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I. INTRODUGCTTION.

A. GENERAL INTRODUCTION.

0f all the dynamic activities which are
avidénced.throughout tha,animal xingdom there is none
S0 ﬁida-spraad nor is thars any so fundamsptal as ths
act of rhythmic movement.

Sueh functions ars prsssnt svarywhere -
from the pulsating vacuols of the uniesllular organis
1o ths bgating mammalian hsart - and they may psr-
siét_in gction_thraugh thz whols existzance. of ths
organism, from the b3ginaing of 1ifs to its end.

In the higher matazoa thars ars rhythnic
functions soma of which are continually in progrsss
and the comnencemsnt and teraination of which are
coterminous with thes boundariss of 1life.  Such are |

the rhythmic movemsnts of tha intestine, of tha naart

and blood vessels, and of the agt ofbreépiratipn.,_

Th2s2 may progress throughout. 1ife without inter-
ruption. But 303 of them may be 1ntarruptadebr
shorier or for longesr durations of time. . To them
may be added other rhythnic funetions -.the rhythmic
reflexes so-called - which ars svidsnced in short.
periods of activity., = Of thase rhythnic reflexes
the/
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the scratch-reflex is ons of the most cowmnon occur-
rance, and anbthar is that rhythinic act of progres-
sion to the elucidation of some proparties Qf which
this thasis is devdtgd.

These great rhythimic activitss - of the
tntastinal.tract, ¢f the vascular machanism, of
raspiratiod, and of progression - ars conditionad .in
difisrant degrsess by thsa cantral and by the autoncmie
ﬁervous s&stams; and they may bs arrang=24d in a saries
the ordsr of which is determined by ths rslative in-
portance of:tha sentral nsrvous factor. Tnis series
corresponds to anothar possible ons in which the
rhythmic functioné are arrangad in accordance with
ths morphological characteristics of the tissue the
movements of which sxpress the rhythmic activity. |

_Sherrington has pointsd out (19, p».312)
that although a diffuse nsrvous system sams to b3 the
only one in such invertebrates as Madusa, in the
nigher animals another - the "synaptic" - is davel-
opsd.  This systam co-2xists with thes diffuse and in
various places dominates is., Even in the highest
mammals the autonomic system gf_the viscera, of
tha heart, and of the bloodﬁvessals remains diffuss.
| _ Wnen attsmpting to arrange the rhythmic
activities in an ordsrad seriss we may comnence with

those/
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thoss of the hdlldw viscera - the intestines énd
ths heart — which ars lsast cdntfollad by the centra
nervous systam. In ths cass of ths intsstines tha
musculaturs is of the viseeral type and the control
of the central nervois systam is psrhaps at its |
lowast. = Tha musculature of ﬁhe haart is in.closar
approxima‘ion‘to that of thé skeieﬁal muScles, and
the rhythmic mschanism ié nora undsr control than
is that of ths intestines, .
Next in order may b2 placad ths rhythnic
act of reépiration. The contractile tissue is hare
ofufha skaletai type, and tha nervous méchaniém is

one of the central narvous system - synaptic. Tha

act proeszds rhythmically and épntinuously, but it
may bs stopped for a short tims by the activity of
innibitory centres. It may be ramarkad ﬁers that
although in tha mamnal the skslstal muscle is the
chief contractile tissue involved in the act, in
lowar vertebratas, such as the frog, therezié in
addition to the activity 6F tHe sxeTetil imscilature
of the mouth and tnroat and (in dyspnosa) of the
flanks, an activity of é sheat of ﬁiscerai'mﬁécla
Whish covars tha lungs and is a fastor in the
movamanﬁs-of thé l1ungs thémsalvés. (Kahn,.LIE
Ffaﬁéois—Frénck, 17, 18.) | _

Finally/ -
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'Finaiiv wa ma? placn the rhythmnic raflsxss.

Thes2 ara agaln uOMDl’t 31y coniition d av the in— '
flusnee of the activity or ths synaptic cantral
neTrvous avat2am upon an ar"aﬁgemﬂnt of skxelstal |

misclas. But the aczts ars mors and=r thp influence

of the ri har c=1tre?. In the dasa of the scratch—

eflex this is probaaly lass so0 than iﬁ the cass of

the rhythmnice act of progrsssion.

We mayv say that thers are itwo main tvpas o

rhythmice activity ian ths maimnal. ' Thssas are condit-
icned by the éctivity, on'tne ona'hand, of a diffusa
nervous systam énd, on the othsr hand, of a éynaptic
nsarvous systém. As an sxampla of the latter wa

..'

mnay ta&e the act. r~ﬁpirat101, and it the nnief
ain of this thsasis to- sﬁ?w the closs similarity

thereto_o; the rhythmicz act o¢ ppogﬂ@ssion.

B. PROGRZSSION,

Tha act of progrnseion 1n ths mammal is

atiallv ona in which phasic movamﬂnts of tha
limbs - 1n-detarmined ordar - yondition a paasage
cf th2 animal tﬁrbuﬁh the environment o)’ maans of
ordsred and ohasic bau{ward thrasts of ths varioqs
1imbs in tna p=riods dariﬂg xﬁiuh thay ars in
contact with the ground. Tha Irluthﬁ oatwaen tna
urfaoa of thes limb and that of ths =nv1ronm 1t

1nto/
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the animal.

maximun deterininad on ths oae hand by thse value of
the componant of gravity at the angls wahich its

‘Flignt maxes with ths parpendicular and, on tha

point of the glids if it rsadjusts ths slops of its

‘as it wars, the swings of a pendaulum. = But sach’

N
-

into contact with which it comas is sufficisntly
grsat to pravent any very axtansive Hacxward slip of
the 1imb, and the bacxward tarust is conssqusntly

translated as a forward movament of the trunk of

© In reality ths valus of ths inersasatal
forward propulsion-inleach stap in not nscessarily
larga. A bYird flying for a pariod without wioving-
its wings glidas down a loag inecline continuously

gaining in sp=2ad uatil that sp=323d may r=2ach a

oth=sr hand, by tha valuz of ths rz2aistancas of ths

madium throusgh which it glidaaQ At thz lowast

wings it again ascends up anotﬁer long ineline.
It starts upon its wpward passage with tha gainsd
valoeity and this gradually diminishes as tha snsrgy
of its momantum is zonvartad against gravity to tha
potantial snsrgy of its hzight from ths groand.

A point is then feached whon tha hsight bscoias
maximal and ths momentum minimal, and thsn anothzr
downward glide iz commsnzad. S0 tha prograssion

tnrough th2 air sontinuss, tha movements baing,
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leaves the bird at a lesser elevation than before,
and this potential energy is liost-in part by the
“downward slip of the animal from the true path of the
incline and in part by the effect of the friction of
the air - evidenced in head-resistance. To replace
it the bird mist periodically heat its wings and thus
actively ascend against gravity .

The act of progression in the walking mam-
wal - for comvenience we may take man — closely pa-
rallels the gliding of a vbird, but here the sustain-
ing force of the air pressure against the under sur-
face of the.wings is replaced by the thrusts of the
liubs which prevent the trunk from falling to. the
ground. If‘the cycle be supposed to commance at a
point when one 1imb is perpeniicular the following
act is really one in which ths trunk falls forward
and downwards. The foot is in contact with ths
-grouﬁd and the centre of gravity of the body falls
down a curve which is a portion of the circumference
of a circle formed with its centre at the ankle and
its radius of the length of the distance between
ankle and centre of graéity. Aé.the trunk falls it
gains in velocity. . But at the same tiie the othepr
limb has peen swung ‘forward and its foottplaced in
contact with the ground in front.- The trunk then
begins to ascend upon another similar circumference

until/




ﬁntii it reaches another climax when the second limb |
is pe*pﬁnq1u¢1ar. The act then repeats until the
cyele is compieted.ﬁitﬁ the first limb again perpsn-
dicular. - |

The centre bf gravity of the body thus
rhythmically falls and rises, gaining_in Vﬁloéity_
during the fall and losing in leoditv during the
rise. Theoretically,-then, once ‘the animal has
started off with alceftain velocity tne momentum
ghiculd be conserved andlduring the act no wofk should
be'dbne. This might be so were the surfaoe-of thé'
ground perfectly 1evel the friction betw en foot. and
ground sufficiently great to nrevent any backward
slip of ihe liunbs, the frlqtlon in the goints_of the
limbs infinitely swmall, and were there no resistance
frow the airh - But as if is:fhese various factors
are such that the momentum'is gradually aﬁd uuntiﬁ~
uously transforhen and uust be as contlnuously re~

vlaced. v This is -done oy 1ne act ol uhe animal in

thrusting back its linibs wnllst they are in contact

withh the g round.

Each cycle of movement 1n the phasic activ—
ity of any 1nd1vidual limb IdY ne portloﬂed into two
distincet periods. These may e differentiateﬂ by
thg states'of contact and of non—ﬁontacf witﬁ the
ground. During the first of theéé the dis1a1 pérts

i
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of the 1limb rest upon {he surface of the ground; the
weight of the animal is thén partially borne by 1t;
and simultaneously the liwb is thrust backwards, but
by remaining 'in. contaet - with: the . same sur-
face of the ground in effect thrusts the aniial Tor-
wards., ;Durinp the second period_of_the.cyule a
movewment ¢f the limb causes ;t to terminate its uon;
tact with the ground and be QarTiéﬂ forward-relative;
ly to the trunk until, at the end o the period,. it
is again placed upon the surface of the environuent:
while this part of the act is_in being the weight of
the animal is borne by oertain cf 1ts other liubs.

During these phasic acts of the different
limos the balance of the neural gentres is disturbed
by two different kinds c¢f peripheral siimuli.

In the first place the discontinuous con-
taqt with the ground and the synchronous distortion
of the skin of the foot, determined by the weight of
the aniwal then carried in part by the limb,_con%
dition changes in the activity of exteroceptive
end-crgans therein embedded and discontinuous_aug-
mentaticns and diminutions of the stimuli determined
ﬁy them. -

| In the second place the backward and for-
ward movements of the linb and the activity of the

mscles/ ©
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muiscles which condition théM'prodpce c¢hanges in the
state of the'pfoprioceptive organs situatsd in the

muscles, joints, and tendons which take part in the
act.

- The act of progression is one richly
coordinated. Yet it hus long been known that move-
ments of the hind liubs cefﬁainly those 6f progres~-
sion may be vresent in the "late spinal animal.!

A niechanism confined to the lumbar »nart of the spinal
cord is trerefore sufficient to determine in the hind
limbs an act of progression which is probably very
nearly a normal.ons. As reflex movements of ths

limb, exactly similar to movements integratéd”in the
act of progression, may be obtained by the artificial
étimulation of exterocepfiﬁe'or of proprioceptive

end-organs, the suggestiqﬁ has naturally arisen that

the fct of progression may be entirely dstermingd by

cyclic variations of the stimmli which arise in peri-
pheral sense organs, and dare themselves conditioned -
by the novements whiuh they'ehéender - in other words
thut the act of progression is automatic’and con-. -
ditioned by the intégrafidnabf réflex'movéments which
follow each otheriéﬁccessively, and-eaoh'of wniéh
determines the stinulus which calls the following'“
movewent into . being. |

In discussing the nature of progressibn

Philippson/
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Philippson (14) has laid stress upon the stimulation
of the skin as a factor in the determinaiion of the
act. - Before this Sherrington (9) had observed that,
in the Srinal dog and cat, the ipsilateral flexion- |
reflex may. be avoked, soon after the trans—section,
by pressure so directed upwards upon the pads of thﬁin
foot that the toe-juints are extended - the stiimlus
being .couparavle to the pressure of tﬁe ground in
progression. But later, when the shock of the
Opération has passed the same:stimulus_will_evoke
the ipsilateral extension-reflex - the "extensor
thrust" - if the stimulated limb be in a state of
‘-fiexion.. If it be extended the reaction is one of.
flexion as before. Philippscn believes that thié
reflex plays an important part in the mechanism and
determination of progression. At first sight this
may appear improbabie fox, 1f fhe reaction is evoked
alone when the 1imb is in flexion and if the stirulus
evoke flexion when the 1limb is extended, theﬁ_it.migh
be expected to work in progression oy pr@duqinnglexf
ion as it only occurs normally when the 1limb is ex-
tended and in contact with the ground, But these
postures are passive.ones,_and it is perhaps possi-
ble that a posture of passive flexion is equivalent
to one of active-extension. In sach case the ex—

‘tensoq/
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extensor muscles arve tightensd - either by passive
stretching or by active contraction — and ‘in the 'two
states it 13”pds€ible‘that their contained receptors
are similarly aetivateds ' Thus the ‘present ‘author
has demonstrated a reversdl of reflex:action as the
hind -1imb is in different active states, similar to,
but of opposité-sensa,‘that're#érsal'dbtainé& in dif-
ferent vassive postures by Maghusf(és, 26,32, 33,)
anﬁ others, |

Philivpson, then, supposes ‘that the :first
contact of the 1imb with the ground evokses the ex—
tensor thrust.  This reaction is reinforced by the
crossed exteﬁsion which accompaniss the 'flexion of
the oprosite limb, Thase twa-detaémine an increase
of ‘pressure of the foot Upon the grdund;--and'this

péripheril extero—-ceptive stimius then causses a re-

- Plex flexion of the same 'liab anl an extension of the

opposite 1imb which then, in itSﬁturn, is-about to =
come into-contact ‘with the ground. . The foimer limb
is now flexed and earried forward while the .latter

is in contaét with "the ground, and the stretching. .
of the skin thus cauded in.the inguinal region deter-
mined.tﬁE'a@rearaﬁce-Of extension in- the fléxed 1imb.
This extension brings. the limb on't6 the:ground,
where the contact determines the extensor thrust.

And éé the cycie begins again. 7. -

ey R .".‘gn/f;
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On‘ this hypothesis it is, however, diffi-
cult to explain the mechanism of Freusberg's (%)
"mark-time" reflex. There the "late spinal® dog,

when suspended fres fron the ground, parforms move-

ments of progression with itsLhina'iimbs.?'Phiiippsoq
thinks that hers the crossad éXiensibnﬁque to the = |
ipsilateral flexion, combined with the inguinal ?
stretehing of the skin:énd:ﬁith“tha action of assodi-
ation paths in ths lumbar spinal cord, are sufficient
to produca tha phenomena in the absence of actual
contact with the ground.

| The difficulty in explaining this phenomeron
has been aimphasisad by Sharrington (30). He points.
out that, in the intact animal (cat, dog), severance
of all the sensory nerve trunks dirsctly distributed
to all four feet up to and above the wrists and
anxles scarcely impairs tha act-of progression.  He
also notes that reflex stepping is not annulled, or
| even ObQiOuslv’impairad, by saverance of all the
various cutaneous nerves of the limb. And stratching
of the prominent fold of sxin whieh runs along the |
outer edge of the groin canhdt be of mssential impor—
tanos in ths act, becauss cocainisation of thig
region doss not interfare with reflex stepping. ' 'The
extensor thrust may also be abolished - by that = -
' diviéibn/ | -




13, .

division of the sensory nerves of the foot described |
above - withqatinoticeably_ehanging tha_acts of the
walk and the trot._ He therefora concludss that tha
- 1ntrinsic stimuli for reflex stapping of the 1limb are
not referable_to any part of‘the:gzinaof_the_l;mb,_ 1
. i“H In contiﬁuatiqn of his work on propriocep-
ﬁiva reflexss (2%, 27), Sherrington finds in the
sensory end organs of thé mgéqias.thamsalvesItha_aaat
| of the intrinsic stimuii for reflex stepping. (30).
; He 001siders that the mode of process in ‘reflex
walking is as follows: Tha spinal step is a rhvthmic'
raflei which may be excited by continuous stimll
applied either fo tha_¢ross-section of the divided

spinal cord or to various peripheral points outside

the limb itself. The gensrating stimulus is continu;
éﬁs, but.bha movemant of the limb is determined by

the a;tepnape action prtwo_antagonistic_reflaxes.

The ﬁfimary stimulus aatszqna of phesa in,aat;on.

f This.éctlganergtes in that 1limd a proprioceptive

E reflex antagonistic to itsalf. :The proprioceptive
reflex interrupts the primary reflex, and in this.

interruption abolishas the stimilus which engsndered |
itself. The primarx.reflex is then reconsiituted ..
and again calls forth the intprrupting_reflax,.aqg 80
on. The sscondary reflsx 1s deterained by the com-

bination of three main factors - centripstal impulsss

| from/
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fromn the deep structurass which are mmoved passively by

the primary reflex (joints, ste.); centripetal im-

pulses from the muscles:which move actively in the %

primary reflex; and the central changs which underlké
*rebound". : The phenomenon:of ?reflexvreversalﬂ;and
the "extensor thrust"-may also play-a:part.-

- 0f peculiar significance-is: this factor of
*cantral rebound". _Sharrington (1655 20) has noted
that the flexion-reflex, for_1nstanca,=is“often-term%—
nated after cessation of the exeiting stimulus by ah |
active -phase of extension; and that tha individual
muscles which are in-a state of innibition duringuzhﬁ
application-of the stimulus contract suddenly afteruJ
its termination. That this phenomenon is not-dus to
a proprioceptive stimulus ganerated in the muscles
which take part in that primary flexion-reflex — ori
at-any rate.is not solzaly condi;ioned:by such. a~.: .
stiimlus — is shewn by Sherrington's obsarvation (27)
that ths rebound contraction - "successive spinal

induction" - may be obtained.in thes de-affasrented

Another point ofwintarast;and_1mportanée-1s
the partial similarity of ;he_act'of progression with
that of the scratch.ﬂ . Sherrington (30) has noted ;;_
tris similarity, and the present author has shewn .
(36) that in the anaesthetised rabbit tha-one state

may /
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may immadiately follow upon the.other, and that there

is indiecation in soms cases that -the two may blend:

for-a time. This partial similarity 1is suggeative.}
sherrington (21) found that in ths scraten-reflex the
flexion of the thigh did not co@pietely relapse duriné
each brisf extension of the phasic act - that there |
was always a certain amount of maintainesd flexion.

In certain states, as ths present author (29, 34%) was
able to shew for the guinea-plg, th= two factors in
the scrateh ma? be separated. And of these two |
factors one is a state of maintainsd flexion while
the other is a discontinuous inhibition of that state.
In the scratehing phenomenon dsscribed by the present
author (2%,29) as oceurring in guinaa—pigs_ﬁnder
anaasthesia there is an alternation of ths state of
seratching from one hind 1imdb to the other. At any.
one time the state of maintainad flsxion complicated

by rhythiniec inhibition is accompanizd in the crossed

1imb by a state of maintainsd inhibition of-flexioni-
I'Heihas Sﬂggastad;thatithe*rhythmieiinnibitionfdnring}
maintained flexion-and the maintainesd inhibition of
flexion which 1mmaaiatalv succeeds ‘1n the 'sama hind

1imb may be expressions of one and the same-activity,

and that they may, in sffect, bs conditioned by varia
tions in the mutual ‘influence. of intsracting spinal

centres/ T LR W sexilk : S T




| the conditioning of the act may be held, for it is
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centres. The suggestion in reality is that the -
locus of the 1nﬁ1b1tory'factor is central, and that -
it is not of essential paripheral origin fromn propric
ceptivae stimuli. For the scraten this is in accor-
dance with ‘a previous observation of Sherrington(21)
that the de-afferented hind 1imb of ‘the cat may be
made to scratch. Although this is perhaps not c¢on-
clusive - in view of the podossible influsnce of ; {
stimili which ariss in ths opposits hind 1limb - hs
and the present author have recently demonstrated at
a meeting of the Physiological Society a cat in which
scratehing may be elicited although both hind limbs
have been completely de-afferented.

Thus the rhythnic act of progression may bﬁ
regarded as conditioned on the one hand by self-
generatad peripheral stimuli. If this view be taken
the chief origin of these peripheral stimuli may be
placed either in the skin or in the deep structures
of the muscles and joints. It has been pointed out
above that the exﬁero-ceptive afferents in the skin
may be eliminated without obviously impairing the acé.
If the "peripheral” theory of the intrinsic factors
be held their origin must e placed in thes proprio-
ceptors of the limbs.

But on the oth2r hand another view as to

possivle/
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possible to suppdse that the rhythn is intrinsically
of cantral origin and modified only by the peripharal
factors. The similarity between the act of pro- |

gression and the act of alternatiﬁg sceratehing as it

occurs in the guinsa-pig under narcosis is great; and

has suggested for some time to the present author .
that the. act of ﬁrogression may too be essentially aé
central and not ﬁ pariphsral phenomenon. The proof%
that this is so has already been given in a short
preliminary communication (39) and the eiperiments |
upon which it is based are given in greater detail in

this thesis.
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ferent manners. Tha first of thase. is the simple

19.

II. METHODS OF OPZRATING AND OF RECORDING. .

-EMPLOYED IN THE PRESENT EXPERIMENTS.

