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[Wlheni Professor Hunter arrived in. England last Nov-ember
lie was invited by the Uiniversity of Londclon to give tlhree
advanced lectur es in anatomy, wh-lichl -ere to have been
delivered in the second week of Deceniiber: but the large
audience that assembled to hear the filrst lectur e wer-e
imifornmed of the grave illness to which lie succumibed tw o
days later (see BRITISH MEDICAL JOUERN-AL December 20tlh,
1924).
He had been looking forw ard -itlh the keenest in4erest

to the delivery of these lectures, becanise they -would have
provided him the opportunity for clearing away the mis-
understanding of his w-ork anid for demiionistratinig tlle
adequacy and reliability of hiis e-idence amid the inferences
he had drawin from it. In particular lhe w-as anxious to
explain the scientific principlles that slhould guiide the
surgeoni in the selection of l)atients foir the operation that
lie had devised (in collaboration- with Dr. Noi-irman Rovle)
for the rielief of certain patients subject to spastic l)ara-
plegia-naimely, those whose voluntamy conitrol of mlutiscular
actions was uniimpaired except for time interference
resulting from an exaggeration of wh-bat Slieririmgton calls
" plastic tone "; and it had been his initenitioni to describe
time surgical procedure in so far as the reasonis for the
choice of the rami to be cut were comncerned.

III tIme third lecture lie proposed to discuss tIe discordant
conlclusions that hiad been drawin by differenit plhysiologists
amid surgeomls respectively frlom their experiiments (espe-
cially in the cat) and operations oni tie sympathetic inlhumllani patients, and to give the explammation of this
aplparent lack of comisistency.

Finally, he imitended to deal with tile wider scientific
bearings of his anatomical and experimental researches,
and the possibilities thus opened up for promising investi-
gationis in many. dir ectiomis-aniatoiimical, physiological,
pharmacological, and clinical.

This much the compiler of these reports gathered ill
conversation with Hunter, % ho, unfor tunately, had not
rel)a-red any manuscript of the thlree lectures lie had

intended to givo. It had beeni hlis intention, as w-as hiis
uisual custom, to speak without niotes, and apart from
these conversations and the large ser ies of lantern slides
aind cinematographic films, lie has left niothiing in tIme form
of lectures. Yet the subject is so imiiportant in its scientific
bearinigs, and the need for somiie exiplicit guide to surgeonis
is so urgent, that the attemp't hlas been miade to do w-hat
Huniter had intended to do, and to putblislh the reports.

Time compiler has done niothiing miiore tliami select passages
from Hunter's publishled and unpublished works and
endeavour to give a connected and consistent accounit of
his results. In addition to time thlee miiemoirs published in
the Mledical Jou rnal of Australia (Jamiuary 26th, Juiie 14th,
anid September 27th, 1924), in Brain (August, 1924), and in
ir-ycery, Gynecology and Obstetrics (December, 1924), tlhe

compiler h'as in his hands the manuscripts of three unpub-
lished memoirs of Hunter's on this subject, as well as time
shorthand reports of discussions in which he took l)art at
Brooklyn and P.hiladelphia ill October. Moreover, Hummter
had intended to make use of time iniforiiuatiomi provided by
Or beli and his collaborators, of which ani accounit .as
given by Dr. W. Horsley Ganltt in tie BitITISH MIEDICAL
JOURNALofSeptember20th,1924().533).

* By whom tIme lectures deliveredl at Universitin Colle-e. London,
January-February, 1925.
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While the statemeents made in the followinig pages areHuiiter's<, anyr faults of arrangement or of literary form are
to be attributed to the compiler. Discussing the problemwhl-ichl Hulntter sets out to solve in these lectuires Pekel-
harliniigi tw9elve y-eai.s ago w-ote: " The miiost direct investi-
gatioil of the mliechlanisin of muscular contraction will be
afforded by microscopic study: but, unfortunately, we must
wait for a lhappy iinspiration to reveal the road to follow."
The compiler of these lectures is conviniced that HunIIter
lhas got the " happy inspiration.'']

LECTURE I.
THE DUAL INNERVATION OF STRIATED

MUSCLE.
I-x his classical memoir on p)ostural activity of muscle aind
nerve Sir Chliarles Slherrington12 makes the statement that:" Tie existence in various invertebrata of muscles separ-ately differentiated for execution of movements and for
maintenance of posture respectivelv seems witlhout parallelin the skeletal musculature of vertebrates. In the latter,
oneo anid the samiie miiuscle is used for the two purposes,tllo'ugll somlle mulscles are predominantly concerned witl
tIme one, somiie with the other funiction." Discussing
the same suibject, the late Sir William Bavliss was
franldy sceptical. Thus, in liis Principles of Generat
JPh aJiioloy!l` lie savs: " It is not easy to understand how
twi-o fibres of differenit funietioni anid different innervation
could coalesce witlh retention by the combined cell of botl
kinids of inniiervation." The chief ainm of these lectures is to
juistify Bavliss's attitude of scepticisiml by showing that
nio suclh coalescence does in fact occur, for the muscular
tissues of vertebrates are at least as highly differentiatedl
in structure anid fuinctioni as those of ilnvertebrates.

