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Introduction.

The existence and function of the sympathetic innervation
" of striped muscle has been much discussed since Boeke's dis-
covery of his acc essory nerve fibres and endings. In this work
on mammalian muscle, Boeke ﬁse& the Bielshowsky silver method
of stalning nefve fibres and neuro~fibrils and demonstrated
the presence of a medullated and non-medullated (sympathetic)
nerve supply %o the individual muscle fibres. This means a
double innervation of the individual muscle fibres in the semnse
that the two nerve fibres are of entirely different origin. Upon
this foundatibn has beén built up the theory, that the cross-
str@peﬁapparatus of the fibre is innervated by the somatic
fibres and is responsible fér muscular movements and contractile
tonus, using Langelaan's distinctions, while the sarcoplasm of
the fibre is innervated by the sympathetic and is responsible
for piastic tonuse.

Tﬁis conception has recently been modified by Hunter, on
the basis of Kulchitsky's histological work; Kulchitseky, using
the gold chloride method of staining‘nerve fibres and nerve
endings, has recently in reptilian muscle (Pythom) described
two types of nerve endings, which never occur on the same muscle
fibre. Ome of these is supplied by a medullated nerve flbre and
the other by & non-medullated nerve fibre, but these two types
he has never found on the same muscle fibre. Hunter suggests

that one type of muscle fibre, innervated by somatic fibres,
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is responsible for muscular movements and contractile tonus,
while the other type of muscle fibre, imnervated by the sympa-
thetic, is responsible for plastic tonus. This means a double
innervation of every muscle as a whole but not of each individ-
ual muscle £ibres »

A third complication has arisen 1n the use of the term
®"double innervation," for while the traditional view has been
that each muscle fibre receives one medullated nerve fibré,
Agduhr, iﬁ recent investigations on limb muscles, has shown thet
each musclé fibre is segmentally innervated. Thia means that -
the iﬁdividual muscle fibres of a muscle, innervated from more
than one spimal root, has an end-plate from each root; that is,
e double innervation in the sense that the individqual muscle
fibre is supplied by two or more somatic fibres.

This short summary of the present posiﬁion'with its evident
contraditions emphasises the need for further detailed histo=
loglcal research on the neuro~-puscular Junction.

- I regret that om the basi; of my original observatlons
T have to disagree with two of these observers, Professors
Kulchitsky and Hunter, who have so suddenly been cut off in
thelir scientific careers, and whose loss will be deeply félt
in the solution of these problemss - '

At the outset, this work was undertakem to .at tempt to
confirm the presence of Boeke's accessory fibres and end-nets
by the classical gold chloride method. . Since the publication
of/
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of Hunter's work various other questions have arisen 1in con=-
junction with this primary aim, and these will also be dealt
withe The first gquestion which presents itself is the choice
of a muscle for histological inveétigation. Mammelian muscle
is preferable to reptiliaﬁ or amphihian muscle as the application
of the findings must be made more especially to the function of
maFmalian muscles In view of the fact that the sympathetic
innervation is supposed by some to0 be of tonic function - a
muscle showing marked tonus, especlally plastic tonus, is also
preferable. For these reasons the panniculus carnosus muscle,
of the hedgehog - & sheet of striped muscle which lies just
under the skin over its whole dorsal sufface and curls the
animal into a ball =~ was chosene Pembrey (190%)(45) has shown
that this muscle is in tonic contraction during the whole parioq
of hibernmation and it will, I presume, be maintained in its
shortened condition by plastic tone.

Some reference will also be made to some investigations
on frog, lizard, rabbit and human muscle, which show several
conditions of innervation which are of interest 1n relation to
the main thesis.

I propose to review some of the previous literature on
- this subject under the following four headings:-
i1« On the structure of the muscle fibres, with special reference

to the general existence throughout vertebrates of two types

of striped muscle fibre.
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On the constitution of the motor nerves to muscle with
special reference to the size of the nerve fibres and the
existence of non-medullated fibres in the nerve before 1t
enters the muscle. |

On the nerve endings in muscle, motor, sensory, and
accessory, with special reference to the existence of

the accessory systeme In reviewing this work .I db hot
propose to cover the whole field of older investigatilons:
it is sufficient to note that the great majority of these
workers using the gold chlorlide method made no mention of
this system of fine non-medullated fibres. However, in
relation to the ?reeent investigations, those papers in
which some mention 1s made of non-myelinated fibres found
agssociated with muscle fibres, are important and will be
dealt with in more detail. The later work where these
acc essory fibres, or fibres like them,are described, will

also be dealt with in detail.