In the experiments upon which this thesis
is based the movéménts of progression have beeﬁ in-.j
vestigatad in rodents ?nd cafnivores, the'greatef _
humbei'baing cats. N

Progression‘has'baen bbtainad in thres dif—

brocess of narcotisation, aided in some cases by | E
sﬁaéific'drugs Tha seéond is ﬁhé appiication of ah
stimulus to the spinal ﬂord. And the third is the
application of a peripheral stimulus either to the
skin, or to one or mora sansorv nerves simultaneously.
: " Tne movemsnts have been observed in dif-’
ferent phvsiological praparatione of the animals H 
investigated - the differences being produced by cur-
tailment of the central and peripharal narvous systmma'

Four chief praparations ‘have bean used
Thess are:- the "normal® animal (under narcosis), the
"@qcarebrate" prnparation, the "high spinal" (“dacap}:
tate") ﬁreparation, and the "1ow spinal"® preparation
(otherwise décapitate).

These/
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These chief conditions have been used as
they are or with the additional complication of sec-
tion of the lumbar postarior spinal roots on one or
both sides (thus de-afferenting the recording limbs);
or of removal of parts of the luabar spinal cord
itssalf.

The fiald'offinvastigatioﬁ of the movemant%
of progression which may be produced in the above
manners and in the above conditions has been-confined
to the hind 1limbs. In .some cases thalr movemsnts as
a -whole have been recorded, in othar cases the move-
ments have been studied as they occur in two indivi-
dual antagonistic muscles - tibialis anticus and -
géstrocnemius - which together act in opposite direcJ
tions upon the ankle joint.  -In the latter case all
the other muscles of both-hind limbs have been para-
1vsed;in the manner already deseribed by the author
(40.).-

.Progression on stimalation of the cut sur-
face of tha spinai‘cord has beanhﬁbtainad by using
the faradic stimulus in the unipolar method.: . -

Progression as a reaction to peripheral.
reflex stimuli hés been obtained by bipolar faradic
stimulation;of the ipsilateral and contralatefal long

saphenous nerves.
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III. PROGRESSION MOVEMENTS OF NARGOSIS

IN RODENTS.

a. PROGREZSSION IN RABBITS.

The progression movements which ocecur -
during-néfcosis in the rabbit have already been de-
seribed by the present author (36) and are here again
briefly described only bYecause of the interest whieh
attaches to the hopping forn of 100bmotion«in these
animals. | |

- 'As observed in a normal rabbit in the state
of ather or chloroform narcosis the phenomena take -
the form of rhythmic movements of the hind liﬁbsfu
These are advanced and retired simultansously, so
that the acts are bilaterally symnetrical. At the-
same time the fore limbs inay psrform bilaterally
alternate movements of a similar~tvpa;ffirﬁ-fact,“the
hind 1limbs perform "hopping" movsments while the fore
limbs "run®. |

Graphic tracings of the movemants of ‘the
hind 1imbs in this phenomsnon demonstrate their

synchronism/
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“whegats" in progression is very nsarly sxactly twice

syﬁehronism' | The tao limbs perform ths same phases;
of the cycle simultaneouslv

uraphic traeings of the isolated museles
demonstrate that the acts are produced by musaular
eontraetions which are separated by shorter or longer

paaees of rest. The paases may be almost entirelv

In the raboit seratching movemente mav also

appaar under narcosis and may 1mmediately succeed the

|
|

movaments of progression. In.reeords in whieh the

two phenomena immediately adjoin sach other the

rhyvthn of the two appsars to bvear the simp;e relation

ship of 2:1. That is to say that the rhythmn of the;
as slow as that of the "besats" of the scrateh (36).

. The hopping form of progression peculiar to
such animals as the rabbituie of interest to us in
the first plaee:beeause it more nearly approaches in
forn the movements of reepiration,then does the-more-
common alternate running type of . progression. The
act of resplration is. also ons of bilateral synnetry.

But the fact that ths movements of progres-
sion in narcosie-in tha rabbit are of. - the hopping .
type: 1s - of - additional importance to us for it desmon-.
strates that in these rhythmic acts in hercosis we -

are/
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are really dealing with activities of the mechanism

of progression. By-siaple inspection we imay convince

ourselves that the rhythmic movements of the limbs
resemnble those which occur in progression. But (
when, in the act under narcosis, thess movements in ..
the pair of hind 1limbs bsar thse sane relationships to
each other as in the normal progression in such dif-

ferent typss as those of hopping and of running., then
we may be convinced that the. acts are fundamentally:

one and the same.-

b. PROGRESSION IN GUINEA-PIGS.

In tha-guinaa—pig.the'normal foém 6f:mdfe_
ménts in narcosis is that of tha "narcosis scratch"
e, however, solation of novocain ba administared
the rhythmic movements exhibited are those of progres
sion. This enables us to compare in diffarent 8%~

periments tha "narcosis Suratch" and the act of pro-

gression under nareosis in ona and tha same 1ndividuﬂﬂ

Records obtained by registaring tha mova~

ments of the two hind limbs 11 this state demonstrata

that they are bilaterally altarnate ' Thus ona.hind |

11mb/
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limb performs the act of flexion while the flexion of

the other is diminishing, and the climax of flaxion

in ons 1imb coincides in time.with the maximum of -

extension in ths other.

.While the rhythmnic phenomenenIis,in;process'

a peripheral stimulus - for instance pinching of the
skin of the fold which passas from the abdomen to ths
front of a thigh - produces in the 1limbd of_tha#.sida
a great augmentation in the amplitude of the rhythmnic
movamants. These may De of as great an extent as
double that which obtainsd before stimilation. Thein
rate 1s increased simultansously. - At the same.time
and in the contralateral hind limb there may be a
diminution or even a complete abolition:of the beats.
. A similar stimulus applied to the skin of
phg,lower"quédrant of the abdomen produces upon the
same side a gréat incerease in the amplitude of the
beats and a lesser increase in their rats. Upon the
Opposita side there is a slighter increase in ampli-
tude. This bilateral augmentation of tha extents of
the movements is pesrhaps related to the bilateral
flexion-reflex sometiaes evoxad in the norumal guinsa-
pig by stimulation of the szin in this area.

The rhythin of the movemsnts has varied in-

rate 1n the same guinsa-pig at different times betwean

the/
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the extremes of 1:75 beats par sacond and 3-0 Deats
per secoﬁd. zThe usual ratg of rhythin has been 2°0
beats per second, and_this has bean remarkably regulan
In this same individual ths movements of ths "narcosi

scecraten® were also recorded. The rhythin of ths

beats in this phenocmenon in rate was about &.0 beats
per sacond. The rate varied batwesn this and 7-0 ;
per sacond. This rate corresponds vary closely with
the averaga of 7+5 beats per sacond obtained from a
largas number of different individuals (29). It
seeams to bear the simple relationship of 4:1 to the
rata of tne movements of rogresaion in the same
individual. If this is so 1t is of intarast that tha
relatio1ship should e 2: 1 in tha rabbit (whare tha
prograssion 1s that of happing) and hx 1 in the

guineaspig (whara tha progression is that of runﬁing.
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IV. THE ?ROGREZSSION MIVEMINTS. OF NARCOSIS
,IN THE CAT.

" 2. 'GENZRAL DESCRIPTION OF THE MOVEMENTS AS
'THEY OCCUR IN THE INTACT HIND LIMBS. =~ i

In a eertain proportion of cats subJectad
to the influence of a ganeral anaesthetic movements
of prograasion occur at a certain depth or_narcogis.
In these experiments tha angasthetic used has usually
been a mixture of ether and chloroform, sixty parts |
by.volume of the fprmer_and for;y'of the latter (but
.spmatimes_equal parts by volume of both).

The movements may be very slight in extent.
Then they are exhibited siiply as slight alternate
movements oy_ppq?hind ;imbs., But_in othe; cases
they may be greatly exaggsrated in axﬁangrand‘maf_be
present as well in the fore 1imbs. | _
| As regards the hind 1imos the movemants ars
of flexion followed by axtansion - or perhaps it i
would be more accurate to say, by relaxation of _
flexion. Palpation of the musclss of tha leg demon—

strates/
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demonstrates that the chief activity 1s exhibited by
the physiological flexors of the ankls-joint —
tibialis anticus and other musclss.. The axtensqra
(gastrocnemius and others) commonly shew no activity.
The movements occur in ths two 1imbs,ﬁand
~are then related in such a manner that flexion of one
ankls occurs during relaxation of flexiﬁn of the
other; and when the lattaer 1limb then sxhibits flexion
the first relaxes. .
It somstimes occurs that the rhythinic move-
ments are confined to0 one hind 1limb.  In other cases
after the appearance af a series of rhythmic alter-
nate movements in both hind limbs the movements may
cease for a time in ons of them. e |
| ;t_rarelv.happenﬁ';hat;the_movementg_in_the
ﬁwo 1imbs.are:nearly synehronous in the sense of
being in the same direction at the same time.
‘It has been stated above that the extensors
of tha ankle-mayanot-abviously taxe par#.iﬁ tha_move—
ments, but that still the act of axtpﬁsion (relaxa-
tion of flexion) may occur.. .At first sight these
statements appear to be contradictory. for with the
limbs 1lying upon -thp tabla there is no force such as
gravity to give a rassistance to the flexors. But if
the ankle extensors act simply as inactive bands the
contraction of the knee extensors besides directly'

extending/




- immediately. Sometimes there is a slight pauss at
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extending ths knee, will, in éonsaquence of that -
movemant, indiresctly eitand the ankle in virtue of
the mechanical effsct of the inactive anxlas exten-..;
SOTrs.

~ Graphic racords of the movemants at the :
ankle during this narcosis progression demmonstrate
the relations of ths movements in tha two limbs and
also their rhythm.

In a typical instance ths curves traced |
during the movements of the two limbs ar=s sean to be
rhythmically discontinuous. Fach remains for in-
tervals parallsl with the absceissa, but batwesn thas;
intervals it describes a sharp riss and fall. The
pausse which runs level with the abscissa d=anotss a
state of rélativa extension of the joint. Tha rise
of the curve which terminates thes pauss danotes a
stats of active flexion, while the following fall de-
notes a state of active extsnsion or relaxation of
flexion which again brings the 1imb to the initial
posture oflfalabive extension. There is usually np‘
prause at the top of the interrupting "beats®:of the

movement. Relaxation of flexion succeads flexion

this point, and the curve than remains for a short .

adfiivaf

iy D

time parallel with the abscissa in a stdts.of. maintais

Fie.11.



;gatate of maintained reslative flexlon., 'In the heats

"two limbs is commonly such that the. "beat" of one

‘duration of ‘a-beat, there ocecur intsrvals during

‘tive extension. Thus the termination of one pause

‘rest until the succesding heat in thé second limb: .

“initiation of a beat in one limb sxactly synchro--

‘nises with tha termination of a beat in the other

29,

the-fall is usually a movemant of greater rasidity
than the Pise. . =2 s..se

The relation.between the movements:-in the

oceurs during the state of rest of the other.  “The
exact relationship depends upnon the rhvthm ¢f the
phenoiaenon. ‘Where trat is very slow and the 'rest

period or pause is greater in 'duration than~is:the
L] ‘

which -hoth 1limbs are in a state of maintained rela-

overlaps the bheginning of a pause in the other 1limb

The whole movement of the bheat in the-first:limb:

takes vlace and the succesding vause comnencas: -

‘while the pause in tha second 1limb~ 18 atill running}

At this point again, hoth 1limbs ars’ in- the'state of

teruinates its pause: and so on.: oo
Wherse the rhythm is” fastnr and” the qura=

tion of the beats and of the. pauses similar, the'ﬂﬁ

limh, and a pause in one limb' synehronisss with the
movements of a beat in the othew; - il
With still faster rhythms the intprval of

rest may become shortened. The apex of a beat in

ons/
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. at.the rate of five completz cycles in one 1imb

30.

one limb then corresponds in time with tha mid

point in a pause in ths othsr 1limbd.

Finally, the pause may disappear altoge- %
ther. Then the apex of a beat in on2 limd cor-
responds in time with the~poiﬁt whers termination |
of one beat is immnediately succeeded by the 1n1tia—.
tion of the following in the other:limb - this
point may be regarded as a pause of infinitely
short duration. But with very rapid rhythms, as
will be shown later, there'ma? be no such alterna- |
tion of phase in the two limbs, and tha apices of
corresponding bsats in the two 1imbs may actually
synchroniss.

In these experiments the rhythm has been

found to vary considerably aven in the same indi-

vidual. The slowast movemaents observed have be=n

within a period of aight_and a half seconds of time.
This gives a rate of about 0°6 cycles per second.
Rates as fast as 2°5.eyclas par sacond hava bean ob—
servad undar ordinary conditions, while 1n.the stat;
of asphyxia the rate has risen to one of 33 cycles
per sscond and ehen higher. _

In ons and the same individual, as has
basn'said-above, the fhythm-may vary greatly. Thus
1n/

Fic.11.
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in one instance on two succeeding days records were

registered in which the rhythms were 0°6 and 2.0 cy-
lcles per second, while nine days later the rhythm was
1-0 gyeles:.per.second.

~ The. movements are not always regular. In

some cases there may be a grouping of the beats.
When . this occurs two consecutive beats;may be clﬁéer
together than are the second of these and the beat
immmediately following it. The beats may be arranged
| in pairs with a shorter pause between the two elements
of a pair, than between éuccessive vairs. In other

cases irregular duplications and triplications of the

movements of the beats have been observed. In these|

cases the relaxation phase of a beat may not attain
the position of rest but may bé arxested by a super— |
posed beat, and the relaxation of this too, may be

similarly arrested. In these cases ﬁhe superposed

beats have their apices at the same level as the

ordinary single beats. This irregular form has been|

observed in narcosis progression under chloroform.
The pauses in the record of the other hind limb are
correspondingly increased in duration synchronously
with these suverposed beats. Another irregularity
which has been obéerved is the failure of beats,
either permanent or temporary, in one of the limbs.
This will be described in a separate section.

one /

3
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One other point may be-referrnd to heﬁe.
In the "narédsiq sératch“ deséﬁibéd hy the present
author (28, 29, 24, 356,) increass in the depth of '~
anassthesia cradually diminishes and firally abolish=|
es the scratching movements which occur in narécsis
in the guinea-pig and rabbit. With decrease in the”
depth of narcosis the movements increass in extent - |

and then cease suddenly. The same course of events’

occurs in the case of narcosis orogression.

b.. UNILATTRAL/, .
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b.  UNILATERAL PROGRESSION AS SEEN IN THE INTACT

LIdB.

e e e e e e

It occasionally happsns, as has bssn remars
ed befora,_tnat the movements of pngrqasion_mav_be
confined to dne hind_limb q}gne.. Thig phgqpmenon
may.ba a constant ons, that is to say that tha move-
ments may appsar -alona in a esrtain hind limd throughp
out tha whols sxpariment.  Op it may be a tpmﬁorgry
one;naﬁd_indpnis casa, dqring”thc pggistratiqn qfﬂg B
sarics gf movgmegta.which oczur.altarnatqu in both
limbs, the beats may suddenly fail for a space in ons
limb - than;again:to bs rasumgd,__ Such records affori
intaresting_data_in_rafapenqe to the rhYthms of ths
movemsnts of a limb when accompanied and when unaacomL_
panied by movemsnis in ths othar Limb.l Vel sFe |

= | Inuths case of thse constant variety of -
unilatengwppogréssiqn there 1s:litplertq_describQE 
It has Ddesn stated in ths pravious section that Wwhan
ths rhvthm,oﬁ the beats_is'varﬁ‘rap;d thers 1s often
synehronisn in the movemsnts in the.;wo_limba, .ain
these qircumstancés_vapy ofpeq_tqp_m0vemgnts are com-
paratively slightain_one:qf.the 1imds, and it is pos-
sible that the unilateral prbgressiqn'is a furthsr

stage/
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stags of this phenomenon in which the movsments havs
entirely dlsaﬁpearsd in thu ons limb. In such re-

cords the rate of rhythm 1% always gf@at and it cor—

rﬂqponds varv closnly with tnP rata in th° swnchronou.

movamants.' | o
Temporaﬂy aoolltioa of tn@ movaments.of

progr#ssion may occur in long suries of bilatprally ;

altsrnate movem=dt;; _

_ This abolition as a rule oceurs withoat
warniﬁg. The bqats 1n-one 1iinb suddenly_fail and
there-occﬁra_a 16ng pause dﬁrihg whiéh the beats con-
tinue ih the othér limb.‘ The ‘pause 1s tth termi—
ﬁaped by the reappearance of tha beats in thn first
1imb and the earlier beats of the record after re-
SﬁmPfion'are'usuall& smaliar in extent than the aver-
age; ﬁut the common extent is soon attainsd. The
duration of the long pauss is approximatsly_edual to
that of so many cvcléé. That is to say that ii is
appfoximately equivalent in duration tora simple muIQ
tiple of the duration of a single cycle whenr the two
limbs are acting together alternately. Bﬁt this

correspondance'is only approximate for minuter in-

‘vestigation reveals ths fact that tha duration of the

pause is smaller than this simple multiple of the
duration of the cycle would be . At the same time
the/
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the beats which continue to remain in baing inlthe B
othar iimb become more rapid than is usual. This
change of rhythm in such temporary unilateral pro-
gression may be slight. It may change from 0°*75 to
0°9 cycles per sacond only, But in - othser cases-it . |
ma?-be great — as great as a change from 15 to 2+5
cycles per second or evén more. - ‘

The beats of tha othar limdb which thus-oo- |
cur duriﬁg a temporary abolition of the beats of a .
limb ‘are often greater in extent than usual as wéll
as being more rapid. This 1ncraaée may persis£ for |
| @ short.time after the resumption of thse bsats in the
first 1imb, and then it gradually disappears synchro-
nously with the attainmsnt by these beats of their

normal extent.

Fic.13.

Fic. 13,
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¢c. THE EFFECT.OF ASPHYXIA UPON PROGRESSION- .

IN THE INTACT HIND LIMB.

| The effect of asphyxia, Which may bs rea—’
dily produced by complete closure of ths elastic. .

trachea of the cat, may be discussed in connexion

with thres main changes whi@h.it:conditions.nn These

are: an increase in the rhythm of the beats in each
hind 1limb; a change in the mutual relationship of .

‘the movements in the two limbs; and the production

_ With regard to the changs in the rhythm
of the beats ﬁwo\qffacts may be detected. It may

be supposed, for example, that the bsats are procead

ing with regularity in ths limds. . During this pro-|

_easa‘tpg trachea is suddenly closad. iThere,may
then follow no changs in the rhythm of the beats for
some ssconds. . . But 1t more usually. happens. tnat
there is a slowing of the rhythm which makes itself
evident within two ssconds or less of .the ¢losure .
of the trachea. It may even mccur, that there is a
complete cessation of ths beats in both hind limbs
for a period as long as twelvs saconds. - The slow-
ing of the rhythm is slight, the. change being, for

instance/

of a_s;ate_of“maintained flaxibnsinctha_limba. :

1
i

File. 14,
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‘one of 2°75 cycles or 3.0 cycles par sacond 25 se—- -
"eonds later; or one of 1+0 cycles per second may be-

‘come one of 2.75 eycles per sacond. -

‘great as-a shrinkags to three quarters of-the dura-:

“tion which obtained befors the commencemsnt of as-

37.

instance, from 1°*3 to 1:0 cycles per second, and the
glowed rhythm lasts for about 9 to 12 saconds. - -The

rhythm then begins to become faster (or at this point

‘the beats commence agaiﬁ if they have ceasad) and tha

change rapidly becomas marxed. After this the in-

crease in rhythin procesds more slowly but still stead-

ily and the beats may continue to become faster for é.

as long as thirty seconds aftar closing the trachea.

They may then be two or thres times as fast as the

‘beats befors the closure. Thus a rate of 1°3 cycles

perQQacond“bafore closure of'the“trachaa'may bacame'

| This changs in the rhythm is in great part
conditioned by a gradual disappaaraﬁcé of the pausas§
which separate the termination of one beat from ths |
point of initiation of thé foliOwing:Gne;“ "These"

pauées becoms less and leés until the initiation

of a bsat follows immsdiately upon tha term1nat1on<
of its predacesso:. - But hhis'is‘hot-the:only~fac-
tor in the increase of rhythm. = The actual-beats |

become of less duration, and this changs may be as

phyxia,

As/
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As regards the rhythm ‘there are therefore
two main phases. 0f these the first is -a slowing ~¢
and it may be entirely absent, or it may be so exag-l
gerated as to cause a temporary cessation of the
movements. The second is a phase in which the rhy-!
thmn of the ﬁaats is markedly hastened. It is never

absent unless the beats at the commencement are al-

.
ready very fast in rhythm.