In hiis discussioni of the sympatlhetic innervation of
st'i'ate(l muscle that led to this expressioni, Bayliss adlnlits
that " tw-o kinids of funcietioni are performied by two separate
kinids of nmuscle fibres, as in the auricle of the tortoise, or
by sepairate muscles, as in the molluse "; yet he goes oni to
expr-ess the commonly accepted view in these terms: " Btit
ill otlher cases, as in the vertebrate bladder or in that of
volunitarv muscles, the sami-e fibres undertake both functions,
so far a.s cani be mliade out." I shall first give reasonis for
the conielusioni that the same fibres do nOt unAdertake botl
funictionis.
The evidenlce in support of thlis conclusion is provided

(a) by the appreciable structural differences in the two
kinids of fibres in striated muscles; (b) by different modes
of inniiervation of the tlhick and the thin fibres; (c) by tlhe
totally different effects produced by CUtting the medullate(d
(somatic) anid tile nloi-n-medullated (sympathetic) nelrves
passing(, respectively to the tlicik and the thin fibres; and(d) the inter-pretation of tlhe effects of stimiiulation of the
sympathetic or the inifluienicew of adrenaline, veratrine, etc.,siell as Oliver anid Schafer (1895), -Cannon, and Nice (1913),C'anniioni anid Cattell (1916), and Oibeli anid hiis collaborators
(1922-24), amiionigst othelrs, have, re-corded.

THE ANATOMICAL EVIDENCE OF Two DISTINCT KINDS OF
STRIATED MUSCLE FIBRES.

Forty vears ago Ranlvier callled attenitioi to the differ-
ences in structure in red and wlhite muscles, and since theim
lie anld miany otlhers have examined tIme evidence miiolre
ftlly anid correlated time aiiatonmical facts with differences
ill funcletion of time two types of muscle. In his Textbook of
Micriosicoicp lAiatonimy4 Sir tldward Slharpey-Schafer has
sunimmed 1hf) tIme evidelnce so clearly' tlhat I canniiot do better
tliani quote lhis statement:
" Ii the rabbit, as pointed out by Ranvier (1887 and 1889) andKratuse, ceritaii of the 'voluntary muscles present differences in

appearaiire anid mode of action from the rest. Thus, while mostof the volumntary muscles hlave a pale aspect and contract ener-getically wllhen stinlulated, some . . are at once distinguished bytheir deep red colour, as well as by their slow and prolongedcontraction wliheni stimtulated. When subjected to -microscopicalexamination it is founid that in the red muscles the fibres are nioredistinctly striated longittudinally and the transverse.striae are
more irLeguilar tliami usual. The muscular fibres are generallv finer
(thlininer) than those of tlle ordinarv muscles, and have a largeramount of sarcoplasm. The nuclei are more lnumerous and are niotcomifined to the inner suirface of the sarcolemmla, but occur scattered
in the thickness of the fibre as well. There is also a difference in
the blood supply oftlie two kinds of muscle....
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THE SYMPATHETIC INNERVATION OF STRIATED MIJSCLE.

"A similar difference between reil 9nd pale muscles may be also
seen in the rays amongst fislhes. It olther animals the distinction
is not found as regards whole muscles, although it may affect
individual fibres of a muscle. This is the case, as shown by Klein,
in the diaphlagm, in whichl in maniy of the fibres there are
numerous nuclei, ancd these are imbedded in protoplasm (sarco-
plasm), whiclh forms ain almost continuous layer underneath the
sarcolemma. The distribution of the tw-o kinds of fibres in different
muscles has been especially investigated by Giuetznier (1884)."
The contrast between the structure, mode of ininervationi,

anld fiunctionis of thle two types of musele, as w-ell as the
striking differenices in their respective liability to fatigue,
lhave been emphasized by man)-i other investigators; and
I miglht mention thie memoir s of Dir. Johln Hay and Dr.
Ffrangcoii Roberts0 as important coitributions to the evi-
dence anid interpretation of this interesting fact.

These recor-ds establish (ijiite definiitely the fact that there
are two kinids of striated muscle, dlistinguished by con-
trasted morphological anid physiological properties. Buit it
is important riot to confulse r-ed anid wN-hiite mluseles witlh the
thin and the thiek fibi-es respectively. While it is estab-
lislie(I that the sltircish red iiilsele is comiipose-d mainly of
slender fibi es innlieix -ated miiainyll by fine nervc fibr es, anid
the briskly iecacting and easily fartiguied
wvhite muscle of thlick fibles innertvated
b- lhaige ii.eddl lated fibr es, it vet re-

mnaiins to be decided wbethie- or iiot
all striate(l iniucles aie c(omlposed of

botlh kSinds of fibres obvioisly-, of

o-liltse, inI ve-- differ-ent l)piol)Oitiolis
in the varlliolIS (iiisehes.

