the brain seems to have this power of central self-
stimulation. In other language, the brain seems
to be capable of receiving stimuli from two direc-
tions, viz.: from the direction of the body and the
external media, through the senses, and also from
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the direction of that unknown and unknowable
something which we denominate the Mind. But,
whether the stimulus comes from the direction
of the various senses, or from that of the mind,
the important fact remains that the effect pro-
giiced 1= precisely ‘the same in each case.. The
difference, where difference exists, is one of de-
gree, never of kind. For, instance, the thought
of a friend or an enemy produces the same kind
of throb in the cerebral centre that the sight of
a friend or an enemy produces. The thought of
food causes a cerebral pulse which produces the
same sensations as the sight of it, differing only
in degree. It is these centrally originating sen-
sations which we are more particularly to study,
in our consideration of sensation and pain, in this
discussion.

A sensory impulse—it may be of touch, sight,
taste, hearing, the muscular sense or that of hunger,
no matter what, provided it originates outside the
sensorium—is transmitted, first to its own nerve-
centres on its way to the sensorium, producing ev-
erywhere its own appropriate reflex influences, until
finally it reaches the great nerve-centre, the brain.
Here we become conscious of the impulse which has
been transmitted towards, and has now reached the
brain only through the pulse or throb of action which
has been produced in the unstable substance of the
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brain nerve-cells precisely the same as the minor
nerve-centres respond to the same impulse, on its
passage to the brain. And, on the other hand, the
same changes take place in the nerve-cells when the
sensory impulse is centrally initiated, as when it
comes from without this centre. So that the brain
as a centre is continually subjected to the double
influence of peripheral and central sensory excita-
tion. How it acts under these two and diverse
sources of sensory impulse, it is the main purpose
of this essay to inquire.

There is no way to study one kind of nerve-centre
stimulus without comparing it with all other forms.
Let us briefly consider how we become conscious of
anything: that is, how an ordinary sensory impulse
becomes, on reaching the sensorium, a conscious
sensation. There are only two ways by which a
sensation can become a cogniticn—by repetition and
by comparison with other sensations of different
kinds and of the same kind. In other words, by
the relations of differences. We are incapable of
perceiving anything but differences. It may be dif-
ferences of kind or of degree or of time. But there
must be a change (or difference) in one or more of
these three kinds of differences, or we immediately
cease to feel.

It is the law of nervous action that a sensation,
once transmitted, is more easily transmitted along





















































































































































































