8ynchron9uhly with these changes in the
rhythm of the bsats changesiin thair extent ocecur.
Thesé changes are of ﬁwo kiﬁds - changes in the_
heights of the beats, that is to sév_in the'amount of
fiaxioﬁ when  the beat culminates atﬁhatpoint'wheﬁ
- the state of active flexion passes over into that of
félaxation of flexion; and changses in the level of
" the pauses between the baaﬁs or of tha.loﬁest points
in the beats; that is to say, in the amount of relat-
ive extension at that point at which actife'flexion'
commences in a baat.‘ - 1y

The beats may be aupposed to ba proaeading
with regularity of extent. The.zraehaa is then

c¢losed, thus eommsncing the state of.asphyxia. At

first the pausas between the beats parsist and, as -

has been said above, become 1ongereof duration. . But

their level remains the same as bhefore. That is to

[ say/
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say that each hind limb in the 1ntprvals between its

‘extent of the beats. These gradually bscome great-

'at the same lavel. The DOil‘lt at which the baats

'gressively decreases although tha highast points

mant of tne auooeading beat if there bo no pause,'r

'tﬁﬁs/':
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rhvthmic movements attains to the aame degrae of re—
lativo extension that obtainad before the closure

of tho traohea.

At tho same time a change commences in the

er, and this increase in extent is obtained by the
attainment of aﬂ 1ﬁorsasing1v'gfooﬁer'dogroé cf floxm
ion ét the summits of-tﬂé ;fythmic movemahﬁo;: aThe
baats thua appoar in the records progressively to

incraase 1n height whila their 1owest points r@main

attain their greatest absolute extent seems to ocour
usually when the rhythm has again bacome fastar and
the pause has just disappearad. ,"

Theraafter the extent of the beats pro-

continue to ascand. This relative decreasa in the
extenta is conditionad by a lessaning 1n the degree
of relative axtension which obtains at the lowest
points of the beats. The levels of the pauses

bétwaen the'baats,hor of the point*aﬁ'ﬁhiohloné'oééf

on oessation is immadiatalv followed by the commoncew
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taua ascend from thc abscissa in tha curves of the
graphlc tracings. . Tha hightcst points in thc bcats
continuc alsc to aacend, but thc specd of thia in-
crease in height is slower than is tha spcad at
'which the 1cwaat points asccnd, and tha baats tharc-
fcro diminish in absolute extant.

Soon a pcint 1is reached at which thc bcats
no 1onger continus to gain in hcight. g Thcir summita;
then rcmain conatant in 1evcl. But thc pcints tc
which the curvc falls bctwaen the 1ndividaal bcats_:
continue to riae upcn the tracing. At last a time
ccmcs when tha 1owcst and highcst points almost
coincide. The beats, in short bacoma cxcessivclv
small. Finally they disappcar altcgethcr as |
separate discontinuitiea upon thc curva, and thc
t;acing_rcmains level at a point hignar than that
rcachcd'by fﬁc Bﬁmmits cf_thc bcats before thc:
'clcsﬁrcch the trachea - that is to say, it-rcmaina_
1n a ccndition of markad maintaincd flcxiOn.

If the . summits cf all the beats in auch
an experiment be Jcincd by an imaginary 1inc, and __
if the 1owast pcints be Joincd bv anothcr, the bcats
. may bc regarded as 1ving batween two 1rrcgu1ar _ _
curves which denote ths cxtrcmcs of relative flaxion
attained at the top of the beats and of rclativc

cxtenaion/
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extension attained in the intervals betwsen fhe |
beats or at thair lowest points when no intervals of
rest are present.';-Before tﬁe“act of closing the
trachea these two curves run parallel with the ab-
secissa - that 'is to say that the beats are of -con-
stant extent and at the same tims attain constant
levels of relative flexion and extension. . Shortly
after the elosure of the trachea both the. curves be-
gin to riss, but the latency of tha'curveqof rela-- - |
tive flexion is less than that of relative extension.

"nile the curve-of relative flexion is rising and

during the latzncy of the curve of relative exten-
sion there is a.pefiod in which the beats increase 1&
height and in extent. _The rise ofstha-two curves |
is at first rapid and then more slow. Thus when the
curve of relative -extension:commences to.rise the-

beats at ‘onca begin to dacrease-in extent although

their heights may still.continue to rise. The -curve
of re;ative flexion then«attainSriis:maximum-but-the
curve of relative extension still continues to rise .
g0 that. theré is then-a period in‘which. the beats reﬁ
main ¢ oconsant helght but of ever diminishing extent. |
Einally the eurvélgf relative ;extension comes to co-
incide with that of relative flexion. At this point
the/
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the beats disap%caf as auch‘aad\ara rcpiaced by a
state of maintainad flaxion. | |
Irragularitias in this couraa cf eventa
cccﬁr.“ Immediatclv aftar the cloaura af the tra-
chea the two curves may fall alightly, and the fall
of the curve of rclative flaxion may be greate; than.

that of relative extension so that ths beats may

glightly diminish ia height.' fhe beata'may'ba.eveni
abolished andftﬁenﬂtheir reappearance 1a'cohditioned
by the shorter 1atencv of the curve of relative flex%
ion. Thc curve of ralative flcxion alac may fall
before the beata are abolished by the coincidence |
of the two curves. But more eommonlf the curvc cf
maintained flexion continues to aacend after tha
abolition of ‘the beats. R B
" The tamporal relationa of the rhvthms Sf

‘the two limbs during asphyxia are of intereat.

During the normal narcosis progresaion be— |
fors the closume cf the trachaa the rhythins on the
two sides ars ecual and the beata are 80 related that
the swmnit of a beat in one 1imb falla mid way in the
pauaa between beats 1n the othar 1imb. With the
state conditioned by the cloaure of the trachea not
only do the rhvthms change in the separate 1imbs but
the/
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the'relation betwaden the acts in ths 1limbs.also do.
In the first period after the closure of the trachea,

when tha rhythin slows in both liabs and the beats

increasa:inzaxtent, the relation betwaen the bilater-

al movements remain the same. There is exact alter+

nation. ‘Thereafter a chang2 occurs. _It_is_
easiest to describs this by stating the relative
positions in the ons curva at which the points, of, |
climax - the apices + of the beats in the curve of
the other hind limbd fall,
-In the first periocd these points fall mid
way betwean the beats of the first liid. © When the
rbythm begins again to becoﬁa faster the points be-
gin to fall to one or othsr.sids of thse mid line.
That is td say that the rhythms bagin to differ. in

two 1limbs. For the purposs of dascription it does

not matter to which side they fall - 1let us say that

they become more advanced.  With ths increasing o .

rates of the two rhythms ths points advanzs still
further.Instead of falling in the pausas betwsen ths

beats they fall upon tha descant of the beatsy and

as ths pausas:disappear;and thig‘advanca stil; proesny:

dea@s,,tha points occur at ever highsr levels on the

dascentfof,the beats - instead of coineiding with R

their/
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their points of tarmination.  The points may then
coms to cocincide with the apices of the beats and.

then to advance still furthar, falling .down on the

asceents of the beats. 0r they may begin to retro---

|

grade on tha descents of tha bsats - that is to sav,j
tc rafreat-instead of'advance; . If ~they come to I
coineide with the lowest .points.of - the baats the
movemants are then again altarnate;, ~In either case-
- whether the points of c¢limax of the beats in the-
other ‘1imb continue to advance or commenca-to.ratreat
- a period-occurs wnan they coincids with the apicas
of the baats in ths limd wa are considering. When
this occurs theamovements'in the two 1limbs are no-
longar-alternative but ars synchronous - flexion and|
extension phases occurring simultaneously in the:two
limbs. |

Thess tﬁan are the chief phenomena which
occur in the state of narcogis.. The rate-.of tha-
movaments=1n.§he‘two limbs- first becomes=éiightly:l
slowsr than is normal and then becoms markedly more
fast - the latter being the predominant phenomencn
of the two: the extant of the beats becomes at first
grater and then lesser:than'normal - this finally . |
resulting in a cessation and a state of maintainsd

flexion/




| being exactly synchronous. Ths rhythn in ths two
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flexion: and the relationship of the movemsnts in the
two 1limbs changes from ons of trulv_gltarnata rhythm
bo one of trus synchronism - thers baing an inter-
mediate swinging of the rhythmie relationship between
these two states. | _

| Before passing to consider othaer questions '
1h relation to this phenomenon Of narcosis progres=-
sion, three additional obssrvations may be_mada.

~The first of thass is ths affsct of asphy-
xia upon the movements of the limbs whan tha progres-
sion is already of tha synchronous type. |
. ..This. phenomanon. occurs but rarsaly. Thare

may be no alteration of the stats of synchronism or |

there may be a slignt altsration, ths beats then not

limbs - already- faster than usual - bacomes slightly
more rapid. | _

The second observatién which may be recor-
ded is the effect of asphyxia in the phenomenon of;
unilateral progression. It has been nbticad here -
in a cas2 in which ths movements wers fast - that
there may be but 1ittls changs in the rhythm.,

The third obssrvation concerns the produc-
“ion of the movements of necroSiaﬁﬁy the state fo

asphyxia/ .
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tion of the stats of asphyxia may bring tham into

"then very similar to that described above When the

46.
asphyxia. ..
It aqmetimés-happena that, when the move-
ments of progression have occurred in a cat under
narcosis but have then ceasad to occur, the produc— |

being again. = The appearance of the phenomenon is

first effect of the closure of ths trachsg . is to

abolish the movements. . Some time after the closure

of the trachea - perhaps as long as thirty ssconds -
the bsats appear.  They appsar usually in one 1limb
only, they may be confinad 'to that limdb throughout,
and. they are at first very slight. They soon. be-

come comparatively large in extent (but are commonly
not so large as normal) and their- Thythm is slow.

The rhythm rapidly becomes fast and the course of

eyenta.ia:then @he samns as in normal circumstances
under asphyxia.

Tha=movementé; as. has besn sald above, are
often confined to one limb alone. Sometimes they
appear lats in the curve of the other and ars of ve-
ry small extent. . Even 1f they do not so appear thal
limb may still eihibit_é curve of'rising maintained
flexion which may becoms very marked synchronously
with thezmarganca-qfﬂthe beats of the other 1limb in
the atatemofzmaintained flexion..

»
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~ progression as discontinuous rhythmic acts have di-
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d. PROGRESSiON IN THE HIND LIMBS DURING
RECOVERY FROM ASPHYXIA.

{In the ‘elimax of asphyxia the movements of

sappeared and been replaced by a state of maintained

flexion. If the state of asphyxia is terminated at

or about the point at which cessation of the rhythmie

movements takes place there may be a recovery of the|
movements of narcosis progression.

But 1f the asphyxia be continued longer
the maintained flexion begins gradually‘to“diminish
and recovery of the movements does not then follow
the cessation-ofraSphyxia."-Iﬁ-this phenomsnon
thgre'is'littlé to deseribs.  The maintained £1ex-—
ion reaches a maximum and then cohtinues to diminish
until the 1imb comes to 1its postﬁre of rés}.

But, if the asphyxia is not so long con-

tinued, in some casas-a resumption of the movements l

of prograssion may follow its cesaation.'

Thers is at’ first the state of maintained
flexion in both hind limbs. This is: long Sustained
after*thé cessation of the asphyxia - the opening of
the trachea. The maintained flexion may remain for
as long as twenty éeconds Oor more. It'mav b3 bro-~

xen/
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broken from time tbtﬁméﬁhy short series of aboftiva
beate. 'In’'rare cases there may be noIGOmmietQ ab-
sence ‘of the beats in ona of both limbs - shallow
'irrégularities then 'persist throughout the period
of maintained flexion. ' - RSP

To take a case in which the maintained .
flexion is complete:—~ After one or two abortive
attempts the bsats finally appear again permanently
in one 1limb and are shortly accompanied by beats in
the"other.  The rhythm of thess is faster than the
fastest rate which occurred before the appearance
of ‘the maintained flsxion, and the beats are either
synchronous or very nearly so. At that point at
‘which the beats reappear the level of maintained
flexion haé fallen conéiderab;y*fromvthat level whic
was attained shortly after the cessation gf-the'r“
beats in asphyxia. |

©As the reappearad beats persist théyic“ﬂ

change in extent and rhythm while at the same time
the temporal relationship betwesn the beats in the
two limbs also changgg.

In the first place the baats graduall? in—
crease'in_absolufe extent. This increass is con-
ditioned by two factors. The heights of the beats

inereases/
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increases and the-lowest_points attained alao_becomq Fie.)b.
lower. The curve of relative flexion (the 1ine
Joining the summits of the beats) having reached a
maximum begins to fall again slightly, but -the curve
of relétivé extension seems to fall graduélly until |
it feachas a minimum which is then maintainad. |
During all this time the rhythm of the -

- beats slows and at the same time the relation bet-
ween the rhythms in the two limbs changes. '?rom
‘complete, or almost cdmm;ete,'synchronism the re-
1ationship graduallv changes to true alternation,
one series of bsats gradually advancing in ... i
time in relatioﬁ to the other.

| . The phenomena of the recovery from asphy-
xia in fact reproduce in reverss order those of the |
establishment of asphyxia. And the condifion_grad—
.. uaily attains-a point at which_the beats again have
tné normal extent and rhYthm_and the normal bilat-

ural relationship of rhythms.
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2. NARCOSIS PROGRESSION AFTER SOME LESIONS

OF THE NERVOUS SYSTEM. e .”

The movsment of progression in the intact

hind limbs under narcosis may persist and be recor-

‘ded after certain lesions of the central and peri=
phéral narvous systemn. '

Of thase the first which we may consider
is the act of decerebration.

In one experiment the act of progression
was in evidence for some tirme before the cat was |
decersbrated. The movements continued after the
‘decarsbration and wers mscordsd fifteen seconds
" after the infliction of the lesion. The movements
‘were ‘then pressnt-in-hoth hind-limbs and’ were: syn="
chronous, Whersas they had besn alternate bafors.
IHs movements wers reducsd 1f sxtent and were more
s0 in ons 1imb than in the other. As ths record
procesded the movements bscame altefhate. The most
romarkable change was in ‘the rate of their rhythm.
This was markedly custaT LHan verans asberebrasion.
In the rscord before the act, the rhythm had been

about 1:2 heats per second. Aftser the aC;5thé

rhythm was 2.6 beats per second. The movements en-

tirely disaposared 40 seconds aftar the descerehra=
‘tion.

The/
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| The movements of progression under narcosis
may persist even after local injury to the spinal
cord in the lumbar region.

"% Thus 1in anothér'experiment'well'markad'mova
ments of progression had been recorded in the intact
animal under narcoéia.f Less than twantv'minutes
thereafter the lumbar spinal cord was completely i:
transected at the level of entry of the most csaudal
fibres of the sixth pair of post-thoraeis posterior
spinal roots. This lesion severs the spinal centres
for the extensors of the anxlé (gastrocnenius),
which are in the segment of the cord caudal to the
lesion, from the centres for the flexors (tibialis
anticus), which remain in connexion with. the rest of
the central nervous system. In making this lesion |
the ‘lower segment of the dord was destroyed and re-
moved.  Movements of progression in the limbs had
been in actioﬁ'juét before the inflection of the *:
1ésion'and.the?”persiéted after it. '’ Three minutes
after the aet of '‘transestion ‘the movements were 'e-
corded and at-:the same tims 1t ﬁaé'determined-bv pal-
pation that tha“tibialié anticus was taking part
in“them and that-the ankle was thus 1nfaetion.;

" Ina record'taxanhfwgnty minutes before the
infiiction/
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infliction_of this lesion, the movements of narcosis
progression were well merked, of lsrge extent and
truly alternate. After the legion,-at first théﬂ
moveméhts-were irregular, but they-soon became Fegu-
lar.. They were then strictly alternate, but of com-
paratively small extent. Ths rhythm was not msrked-
1y different from that which obtainad befors thae .
lesion. It was then abnut.0°95 beats pér éecond.
After the lesion, and when the movements had become
regular, they were of & rhythm-of 1°0 beats per
sacond.

“A further lesion mey be inflicted upon
the~1umbar;épinal cord, in that a portion of one
side ma? be removed. In the ahove experiment, after
the lumbar cord had been destroyed, from the level
of.the. upper margin of. the seventh segment déwn—
wards, the left side was further ablated in the 4&th,
 5th and 6th segments. After this lesion, which |
removes tha centrss of tha~flexoré of the ankle on

one side (ineluding that of tibialis anticus), the

movements of progression still p=rsistsd in the
anzle of tha side Gpon which the-spinal cord still

remained -In these segments.. Palpation revealed the

fact. that the tibialils anticus muscle was taking .

part/ .
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part in the movements. The rhythm seemed to be

faster then before, &nd the movements to be small in

extent."ﬁh ettempt wes made to register them. The
beats were extremely small, but were.present. At
the time of registration thay were of a rhythm of
about 1°0 bea&s'per gecond. |

o Th> movements of prograssion under nar-
cogls have 3130 been observed befors and after sec-
tion of the lumbar pnsterior spiﬁal roots. -

In one experiment very marked movements
bacurred in ihe intact animal. These were rather
fast'in'rhythm. All the lumbaxr pbéterior spinal |
root fibres: from the level of the.fhird ﬁair down-
wards were then cut intradurzlly upon the laft side.
Shortly thsréafter movéments of progression.in the
limb of the uninjured side were registered..'They.
were still of large extent, but were of slow and .
irregular rhythm. |

In anothsr experiment_all the lumbar
roots, both anterioi and pdétsrior; were cut upnﬂ-
the left side intradurally from and including the
third left lumbar éﬁ;z{al roots dowmwerds. Good
records of progresgioﬁ were dbtained befoie ﬁnd |
after the lesion, with regaid-to the exﬁent of the
beata/ | A
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beats thers was little diffsrence. They were, of
course, not ﬁresanﬁ in the 1imb of the saﬁn side aé
the lesion. The rhythm of theibeéts, which befors
the lesion was sbout.0°85 beats per second, became
1°05 beats per second;

; In this experiment the effect of asphyxia
was recorded before. and efter the éection of tha
lumbar roots. In pitﬁer case similar phenomens
were observed. This was one of the. instznces in
which the immediate result of the closurse of

the trachea was a cessation of the movsﬁents, and
in which ﬁhése_then reappearad &nd'beéame faster
in rate. These phenomena wers observed in rscords
bafore and after the lesion, &nd differed in no

marked manner.

f. "MOVEMENTS OF PROCRESSION UNDER NARCOSIS

IN ISOLATED MUSCLES.

"So far the moveménfs.of progreséinn heve
been deseribed as they occur in ths intact hind
limbs. Tﬁey have elso, however, besn recorded as
‘they oceur in individusl isolsted muscles, snd it .
is then of interest to eﬁaminé-the r2lationships
of the movements in them with the similar movements
of the intsct hind limbs in the same individual.

1t/
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It may be remarked that in the prapsration of the

individual museles the ons hind limb is entirely

out of action by mOtor'péralysis, while of the other

limb only ths recording miscles are 1aft to function
o In one expsriment the movements of pro-

gression were registered bafors the preparation of

the individual muscles, and in the infact hind 1limbs,

They wers then of good extent, were regular, and of
& rhythn of ebout 1°6 beats per second. '
After the preparstion of the individual

muscies (tibialis anticus and gastrocnemius ), the

movements parsisted and wers recorded as they oo-

curred in them. Thev wera confined to the flexor -

tibialis antisus - and the extensor — gastrocnemius |

exhibitad no movement. The appearance of the
rhythmic asts in the flexor exactly parallisled in
the Tacord the app=arinss of the sots in the intact
limb. The rhythm was the ssme. At different poipts
the beats osourred eithar with or without inter-
vening psuses. In th= former case, the termination
of the act of relaxation in the flexor rmuscle was
succeaded by a2 psriod of mainfained ralaxation,.
which, in its turn, ceasdd on the commencement of th

act of active flexor contraction. The contrasction

of/
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of the .flexor in the first part of -the beat reached
a certain limit, and then passed over immediately
into flexor reiaxation which, wheﬁ it had again.
reached the level of complete felaxation;.termiﬁat—
ed with thé state of maintained relaxation;.:ﬂt.
another time, and in anothsr record, the heats

had no intervening pausss of maintained relaxation.
Active relaxation of flexion then immediately suc-
esedad active contraction, dbut was immediately ‘suc-
c¢eaded by the active contraction without ovause.

“The phase of cohtracti9n wag slower than~that.of ro-
laxation.IFThe effect of asphyxia was studied as
before. Tﬁe immediate effect of closurs of the
trachea was a slight lengthening in the.periOd*of-
the heats. This was quickly succeeded by an in-
crease in the rapidity of the rhythm., . The inteﬁ—
vgning.pauges became shorter. Occasionally groupning
'_of the beats 6ccurred as the asphyxia procszded. A
poat would, ‘as 1t were, be added aiid taks the place
of a pause. The éroupw in which beat succeeded beat
without pause became then greater in numbsr of beatd
and more frequent, so that the pauses came to be the
exceptional occurrences. Pinally, and with regu-
‘larity, beat succeeded beat without pause and the

rhythm/
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rhythm continued to become fasfer, until the move-
ments ceased in the full asphyxial effect.

| _Duriﬂg this time, a change hed tzken place

with regard to the extents 5f the beats. At first,
the level of the points.qf relaxation betweeﬁ.the
beats remeined constant. At the same time, the
levels zttsin~d at tha tops of tha baats continu=d
to gscend. Then thers was a slight fall, and shortly
after this tﬁ? levels of relaxation between beats
commensed to agcend. Finall?, with the completef
cessation of thes beats, there was a state of main-
tained contraction of the muscle which continued for
a short time to'become greater, and was, in extent

f contraction, gfeater than.the,extrame contraction
séen in any best. | _

If'will thus b= seen that ths ph=anomensa
exactly paralleled thoge present in similar movements
in the intact 1imbs. Another reference may, however,
be madé to ths grouping of bgats referred to above.