It is r'iglht that somlCe reference slou(ldc >
be miiade hiere to Crutietzneir's insight
whien, in. 1887, lie p)ut foiwai-d is
brillianit sii-ge-stioii as to the ireal

mecaning of thXe wvork of Ranvie r aiid.
hiis collaboiatoi-s. G utioUnei- attenipted
to correlate thie plh ysiological p)lheno-
mena exhibiteJ by skeletal miuscle
wvith the then recent (+le-elopiments I 1
knowledge of the liistology of niusolll'.
Hle developed lthe idea of all inti-insic

stippoit '' witlLin. the miul.scle, enabliio,
one onitr'actiomi to lbe suipel-posed .ti-po,
aiiothier. He p)iit for ni-tid the view

that so010e imuscle fibi-es were resp)ol- FIG. 1.-To illuLstrate I

sible for the contractions anid otliei-s tion of tile duial coi,Ible fl tle e"lltll(^tOil. (Ilel Ollel muscle-large fibres inn
for- the " intri--sic sppl)olt." If seinle nierves en(linc, in niisce
mus*-le fibi-es ai-e suIiplliedi by somiatic Ace. Al.P1.)and slendlInon-medullated (s3 mpal
ne-ves a1id the ieinain(leli- by sim- called "grape-like " tei

pathetic nierve.s0snly, tlie geneial
prilcil)he of thle fllnctionial duiality tleory of (Gi-uetzner
would, in the liglht of the experimental analysis undi1eitaken
bh- Itovle ai(i mie, ibe estalblished..

DIFFEREN(CES IN TIlE INNERVATION OF THE3Two KINDS

OF STRIA TED MUSCLE FIBRE.
It was Kilehuitsky's denlnoistlationi7of the fact that " tlle

inedullated anId noiil-iiiedullated fibres everi- tei-iminate iin the

same muscle fibre that iniplelledi me to investigate
experliment the iMfluenice of the non-medullated net-yes,
wlhiceh Boeke had c-leariv- lpro(ved to hbe sy-mpathetic, upon

muscular funiictioni. Dui-inig tIe yea- 1922 1 was fortummate
in beinig able to woikli wi-iti PiPofessoi- Kulchlitsky at IJniver-
sity College, Londoni, anid to be permitted to take back to

Sydney (eamly in 1923) sonlieof Ilis beautiful preparations of

the endinigs of thle medullated amid iioii-miieduillated miei-ves in

sti-iated miiiscle, the descr-iption of wlhich lie did niot
publish until a -ear latei. AWIhen I m-etuiiried to Aust-laia
Dr. Norman P-le (wi-itlh whom I had previoisly col-
laborated in ami experinienital inivestigationi of the effects of

tilallsverse lesionis of the goat's spinal coid) conlsulted me

withl reference to the iiadeemqiacy of the sut-gical opei-ations
ielieve s1)astic halraplega. We studied Kthlchitsk-'s

preparations of iiet-e enidiings anid the ieview of the pr-esent
state of out kiiowle(dge byoUi- former mnastei, Piofessoi- J. T'.
Wilsoll,l amid decided that. as cei taimi of the muscle fibi-es

wet-e inniet-vated solel] by the svmipatlietic, soim-e defiiiite
ouglht be produced by cuttinig the synipatlietic

nerves goinig to limiib miusles.

THE flRITISNLMI'DICAL JOURNZAL

Henice we devised the series of exper iments, anid
eventually the surgical operations which I sliall discuss in
the seconid and third lectures. But beforo doing this it is
essential that I shouild consider the problemii of the nerve
endings, wlhicil is a matter of fundamiienital importance in
this inquiry.

It has alreadv beeni mienitionied that as ear ly as 1884
Ranvier called attention to the fact tllat thler e aire two
ikinds of striated musclo fibres-one slender and rich ii

Isarcoplasm with irregular transverse striae, the other
thicker anid miiucl more energetic. Fivo years carlier (1879)
Tchiriev had recorded that the thinn-er fibres are ininervate(d
by non-medul lated nerves with grape-liko enidinigs, whereas
'the thick fibres are supplied by mledullated nerves with eniid-
plates suchl as Kulhne had described. This important dis-
,covely attr acted littlo attelntion becauise Tcliiriev supposcld
'the fine muscle fibires witlh their non-medlullated nierves were
unerely emiibr-yonic formiis of the larger fibres with medullated
elrves.
In 1902 Perroiicito conifirnmed Tclhiriev's observatioins

that the different kinds of nierves (miedullated anid non-
medullated respectively) were not sup)l)Iied to the saImie

mutscle fibre. But silnce tllen Boeke has

p)ilt for'ward the claimii that botlh kind(Is
'".*j M.cC P1 of nerve may end in the samiie muscle

fibr e; and for moore tlhani teni year s
exl)erimenters an-id moriiphlologists lhave
beeni try-ing to lharmoniize the facts of

M I rT their fields of investigation withBooke's statemenit.
Befor e giving the r'easonls for dis-

sentinlg flromll these Views, whlich aire
ol)posed to the observations record-ed
by Tchiiriev, Perroncito, Kuilchitskv,
ai1(_ otlhers, reference miiust be made to
Boeke's impor tanit (leiiloaistr ationi of

...
the fact thlat the non-iedullated nerve

fibres p)roceedling to striated miiusele ar o
really sympathetic. By the applica-
tion of the experimiental mzethod to tlhe
eltucidationi of m.orlphological problemlns
lhe was able to slhow that the nion-
medullated nerves in questioni are
tlho terminal por tions of grey rami i