It has besn said_that there is, immedistsly

after the comnencement of asphvxiz, en appearance.

a.s if occesionally an adventitiduslbaat was inter-
posed between two ordinsry beats, and. then replsced
the normal psuse. This 1s not quite an accurate

atatemant/
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statemsnt of tﬁa phennmanon,:although in the recornds
the appmaranﬂe 1é.verv mich ag if this wers trua.
What happans 1q th*q -~ " After a-seriss of beats, in
whiOh therp ar= TRgUlEY paﬂ%ﬁ%,hq% ooﬁu“r@d suddenly
the ceqsation of ralaxntion in ona bsat is imme-
diately followad by th2 contraction of anothar bast
without pause. Tﬁe'ﬁenminationldf this is then fol-|
lowad by a third best - with or without pausa - and
this third heat appears to 02ouUpY the position in the
tracing that it should hsve occﬁﬁied had thers been
no interpnsed beat (th2 s=220mi beat being called
for convenisnte an "interpnsed" on=). But, a8s a

maetter of fact this is not so, for the exact mﬂﬂsure-

ment of ths curve demong*rates the fazt that tiwo
third beat fa11% mark~dly later than it should have
done, had thar= been no interposed beat. In oth-er
words, there is in the rhythm a deiay,-following
th=> appearance of & baat osut of place.. The third
beat does not onccur in its mwrmal position, no " doss
it follow the second at ths usual interval.

In on= instance the phennmena of racovery
from asphyxia were observed in a tracing of the ner-
cosis progression in individusal muscles;

The /
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The state of.maintained flexor contraction
then showad occasional abortive serizs of shallow
beats. Soon undoubted movements of"progression

ceurred in the flaxor. These were irregular, of
slower rhythm than bafora tha agphyxis, and of
smaller extent. |

The extensor playsd no part in the phenom-
ena of asphyxia or of recovery therefrom. Throughout

it remzin=d inactive.
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V. PROGRESSION MOVEMENTS FOLZOWING’ CENTRAL

STIMULATION IN THEX CAT.-

a. ELECTRICAL STIMULATION OF THE CUT  SUR-

FACE OF THE UPPER LUMBAR SPINAL CORD:
PROGRESSION IN THE INTACT HIND LIuBS.

In these experiments the upper cut surface Fic
of -the more caudal lying (lumbar) segment of the
sﬁinal cord has been Stimulated.electrically_in the
unipolar method after transeétion of the spinal cord
at the level of the XIIth: thoracic segment in the
decersbrate cat.

| In the low spinal pr€paration electirical
stimulation applied under -these conditions sometimes
evokes rhythmic movements of the hind limbs similar
to thoae of progression.

The sffect of the-stimulation may be simply
a maintained bilateral flexion which dies away in
both hind limbs on the cessation of stimulation.

Very often, however, during the period of stimulation
a rhythmic movement in each hind 1limb replaces the

bilateral/ -
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bilateral.flexion. This is irregular, but the beats
which compose it are altewnate_and their rhythm is
not faster than the rhythms seen in narqoéislpro~_
gression during asphyxia, although it is faster than
the normal rhythm of the narcosis movements. This
. rhythmic movement further resembles the narcosis pro—
gression in asphyxia in that the levels Qf the upper
and lower points in the beats ascend_aé the stimulus
is continued.

Even in cases where there is no breaking of
the maintalned f1éxion during stimiation into Thyth-
mic components the'rhythmic movemernt may appear as
a sequence of the cessation of stimulation, while in
the cases in which the rhythmic movement commences
during stimulation it may be continued thersafter.
These rhythmic movements may at first be comparative—
1y régular and alternate, but soon they become very

| irregular in rhythm and extent..
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b.  ELECTRICAL STIMULATION oF THE CUT SUR-
FACE OF THE SPINAL. CORD: PROGRESSION

IN THE INDIVIDUAL. MUSCLES.

In these experiments the muscles, tibialis
enticus and gastrocnemius, have been prepared in the
nanner already described; their movements in res-—

- ponse to electrical stimulation of the cut surface
of the spinal cord have been recorded_in the low and
high spinal preparations, and in the lafter prepara—
tion also_in the de-afferented condition(

In the first plaﬁa_we may examine the phe—
nomena in the low spinal preparation (otherwise de-—
cerebrate ).

In the records that of the flexor - tibia-
lis antiqus - may exhibit rhythmic discontinuities
of contraction during the electrical stimulation of
the cut surface of the lower thoracic spinal cord.
Imnediately after the initiation of stimulation there
commences a_stata‘of'mainpained ébnpraction, but this
shortly is broken by a complete or a partial relaxa-

tion/
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and the point of initiation of the succeeding con-

| tractions in the beats; and, although the sumaits of

63.

relaxation and is then reconstituted. The relaxa-
tion and rsconstitution of contraction proceeds
rhythmically . Thus the record_in appearance is

split up into a series of rhythmic beats. = These

are of regular rhyvthm the rate of which is about 1-5
beats per second. There may, or there may not, be

pauses bestwesn the point of cessation of relaxation |

the beats are usually pointed, there may sometimes be
short plateaus taere.

The lowest points in the beats do not usu-
ally coincide with the level of the position of rest
of the muscle (its "post mortem! length). That is
to say that there is usually a certain amount of main-
tained contractiion even at the lowest lesvels of re-
1axation during the rhythmic movements., The amount
of this maintained contraction may be. considerable.
With thelonset of "fatigue“ caused by periodic re—

vetition of the stimulus, the amount of maintained .

contraction at the lowest points of the beats becomes,

greater. The begts thus become'smaller for their
sumnits do not then increase in height.  The stimu-
lus has been applied for periods of 10 seconds and

the%-.'i“'
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the beats have persisted throughout; but the cessa-
tion of stimulation has in every recorded case been
followed by immediate cessation of the phenomenon.
The ‘muscle, ‘after perhaps one additional beat, at
once relaxed to its léngth of rest.

In the case of the extensor muscle there
was no observed mbvement=except in one record. ‘In’
this instance one very slight contraction took place.
It corrssponded in time with a phase of relaxation
in the ‘flexor ‘recorni.

In the second ﬁlaca we may examine the
phenomena in the higa spinél praparation (decapitate)
i which the afferent fibres of the muscles ars in
action.

There was in the record litile not.db—
gserved in those taken from the low spinal prspara-
tion.  The rhythm of the beats was, however, more
irregular. = Its rate was betwsen 18 and 2:0 beats
per second. There was a greater degree of maintain~
ed contraction at the lsvel of the lowest points of
the beats, and no movement was observed in the curve
traced by the éxtensor.

In the third place we may examine the re-
cords obtained from the high spinal praparatidn (de-

capitate)/
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(decapitate ) in which the affersent fibres of the
recording muscles are destroyed. * It will be remem-=
bered that although the progression movements of nar-
cosis may occur in-the ﬂninjured_hind'limb“after
gsaction of the vposterior root fibres upon one side of

the'lumbar spinal cord yet that they have not been

observed to take place in the iimb*of that san=s side.

In an experiment of this nature the poster—
ior lumbar spinal root fibrss were destroyesd upon-
the side of the ‘recording muscles, in the 'sixth post-—
thoracic segment and in all other segments lying more
caudal. The recording muscles were thus de—afferen—
ted and all other muscles in the two hind limbs eit-
her de—affsrented or put out of action by motor para-
lysis.

Sstimulation of the cut surface-of the cer-
vical spinal cord - the stigmatic electrode being-
apolied to the .dorsal part of the antero—liateral.
column of the same side as the rsecording muscles -=.
gave a well marked rhythmic resvonse of ‘the flexor -
muscle. The rhythm of the beats was regular -and of
a rate.of about 1-+1 beats per second. - If the stinmu-
lus was continued,-lat us say for a period of 15
seconds, the rhythm became slower in rate.  Thers

was /
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was a certain amount of maintained contraction of the

| flexor muscle at the lowest points of the beats, but

it was not of great extent. On cessation of stimula

tion the response ceased. But 4f a beat was then in
action it was completed. That is to say that a beat
in process at the point of cessation of stimulation
was not cut short. Immediately after the initiation
of the reaction the beats were comparatively small

| in extent but as the reaction proceeded they became
gradually larger until a maximum was reached or until
stimulation was stopped.

"~ As a rule the extensor - gastrocnemius -

exhibited no movement. But in one instance the trac:

ing recorded from this muscle exhibited small beats.
In time these'corresponded with the intervals between

the beats.of the flexor: the point of comencement

of the beat of the extensor coinciding with a point |~

midway -on the downstroke of a flexor beat.

The effect upon the reaction of increasing
the strength of stimulation in successive reactions
was of interest. - -With a miniméi stimulus the re-
action was rhythmie and there was almost'hoimaintain—
ed contraction of:the flexor at the level of the low-
est points in the beats. = As the strength of stimu-—
lus was'gradually increased there was still a rhythmif

response /
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response but.with a marked degree of maintained con-
traction. Later, there was a reaction like that of
a pure flexion-reflex but with slight irregularities
in the plateau of maintained fléxion. A further in-
crease of strength of stimulus abolished these irre-
gularities. Up to this point the extensor exhibited
no movement. But a siili grea%er increase in.~£
strength of stimulus produced a marked extensor re-
bound contraction on cessation of stimulation. This
effect of aboliﬁion of the rhythmic response on in—-
crease of strength of stimulus was not a "fatigue"
effecf for a strong stimulus which evoked nothing but|
unbroken maintained flexion did not p;event an im-
mediately succeeding weak stimulus from evoking the
rhythmic effect.

The aréa'of the cut surface of the cervical
spinal cord described above was that stimulation of
which most efféctually produced the rhythmic act of ]
progression. Similar stimuli applied to the ipsi-
lateral and contralateral posterior columns of the
cor& also gave a rhythmic responsse.

Weak stimuli applied to the dorsal part of
the contralateral'antero-posterior column of white
matter evoked a reaction in which the chief activity
was a maintained contraction of the extensor — the

flexor /
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flexor usually not acting. A flexor rebound contrac:
tion in some cases followed the cessation of stimula—|
' tion.  As the strength of SUITILEE WaE inereased a

| flexor contraction appearad. This was of long la-
tency and in the latency there occurred a contraction
of the extensor which disappreared on the commencement
of the flexor contraction. This flexor contraction
| was rhythmic or irregular. With further increase

of strength of stimulation the.flex@r contraction

| became regular and maintained. | Its latency became
short; and, at the same time, the extensor did not

act at all.




| been found to be a rapid division of the lower thora-

| scissors. In a large number of decerebrate prepara-

69.

VI.  PROGRESSION MOVEMENTS FOLLOWING CENTRAL
STIMULATION IN THE CAT.

MECHANICAL STIMULATION OF THE SPINAL

GORD- .

Movements of progression have been obtained
in these experiments also by mechanical stimmlation
of the spinal cord. As these movements have been
better marked than any others save those in the in-
tact hind limbs under naibosis, and as they have been
observed in a great variety of conditions, they are
here described in this separate section of the thesis)

- The most efficient mechanical stimulus has

cic spinal cord with one cut of a sharp pair of g
i .
tions this procedure releases marked movements of
rrogression which exhibit several interesting pheno—
mena.

Irregular.movements regsembling progression
have also been observed to take place both in the

intact /
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intact hind limbs and in the individual muscles upon
crushing the upprer end of the lumbar segment of the
spinal cord after transsection. In these cases,
which may be dismissed in this paragraph, the move-
ments are irregular“in rate and rhythm and alternate.
They are in many cases undoubtedly movements of pro-
gression. But they are not so well'marked as those
about to be described. In some instances they may

| be exhibited by the extéﬁsor'alone; in others b?'the

flexor without concomitant movement of thg extensor;

A. IN THE DECEREBRATE PREPARATION.

If the spinal cord is rapidly severed in
the decerebrate preparation at or about the 1eﬁel of

the caudal thoracic segments, and the movementis of

the individual muscles — tibialis anticus and gastroc

nemius - registered, the record exhibits three main
phases.
Immediately after the act of severance

there is a period — the First phase — characterised

by maintained flexion; +that is to'sé?, by maintained
contréction of fhé:flexor and by ébsehce of mOvemént
in the extensor. Theré is sométimes evidence of
extensor relaxation, and sometimes of slight extensor

contraction /
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contraction. In the flexor record there is imme-
diately a rapid contraction of the muscle which thus
rises into a state of great maintained contraction.
This may last for 12 seconds or mbre, but towards the
end it is broken by partial relaxations. These be-
come greater but occur at irregular intervals, after
each partial relaxation the maintained flexion Being
at once reconstituted. :

The second vhase is characterised by com—

plete rhythmic relaxations of the flexor contraction.
the flexor record is composed of rhythmic beats.
These are at first rather irregular in extent and
rhythm and succeed each other without pause in relax-—
ation between the beats. As the phase continues
the beats become regular in rhythm and pauses aprear
between them at the level of their lowest points
which coincide -with the position of rest of the muscle -
befora'the apvlication of the mechanical stimulus.
There aprear at the same time moveménts of the éxtén—
sor. o

It may be supposed that the record is one
in which there is relaxation of the extensof in the
first phase. Immediatél& after the first relatively
complete relaxation of the flexor thére ensueé a com—
plete reconstitution of its contraction which at once
passés'over into relaxation again. Synchronously .

" with /
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'with this passage from contraction to relaxation in.
the flexor curve there occurs the first movement of
the extensor. This is a sharp contraction followed
by relaxation. It resembles the extensor rebound
contraction seen on the cessaticn of a peripheral
stimulus which evokes a flexiopmreflexy and on its
cessation tﬁe curvé of the extensor remains at the
level of rest. At the next similar point in the
flexor curve the same phenomenon reapprears in the
extensor tracing, and so the condi@ion continues.
But, as the phase proceeds, the extensor relaxations
become less. The extensor beats, in fact begin to
exhibit a certain degree of maintained contraction

in the intervening pauses. At the same time the
répidity of the extensor relaxations in the.beats re—
mains constant, but the rapidity of the upstrokes
diminishes considerably. A8 the beats of the flexor
record slow in the rate of their rhythm and exhibit
intervening pauses in relaxation there is a maintain-
ed contraction of the extensor in the cprresponding
intervals. The phase merges with the succeeding one
in an imperceptible manner. There is a slowing of
the rate of the movements apd a diminution of the ex-—
tents of the flexor beats witp a corresponding accen—

tuation /




accentuation of the maintained extensor contraction
in the intervals. . The phase may be‘of a duration

as long as one minute or more.

The third phase is characterised by a'cessa

tion of the flexor movements and a state of maintain-
ed contraction of the extensor. The flexor beats
having become slow suddenly diminish in extent and
become much slower.  This lengthening in rate of
their rhythm is produced by an increase in the dura-
tion of the intervening pauses.  Synchronously with
these slowed beats there are relaxations and recon-—
stitutions of the maintained contraction of the ex—
tensor. The relaxations are comparatively rapid
movements and they conmence in time markedly béfore
the commencement of contfacﬂion in the flexor beat.
Tre reconstitutions of extensor contraction, on the
otherlﬁénd, are comparatively slow. The.phase ter—
minates in a state of absence of the beats in the

flexor record and of maintained contraction in the

extensor record. This graduvally fédes away; thé pro-
cess verhans taking one or two minutes in some cases.
For convenience thése three phases may be
termed the first phase or that of maintained'flexion;
the second phase, or ihat of “balancéﬁ; and the thira

vhase, or that of maintained extension. Variations

in /
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in the phenomena exhibited in these three phases
occur in the records.

In the first place the record may be one of
maintained flexion in its entiréty.  This may be
looked upon as one in which the first phase is exag-
gerated. There is then usually no movement of the
extensor throughéut the record. At this point of =

application of the stimulus there is a sudden contrac

tion of the flexor and the ensuing state of maintained

flexor contraction soon reaches a maxirum, after
which it gradualiy:dies away . There may be irregu-
larities in this maintained contraction. But the .
partial relaxations and succeeding reconstitutions
of contraction are slight, and of very irregular
Thythm. The duration of this phenomenon may be
greater than one minute.

Intermediate bstween this type of the phe-
nomenon and what may be termed the "normal' form is
a type in which itherée appears to be predominantly
througnhout a state of maintained flexion, but in
whicn that is more-bfoken by relaxations of flexor
contraction. The beats thus constituted are of
great irregularity of form,” extent, and-rhythm.'
They appear more 1o resemble ithe flexor contraction
of the flexion-refiex. The tracing appears as if

composed /
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composed by the addition of irregular flexor reflex
contractions. In the extensor record fhere are
beats of short duration although they may be of com-
paratively great extent. They correspond in time -
both in their contraction and relaxation phases -
with the period of relaxation of the flexor contrac-—
tions. There is in these records no evidence of the
terminal staﬁe of maintained extensor. contraction;
and, as the extensor movements strongly resemble the
moverient in extensor rebound, it looks as if thewe
were two: factors in the normal extensor phenomenon
of this act.

Yét another irregular form 1s perhans a
tyve which more nearly resembles the normal than this
does. Here the first phase may run a normal course
(save that there may be a certain amount of maintaineq
contraction of the extensor gynchronous with the
maintained flexor contraétion). The second phase -
also may be comparatively normal although the beats
may be rather irregular. Towards the-end there may
be considerable regularity of the flexor beats, and

Cin the pauses between them there may be evidence of
maintained contraciion of the extensor. But on the-
cessation of the second phase ‘the flexor goes agaih'

into maintained contraction and there is no evidence

of /

Fie. 21,



76.

fof extensor contraction at all.
In the three phases of comparatively normal |
records there may also be certain degrees of irregu-
darity. -
In the first phnase there may be irregularity
of the state of maintained flexion. This may be al-

'most entirely absent in its maintained form. In

these cases the rhythmic relaxations of the contrac-— fTiG,Bfi
i :
Jtion of the flexor appear almost at once after the
Isection_of the spinal cord. - They are for a short

time irregular, but the regular beats of the "balancaﬂ%

phase may then appear within 4 seconds of the inflie-
tion of the lesion. In other cases the relaxations F{G.EﬂD,

may appear in the curve of maintained flexor contrac-

tion . in the first phase, but may again give place to
maintained contraction before finally the complete
relaxations of the second vnhase commence.

Variations of thﬂ,behéviour of the extensor
muscle in the first phase also occurs. In some re- FIC‘ESS.
cords there may be little or no evidence of movement
of gastrocnemius. . In other records.there may bve
evident relaxation of.the muscle in this phase and
this may perhaps be.regarded as the typical phenomenon
exhiblited by the extensor.. It more rarely happens
that this muscle exhibits marked contraction synchnron-

ous / -
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synchronous with the maintained contraction of the
flexor. This may occur, for instance, in such a
case as that in which the maintained flexor contrac-.
tion is of less duration than usual and.in which the
beats appear very soon_in the record. But it may
-also occur in records in which the maintained con-
traction of flexor is of long duration and great ex-
tent. There may be a brief initial relaxation of
| extensor but this is soon succeeded by an active'coﬁ—
traction which increases in extent as the record pro—
ceeds. If tnere are isolated incomplete relaxations
and reconstitutions of the flexor contraction these
may be accompanied in the extensor record by brief
additional contractions which resemble extensor re-
“bound contraction. As a rule however the extensor
relaxes or shews no movement throughout the first
phase, and its first movement in the record is then
aL the beginning of the second phase when it begins
to exhibit these reboundlike contraetions which
| synchronise with the flexor relaxations. |

In the second bhase of the phenomenon varia;
tions in the flexor and in the extensor curves may
~also occur.