.ileliitsk's (lenoinstra- communicantes which aarise in tlho
,nstitution of striated . * oiervated by medullated thoracico-lumbar gangla of the sym-le plates (M. P1. I and platlietic cord. Boeke founid in catser fibres inilervated by
thetic) nerves witlh 60- that tliree weeks after section of the,
rminations (PI. II). nierves to certaini of the eye inuscles

niear their origini fromii the braini stein,
maniy iioni-medlullated fibres had resisted degeneration. Ho

rightly concluded that these were sympathetic fibres from
the cervical symiipathetic chain whlich had been transferred
to the eye muscle nerves distal to the point of experimental
section of these nerves. Boeke perforlmed the converse
experiment of removing the superior cervical ganglion, but,
beyond the fact that he was able to recolrd tile imipressioll
that the noni-miiedullated fibres were fewi-er in number at
the end of two weeks, this experiment was unsuccessful.
Agduhr, on the other lhand, after remiioval of the ganglion
stellatum in a cat, was able to find, Onl killinig the animal
six days later, the remiiains of degenerated noni-medullated
nerves supplying skeletal musclesof the for e limb. It mlust he
accepted, therefore, that some at least of the non-medullated
fibres found supplying skeletal muscle take their origin
from the vertebral ganglia of the ganglionated sympathetic
chain. To employ the terminology of Langley, who confines
the term " sympathetic " to the thoracico-lmnibar outflow,
the skeletal muscles receive post-ganiglionic nolon-mnedullated
fibres of the sympathetic nervous systemn by way of thi e

grey rami communicantes. In addition, of course, this
mnuscle receives the ordinary cerel)ro-sp)inal nierve fibres of
somatic origin. In this sense skeletal miusle hlas a doubla
inniiervation.
But if Boeke anid Agdulhr lhave rendered tis great servi-e

of establislhing the or igini of the sympathetic fibres to
striated musle a discover-y which niecessitates a niewv
or ientationi of our ideas of the sympatletic and stultifies
the definition of the sympathetic systenmstill founid in all
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ouir textbooks-theyv 1ave also introduced an

(liscor d by their claim that botlh kinds nerve in

the samie muscle fibre.

Limiiitations of space make it impossible

adequate account of my reasons for rejecting opinion

of Boeke on this matter. In collaboration miiy
leaguie, Dr. Oliver Latham, I have carefully examllineduod(e of ending of the nerves proceeding limb

of the goat anid fowl, the aniimals used Royle

myself in our experimental work. A full our

esults will soon be published; all I need
present

is that in no case were we able to4 vlee_fibre
receiving both kin s o neFrve fibr es. In this our'

results confirm those pireviously obtained by and

the pioneer s Tchilriev and Perroncito. not

willing to admit that any of the grape-like endings

nion-miedullated nerves are blypoleinimal, whereas Tchiiriev
says they are definitely liypolemmll-al. Lathamii
to show that there are two kinds of nerve

slender m-luscle fibres-those of the efferent whicl

al e the gr ape-like hypolenmmal terminations, others,

presumably afferenit epilemmal endings. It is interestiiig

to note, in confirmlation of these claims,

that lie has Bielschlowsky preparations to demnonstrate
in additioni tolhypolemmiial terminations, "

are

epilemnmnally situated sympathetic terminal plates

limb musculature." It is evident, therefore,

(lhypolenimal) and afferent (epilemimal) sympatheticnerve

endings are distiniguishable fromii one anothel. next

lecture I slhall demonstrate the experimental proof of

existen-ce of botlh afferent and efferent fibres

syml)atlhetically innieived fibres.

In collaboratiion with Mr. R.E] Murray,

Uniiversity of Sydniey,I have made a critical examiiiation

of thlee(videiice cite(l by Boeke andl Agdulir

their claim for thedolubile innervation of inidividual

fibr es. Ournmemoir oi this implortant issue is

pllilicationwiith a series of illustrationis. At present

shliall quiotemieerelv certain passages from statemiient.

Boeke established the existence of a plexus nion-meduil-
lated iierve fibres sup)p)lying skeletal meuscle, whiclh lappeared
to le qnite ini(lepeleilent of thle ordlinary

fibres. He termied this system of fibres together with their

terminations on striated muscle fibres accessory," and in

1913 sstggeste(l thatthlissy stem was symipathietic autto-

nomic in character. He supplemented Iiis

researches by experiiiimental investigations, ll
summ

iniarize( ve memoi hIis

LondIon lecture publibhiehd in BraVie (1921). work

proves beyond (lotibt the validity of hiis contenition that the

extrinsic striatedu uscles of the eyeball are

symp)athietic as well as by the cerebral mntor imerves. But

at the same time his results raise a doubtwe ether

righit in describini g all the fibres and enidigs whici lie

originially termed " accessory as being sympathetic

OligiOii.T

The miost strikinig result whichipoirits to the improbability

of Boeke's conteiitioni is provided by the fact

lifference in the hiistological picture of the nierve supply

the extrinsic niuscles of the eye is to be seen section

of the cerebral motor mierves to these niuscles,

the tine after the operation atwhichci the

the muscle is miiade. Iisone cases lie allowed period
for degenierationi (thriee to five days), and in

period-for example, thiree weeks. After a short period

specimiieiis staiiiled by the Bie1schmowsky method revealed that

all thie, medullated fibres aiid their associated end-orgais

wv-ere uiidergoinig degeniieatioii. But the iioii-nedullated"

accessory " systems waseso well represented that appareitly
at least oiie

"

accessory
" nerveenldiing was seen onl

eachl miuiscle fibre, 1in similar lirlparatios of material in.

whichi degenerationlihad proceedled for the lopiger period,

liowexrci, the greater iiumber of these non-niedullated fibres

hlindl dappeared. Telle conclusio justified by thlese obser-

vations is that the iniiioritv of the oiin-medullated iierve

fibres Nvi hich resist degeiierationi altogetlher ar-e (lerived from

symipathietic communLlyications to the muotor cerebral neri e

whichi joini the iierve distal to the site of section. Oni

other hand, the degeneratedfibrees anidterllniinatio the
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"

accessoi'y " system of Boeke obviously another

category. Boeke's explaniationi
fibres to resist degeneratiomi is that they cranial

iiomic in origiii; but, as Wilson9 points out, lie miot

inidicate in wlhich ganglion the cells providing

medtullated fibres are situated. Wilsoni attentioii

to the fact that, in ally case, the niotor

cerebral nierv-e is close to the brain steni, aiid ganglioi

sliould remain unin-ijured, anid tlherefore degenerationi
slhould iiot occur. Furtlhermore, Wilsoln tIme

h-lietlher Boekehas establislie(l bevoiid doubt that the

dlegemieiating fibres are actually n;omi-n-iiedtlhlated rather thlami
finelymedullated fibres whose sheaths have sufferedl
dlegeiieration. Nor does Boeke's converse operation

nioving the suiperior cervical symnpatlietic ganglion establisi

that all the " accessory " fibres are symlpatlhetic in origill.

For the entire system did iiot disap)pear, though Boeketlloulglht tIme fibres were fewer in miumber.

These anonialies in Boeke's interpretation thle origini
of thle " accessory " systeniiundemiiiiie hlis conitention
every individuial mnisele fibre receives botlh syimpatlhetic
and somatic nerve eiiding, for any giv-eni by

Boekemay well beanii example of two somatic endiiigs, and

not of double innervatiomi in the seiise ini whichl that terii
isused in this lecture.

In haterl experinienits by Boeke amid Duisser (de Barenimc

(upoin the douible imnimeivationm of tIme immtercostalmuscles of

the cat) mioo intmmtioni nvhatsoevere is made the relationi
the somatic amid symipathetic endinigs eachl imidividual

miiusche fibre. Tlhisw-orkl)proves only that the intercostal

muscles as a whole receive bothseets of mierves.

In this respect the evidlence of Agduhmr greatimplom-

tamice. This aithlom inimvestigate-l ex perinm emitalil mesult

of par tial(lemmervatiomii (soumimatic (i sminpathetic) the

miuscles of the fomelim bof time cat. Aftom renmoval the

ganiglioi stellatumi hie succeedled imi obseL'x'immg iii Biescliowsky

pli)meaaations of time buachlill nimmsculature, secuied days

after the opei'atiomm, the remiaini s of looegeierated noii-mledullated nierves. He also ctit the last fon' cervical andl
the upper two tlioiracic iie-ves in tIme imiterverteTb)ralforoaiiiimma
betweemi the spimial ganglia ani( the poimit of dlivergence of

the vuitemalmtii us coniniunicamis. Hle killed the, amim iiii l, the

histological imivestigationi of is described iii detail,
five days after the operatio) bmmt lierCecor'ds fiuidiiig simiiilar

appearamices after a period of teni days. He observed

all the medumllated fibres (miotor ami(i senis-ry))liaduunder-

gon0e, degaeneriatioii. On1 tlie otlier hua d, miiainy nomi-

medullatedfibrres wer-e seeim to lie flimitact;thley were lying

atlong blood vessels aiidwe-ere part boun1d mp with

degenier-ated niedullated fibres.

The, 'poiiit of interest in t'ime lPreslit discussion is that

Agduihr describes a sigtle miUS(le fibre wicli shows two

mlypoleiimal enid-plates uponi it. Onie of degener-

ated an-id them efore the termiiimiatioii of somiiaticr erve

fibre. The otherl receives a m-ioni-nieduillatednlerve fibre.

conisequience of this Agduhri- describes this as aii imistance of

single iiuscle fibr receivimigo both a somimatic -and
syiiipiathietic teriimmation. He mecords, however, that the

plate regarded by Inimmi as beimig svnmpathietic in oligin had
a large exteiisioioi0tll e muscle fibre, amid oni account

approached in chiaracter thec, som-tiatic miiotorlterminal plates.
lie states thlat time distancc e of the two

onie amiothier is cc suchi as omie fiumds in spinal plum'-
segmiiental ininervatiom of the separate muscle fibres." If

we acid to these conisiderations the shiot period of degeniera-
tiomi allowed intlthe sspecimen figuridedby Ab gdulir days),
iii tth light of time fact that Boekie fonid noni-
miedullated fibres iay be seemi for a conesiderpable period

uvhmen actially umndemrgoimmg degeniemathimi, proofpO o-

vided tmatthte iiiuscle fibre described is actually iniiervated
bot boisomatiale d symimpathetic imerve endings. It ispossibhe that the secomid plate is timle ending a miomi-mnie,dullated (ollateram of a inedullated fibre rather thami aim

iiidelpenc emtsymtipathctic triiiA at ion.