In the flexor tracing, whereas the typical
reaction is one in whiéhlthe beats are of regular

extents /
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extents and rhythm with level intervening pauses in
relaxation, irregularities in their extent, in their
rhythm, and in the occurrence of the pauses méy ocecur
| Tp take the last of these irregularities
first: It sometimes occurs that the ineidence of the
beats is not so -arranged that they are regularly dis—
: posed with equal dﬁrations between their points cf
initiation, but that there is such an arrangement
| that the beats are in groups of two with no pause
between but with a short pause intervening between
the groups. I% then commonly happens that the sec—
ond beat in the pair is slightly smaller in extent
than the Tirst and at the same time markedly shorter
in duration - about half as long. Greater irregu—
larity of rhythm may also occur. In some cases there
may be a great variation of tneldurations of the

| intervening pauses. This is usually accompanied by

irregularities of the extents of the beats, and it is!

such that the shorter beats are followed at shorter
intervals by the ensuing beat than are the beats of
greater extent.. But this rule is often broken in
the curves. |

Another variation is seen in the average
rate of rhythnm in the differeﬁt records. In typical
examples of the second phase the rate of rhythm is

about /
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about 1-0 to 0.7 beats per second. But the rate of
rhythm may be as slow as 0°3 beats ver second. Thig
slowing is seen usually at the termination of the
second pﬁase. In some records the rate of rhythm
has been extremely fast — 3.0 to 36 beats per second
- and these rapid beats, although ifreguléf in rate
aﬁd in extent as well as in the comple%eness of some
of the intervening reiaxatibns, have been continued
for durations as long aé 45 seconds. |

Irregularity in the extents of the beats
in a record may be great. Although commonly there .
is comparative regulariiy in the levels reached at
the sumﬁits of the beals, in sone »ecords these
levels may shew great variation. It'may then hépren
that the extent of the beats suddenly is reduced,
and that in the Succeeding beats there is a gradual
growih in extent until a maximum is reached,'when
the process may be repeated. In Ather cases, and
at other pafts of the same record, there may'be'nd
cbeervable ruie in the'variation 0fIthe extents of
tﬁe'beats. - | } - |

Variatioh of the extensor moveﬁents may.
also occur in the'fecofds.' These seem to'be re—
lated to the flexor irregularities.

Where the fléxor record is of that'typé in

which /
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which the beats occur in groups of two without pause
between the constituent beats of the group but with
a yause vetween the groups the extensor record may
shew corresponding irregularities. . These may be
such that the terminatibn of contraction — the summit-
of the first, or largef, beat of the group is accom—
ranied in the exténsor record by a sudden contraction
This does not occupy.the whole time of the relaxation
of the flexor. It terminates in a short and ievel
platéeau which lasts only as long as the remaininé'
poertion of the flexor relaxaiion. The plateau is
terminated by the commencement of the relaxation éf
the extensor contraction, and the point:of initiation
of extensor relaxation corresponds in time with the
términation of the relaxation of the first beat in
the flexor grour and the commencement of the contrac—
tion of the second beat. The relakation of the
éxtensor movement is a slower movement-than the con-
traction, and it lasts for the whole of the contrac-—
tion phase of the second flexor beat and terminates

shortly after the commenqement of relaxation of the

flexor. There then commences another extensor move-|.

ment; but thisg is smaller than tﬁe foregoing and of
slower contraction. Its'ééntractioﬁ vhase lasts
through the flexor pause, which tﬁén occurs, and

ceaseg /
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ceages just before ihat point'ai which the first beat
of the following flexor group commences its contrac—
tion. The extensor then slowly relaxes — the re-
laxation synchrdnising'with'tﬁe contraction phase in
the flexor — until a point just after the apvearance
of flexor relaxation, at which point the sudden con—
traction of the extensor as first described repeats
itself - and so the phenomenon pfpcaéds.

The behaviour of the extensor during the
vhenomena of the second phaée may be surmari sed by
'saying that when the flexor beats follow each other
without pause the extensor performs a sharp moﬁement
of short duration, the contraction phase of which
commences in time just after the commencement of |
relaxation in a flexor beat, while the commencement
of relaxation of the extensor movement falls in time
just before the commencement of the next flexor con—

traction. The whole of the extensor contraction and
a part of its relaxation then falls within the pefiod
of relaxation of a flexor beat. But when the flexor
veats follow each other with intervening pauses the
extensor movements are commoniy'shbrter in extent and
" slower in phase. ' The initiation of the extensor
movement then occurs shortly after the commencement
of flexor relaxation and during it. The contraction

ceases /




| tion. Although usually slow, the extensor contrac—

' be the only one to be extibited. When the flbzor

- type of movement. _ This may also be seen alone in

ments like the movementis in flexion reflexes. When

the flexor exhibits in places pauses and in othef

is usua?ly a marked malnterance of extensor contrac—

" the /_
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ceases shortly before the following flexor qontrac—
tion. The phase of exiensor cohtraction thus corre—
sponds nore or lesg nearly With the flexor pauvse, and

the relaxation phase with the enqulng flexor contrac—

tion may occasionally be a rapld movement.
Then the flexor beats in the records are
of slow rhythm and with 1ong pauses intervening be-

tween them the second type of extensor movement may

beats follow each other rapidly and without interven—

ing pause the extensor may exhibit only the first

the irregular forms which seem to be composed of moves

places no pauses then both types of extensor movement
may be present in the records.

in the third phase of thé reéction'theré

tion. mhls is broken ry partlal relaxatlons with
following reconstltutlons of contractlon. hese

oceur synchvonously W1th the slow and smdll flexor
baats which may st111 perelst into tle third phase.

The extensor relaxation commences considerably before

Fic.32.
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the flexor contraction, and the phase of relaxation
ceases shortly after the commencement of flexor

relaxation or even after the termination of it.

Finally the flexor beats cease and there is maintain-—|

ed extensor contraction. This extensor phenomenon
may be regarded as an - exaggeration of the second of
the types of exteﬁsor movement in the second ‘phase
described above. But variations occur.

“Thus the flexor beats may disappear before
the disappearance of the extensor relaxations and -
reconstitutions of-contraction,-or these may occur
when the flexor beats f8il although the beats may

afterwards reappear. ‘In any case the diminution of

the flexor beats in extent does not seem to be accom—|

ranied by a diminution of the extent of the extensor
relaxations.

In some inétances.the maintained extension

| may not appear. ~Even a maintained flexion may take

its place. In other cases it may be present but
raridly disappear.

It has been stated above that in some in-

stances rapid transsection of the lower thoracic spi-=|

nal cord is followed by a state of maintained flexion
alone, and that this gradually disappears without any
phase either of progression (balanced phase) or of

maintained i/
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| tained extension while between these there was a

‘_flexion at. the knee when the ankle was in maintained

gular. At times they were synchronous in the itwo - °

| limbs, and then a large beat in one 1limb accompanied

84.

maintained extension. It may be asked whether a
reaction pﬁrely of maintained extension is ever met
with..  This phenomenon has been observed but not in
the normal decerebrate cat on section of the spinal.
cord.

Before passing to the other conditions and
rreparations in which'this form of progression is
obtained it may be stated that the movements have

been observed and recorded in:the intact hind 1imbs.

In these records the movements at the two ankles com-

ménced with maintained flexion and ended with main-

rhase in which movements of progression occurred in
the two limbs. On termination of the vhenomenon in

one record there aprearad to be a state of maintained

extension. The movements of progression were irre—

a small one in the other, while a small beat in the
first would accompany a large'one-in-the”SECOnd3limb,
Vhen the beats were more regular, later in the' record

there was true alternation of them.:

B./
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'B. IN THE HIGH SPINAL PREPARATION.

4

A sudden section of the spinal cord in the
lower thoracic ragion of the high spinal preparation
converts the condition of the lumbar centres from a
rdecapitate” to a spinal state, and St thetusme. t16 |
may evoke movemenis of the isolated individual mus- .
cles. |

A maintained flexion — characterised in the
tracings.by contraction of the flexor and absence of
movement, or relaxation, of the extensor - may be the|
only result of the stimulus. This gradually dies
away and the curve ends without demonstrating exten-
gsor contraction. But there may be an appéarance of
veats upon the curve of flexor contraction. These |
are then of slight extent and irregular incidence.

In other instances there may be a more mark

1

ed demonstration of beats in the flexor curve and, at
the same time, there may be evidence of extensor -
contraction. In one instance there was an extensor

coritraction of maintained type shortly after the in-
fliction of the transection - the flexor contraction
then waning rapidly — but later there was a balanced
phase and the curve finally ended with maintained’
extension. In this case there were beats in theé

second /
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second phase. These were irregular in rhythm and
extent, and there were synchronous movements in the
extensor tracing similar to those in the decersbrate

prervaration.

nkhe IN THE LOW SPINAL  PREPARATION.

A rapid transection of the*spiﬁal cord in

| the decerebrate condition often releases movements of
progression ag -has been described above. The inter-
esting question then arises - whether or no a second
transecfion at a lower level will again release such
movements. This second lesion is, of course, per-
formed upon the low spinal preparation; and in some
cases it has been followed by a third and a fourth -
each at a level more caudal by one spinal segment
than that which preceded it.

In these instances movements of progression
have been the exception.- The rale is a maintained
flexion in response to the stimulus. In one instance
however, movements of progression have occurred.’

~In this case the movements recorded were
those of the intact hind limbs and ‘the second tran-
section was performed at a level about 3 mm. caudal

to the first which was in the lower thoracic region

of /. \
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of the spinal cord. It was followed by a short
maintained flexion, then a rhythmic balanced vhase,
and finally by a state of maintaiﬁed exténsion in
both hind limbs. In the second phase of the phen-
omenon the ieats were irregular in fofm, in éxtent;
and in rhythm. At one point the? were élternate in
the two hind limbs. At another they were synchronous
In their appearance and in the rate of their rhythm

| they nearly resembled'the rhythmic beats elicited in
response to elsctrical stimulation of the cut surface
of the cofd after the first transection.. They’ﬁére'
more rapid than were the beats of the second phase

at the first transection. _

In another instance in which also the move—
ments of the intact hind limbs were recorded, there
was alone maintained flexion.  In this instance
theré-had been very regulaf'movements under narcosis
before the first transection, and irregular movements
| in response to that transection: |

In an instance in whiech the movements of
the isolated individual muscles were registered-the
first transection.ﬁas verformed ét the level df ﬁhe
entry of the first post-thoracic pair of posterior
spinai roots and it evoked a very ifrégﬁlar reaction
in which there was evidence of beats in the éecond

phase. /
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phase. The second transection was just caudal to
the entry of the second post—thoracic pair. There
was evoked a reaction at first of maintained flexion
and then of‘maintained extension. The aﬁpearanqe
was as if the second phase had been omitted. _ A
third transection_was then performed just below the
level of entry of the third post—-ihoracic paix-bf
j roots, and evoked a reaction of maintained flexion.
In.another case in which this experiment
was repeated the first transection - between the ent-
ries of the first and second post—thoracic spinal  |
roots — evoked a reaction of maiﬁtained flexion alone
Subsequent transections between pairs II~III; ITI-IV;
Iv-v alsoue§oked maintained flexions, in the last
instance there being also a synchronous_maintained

contraction of the extensor.

D. IN THE DE-AFFERENTED PREPARATION.

The possible occurrence of movements of |
progression after abolition of tie afferenﬂ nervés
of the muscles is a question of some interest and
importance in the problem of theiintrinsic_factors_.
in the qct of progression.

In these experiments the muscle afferents

have /
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have been divided by section of all the post—thoracia
Soote trom the 1e§e1 of the upper fibres of the sixth
downwards epon the side of the recording muscles.
Tnls removes tne aff rents of the reeordlng museles
as well as thoee of other muscles 1n the 1eg. All
the other museles of both hlnd 11mbs Were then para—
lysed by section of tqelr motor nervee or of thelr
tendons. Thus no proprloceptive stlmull normallY
engendered in the 1imb during the act of progression-—
were in action. The mejority'of the experiments
‘have been performed in preparations in which the con—
dition which obtained befere the spinal transection
was the decerebrate. In one of these experiments
all the post-thoracic posterior spinal L T
ﬁpon'the veeording side. In one other experiment
the condition before the sninal tranqeetion was the
high spinal

In that experiment in which the preceding
condition was the high epinal the only reaction to
the spinal transectlon was a maintalned exteneion oo
eV1denced by contractlen of the extensor. - There was
no movement of tne flexor. But it must be stated
.that there had previously been a fallure of the flexo*
act in the 1p31lateral flexien—reflex and subsequent
to the transeetlon the 1pel1ateral stimulue also

:
1
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failed to evoke flexor contraction. Undoubtedly
there had here been a'precedihg paralysis either of
the flexor centre or of its periﬁheral mechanism.

That instance in which all the afferents
were divided also exhiﬁited ?redominéhti& a maintain-
ed extension. This was preceded by a short act of
maintained flexion, and the maintained extension was
proken at intervals as if there wore conconltant "
beats of the flexor; although these ﬁere-absent'ih
the record. :

All the Other'expefiments demonstrated rhy th
mic acts of progr6351on of unusuval excellence.

In the first phase there has ‘been observed
a greater tendency to an initial maintained axteﬁsion
tﬁaﬁ has been the case in thé-"normalﬂ ékperimenis.
The first act after the production of the lesion 1is
then a flexor contraction. This may be of short
dquration and in its termination be succeeded by the
naintained extensor contraction which persiété for a
time unbroken. The flexor maintained contraction
then re-appears and-the extensor:contraction wanes.
There shortly follow tﬁé fiexor ;élaxatiOné Which-conn
stitute the beats of-thé'balanced-phasé. There may
however, be no marked movement of the extensor in the
First phase; but on the ﬁhéle 1t—may be.said to be

characterised /
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characterised by shortness of duration and by the
presence of maintained extensor contraction in great—
er or in less degree.

The - third,or final, phase 1s characterised
by the usual maintained extensor contraction. As
the flexor beats at the end of the second ﬁhase de—
crease in extent the concomi{ant extensor relaxations

remain of nearly constant valee.- _These relaxations

then persgist for a time after the total disappearance| .-

of the flexor beats. On the whole the phenomenon
of maintained extensor contraction in the third phase
occur with-greater regularity than in the "normal" -
that is, not de-afferented - condition;

In the second, or balanced,; phase phenomena
.of_some interest have been observed. The flexor
beats have occurred with greater regularity of form,
extent, and rhythm than has usually been the case in
vreparations not de-afferented. At the same time
the movements of the extensor have been unusually well
marked.

The phenomena of the extensor movements in
the second rhase seem to be controlled by two factors.
At first there may be little or no maintained exten-
sor contraction, but there are single contractions of

that-musc;e - each of comparatively short duration. -

In /
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In these the unstroke of contraction is a rapid one.
It synchronises in its initiation with a point just

later than the summit of a beat in the flexor record,

and this upstroke terminates before the flexor relaxa
tion has reached its.lowest level. ._Thé_ﬁérmination
of the upsiroke is succeeded by a shortﬁ;atgau of
maintained contraction.which lasts as ldﬁg és the.ref
mainder of the relaxation of the flexor beat. At
the termination of the fle;o::béat there is a pause
in relaxation, and this is accompanied in the exten—
éor record by a slow relaxation which finally ceéses
in the next extensor movement which synchroniseé with
~a point just after the summit of the next flexor beatd
During the latter part of ihe extensor relaxation
tpare,thereforeﬂocqurs the upstroke of the flexor
movamentl_but this does not determine any synchronous
change in the}extensor_éurve. In some iﬁstanqes an
extensor_movement may nﬁt éccompany.tne.relaxatiﬁn.
phase of a flexor beat. Thls seems to occur when a
flexor beat of smaller extent and duration than usual
follows the preceding flexor beat at a shorter than
usual interval.of time. When the dura%ion df thé.
relaxation pnqse of a flexor beat is greater than

| usual the plateau of the extensor movement may be in—
creased in duration.

As the second vhase continues a change oc—

curs /
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.occurs in the phgnbmena exhibitéd by thé extensor.

At first thefe is an ever decreasing'extent of.reiax-
_ation after each_plaﬁeau of c6ntraction._ That is to
say that there is a'graduéi iﬁcrease in'the amount of
maintained exténsor cdntraction at ﬁhé level of maii-
mum relaxation. Whéﬁ this reaches a_ce:taih degree
an additional movement appears in that pbr@ion'of_the
curve of relaxation which synchronises ﬁith the ébnf
traction phage of a flexor beat. At a point wﬁich-
falls in time a little before the point of initiation
.of the flexor contraction there commencés an accele-
~ration in the rate of the extensor relaxation, and
this continues until, just aftef_the.summit of the
flexor beat, the extensor conﬁractibﬁ appears.““
There thus seems to be a small additional relaxation
of.thé extensor. -

With én.increase in the duratiog_of_ihé_pguges
between-thé flexor.beats, which appears iowardé-the
end of the éecond phase; thé'syhchronqgs relakation
of the extenéor.during these pauses reaéhes a maximun
and then decreases. - The curve of relaxation then
appears to rise again just before again falling in
the additional relaxation synchrohous with the flexoxn
contraction makes its aprearance. This second rise
reachés its greatest extent at the end of the second

vhase. /
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phase. At that period, even although the flexor
peat is of good extent and compdrati?elylslow fall,
the plateau of the extensor movement disappears.
There is a more rapid relaxation than before, and |
this soon reaches its climax. There is then a gra-
dual rise which terminates again, in a relaxation
phase Jjust before a flexor beat. If this is small
in extent there may then-be no éxtensor movement dur-
ing the flexor relaxation of the type described above
The relaxation of the extensor lasts throughout the- |
whole period of the flexor beat, and at its termina-
tion gives place again ﬁo the slow extensor contrac—
tion which continues until a point just before the
next flexor beat. The extensor curve then proceeds
in this manner. There is a slow extensor relaxation
which commences before and 1asts-during the flexor
beat. . It -ends at a point nearly synchronous with
the termination of the flexor beat and there gives
place to a slow contraction which persists until the

comnencement of the next slow relaxation.

viz/
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VII. MOVEMENTS OF PROGRESSION WHICH FOLLOW
PERIPHERAL STIMULATION. |

Rhythmic movements which closely resemble -

sometimes completely Pesemble — the movements of pro—

gression may be evoked in response to peripheral sti-

mulation.

The stimulation applied in these experiments

has usually been the electrical - the application
being of faradism to the long saphenous nerve, a pure
1y afferent nerve peculiar to the hind 1imb. In
some instances in which the moverents of the intact
hind 1limbs were recorded the stimulus has been a
mechanical one applied directly to the skin of the
limb or to the skin of the pérts_about the root of
the 1limb. | | |

The movements of progression have followed
iﬁmediately upon the aﬁplication-of a simple reflex
gtimulus - thaﬁ is;to say, of a stimuigs ap?lied to
one or other long saphenogs nerve;\ In other cases
the movements have followed upﬁﬁ the césaation of
such a stimulus. In such instances the phenomenon
may be térmed one of "rhythmic_rebbund“ (40), and it

does not then occur during the actual goplication of

.the 7
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the stlmulus _ _ _
It gometlmes occurs that, although the move

ments do not occur either during a simple reflex sti-—

mulus or at its cessation, they may yet occur during |

thé simultaneous.application of tﬁd éueh_stimuli to
the resﬁective ipsilateral and confralaiéral long
gaphenous nerves.. ) |

| These.different.conditions havé béén obser-
ved to evoke movementsqu progression in the decére—
brate and low spinal preparations — both "normal" and

nde—-afferented”.

a. SIMPLE STIMULI : LOW SPINAL PREPARATION
— NORMAL AND DE-AFFERENTED.

In the low spinal preparation movements of
progression a:é extremeiy rare as a response to sim—
rle stimulation of an afferent nerve. . . |

Immediately after_tfénseqpion of the spinal

cord, and when the condition of the preparation ia'

gtill in the third phase deqcribed above, it sometnnew

hapxens tnat a stlmulus may evoke an ir?egularly

_rhythmic reaction whlch resembles the movements of

progression. This has been observed to take place

in the case of a contralateral stimulus. Hare.there

was /
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wag a more or less evenly_maiﬁtained contraction of 
the extensor evoked in response to the stimulation.
This was however broken by requatlons and reconsti-
tutions of the contraction. Synchronous_w1tn these
there were slight contraotions.ana relaxations of the
flexor. The whole aprearance of the record suggest—
ed the part of a pvogression record, evoked in re-
sponse to rapid transectlon of the spinal cord 1n
which the flexor beats finally die out.

A similar pheﬂomenon but uncompllcated by
flexor beats, has been observed in the de-afferented
preparation immediately after it had been rendered
a low spinal preparation by the rapid severance of
the lower thoracic spinal cord. In this instance

there had been a marked third phase of maintained ex-

tensor contraction in the record taken during spinal

transection, and this reflex response resembled the
third phase after the disappearance of.the f;é;pr..
beats butl before the extéﬁsdr record had ceased po
exhipit the rhythm relaxations and reoonstitufioﬁa of
contraction. | : |
lMechanical stimulajiqn of the upper pért of
the caudal segment of the apinai cord in the low
spinal preparation-evokes a reaction of maiﬁtained
extension — thus reproducing the_state gseen in the

third /
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‘third phase of the phenomenon_which follows the tran-
eeotion. During the conditlon thus 1nduced a peri-
pheral stlmulus may evoke a reactlon which exactly
resembles the phenomena of progression - as seen, for
instance, in the balanced phase:of the reeords taken
during transectlon. |

This wethod is the most effeetlve in the
production of progression movements in the low spinal
.condition by.the aprlication of a simple reflex sti-
malus. But it may be remarked that it_is perhaps
not correct to class this with the progressiohs evoked
in response to simple reflex stimulation as £here are
really two stimuli used - the central and the peri-
pheral. This criticism of course also holde good in
respect to the experiments described immediately
aﬁove. |
- Iﬁ these cases the stimulus aprlied peri-
vherally evoked the flexion responses. | This, when
| apolied during the condition of maintained extensor
contraction, evoked a flexor contraction which was at
the same time accompanled by exteneor relaxatlon.
For a brief duratlon of time the flexor contraction
| was walntalned bvt was thereafter bro en by_relaxa—'
tion, partial or complete., The termination of relaxe
ation was irmediately sﬁceeeded by a movement of re—

constitution /
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reconstitution of flexor cdntraction, but the next
relaxation was séparated.bv a pause in relaxation
from the commencement of the next reconstitution.
Thus the veaction wés divided into beats and the
pauses between these became gradually 1onger.