Kukucsitsky, wh-sose caiefuoh woivkstinin-lt lated the presemit

inivestigatiom,haas described, for inistatice, suchi additional

pmlates provided by collaterals. Dr. Oliver Latham of
Sydiieyhaas fo'und a beautifulexample of a miomi-medullated
collateral of am edullated nerve fibre endiig hmypolemmally
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i precisely the samiie way as the fibre wlichl is figuired by
Agduhr. This collateral arises at a considerable distance

ftomii the site of termination of the medullated fibre, and(
tlie distance between the two plates is comparable to that

which separates the endings in Agduhlr's preparations.
Tlhus the contention of Boeke and of Agdlulir that each

muscle fibre receives a double innervationi canniot be coni-

f;irmed; nor does it agree with the evidence of otlher
ob)servers. Obviously the experimenitalmethod should afford
vVidence to settle tlle question whether indi-vidual miiuscle
fibres are innervatedl by botlh somatic anid syimipathetic
.uerves. For this reason the muscles of the hinid limbs of
someof the goats employed by Dr. Royle for excision1 of the

ilumbar sympathetic chain on one side were histologically
examined. The normal side was used for conitrol. Thle
J)reparations fromii the operated side showed in transver.se
.section a number of small muscle fibres wlicili were in

marked contrast to the fibres of
average size;in the same pre- AFFERXENT .

laration which were apparently ROM
normal. These diminutitive fibres SPINDLE

w-ere too numiierous to be
accounted for as the conical or

1)ointed terminations of normal
miscle fibres. Further, the
Connective tissue (endomlysium) Jr,F RgNT
between the individual muscle
fibres lhas increased in amount. NERE
Tllis was specially nioticeable
iii a preparation secured by
killing the animal six months
after performinig the operation.

Conversely, the somatic in-
nervation may be removed and

the sympathetic nerve supply
to the striated muscle left in-
ta. b. The wing of the domestic
fowl readily provides a I re- .
laration of this kind. Bothi the . .
aniterior and posterior nerve

ioots of tlle lowest three ".. :-
cervical nerves were severed : :;

tliout injury to the cervical
ganglia or the.io'

-hite ramus commiinicans < ";:'
which emerges at the level of .j:
tlhe first tlioracic segmenit. In :L
this way the wing was deprived PJS1 C lOSQE FlBRP
of the major part of the UL E
somnatic nerve supply. Sevenity FIIE

days later the bird was killed. FIG. 2.-Diagram to in(licate t
re-striated muscle, slender fibres, t

l'ost-mortenl eanamidatioii c- and their nervous connexions-e
vealed that the operationl lhad sympathetic ganglion to slende

fibre from slender fibre to the po,
b)een successfully performed and nerve from the spinal cord tb

the cervical sympathetic trunk not it has an afferent fibre is r
connecte(l to posterior root gang

w-as found intact. Oni icero- to the sympathetic ganglion%by
scopic examinatioln large nium-

h)ers of degenierated medullated nierve fibres were founid in a

)relparation from the flexor mulscles of the forearm. These

iuscles when stained in haeiiatoxylini and cut in tranisverse
section showed a marked contrast to the corresponiding
iiilseles from precisely the same point of the niormal winig,

liicli were treated in exactly the same manniier. Tlhe
inidividual muscle fibres of the lnormal miuscle slhowed
resnarkably little variation in size throughotut the prepara-
tionis. The Lmuscle of the wing from which the som-latic
innerixation had been removed was in marked contrast to

tlhis. Manv of the fibres were niormiial iii size or slighltly
larger than the largest fibres of the normall muiscle. riiese

al)peared in groups, alid some fasciculi were eintilel- com-

posed of them. Other fibres showed a marked (limiunlltionl iF)

dliamieter to aplproxinlately 33 per cenit. of that of the imuscle

fibres of average size. These also occur-red ini grouip-s, and

ini somiie cases they formed entire fascicu-li. Otlher fascicufli
were miade uip of groups of bothi nior'mal anitl dimniutitVe
fibres lyinig in juixtaposition. The conniiective tissue of tlle
usnclc .Nvas iirenrased in amounit; a few nassos of Younilg

coinnective tissue cells were, in evidence betw-eeni the bundle>

anid the enidomiyvsium wvas sligrhtly more developed-N thlanl in

tlle Control specimenl.

It is firmly establislied that diminution in the size of all

the muscle fibres follows complete denervation. The worik
of Willard anid Gr-ani on 'whitemice may be cited as evidence
of this. The leg muscles oni one side were deprived of their

innielrvationi. The corresponding muscles of the other side

wvereused as a conitrol. Specimens were investigated show-
ing atrophv of fromn thlree to sixty-three days' duration
These authors found a progressive decrease in fibre
diameter, this change being unaccompanied by any change

in the niumber of fibres. They describe the decrease in,
diameter as being " up to 68 per cent." DuLring the period
under observation there was no connective tissue prolifera-
tion between. the muscle fibres. The difference in tlhe
findings of Willard and Graui and our observations in regard

to thle proliferation of conn-ective tissue is no doubt

accounlited for by the fact that a partly denervated
muscle is not enitirelv iniactive. In the case of sympathetic

denervation, which removes

plastic tone, increase of fibrous

tissue no doubt renders the

MYt__ \S: lmuscle more efficient in maini-
*16z J y \ taining a position imposed by

active movement or by selec-

C f{ 1 t- tive reflex activity. Whlen con-

tractile tone is removed by

somatic denervation only a very

slight increase of connective
tissue occurs over a period of

sixty days. The support of the
M/ fJ awing during this per iod ha(d

/ -/MA TG.Y thlerefore been provided prac-

tically entirely by the healthy

ffFtRI4.TmuLscle fibres which exhibited

5YJ1N Th plastic tone.
The conclusion can be drawni

HEKE\ from the experimental facts
that partial denervation

/Y:FFERENT somatic oIr sy-mpathetic-affects
/-SOIATiC some fibres and not others.

NEKVE This confirms the evidenice
obtained from a study of gold
chloride preparations. On the
basis of innervation, therefore,
skeletal muscle is found to con-

sist of two sets of fibres. In the

experimental prepar ationis the

fibres of each set tend to occutr
in groups. This is in accord-
ance with the findings of

Latham in gold chloride pre-

e three constituent elements of parations of the skeletal muscle

iick fibres, and imuscle spindles,
erent non-medullated fibre omestic fowl and goat,

fibre, afferent non-medullated that considerable number of

terior root ganglion, medullatedeihrecvngteeidtethick muscle fibre (whether or fibres, either receiving the end-
ot known), and muscle spindle, inlgs of only non-medullated
lion by medullated nerve and

n efferent non-medullated nerve. fibres or of only medullated
fibres, tend to occur in

proximity to onie aniotlher. Even in teased preparationis a

group of as many as seven muscle fibres may receive non-

medullated fibres, wlile nio termiiaations of medullated
endinigs may be visible in. the same field. Such an appear-

ance may lhave been a source of error in the past in

suggesting that every nissscle fibre receives a sympathetic
innervation. The possibility arises, theIrefore, that the
mode of innervation of skeletal mnuscle is that any individuial
muscle fibre receives onie niotor nierve ending- somatic or

sympatlhetic as the case may be and n-ot both motor

endinigs, anid that eacli type of muscle fibre occurs in groups.

As ani inistance of the preseihce of a single type of motor

ininervationi it may be riecalled that the mutscle fibres of

miuscle spindles receive sympathetic motor terminations.

The existence of a double m-iotor innervation to these muscle

fibres, although suggested by Perroncito, has not been con-

fir med. Recently, on the othler hand, Agduhr has found(

svmpatlhetic termiinationls oni these intrafutsal fibres in the

th
tif

gii

limib muscles of the cat. Kulcliitsky and Dart lhave founid
these enidinigs in relation to tde fibres of the muscle spindles
of the python. Dart is in esror in regardin-g the fibres as

beinig finlely miledmillated, buft lie slhows clearly that thle
enidinigs are associated w-ith (lilminutivo sole l)lates. This
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tvpe of enlding lhas already been described in this lecture as
beinig sympathetic effereent in character. The initrafusal
filres seemll, therefore, to have a single efferen-t inniiervation
which is sympathetic in origini. Tllis is in itself a poinit of
great importance, for it suggests tllat other fibres may be
similarly innlervated.

I suggest, ther efore, that the skeletal muscle of verte-
brates consists of two sets of muscle fibres disposed in groups
eachll witlh its own specific innervation, and, consequelntly,
its owni specific funietion, the experimenital inivestigation of
wh-ieh will be discussed in the niext lecture. I shall then
endeavour to establish the proof of tlhe followinog claims.
The fibres receiving somatic nlerve endings are concerned in
shorteninig as the result of volunitary and of reflex activ-ity,
anild in isometric ponitraction dur'inog the conitinullation of the
stimlulationi. These fibres are responsible, therefore, for
voluntaryimovemenit and for -what Langelaant° calls " con-
tractile tonie." They are comparable to wi-hat Shlierrinigton
calls tlie " movement muscles " of invertebrates. Otlher
fibres, ininelrvated by the synmpathetic systemii. are first
ilnhibited anid then lengthenied anid slhortenied doirinog these
processes, and remain at tlle newi- l1ength lassiv-elv iuposed
upoi themi-l. In othler words, these fil)bres exhlibit what
Shi1erringtoni has called " plastic tone.' They are com-
I)arable to the " fixinig muscles '' of iiivertebrates. Duringi,
movemeinelt these fibres aid in. suipporting the weiglht of the
mWovrinig part. At tlle telrminiatioli of movemient they take
)art inl maintainiiig the positioni attained as the result of

thle mllovement.
Fulthelr, some of the " fixino' miuscle " fibres appear to

be inclueided within a sheath to foiini the special sense organs
(muniscle spiidles) wlich tranismit .affet enit iiinpulses to the
tcentral niervous syste in bv miieans of somatic senisory fibres.
The degree of lengthening anid slhot telling imposed Upon
these initrafusal fibres is mainitainied bv tlle influenice of
their sympathetic innervation. Lpileminial sympathetic
enidings found on other fibres that receive also a symplathmetic
mllotor inniiervation pilobablv conistitute iii a simliilar way
sympathetic proprioceptor origaiis.

All tlle evidence related above in regar-d to tIme exact
mode aiid the fulictioni of the double innervation of skeletal
miuscle inidicates that the differelntiatioii of muscles inito
" moveiimenit " anid " fixinig muscles," wlichl is so apparent
ini some inivertebrates, is niot lost in vertebrates. These two
musele systems of inivertebrates are represented as small
mIuiscle groups wlhichl miinigle togethler to conlstitute the
skeletal miuscles of vertebrates.