In the extensor record there had been at
first relaxation alone. This was soon broken_by
movements the contraction phases of which fell in
time slightl? behind the summits of the flexor béaté.
Taese resembled more Qf less.completely the firét of
the extenéor types of movement_described as preseﬁt
in the records of trans&ction of the spinal cord.

The termination of the stimﬁlus was in some
cases followed by re—establishment of maintained ex—
tensor conpraction, the curve of this being broken ai—
though there were no flexor beats present.

- In this experiment the contralateral stimu—
lus evoked the comraratively rare crossed flexion-
reflex, and the contralateral stimulus was the most
efficient in evoklng these movements of progression_'
in the state of malntalned exten81or. The iﬁsiléte—
ral stimulus, Wnlch_ayoked the ordinary ipsilatéral
fiexiov—veflex,ldid not give.tﬁe rhythmic movementg
during stimulation - malntalned flexor contraction
then obtalped througnout e but was sucoeeded by a

" rhythmlc /
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wrhythmic rebound" in the flexor record. ~ This then
gave place to the state of maiﬁtained extensor con-

traction.

In the low spinal preparation in which move-
ments of the intact hind 1limbs have been recorded
mechanicallstimulation of the skin aboﬁt'the rerineum
haé evoked movements of rreogression in the 1limbs.
These movements have apfroachéd; in form and in rhythn,
very nearly to the movements of progfession evoked in
the same experiment as effects of the electrical

stimulation of the cut surface of the spinal cord.

b.  SIMPLE STIMULI : DECEREBRATI PREPARATION,
. NORMAL AND DE-AFFERENTED. |

'In the normal decerebrate preparation rhyth
ﬁic_réspdnses have occurred with greater frequency -
in answer to gsimple reflex stimuli than in the low
spinal condition. |

- Ipéiléteralfstimulatioh, Instéad'of'evoking
the ordinary reaction of flexdr contraction maintain-
ed during the period of stimulation, has resulted in
these cases in a rhythmic flexor response.

In one experiment the reaction was at first
a maintained flexor contraction, but this was sudden-
1y interrupted by a series of rhythmic partial Felax—

ations /
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relaxations each of which was succesded by reconsti—
tution of cdﬁtréétidn Theéa were regular in form
.and rhythﬁ; the rate of rhythm being about 2 beats
pér second. The extensor record exhlbited no indl—
cation of movement.

In another experiment this phenomenon was
more complete. The flexor contrastion was rhythmi-
cally interrupted from its commencement.  The beats
were regular in form; extent, ﬁnd fhythm -~ £he raté
being about 1'5 beats per second. _ Thé relaxations
Of.the flexor contractidn here also were ihcomplete.
in one record there'were véry siight irregularities_
upen the iracing descrived by the extenso:. |

' The third stage in completeness may be il-—
1ustrated by another experiment.t in this case.a

minlmal ipsilateral stimulus evoked a very slight

£1lex0T contraculon. This had a long latency and was

of short duratlob — less than a second. In the ex—
tensor traeing its appearance was accompanled bv re—
1axat10n which shortly gave plaqe to;malntalned_con—
traction. A slightlsttronger stimuius.calledlup

a flexor response which was composed of four well

marked beats. These were'compléﬁe in the extents of]

their &elaxation phases, aﬁd there were pauses be-
tween them In the extensor curve theve were relax—
atlons wnich synchronlsed w1th the flexor beats. In

tne /
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the intervals corresponding to the flexor pauses !
there were slow reconstitutions of the state of main—;
tained extension. This increased in value as the_
phenomenon proceeded.. In the case of the first beat
the reconstitution of extensor contraction was rapid,
the upstroke of the .movement corresponding to the
relaxation of the flexor. After the final flexor
beat, and when the stimulus was still in process_of_
aprlication, the extensor entered into a state of
maintained contraction markedly greater than that |
which obtained before the application of the stimulus
Stimuli of greater value evoked reactions of similar
appearances. |

When the stimulus is applied upon the con-

tralateral side the response may also be rhythmic an%

similar to the movements of progression. |

- This phenomenon may occur in the contrala-
teral flexion-reflex - -a reaction of comparative
rarity. It then exhibits the same variations that
occur in the ipsilateral Flexion-reflex. Thus
there may first be maintained flexor contraction

which is broken later by partial relaxations. The

flexor beats — accompanied in this instance by extan
sor relaxations - may be complete in their relaxa-
tions but without intervening pauses, and their dis-
appearance may be acéompanied by marked maintained

exteﬁsor /
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extensor contraction.
But rhythmic reaetions may also apvear when
the contralateral response is the usual crossed ex—

tengion-reflex. Here the first effeet of the stimu-

lus is to procure a maintained contraction of the
‘ |

extensor. As the stimulus continues there suddenly |
aprears a rhythmic contraction of the flexor and this
is accoﬁpanied in the extensor record by a relaxation
of the maintained contraction and then by extensor
reconstitutions and relaxations of contraction corre—|
sponding to the flexor beats. The fléXdr beats may
then be complete in their relaxation or only partia%;
They fail suddenly and there theén aprrears a marked
state of maintained extensor contraction.

In one experiment the sartorius muscle - a
flexor of the knee and hip joints — was used instead

of the flexor and extensor of the ankle joint, and

the crossed great sciatic nerve was stimulated. Ini
this case well-marked ‘rhythmic movements of the mus- |
cle were recorded. ‘These were of a regular rhythm,!
the rate of which was about 1°8 beats per second. °

The preparation was decapitate, and movements of pro-—

gression under narcosis before decapitation varied in
_ : e, B i e . , ;|
rate of rhythm between-1+2 and 2-6 beats per second |

under ‘the influence of asphyxia. :

In/
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In the decerebrate de-afferented preparation rhythmic

responses have been observed to be more or less simi-;

lar to some of the forms which occur in the normal

decerebrate preparation.

Ce. COMPOUNDED STIMULI : LOW :SPINAL

PREPARATION.

Even although neither the ipsilateral nor
the contralateral stimuli produce rhythmic effects in
the low spinal preparation yet when they are apprlied
synehronously the rasultant-reagtion-may be rhythmic
and may resemble in eertain 6f itslfeatures the move-—

ments of the aet of progression. In this condition

the rhythmic movements have been badly marked in the;

flexor but:have been clearly present in the extensor
record,

The phenomena as they occurred in one ex—
veriment may be described. The simple contralateral
stimulus evoked a reaction in which an even maintain-—
ed contraction of the extensor was the only positive
activity. In the same manner the ipsilateral stimu-
lus evoked alone a contraction of the flexor. This
shewed a state of "fatigue" — that is to say that the
contraction was not evenly‘maintained throughout the

reriod of stimulation, but fell towards the end of

T, /
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jt. The contralateral stimulus was then applied,
| and dufing'its administration an ipsilateral stimulus
: was added. The maintained extensor contraction of
the contralateral reaction was at once relaxed,- but
shortly'thefeafter'was partialiy.reconstituted, then
againfrelaxed - and so on, thus éonstituting rhythmic
beats.' There were no beats in the flexor aet. This
soon vanished as the stimulus proceeded. The :Qte
| ‘of rhythm of the extensor movements was about 1«0
beats rer second.

One minute later the two stimuli, of the -

same strength as before, were apﬁlied at the same mo-

ment and kept in action‘for the same length of time. |

The first response was aﬁ act of flexor contraction.
This was succeeded in time by a rhyihmic act of ex-
tensor contraction the latency of which was greater
than in the pure contralateral extension-reflex.
Its rate of rhythm was slightly greater.’ I

A veaction in which the commencement of the
ipsilateral stimulus preceded that of the contralate-
ral was then_registeréd. In this a rhythmic exten—
sor contraction was also evoked after the comaence-
ment of the contralateral stimilus.

Another reaction in which the ipsilateral

stimulus was avplied for a time during the aprlica-—

tion /
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| application of the contralateral changed the constant

contraction of the extensor to-a rhythmic reaction |
during the period of its aprlication only. After i
the cessation of the ipsilateral stimulus, and when
the contralateral -stimulus was still in process of

application, the extensor againm went -into unbroken

maintained contraction.

In all these instances the extensor move-
| ments were composed of slow relaxations and slow rYecom-
stitutions of contraction. They resembled the move-
ments of the extensor in the third phase of the move-
ments of progression evoked by rapld spinal transec-

tion.

.d. . COMPOUNDED STIMULI : DECEREBRATE PRE- i
PARATION.

In the'decerebrate.preparation_varioug-comr
binations of ipsilateral and contralateral peripheral
stimuli in temporal relationshiv have been observed
1o be accompanied by rhythmic movements. in the record-
ing muscles. These may by described separately.

In one instance a OOﬁtralateral stimulus
evo&ed a simple crossed exten31on—reflex in which: the
contraction of the extensor was simple in form and

unbroken. /
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. unbroken. Immediately thereafter a record was taken

in which an ipsilateral flexion-reflex preceded a

| contralateral stimulus - the two stimuli not running
synchronously but an interval of one second inter-
vening between the point of cessation of the ipsila-

teral stimulus and the point of commencement of the

contralateral. . The contralateral stimulus then
| evoked a response in which extensor contraction ap—

peared first in time but was shortly succeeded by

three definite flexor beats. Each of these was ac— |

companied, during its phase of contraction, bty a
relaxation of the maintained extensor relaxation;
whilst, towards the end of the rhase of flexor relax-
ation, there was a re-establishment of the extensor
contraction. - This became great in extent after the
- final flexor beat, and was thus continued until the
| cessation of the stimulus.
| In another experiment, although the ipsi-
lateral stimulus evoked a simple flexion-reflex, and
the contralateral a simple extension-reflex, when the
two stimuli fan concurrently the extensor response
was rhythmic.- It resembled the rhythmic extension
descrived in the preceding section of this thesis.
In a third instance a series of records of

reactions in response to compounded &timuli‘was taken

the-/ :
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~the value of one stimulus being progressively changed.

The contralateral stinulius when applied alone gave

; a marked simple extensor contraction. In each.re- 5
{ action it was applied for ten seconds, and after it |
: had run for four seconds an ipsilateral stimulus
_(flexor contraction) was applied for four seconds.
The contralateral-stimulus%tﬁerefore,ran for two se-
conds after the termination of the ipsilateral. 1In |
| consecutive records the ipsilateral stimulus was pro—
| gressively decreased in_valﬁe while tﬁe value of the
contralateral was kept constant. In the first re-
action the cessation of the ipsilateral stimulus was .
| succeeded by two marked flexor beats. These resemé
bled the movements of flexor rhythmic rebound, al-
though this was not a prhenomenon present when the :
ipsilateral stimulus waé-applied alone, and each was
accompanied by relaxation and subsequent reconstitu-
tion of the extensor contraction. In subsequent

| reactions the value of the ipsilateral stimulus was

| .progressively decrgased, and in none was this pheno-
menon present.

In the decerebrate condition-a maintained
flexor contraction may be rhythmically broken during
the application of a concurrent contralateral stimu-
lus. . This phenomenon has not been observed in the

other conditions.

Asg /
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As an example ‘of this phenomenon the follow-
ing experiment may be described. The ipsilateral
stimulus — which evoked a simple flexor contraction -

| was applied for a period of about ten_seconds-

During this period an ipsilateral stimulus was ayprlied

for about four seconds - its termination falling
about two seconds before the termination of the ivpsi-
_ lateral stimulus. Although the response to the con-
tralateral stimulus when it was applied alone was one
of simple extensor contraction, when given during the
application of the ipsilateral it evoked at first an
augmentation of the flexor contraction. After this
auvgmentation had run for about two seconds the exten—
sor began to contract and at the same time the flexor

contraction curve shewed rhythmic irregularities.

The extensor contraction rose steadily in extent until

the cessation of ipsilateral stimulation produced a
relaxation of it. Throughout 1t demonstrated slight
irregularities - the relaxations corresponding in
time to the reconstitutions of flexor contraction.
On the cessation of the contralateral stimulus the
flexor contraction égain became evenly maintained.

In another reaction of the same experiment |
an ipsilateral stimulus was made to interrupt a con—
tralateral. The maintained contraction of the ex-

tensor /
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extensor was reduced during this interruption, and if%
was rhythmically broken. At the same time there wag
a flexor contraction which also exhibited beats the
movements of which wére of the oprosite sense, at any
one time, to those of the exﬁansor irregularities.

This was also seen in another experiment.

- viiz /
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VIII. A COMPARISON OF VARIOUS MOVEMENTS
 oF PROGRESSION.

In one and the same individual movements of
progression have been registered and_examined.in dif—f
ferent conditiqns. Thus the movements of progres-
| sion under narcosis may occur iﬁ an individual from
which afterwards a record of progressioﬁ is obtaiﬁed
on dividing the spinal cord. Ve may therefore com-
pare the different formé of progression dealt with in
this thesis. - -
In Section IV, sub-section 'e'.of fhis.the-i
gis the‘moveménté of progression under narcosis after
diffefent leéions of the nervous systeﬁ have already
beeﬁ described and will nof be fufther noiiced here.
In the succeeding sub-section (;ft) the movements of
progression 1n narcosis werelalso examinedliﬁ expefi~
ments in which thgy were first fecorded_in fhe_intéct
hind limbs and'then-in £he ispla{ed musclés of one

hind 1imb after paralysis of the other.

_ In some experiments movements 6f_progres—_
sion'have been obtained in two or in all three of the

main /




about 2.0 per second. A simple contralateral stimu-—
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main types described here; “ Thétwis_to say - in nar-
cosis; on stimulation of_the!gﬁinal cord; and oﬁ
stimulation of the peripheral afferent neeves, or in
any two of these. It will be most cbnvenient tb_

describe certain of these exveriments in detail.'

EXPERIMENT XXVII. reactions 1161 - 1237,

5 B b -1 £ Decerebrate cat, muscles prepared and

apinal cord divided_later in the experiment.

In the decerebrate state a simple ipsilate—|.

ral stimulus evoked a jéaction of maintained-flexion
which was succeeded by a rhythmic after-discharge.

the rate of the beats, which were "incomplete', was
lus evoked the crossed flexion-reflex, and cessation |

bound jhe raté of the beais,_which were "complete",
being about 2°0 per second. -.compounding of a suﬁ—
liminal ipsilaﬁé:gl stimulus_and a contralatepal_qnei
gave a more complete f;qxor;coniraction ﬁhan ﬁhen thé
contralateral Btimﬁ;us'ran alone.. IIf.tHen thg_cén—
tralateral stimulué'wés stqpped:the'flexor con{facw
tion persisted as if the ipsiiateral.stimulus_had 5e—
come éffective, but it was brdken by incompletel
:hythmic relaxations — as if the rhythmic rebound of

the /
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of stimulation was followed by a marked rhythmic re— |
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the contralateral reaction was attempting to break
through. .The rate of thése_was aboutllfS beats per
second. A peéuliar feature of the rhythmic flexor
reﬁounds_whieh followed cessation 6f a contralateral

stimulus_was their tendency to occur in_pairs the

second constituent of which was smaller than the first

On rapid division of the spinal cord in the
lower thoracic region a good record of the "balanced"
vhase of progression was secured. This had the same
characteristid of paired beats seen in the case of
the rhythmic flexor rebound. The beats in a_pair-
had a rhythm of about 1°5 — 2°0 beats per secbnd, but
the total rate of rhythm estimatéd over_several pairs

of beats was about 1-+2 beats per second.

- In the low spinal condition the simple ipsi+

lateral flexion-reflex was followed by an "incomplete

rh?tﬁmie rebound evidenced by alternate contraction
in the two antagonistic muscles. The rate of this
was about 2 -0 beats per second.

| A quarter of an hour éfter ihe givisibn of
the srinal cord the uprer eﬁd of the 1owe£ ségﬁeni
was stimulated mechanicélly. Thié resulted in a
state of maintained,exﬁensor_cbhtyactionﬂ: Whiie

this was in being a contralateral stimulus was ap-

r blied. This evoked at first maintained flexor con-

traction /.
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contraction which was accompanied by extensor relaxa-—

tion. Soon the flexer: contraction became completely

|

rhythmic while the stimulus was still running. Accom
ranying the flexor.reiaxations in this act there were
extensor contractions. The rate of rhythm was about
1°C beats prer second, and the general aprearance of
the tracings was similar to that progression recorded
after section of the spinal cord, save that the beats
were not paired.

Twenty minutes after the division of the
spinal cord this experiment was repeated. A simple
ipsilateral stimulus evoked a flexion-reflex which
was followed by a rhythmic rebound the beats of which
were much less incomplete than before. They were,
indeed, nearly complete. A simple contralateral
stimulus evoked a rhythmic response which was com—

plete from the beginning.

EXPERIMENT XXXVII. reactions 1667 - 1750,

19:iviII. Cat decerebrate and muscles prepared,
cord cut in course of the experiment.

During the preparation of the animal pro-.
gression was recorded in narcosis. It was unilate-
ral, being confined to the left hing lirb.The movements
were regular and the rate of rh&thm was 1°6 beats

per [, -

Flc. 38,
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per second. _

In the decerebrate preparation and before
the division of the spinallcord rendered_it a low
spinal one,. ipsilateral peripheral stimulation of the
long saphenous nerve evoked a.completely rhythmic re-
flex. There were rhythmic contractions of the fle-
xor which were séparated by intervals and the. rate of

which was about 1°25 beats per second..  These were

accompanied by synchronous relaxations in the exten-

sor record.

On rapid division of the spinal cord in the
lower thoracic region a well marked reaction of pro—
gression was obtained and recorded. It demonstrated
all the three typical vhases, but the beats in the
balanced phase were rather irregular. The rate of
their rhythm was about 2+5 beats per second.

After this, electrical stimulation of the
cut surface of the lower segment of the divided spi-
nal cord_evoked a rhythmic response of the flexor.
There was net-eomplete'relaxationlbetween the beats,
which were of a rate of about 1+5 beats per second.

It will be noted tﬁat_here the rate of the
rhythmic movements in narcosis and on stimulation of

. the spinal cord is almost exactly the same.

EXPERIMENT /

Fig. 5l.

Fie.30.
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EXPIRIMENT LIV. reactions 2393 — 2417, 3:vii:II.

Decerebrate cat, ﬁusclééinoi préﬁared but movemehis
of intact hind 1imbs registefed; spinai éord cut
later in experiment. o

Under narcosis there were well—marked bi-
1ater31 movewevts of progr6551on These were regu—
lar and of a rate of about 1+2 beats per second.
on division of the spinal cord in the lower thoracic
region there wés nbt a very wéii;méfked "balanced"
pvhase in the reaction. The beats were about z;b per

second in rate.

EXPERIMENT LV. reactions 2418 — 2457, 4:vii:II.

of about 1.2 beats“per second.

ﬁecerébrate cat, intact_hind 1imbs; cord cut in
experiment. | | ‘

On d1vision of the splnal cord in the lower
thor301c reglon there was a record, the “balanced"

Phase of which exhibited rhythmic movementis of a rate

Electrical stimuiation'of the cut surface
of the splnal cord evoked a reaction whlch was rhyth-
mic and of a rate of about 3+5 beats yer second

Hechanlcal stimulation of the skin in the
reglon of the anuﬁ evoked a rhythmlc reaction the rate

of the beats of which was about 1 5 beats per second.

On/
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On cutting the lower segment of the spinal
cord again near the first'lesion'a rhythmic reaction
with a rate of aboﬁt 2+0 beats per second was evoked.
Mechanical stimulation of the cord evoked a similar
regponse.

These different reactions apreared on in-—

spection to have many points of similarity.

Experiment LVII. reactions 2461 - 2472.

5:vii:II. - Decerebrate cat, muscles prepared, and
spinal cord cut later.

- Under narcosis there were well-marked move-—
ments: of progression. These were very regular, of a
rate of about 1-1 beats per second, and were recorded
continuously for about 180 seconds.

‘After decerebration narcosis progression -
8till continued, and was of a rate of about 2+6 beats
rer second.

On division of the spinal cord, the isola—
ted muscles then recording, there was a good record
of progression in which the rate of rhythm in the

"palanced" phase was about 13 beats per second.

EXPERIMENT LX. reactions 2607 — 2648,

l&:vii:II. Decerebrate and de—afferented prepara-
tion, cord cut later, muscles prepared as before.
Under narcosis good records of the progres—

sion /
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progression movements in the intaet hind limbs and in
| the isolated muscles were obtained. These shewed no
essential difference, and the rate of rhythm was about
1.6 beats per second. In the case of the tgolated
muscles it was about 15 beats per second. There

were no gastrocnemius movements.