Fronti the standpoinit of physiology tlle existence of Such
ani arriangement would readily account for tIme mlarke-d simi-
larity in the behaviour- of tme "" catchl " miiechlaniism of
invi-ertebrates anid the activities of skeletal miuscle in miiaini-
tainiing posture. In reviewinicg the points of comparisoni
betwNeeni the two processes, Bayliss recalls the suggestioni of
*A. V. Hill that a miiore efficient mechanismi of nilaintaininig
*a w-eiglht miiust be exhibited uinder natural coniditions than
'that displayed by the sartor'iusimuiscle of the f Pog -when its
nierve is stimulated by iniductioni shocks. He compares also
the process of inihibitioni of the " catch "' mechanismii (von
Vexkiill) wvith that of the toniic conitractioni of skeletal
muscle durinig cdecerebrate rigidity (Shlerringtoni); anid lhe
calls attenition to the existenice of ani extremely lowi rate of
metabolism during the activity of the " catcll mechaniismii
(Parnias, Betlhe) anid of skeietal mutiscle iu the state of
decerebr-ate rigidity (Roaf, Lovatt Evan.s). If separate
mlluscle fibres exist in vertebrate skeletal imiuscle for the
fixation of posture andcl for active anid reflex slhorteninig and
for isomuetr'ic conltr'actionls of the mnuscle, the differences in
metabolismn anid in the niatur e of inhibition duriilng the
maniifestations of these activities of the t-o different miiuscle
gr'oups will be readily conmprehended.
From the pathological stanidpoiiit this v-iew- initroduces a

linie of attack to relate tlhe sympntonatology anid pathology
of sulch diseases as ntiotoitia atrophica, the m11uscular dys-
tr oplties, and myivastlienia grav-is. T1m polioimvylelitis. it lhas long
been knowni that sometimies the symnpathetic ganiglia par-
take of the degepnerationi founid iit time lower somiatic motor
neurlone sy-stem. Suclh cases are, 1to doubllt, tlmose inl w-hichl
thle tone of thle mluscel affected is compllletely- lo.st. Int other
cases, in wlticlt tltere devtelop) rapvidly strulctural deformlities
due to tlte tendenelcy for tlhe limb) to r'ett'aimt fixed in posi-

tions imposed upon it2 the sympathetic innervatioln probably,
remains intact. Further, according to this conception, thle
operation of sympathetic ramisection for spastic paralysis
conisists in removing tlle nerve supply to the fixing m-uscle
fibres olnly. All the movement fibres remaini enitirelv
unaffected. This, nio doubt, accounts for the efficiency of
thc partly deiiervated muscles after long periods of time-
for example, twlelve miioniths. On the other hand, according
to tlle prevailinig theorv of the existence of the double
inniiervation of eaclh individual muscle fibre, the operationi
would eiitail partial loss of the nerve supply of each fibre
of the muscle; or, miiore precisely, that the sarcoplasm of
each muscle fibre is deprived of its nerve supply. This is
unlikely in view of thle uilnimpaired activities of reflex and of
active slhorteninig of the muscles wlhich remaini for long
periods after the operation.
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Tiir, initroduction of suprapubic prostatectomy- in 1901 lcd
ailmost immediately to the abandonment of the variouis
palliative methods of treatment that had previously beell
tried with indifferlent success. Sinice that time prostatec-
tomy has- growni in popularity, so that nowadavs it is
regarded by many surgeonis as a routine method of treat-
ment to be carried out in all cases of enlargement, except
wihere some sp'ecial contrainidication exists. Withl improVed
technique the mortality of the operation lhas steadily
diminished, so that patienits whio thilrty years ago wi-oulll
cer-tailnly ha-e beeni conidemned to catheter life are now-
subjected to operation. But great as has been its success,
prostatectomy must still be regarded as a serious operationi
and one that, even in the hands of the most competent, is
attended by a coml)aratively -high mortality rate. In v-ieNw
of this anld of the fact that there mlust exist cases in which
pr-ostatectomy is unijustifiable, it may not be out of plaee
to describe certaini less drastic procedure's -which, in suiitable
case:;, gi-e excellent results.

Objections to Partial Vlie oiral of thC Prostatc.
'lThree criticisms are usually levelled against any opera-

tioni that fails to effect a complete removal of an enlarged
prostate: first, that the treatment is likely to fail in its
object; second, that even when it succeeds the results are
temiiporary; anid thiird,, that as an apparently innocenit
prostate may milcroscopically show malignant changes it is
unwise not to remove it. The first two of these objection-s
wvill be disctussed more fully later. Suffice it for tlle
moment to state tllat tlhe whole success of partial operations
on the prostate depenids on a judicious selectioni of cases,
and that failuires are generally due to an ill advised attempt
to tinker witlh a large prostate that is amenable olyl- to
total enucleation.
With regard to the tlhird objection, as lonog ago as 1900

Albarran anld Halle called attention to the fact that a
certain number of prostates which clinically appeared to
be examples of inniiocent enlargemen.t showed miialignianit
changes whlen examined microscopically. This observation
has since beeln confirmed and a figure approximating to 14
given as thle percentage of cases in wlhich these cllaiuges are
found. From thlis it lhas beeln argued that as it is impos-
sible to be sure that anl enlarged prostate is pathologically
innocent the wisest procedure in all cases is to carry out
total prostatectomy. This argument for the wlholesale
removal of enlarged prostates would be unanswserable but
for two facts-tlhe first, that total prostatectomyiv itself has