1

T

The museles were then de—afferented by divi
sion of the appropriate posterior srinal roots.  On
cutting the spinal cord in the lower thoracic region
a good record of progression was obtained. The
"balanéed“ phase was of long duration. The beats
were of a rate of rhyfhm about 0.9 per second. The
flexor contractions were very'much greater in ampli-
‘tude than in the records of the movements of the
flexor muscle in the narcosis progression. Their |
extent was about twice as great. ' At fhe'same time
there were marked movements of the extensor. 1In
other respects there was a great similarity between
the records of progression during narcdéis and on

divisicn of the cord.

EXPERIMENT /




"extensor contraction.

seen 1n the record on cutting the spinal cord.
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DXPERIMENT XXXIII. reactions 1541 — 1632,

10:iv:I1I. Decerebrate cat, muscles prepared as usual

cord cut in experiment. )

_ Simple reflex stimuli - ipsilateral and
contralateral — evoked reactions, at cessétion, of
rhythmic rebound. The :atg o; rhythm of these, whick

were of the "complete" type, varied. In the case of

contralateral stimuli the rate was, of between 1:0 and|

2.0 beats per second. The rate of the rebound after
the ipsilateral stimuliuwus"about 1.5 beats per se-—
cond. In eitner case the general form of the rhythe
mic movements in the flexqr and gxteﬁsor muscles ap—

proached very nearly to that which was subsequently

In one instance on contralateral sﬁimula-
tion the ordinary extension reaétion-was interrupted |
during the period of stimulation by a rhythmic\flexor
mpvement. . The flexor beats, of a rate of about 1°0

rer second, were accompanied by re;axations_of the

On division of the spinal cord in the lower
thoracic region a\gqqd record_of;progression was ob—
tained. In the "balanced" phase the beats were ra-
ther irregular in rhythﬁ_and in amplitude. The rate
of their rhythm varied in different places from about
lzzs_to about 1.5 beats per second, but towards the
end /.

L
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end of the phase became much slower. In their form
they approached very nearly to the form of the beats
in the rebound records. This was so in the case

of the movements of both antagonistic musciles.

EXPERIMENT XLIX. reactions 2063 - 21186,

16:vi:Il. Decerebrate and de—afferented preparation
muscles isolated as usual, spinal cord cut in ex—-

periment.

On division of the spinal cord in the lower

thoracic region a good record of progression was ob—
tained. In the third phase of the reaction, and

also at the end of the second or "balanced" phase,

there were marked rhythmic relaxations of the main-

tained contraction of the extensor muscle. These
commenced before the accompanying flexor-contractiOns
and they persisted in the record after the cessation

of the flexor movements. - Their rate of rhythm de-

creased from about 0.75 to about 0.5 beats per second.

Shortly after this a contralateral stimulus

evoked a rhythmic extensor contraction. - The rate of

rhythm of this reaction was about 0+7 beats per se-

cond, and the general appearance of the reaction was
almost exactly similar to that of the movements of
the same muscle in the third phase of the progression
record.

EXPERIMENT /

1
|

1
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{ ipsilateral stimulus produced a rhythmic flex1on re-—

16:xi:II.  Decerebrate cat, muscles isolated as

=progression. _ Those had the usual characterlstios |

3 kind occurred. Their rate varied from about 1+0 to

| about 2.2 beats per second.
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EXPERIMENT LXXXIV. reactions 32392 - 3308,

usual.

Under narcosis thera were good movements of

and were of a rate of rhythm of about 1 0 beats per

second.

After deoerebratlon and on two occasions an

action. The beats were "incomplete", and of a rate

of about 1+5 beats per second.

EXPERIMENT XC. reactions 3437 - 3459,

30:x1i:II. Decapitate cat, sartorius muscle prepared.

|
|

Under narcosis progression movements of the usual

After decapitating stimulation of the con-
tralateral great gsciatic nerve evoked a rhythmic re-
sponse of the sartorius muscle the rate of which was
about 2¢0 beats per second. Their formation closely
resembled that of;the beats in a rhythmic response
of tibialis anticus.

EXPERIMENT /
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EXPERIMENT XV. reactions 629 - 738, 17:1ii:1I.

| spinal cord cut later in the experiment.

A simple contralateral stimulus evoked a

i
|
| thythmic flexion reaction the beats of which werse
sometimes complete and varied in rate from 2:0 to 3.0,

; ; !
beats per second. There was in some cases a rhythmic

rebound. This was incomplete, and the rate of the
Fbeats was about 2°+0 per'second}

| In this experiment there was a good record i
|of prog:essibn registered after division of the spinaﬂ
cord. The rhythmic movements in the "balanced" [
phase were présent in both museles. The flexdr'mOveﬁ

ments, which were régular in amplitude and rhythm,

nad a rate of about 0-8 beats per second.

|
i EXPERIMENT XXIV. reactions 861 — 1054,

214:111:11; " Decerebrate cat, muscles prepared as
'usual, spinal cord cut later but movements not then
{recorded. N

| Before division of the spinal cord simple
and compounded reflex stimuli evoked rhythmié'reac—
tions.  Compounded reflex stimuli, which when applied
alone evoked in that period simple maintaiﬁéd contrac—
tionéiand relaxations of the isolated muscles, pro-

duced /

]
|

Decerebrate catk, muscles prepared in the usual manner,

Fic.34.
Fic.35.
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produced rhythmic responses in both musclés. - This
' was especially seen when a contralateral stimulus was

| applied during the period of application of an ipsi-

ally the case after én,ipsilateralistimulus had just
| been applied. The flexor movements were well-marked
f and were accompanied by relaxations of the extensor.

Their rate varied between about 0+8 and 1.0 beats per

| 15:iii:II. = Decerebrate cat, muscles prepared as

. sponse in both muscles. The movements were well-

123.

lateral.  The rhythmic movements were of a rate of
about 0+8 beats per second. At 'a later period in
the experiment simple contralateral stimuli evoked a

: e r
rhythmic response ‘in both muscles. This was especi-|

second.
- After division of the spinal cord a contra~!

lateral stimulus still evoked a rhythmic response.

The ﬁovements in the flexor muscle, of a rate of

about 0.3 beats per second, were not well-marked.

EXPERIMENT XXV. reactions 1055 - 1147, |

usual, spinal cord not divided.
At one period in the experiment contralate—

ral stimuli when applied alone evoked a rhythmic re-

marked but varied in rate of rhythm. This rate was
about 2:0 beats per second.

Later in the experiment, when simple ipsi-
lateral /

Fio. L6
-Fie. 47.
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‘reactions, if an ipsilateral stimulus was applied

| once, and it was only on its appearance that the

124,

ipsilateral and contralateral_stimuli gave maintained
during the agﬁlication'of a contralateral and then

stoppedfafrhythmic rebound occurred, the rate being
about 1°+5 beats per second. Still later in the ex-
periment a contralateral stimulus if -applied during
an ipsilateral evoked a rhythmic.fléxor,and extensor
response, the rate of the beats.being about 2¢0 per

second. The extensor contraction did not appear at

flexor beats occurred. Still later an ipsilateral

stimulus if applied during the application of a con-

tralateral gave a rhythmic response of about 1.7

beats per second.

EXPERIMENT XLVII. reactions 1993 - 2015,

13:vi:1I. Decerebrate cat, muscles'prepared as
usual and the extensor de-afferented. The flexor
was not de-afferented.

In this experiment rhythmic responses were
evoked on appliqation of simple ipsilateral and con-
tralateral stimuli. Rhythmic rebounds followed the

cessation of the stimulus in each case. It is thers—

fore possible to examine in one and the same record

rhythmic reflex reactions and rhythmic rebounds.

in /
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In either case there were well marked flex— -
| or contractions and these were similar in amplitude,
regularity and rate of rhythm (about 0.5 — 0°+6 beats

par_second).

EXPERIMENT XLVIII, reactions 2016 - 2062,

15:vi:II. Decerebrate cat, both muscles prepared
as usual and de-afferented, spinal cord not cut.
In this experiment on one oe¢casion there ‘
was a rhythmic response to a simple ipsilateral sti—‘
"mulus, The rate of rhythm was about 10 beats per
éecond. In the same experiment rhythmic rebounds
occurred. These had a rate of rhythm of about 1.2 -

1.5 beats per second.

PART III./
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' IX.  CONCLUSIONS.

In reviewing the experimental-evidence
presented in this thesis some difficulty arises in
the selection of the best manner .of ?resenting the
facts. From an eiaﬁihation'of the experiments there
| sesms to be little doubt that tﬁe.conclusion may be
: drawn that the different forms of rhythmic movements
here described are essentially one and the same -
variations of the movements of progression.

That these mdvementa.occur after the isbla—
ted muscles have been de—afferented éeems to place
i TREFInELe BElHRIY PoT progression in the centres
themselves and not in the peripheral mechanism as
previous observers have done.

If this be true an interesting problem
arises in the question of the causation of the pheno-
menon of rhythﬁ; and an interesting speculation
arises in the question of the similarity of the
rhythmic movements. of progression and of respiration.

We may also draw certain conclusions re-
garding the mutual relationships of the centres from

the/




127.

the experimental evidence, and these conclusions may
guide us in examining the question of the origin of
the intrinsic factors in the production of the rhyth-
mic movements.

In a manner similar to that sketched above
we may pass to tﬁé consideration of the differenﬁ
conclusions to be drawn by discussing first the simi-
larity of the different types of rhythmic movement

which occurred in the experiments.

a. THE SIMILARITY OF THE DIFFERENT TYPZS OF

RHYTHMIC MOVEKENT.

The three ehief fprms of progression exam—
ined here - narcosis progression, progression follow—
ing stimulation of the spinallcomd, and progression
evoked by peripheral reflex stimuli either directly
or as a "rebound" and when the-stimulus is either
simple or compounded with another - shew similaritieg
in their rate of rhythm and in the form of the curves
obtained from the recording muscles or intact hind
limbs.

.The/
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The rate of rhythm seems to vary betwesn a
rate of about 0+5 beats per second and one of about
Z+0 beats. But the greater number of records have
a rate of between 1 and 2 beats per second.

The average rhythm in the three chief forms
of progression is about 1+5, 1+7 and 1.1 beats per
second respectively. There is thus but little dif-
ference between them, and what difference there is
points to a rather slower rate in rhythmic movements
produced reflexly than in those seen in narcosis or |
evoked bn stimilation of the spinal cord.

This rate — about 1+5 beats per second - is
too slow for the beats of the scratch-reflex. In
the cat that rate is about 5 beats per second (Sher-
rington, 19). The comparatively slow rate of the
beats with which we are dealing makes it practically
certain that they are those movements of progression;
and the similarity of the rates in the different con-
ditions makes it practically certain that the move-
ments are fundamentally the same in all.

Another reason for supposing that the move-
ments are those of progression and not of the sceratch
refléx is their character when they are examined in
both limbs. The bilateral alternation of the beéts

is/




is sufficient to exclude the possibility that they
are connected directly with the scratch-reflex.

That. the movements are essentially the
same in all the conditions in.which they have been
examined is shewn also by the similarity of their
forms in the graphic records.

The first point which we may notice is
that the movements are essentially discontinuous
flexions each of which is succeesded by a state of
flexor relaxation and thus separated from its succes—
sor. In the narcosis progreséion of the isolated
muscles the extensors may shew 1little or no movement,
although we may assume. that the postural tonus of
the extensors is inhibited during the flexor con-
traction and re-established during its relaxation.

In the progressicn which is obtained on
rapid division of the spinal cord in the lower thor-
acic region the movements of the flexor muscle exéct—
ly resemble those which have been recorded in the
isolated. flexor muscles under narcosis; - but the am-
plitude of the movementis is commonly greater, and may,
be very much greater. The similarity between the
movements is sufficient to enable us to draw the in-
ference that the two rhythmic phenomena are of simi-
lar kind.

This/
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This fomm of progression also varies from
the narcosis type in that there is often a marked
extensor factor.

The forms of progression which are called
ur by the aprlication of peripheral stimuli - whethe
simple or compound - have, in many cases, exact simi-—
larity to the other forms of progression. Where
the rhythmic movements appear in the extensor they
may exactly parallel the similar movements which oc—-
cur in some of the records of progression after
gtimulation of the spinal cord.

In a gimilar manner the progression move-—
ments may resemble each other when the reflex stimu—
lus is simple and when it is a compound one; and
the movements ma? also resemble each other when they
occur directly during the application of the stimulus
and when they occur as a "rhythmic rebound" on cessa—
tion of stimulation. |

Fihally, the fact that the rhythmic move—
ments have the same characteristics as the moveménts
of progression in the normal animal — being bilater-
ally s¥nchronous in the rabbit and bilaterally alter—
nate in the guinea-pig and (usually) in the cat —

makes it vpractically certain that they are movements

ot/
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of trus progression. They are expressions of the
activity of one and the same mechanism; an activity

vhich is called forth in different manners.

b. THE INTRINSIC TFACTORS IN THE ACT OF PRO-

GRESSION.

In the first piace we may conclude that the
mechanism which conditions progression-in the hind
limbs is located in the lumbar spinal cord. This
conclusion has been drawn before from the experiments
of Freusberg (4) who first described the "mark-time
reflex" in the late spinal dog. A mechanism suffi-
cient to condition rhythmic acts which scarcely differ
from those in the normal animal must I in the grey
matter and peripheral mechanism of the lumbar centres;
It is true that in the normal act the activity.of the
lumbar centres mist. .be ceontrolled by the activity of
other and higher centrses, but the intrinsic factors
in progreseion.may be sought in the lumbar centres.

The experiments in which the stimulation
of the spinal cord in the de-afferented preparation

produced/




132,

produced rhythmic progression movements shew that

the phasing of the acts of progression is detsrmined

neither by the peripheral skin stimuli nor by the seli

generated provrioceptive stimuli of the muscles which

take part in them.

The division of the spinal cord generates

an arrhythmnic stimulus. This causés the contraction

| of certain limb muscles. O0f these the recording muss
| ¢les are the only mecbile paris of the two limbs in
the preparation used. The characteristic altsrnating
contraction of tﬁe two antagonistic muscles cannot
be conditioned by their own contractions and the
consequent setting up of a series of refractory phases
in the activity of the centres by means of the stimu—
lation of an afferent apparatus contained in the
muscles, because the afferent nerves which arise in
thess muscles were put out of detion by the cOndi£ion§
of the experiment. Not only must the locus of the
changes which condition the rhythmic phenomenon in

progression be in the spinal cord, but the mechanism

which determines them must also be central. -

' There are therefore two points of interest
in connexion with the mechanism of progression — the
question.of the nature of the central changes in ac-

tivity/
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activity, and the question of the part played in the
act by the proprioceptive méchanism. The stimuli
which arise in tne sgiﬁ p:obably play but a small part
in the act, and then éré of importénee in certain of
its types only, and not in all of them.

The meéhaniém of progression therefore in
this resembles the mechanism gf respiration in that
its rhythmic activity is conditioned intrinsically
by rhythmic activities in the centres of the nervous
system and not by the "selbststeuerung" of a peri-
pheral nervous mechanism. The question of the nature
of the rhythmic central activities — the question,
that is, of the intrinsic origin of the Thythm — will
be considered later. ﬁe may look for a moment heve
at the question of the part ﬁlayédlby the propriocep-
tive pefipheral mechanism, and in this comnexion it
is of interest to compare the effect of stimulatibn
of the vagus in respiration with the effect df stimu—
lation of the muscle afferents in the.spinal 1imb
reflexes. | | o | |

Sherrington (22) has pointed out that the
electrical stimulation of ﬁhe proximal énd-of the cut
ﬁefve of an éxtensor muscle itself produces a reflex
contraction of the groupr of 1liib flexors and a reflex

relaxation/
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relaxation of the group of limb extensors. Elect-

rical stimulation of the proximal cut end of a nerve
of a flexor muscle prodﬁCes again reflex contraction
of the flexors and reflex relaxation of the extensors,.
That the muscle itself to which the nervé passes acts
with its own gfoup is shewn by experiments in which_
the motor nerve is carefully split and one half only

cut and stimulated.

The mass of muscle afferents in a limb on
stimulation therefore evoke the flexion-reflex; but
occasionally, as Sherrihgton has also shewn (22), the
stimulation of an extensor motor nerve may evoke a
response of extension and not of flexion. This may
be seen in the case of the knee extensors. If the
nerve to vasto—crursus be splii and one half faradi-
sed, and if the 1limb be in a posture of full flexion
at-the knee, then th@ first effeect of the stimulation
may be a slight extension of the knee; but if the
posture be one of extension the effect is at first
reflex relaxation of the extensor - flexion.

In the case of the vagus nerve and respira-
tion a somewhat similar state exists. Hering and
Breuer (3) found that in'flation of the lungs produced
reflex expiration, and collapse of the lungs reflex

1nspira§ion-/




inspiration. As both reactions disappearsd after
section of the vagi théy accounted for them by ﬁhe
presence of inspiréﬁb?yland expiratory nerve fibres
in the vagus nerve. In support of this it was sub-
sequently found that not only insviratory but also
expiratory effeéts might be produced‘hy appropriate
stimulation of the végus nerve trunk. If we look
upon inspiration as edﬁivalent'to flexion,‘Traube*s
discovery of the inspiratory effect of faradic stimu-
lation of the trunk of the vagus (1, 2) may,be paral-
lelsd by the flexioén effect of faradic stimulation of
any of the muscle afferents in a limb. And Gritz—
ner's (5) statement that certain forms of stimuli
such as the ascending consfént current alWa?s evoke
expiration may be likened to the discovery of Sher-
rington and Sowton (55) of the effect of weak ipsi=
lateral ‘stimuii produced by & varying corstant current
in evoking an ipsilateral extension-reflex.

It is now generally held that the chief
effoct of the vagus in normal respiration is an in-
hibitory one upon inspiration. This receives sup-
vort from the experimenﬁs'of Bbruttau'(7; 12) and of
Alcock and Seemarn (15) who found a negative varia—
tion in the végus current only during dilatation of

the/
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the lungs and not during collapse .0of the lungs. It

is difficult to reconcile this with the inspiratory

effect of faradic stimulation of the vagus trunk ex-
cept by regarding that as an abnormal effect incom—

parable with the adequate stimulus of the vagus end-
ings in the lungs, but perhaps analogous to the no-

ciceptive Hexion-reflex in the limbs.

It is possible that in the same manner. the
adequate stimulation of the muscle afferénts of a
limb produces the extension-reflex and not the Hexionr
reflex which is  obtained on faradic stimulation. It
| may appear illegitimate to base this view upon an
hypothetical qomparison, but it may be remarked that
Sherrington's discovery (22) of "plastic tonus" seems
to give some support to the view that extension-pro-
ducing proprioceptive afferents play a greater part
in the conditioning of limb reflexes than might be
gsuspected from the resulis of faradic stimulation of
nerve trunks only.

In the spinal dog also as Sherrington has
shewn (30 pp. 75,.76) that, if the animal be held
vertical and with one hind 1limb supported in the pos—
ture of flexion at the hip, the "mark-time" reflex
does not occur. It immediately commences with an

act
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act of contralateral flexion if that 1imb be allowed

suddenly to drop. The extension thus produced gives
a proprioceptive stimulus which evokes contralateral
flexion and probably therefeore also ipsilateral ex—
tension. Pagsive shortening of the knee extensor
also evoked a reflex ipsilateral act of extension

( Sherrington, 27).

It may be taken that the muscle afferents
of a 1limb exercise an influence in the act of pro-
greésion as does the vagus in the act of respiration;
but the 1limb proprioceptive mechanism cannot be the
intrinsic seat of the rhythm of the act.

There can be no question of its importance
nor -of its suitability to augment the central mechan—
ism. It cannot, however, be regarded as determining
the refractory phases in the act. Its partmust be
regulative — not causative.

'_VA purely central mechanism of progreésion
ungraded by proprioceptive stimuli would clearly be
inefficient in conditioning the passage of an animal
through an uneven environment. Were the animal
passing across a'perf@ctly level plain a central
mechanism might drive it with precision; bdut such

a mechanism unaided would be inefTicient if the lsvel

'ofy




~eontact with the ground, in another step may be more
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of the ground were broken. | When a carnivore stalks
its prey over uneven ground every step must be regu-
lated by the posture of the'limbs as they then are in
contact with the ground. hié posture varies some-—
what at every step; and the value of a given act must
vary with the changing postureé. Tach step may
differ a-1ittle from all others, and each must be
graded to its conditions if the-whole'progression of
the animal is to be efficient. The hind limb, which

at one time is somewhat more extended when it is in

flexed,; but tne forward thrust which it gives as its
contribution to the passage of the animal must be of
a comparatively uniform degree in each consecutive
step. This will occur only if it is graded by the
posture of the limb when in contact with the ground,
and by. the duration of its contact with the ground.
The grading can be brought about by provprioceptive
stimuli alone. . Of these we must regard the proprio-
ceptive stimuli from the muscles themselves as the

most important, and the part which they play is essenH

tially the regulative — not the causative..

c./
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-

C. THE PROBLEM OF CENTRAL RHYTHM.

If the possivle effect of a peripheral
"Selbststeuerung"'may-be excluded — as it must be
both in the case of respiration and of progression —
the explanation of the rhythmic act must be looked
for in the central mechanism.

In the case of respiration it has been as-—
| sumed that there is a constant stimulus - the "blood
stimulus" = and that the rhythm is explicable on the '
assumption of a "refractory phase" which is set up
in the discharge of the centre stimulated.. . "The
specific intrinsic factors. of the respiratory centre
are then: (1) the specific excitabiliﬁy.for the res-
pired gases; and (2) the alterations in this exci-
tability conditioned by the kind and manner of their
rhythmically -changing activity (refractory phase,;
:relative infatiguability )". (Baglioni, 41).

According to Verworn (10) rhythmic dis—-
charge and the refractory phiass may be explained in
a manner somewhat as fellows:— In the normal cir-
cumstances the two metabolic processes (anabolism and

katabolism)




of the neurones. IT thelr activity be raised ihe

|thediminution of convertible bodies and the accumu~

ratabolism) balance in the labile bilogen molecules -

process of katabolism is greater tuan that of ana-

bolisn. If the period. of helghtened activity is a
short one, the balance is soon regained by the "Sebst-
steusrung" of metabolism.  But if it continues the

ganglion cell dischﬁrges and thus becomes temporarily
inexeitanle, recovers, discnarges. again and again be-
comes paralysed — and so on.- The two. factors which

he posiulates for the productioﬁ of the paralysis are

lation of the ﬁroducts of katabolism. He uses the
term narmidung® for the paralysis caused by the accu~
mulation of waste materialé, and the. term "Erschdp-
fung" for the paralysis due tc the exhaustion of its
material. The Tirst primarily paralyses dissimila-
tion, the second assimilation. After a.discharge
there is left in the neurone partially broken down
biogen molecules.  These cannot‘disoharge furiher. -
Assimilation takes place by the. building up-of oxygen
molecules and of simple nitrogen—free atom complexes
into the biogen.moiecules. The result is again the
labile biogen molecule which:' is capable of discharg-
ing in dissimilation. After a discharge thers. is

therefore/
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therefore a period during which further discharge is.
impossible and in which assimilation takes place.
This explains a phenomenon of refractory phase, and
may be used to give an explanation of rhythmic activ-
ity in‘response td_a continuous stimulus.

This l'Ibicv,cgvaz’l theory“ - really a theory of
the metabolic nature of rhythmic activity - to a cer;
tain extent resemmbles the much older one of Ewald-
Hering (6, 8) in its explanation of refractory phase.
Hering said that in so far as living matter is wholly
unaffected by external stimuli its assimilation and
dissimilation may be termed "autonomous', and When
the autonomous assimilation and dissimilation are
equal there is a state of "autonomous equilibrium",

but external stimuli may affect this equilibrium

either by increasing assiﬁilation or disgimilation.
These, when re-inforced by external stimuli may be
tefmadlﬂallonﬂmous". ‘After allonomous dissimilation
has been in process the living matter is less capable
of functioning'and there 1s a greater disposition to
assimilation and a lesser to dissimilation- the liv-
ing matter tends to return to a state of aﬁtonombus-'
equilibriunm. The greater this tendéncy is the lon-
ger ‘has dissimilation proceeded. Thus in stimula*l
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stimulation a balance of equiiibrium is again. attain-
ed = allonomous equilibrium. |
-Against the "métabolic“ view of the nature
of rhythmic activity - -some weighty considerations may
be urged. -

In the first place, as regards the respira-
tory centre, it is at any rate difficult to admit the
assumption of ‘a mechanism, the energy of which be—
.comes so completeiy exhausted as it is necessary to
assume for this'theory.' And again, the respiratory
centre — which might ve supposed to be peculiarly
affected by narcotics and by nutritional changes — -
in reality seems to be more resistant to them than
are the spinal reflexes which shew less tendency to
rhythm. |

In the case of the mechanism of progression
@here'SSéms to be a fatal obstacle to the viewlthat
the origin of the rhythm is essentially metabolic.
It has been shewn in these experiments”thét a con—-
tralateral and an ipsilateral peripheral stimulus
may each, when applied singly, evoke an arrhythmic
response in the 1imb muscles; but -when applied to=
gether they may-evoke the rhythmic act of progres—
sion. Here the rhythmic activity is not an in-
trinsic/
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intrinsic property of either of the two antagonistic
centres. In neither does a continuous stimulus set
up a refractory phase antagonistic to itself. The

rhythm must arise in the interference .of two antago-

nistic activities.. As such it cannot be intrinsi-
cally metabolic, but must be a property of the mutual
relationships of the centres.

This points, thsn to some other'explanationl
than the metabolic for the rhythm of ﬁrogression, and
it is probable that we will not be far wrong in as—
_suming that in the case of respiration and of other
rhythimic activities of the nervous system another ex-
planation than the metabolic is the corresct one.
-This does not necessarily deny the correctness of the
biogen theory in explaining the origin of thé dis—-.
charge of a centre. It is quite possible that each
centre discharges rhythmically and that this rhythm
may be conditioned in the manner which is assumed in
the biogen hypothessis - but that the rhythm is so
great in rate and small-in the amplitude of its~vari¥
ations that for our purposes we may regard it as a
constant flow equivalent to the continued propagated
disturbance in a nerve artifically and continuously
stimulated. The truth of the biogen hypothesis in

explaining/
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explaining this discharge is here neither affirmed
nor denied.

‘ In a discussion of the nature of rhythmic
activity MeDougall's theory must be mentioned (15;
23, 37). -This is really a.theory of inhibiiion
which he uses to explain rhytnmic activity.

He rejects the "metabolic®. theory of in—
hibition associated with the names of Hering and
Verworm - arguing that it is based upon a fundamental
fallacy (13). "For the theory of inhibition of
Hering and Verworm is simply the assumption that in-
hibitory stimuli act by causing increase of assimi-
lation, and so preventing in some utterly mysterious
and, in fact, miraculous manner thé liberation of
energy which results from dissimilation, and is the
gspecific vital manifestation of the substance of.
muscle -and nerve'.

- In place of this theory of inhibition he
gives his well-known "drainage" theory. '

In the first place, he postulates as a
concept the idea of the nervous impulse as a flow of
tneurin® down the nerve fibres. In explaining the
inhivition caused in some cases by the stimnlation:
of an afferent nerve which evokes one type of reflex

during/
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during the stimulation of another afferent which
evokes an antagonistic reflex he supposes S SR
afferent divides into’two and that each branch passes
to one of the two antagonistic centres ennervated'in
these reflexes. Of these two branches the one which
passes'to the céntre which is activated has less re-
siztance to overcome at the synapse which separates
it from the centre. Tach of the two antagonistic
centres has thersfore a branch of each of the two
difrerent affersent nerves impinging upon it, but the
resistance of the two synapses between it and the
branches differs. Wnen one of the afferents is
‘stimulated the neurin in it flows chiefly to the one
centre, and, in a lesser degree, also to the other,
In the case of the first centre the flow of the neu-
rin acrbés the synapse lowers the resistaﬁcslof'that
synapse and at the same time also that of the other
synapse between the same centrs and the branch of

the other afferent nerve. This Ffall in resistance
in the second synapse at this level drains off the
neurin from that affersnt, so that the second centre
obtains less. This explains the reciprocal nhi-
bition of the one muscle in the simple reflex. 1In
a similar manner if the second afferent be stimulated

' the/
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the resistance of its synapse at the centre inhibi-
ted in the description above will be reduced, and it
will then drain off the neurin from the first affer—
ent.  This explains the inhibition of a reflex con-
traction on throwing in an opposite reflex. He
suproses that the resigtance of a synapse is decreas—
ed by the charging of the neurones between which it
mediates, and is increased by the fatiigue that re-—
sults from the continued transmission of the impulse.
He uses this theory to explain alternating
reflexes. In this explanation he supposes that the
one afferent neurone is continuously stimulated. At
firast it discharges into its more peculiar centre and
thus inhibits the antagonistic centre by drainage.
Fatigue soon sets in and raises the resistance of
the gynapse which its impulse crosses. Thig resis-
tance soon rises to such a height:that the afferent
néurone more easily discharges into the antagonistic
centre. It then drains its first and more peculiar
centre and activates the centre which indirectly it
usually inhibits; but fatigue then sets in at this
gynapse aﬁd, the first synapse having presumably-be~
come refreghed, it again discharges into the first
centre and inhibits the second ~ and SO On.

There/
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. There are several grounds upon which this
theory may be attacked. For instance, if two equal
stimuli are applied to two afferent nerves which
evoke onoosite rﬂfletes in a palr of antagoniqtic
muscles both muscles at one and the same time should
contvadt, for each afferent will dlscharge into its

more peculiar centrm anj drain the other. The re-

81qtance of the synapses w1ll not be relatively alters

ed, although they will fall, and the greater flow of
' neurin caused by the stimuli will be expressed by
heightened activity of the two muscles; but although
both museles may contract the phenomenon is by no
means so general as it must be if the theory is cor-
rect. The fact also that both muscles occasionally
contract simultaneously in the simple reflex (Graham
Brown 4@) cannot be explained by this theory.

o Against this,thgory may chiefly be urged
an observation which I have made previously (40)_and
whiéh h have_supported_by additional evidence in_this
thesis — namely, that the inhibitory relaxationlmay
appear before the accompanying excitatory contraction
in a pair of muscles. According to fhe_"dréinage"
theory of inhibition that antagonistic muscle which

relaxes should do so a little after the contraction

of/.
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of the other muscle; At the very earliest it should
begin to relax at the moment when the other begins

to contract. It not uncommonly happens that the ,
relaxation may occur as much as half a second or more
before the contraction of the antagonistic muscle,
and it appears to me that this raises a fatal objec—
tion to the drainage theory, and to the concomitant

explanation of :hythmic activity.

d. THE THEORY OF NEURAL BALANCE.

In the-place of these theories of rhythmic
activity I suggest the following which may be termed

the v"theory of neural balance."

It may be presumed that the central por-
tions of the motbr neurones which form the "final
common paths" to the two antagonists form together
the primary centre.-"These two neurones may be term—
ed respectively the extensor ("E") and the flexor
(npv) primary "half;centres": "Bach of them may.be

supposed, besides activating its respective muscle,

to/
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to inhibit the other half-centre, (Figure).
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Each of these primary half-centres may be
supposed to be affécted in an execitatory manner by
an "interposed" half-centre. The two interposed
centres ("er, wfr) also mutually innibit each other,
and, in addition, also inhibit the primary half-
centre which they do not activate.

The afferent impulse for rhythmic movements
is supposed to play with very nearly equal effect
upon each of the interposed half-centres in a purely
excitatory manner.

It is presumed, further, that the resistance
at a synapse decreases with the passage across it of

an excitatory impulse, and that the ﬁalue of an in-

hivitory process acting against a synapse progressive-
ly decreases with the duration and.deéree of the pro-
cess.

The first point which arises in connexion

with this conception of the arrangement of the centres

may be termed the "principle of the progressive aug-

mentation of excitation.

If the primary half-centres mutually in-
hibit, an excitatory process which falls upon one of
them (say "E") -~ besides. facilitating by the reduc-
tion of its synaptic resistance — will raise the

activity/




activity of that half-centre (Z) and thus will de-
crease the activitiy of the other (F); but that acti-
vity (F) is in part manifested by inhibition of the
first half-centre (I ). It is therefore, less inhi-
bited - thﬁt;is, more activated — and thus it (B) -
again inhibits the second half-centre (F)in a great-
| er degree, and again reduces the inhibitory effect
upon itself (E) of that second half-cenire (F) — and
sc on.

But if it be assumed that the process of
inhibition is progressively retarded in a manner
corresponding inversely to the facilitation of ex—
_citatory impulses at the synapse - that is to say,
if a process of "inhibitory  fatigue" be assumed - a
balance will be struck in this progressive augmenta—
tioﬁ~0f excitation.

We may now use this coneeption in explain-
ing the phenomena of rhythmic activity.  For con--
venience we may lesave out of consideration the bal-
anced "1nterposedrhalfecentres"~and agssume that a
double excitatory impulse falls upon the primary
half-centres. -

If the excitatory value of that vart of the
afferent impulse which falls upon one half-=centre,

(1et/
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(let us .say. "E") is slightly greater than that which
falls upon ths othsr, then the first half-centre (E)
will be activated against the inhibition of the other
(F), and the value of this excitation will rise by
progressive augmentation until balanced by inhibitory
fatigue.  Vhen this point of balance is reached the
process of inhibitory fatigue continues and thus re-
duces the value of the inhibition-of the second half-
centre (F) by the first (E).”  There will then set in
the' opposite process — progressive diminution of ex-
citation in the ' first. half-centre. This process is
the reflexion in ths first half-centre of the procesé
of progressive augmentation of excitation which then
setg in in the second half-centre and continues until
the balance is again attainsd at the other end of the
scale. Thereafter there is a progressive diminution
of excitation in the second half-centre (F) accompan—
isd again by progressive augmentation of excitation
in the first (E). And so the process continues
rhythmically, if the afferent excitation falls with .
very nearly 2qual value upon each of the antagonistic
half-centres.

In such a. scheme, however, the process of

inhibition must of necessity fall in time behind that

of/ '
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of ekcitation - -the difference of time being that
taken to traverse the inhibitory paths from one
centre to.the other. .

To give an explanation of the occasional-
occurrence of anticipatory relaxation in the rhythmic
act we may use the conception of the interposed half-
centres; and we may assume that the relation between
the synavtic resistances between the afferent neurone
and the interposed half-centres (a - e; at = £) and
between the interposed and the primary half-centres
e — E; 4+ = ) varies.

If that resistance be-greater between the
interposed aﬁd primary half-centres than between the
afferent neurone and the interposed half-centires then
inhivitory relaxation will occur in time before ex-
citatory contraction in the antagonistic muscle.

If this be so-the peversal of activity by
innibitory fatigue will occur first between the in-
terposed half-centres ~ that is to say, between these
half-centres upon ﬁhioh the components of excitétion
‘have the greatest value. The result of this will be
that the excitatory effeG@ of one interpossed half-
centre upon its primary centre will be decreaséd at
the same time that the excitatory effect of the other|

inteTDOSed/
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interposed half-centre upon its primary half-centre
is increased; but the greater resistance of the.
gynapse over which this activity has to pass in the
gecond instance will prevent the immediate manifesta-
tion of this increased activity, whilé the decreased
excitation of the otherlhalf—centre will be immediate-t
1y manifested. At the same time, the inhibitory
effect of the interpvosed half-centre which is now be-
coming active upon the opposite primary half-centre
will be added to the decrease of its excitation by
its own interposed half-centre - and thus the prece-
dence of inhibitory relaxation over excitatory con-
traction may'be explained;

That in the conditioning of rhythmic ac—
tivity a "double" activation of the antagonistic
centres plays a part seems to be shewn by evidence
here given — such evidence as the production of a
rhythimic act by -the compounding of two arrythmic
effects as in the experiments on the cqmpounaing of
gsimple peripheral stimuli; or the evidence given by
the "palanced" phase after division of the spinal
cord where the maintained fusion is compounded with
a maintained extension, and it is by no means un-
1ikel§ that even in the simple reflex there may be a

"double"/
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tdouble!" effect — for evidence given by the author
(40) shews that sometimes simultaneous contraction

 of the antagonists may occur.

SUMMARY /
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SUMKARY .

In these experiments movements of progression

In

have been studied in the intact hind limbs
and in the individual muscles of rodents and
ecats in differsnt circumstances. These are:—

a. In narcosis.

b. On stimulation — electrical and mechan-

ical - of the spinal cord.

¢. On stimulation of the afferent nerves.
rodents — guinea-pigs and rabbits — and in
cats, the movements under nércosis have the
general characteristics of the normal forms
of progression. Thus in rabbits, the nor-
mal progression of which is that of hopping,
the movements are bilaterally synchronous.
In guinea—-pigs, they are bilaterally alter—

nate — the progression being normally that

- of running. - Whilé in cats they are some-—

times bilaterally synchronous and sometimes

bilaterallv/
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bilaterally alternate — the normal progres—
sion being sometimes that of running and

sometimes that of the gallop.

"the cat, the narcosis progression may persist

for long periods. Sometimes the movements
may disappear for a time in one hind limb,
and the movements vhich persist in the other

then become faster.

Asphyxia produces a marked change in these move-

ments. At first the beats may diminish
slightly in extent and become slower. This
phase soon passes and then the beats of the
act become greater in extent and faster in
rhythm. The highest points progressively
rise, and soon a rise in the lowest points

of the beats also occurs. This rises faster
than the rise of the highest points and fin-|
ally the beats disappear leaving the limb

in a state of maintained flexion. If the
asphyxia is then stopped, the reverse phene-
mena occur until the beats again become nor—
mal in extent and rhyfhm. - The relations of
the beats in the two limbs also vary during
this asphyxia phenomenon. As the rate-of

rhythm/
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rhythm increased the beats cease 1o be accu-
rately alternate in the two limbs, and fin-
ally come to be bilaterally synchronous.

5. The individual flexor — tibialis anticus — de-
monstrates the same general phenomena as the
intact 1imb. ~The flexor beats become faster
and finally end.in a state of maintained ..
flexion,

6. In the individual muscles the flexor act is the
chief -positive activitiy in the narcosis pro-
gression. The extensor of the ankle - gas-
trocnemius — rarely shews movement. |

7. The movements'of progression in narcosis, be-:
gides occurring in normal animals, have also
been observed in the dscerebrate cat. They
have also occurraed in the cat aftér removal

- of the lower part of the lumbar spinal cord
‘econtaining the extensor centres for the ankle]
and then even after the additional removal of
the ankle flexor centres of one side of the
spinal cord.

8. Progressién movements have been obtained on
stimulation of the cut surface of the spinal
cord. Theae* have been observed 1ﬁ the low

and/
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and. high spinal preparations, as well de-aferent-
ed as normal. The rhythmic effeci is almost
always seen alone: in the flexor, although
also seen occasionally in the case of the ex-
tensor at the same tims. Weak stinuli give
a rhythmic response and. stronger stimuli a
more continuously maintained flexor contrac—
tioh; until the strongest stimuli give arrhyth-
mie- flexor contractions. This effect is not
due to fatigue for a weak stimulus repeated
will then again give a rhythmic flexor res—
ponse.

9. Rapid division of the spinal cord in the decere-
brate preparation in the lower thoracic regim
is the best method of producing progression
movements by central stimulation.

10. Three main phases occur in the response} The
first of these is characterised by a state of
maintained flexor contraction, and absence of
extensor contraction. Towards the end of
this phase irregular partial relaxations of
the flexor response occur.

11. The second — or "balanced" - phase 1s character-
ised by regulér flexor beats. These are

usually/
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usually separated by pauses in maintained re-
laxation, and .the extensor.contracts during
the flexor relaxation and in the pauses;
Towards the end of this phase the extensor .
begins 1o exhibit an interrupted state of
main?ained contraction, and the flexor beats

diminish in size and become slower.

12. The third phase is characterised by a state of

15.

14.

15.

16.

At

maintained extensor contraction. At first,
this is interrupted by phases of relaxation
which synchronise with the final flexor beats,
The relaxatidns versist for a short time af-
ter the final disappearance of these. The
phase ends in unbroken maintained extensor
contraction.

the beginning of the third phase the_extenabr

relaxations often occur in time markedly be—

fore the accompanying flexor contractions.

These same phenomena occur in de—afferented pre-

parations. -

Various irregularities in the reactions occur

and these are described in the text.

In the normal and de-afferented preparations

gimple stimulation of afferent nerves may

evoke/
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evoke movements of progression.

17. In the low spinal preparation these are best
obtained if a state of maintained exiension
be first produced artificially by mechanical
gstimulation of the spinal cord,_and if then
a flexion reflex be evoked.

18. In the decerebrate preparation — where there is
already a bagkground of extension - stimuli -
which evoke the flexion - reflex sometimes
give a rhythmic reaction.

19. 1In either of these preparations, but more par-
ticularly in the decersdrate, simple stimuli
on thelr cessation may evoke a rhythmic re—-
bound reaction.

20. Stimuli which evoke antagoﬁistic refiexes — ex—
tension or flexion - when compounded togeth-
er may give a rhythmic response in both musc—
les, although when given separately they
evoke arrhythmic contraction in their respec—
tive muscles.: .

21. An examination of all these different rhythmic
activities in these different conditions and
preparations demonstrates that they are one

and 2ll fundamentally the same — activities

of/
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of the mechanism of progression. Their‘

rhythm - which varies from about 0.5 to

about 3.0 beats ver second — must be condi-

tioned intrinsically by the central mechan—
ism and not by the peripheral, for the move- 
ments.may occur in the de-afferented prepara-
tion- ! % ok i -

the conclusions a paralléi”is“drawn'betwaen
the rhythmic:activityng;prbgTGSSion and that

of respiration, and it is shewn that in many

- respects the two are similar. A theory -

the "theory of neural balance" —'to account

for rhythmic movement is outlined.
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