4. On the special semnsory organs in muscle - the neuro-

muscular spindles.
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I. On the Structure of Muscle Fibres, with Special Referenc e

to the General Existence throughout vertebrates of

©

two Types of Striped Muscle Flbres.

ey e W we S =

The existence of two types of striped muscle fibres in
the frog has been long known: An exanmination of fresh frog
muscle in saline shows clearly that all the muscles of the
frog are qomposed of clear, bright, broad fibres with very
well marked cross striation and poorly marked longitudinal
striation, and of dull_granular thin fibres with poorly marked
cross-striation, and well marked longitudinal striatione.
Ranvier (1887)(49) first drew attention to the marked differ-
ence in the muscles of the rabbit, the red muscles and the
white muscles. Similar differences are found in the muscles
of birds.

Schafer (1912)(54) noted that in othér animals the dis-
tinction is not found as regards whole muscles although it may
affect individual fibres of a musclee He guoted Klein as
showing that some fibres of the diesphragm in distinction to
others have & very large number of nuclel and these éfe em~
bedded in protoplasm.

Grittzner (16884)(29) in his paper on the two types of

muscle/
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muscle fibres, held that the thin granular fibres found in
frog's muscle are analogous to the red fibres of the rabbit
muscle and that the broad clear fibres of frog's muécle are
represented in rabbit muscle by the white fibres. He also con-
tended that all mammalian muscles are composed of the two types
of individual fibres, red and white, as the individual frog
muscles are composed of thin granular fibres and broaﬁ clear
fibres, the only difference being that in the mammalian muscles
there are larger amounts of haemoglobin. |

Griitzner used various methbds of differentiating the two
types, Acetic Acid, Osmic Acid, Picric Acid and Iodine. In his
paper he gave diagrams of cross sections of muscles of the guinea
pig; the two types of fibres were shown but differ from the frog
in this, that the one type of fibre was not smaller than the
other and it appears that the two types are not so clearly
differentiated as in the frog, some fibres occupying an inter-
.mediate positione His most interesting statement is made in
regard to human muscle. In this material he stated that the
two types were differentiated from‘one another less by differing
size and colour than by a dullness ("Trtibe") in some of the fibres,
when treated by his Acetic Acld method, where the muscle is
dried, sectioned, and put in 2% Acetic Acid. He explained the
fallure of other workers to find this difference because, if
any clearing agent is used in the process, no differentiation
can be found and also because muscles taken from the post-mortem
room.hardly show it, even when treated by his drying method.

The/
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The facts that in mammalian muscle there is very little
difference in size in the individual fibres, that such a method
‘a8 drying is necessary to show a difference in the dullness or
brightness of the fibres, that the results with this method do
not différentiate the two types of fibres into very clear groups,
and that no difference can be found with ordinary methods, seem
to force one to the conclusion that the two clearly differentiated
types of fibres, which appear in the frog, do not exist in this
type of muscle. All that can be sald definitely is that there
may be fibres which contain slightly more sarcoplasm than thelr
fellows. )

Griitzner did not formulate a general law of the function
of the two types of fibres, but suggested that the red fibres
are related to tonic contraction, and ﬁhe vwhite fibres t0:"
rapid contraction. Since he’held that every muscle had varylng
propertions of white and red fibres, and that no muscle was com-
pletely red or white, hé found it very difficult to prove definlte-
ly that the muscles having a larger proportion of red fibres,
showed & longer or more tonic type of contraction, or vice versa.

It is important to note that in Grliitzner's paper no mention
' is made of the muscle fibres in the neuro-muscular gpindles.
These spindle muscle fibres in mammalian muscle,at first con-
sidered to be groups of embryonic flbres, but now known to be
fully'developed fibres performing probably & pf&epsbceptive

function, show a marked difference from the mass of fibres in
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the muscle. They are thin granular fibres with well marked
1ongitudinal striation,kand are enclosed in a laminated connective
tlssue sheathe In'my opinion they correspond to the thin granular
fipbres of the frog muscle, some of which have nerve endings upon
them showing that they are rudimentary neuro~-muscular spindles
aend they only differ from the Welssman fibres in mammalian
muscle, in that they are not collected in the complex neuro=
muscular organ but are distributed throughout the body of the
muscle between the broad clear fibres and are not walled off by
a laminated sﬁeaﬁh-

Cilimbaris, (1910)(20) in a paper on the muscle-spindles
of the eye muscleé, etated that in them he found great variatlons
in the ordinary‘muBcle fibres such as, he remarked, ome could
scarcely ever find in any other part of the mammalian striated
musculature. Some fibres apﬁeared clear, were poor in sarco-
plasm, and had few nuclei, while others appeared dark, were
rich in sarcoplasm, and had many nuclel. He noted quite definite~
ly that all intermediate stages between these two types could
be seene.

Ffrangcon Roberts (1918)(51) in a paper gave observations
on the degeneration of muscle after nerve injury, espe&ially the
red and white muscles of the rabbit. He stated "Tn striped
muscle, fibres of two kinds are found, the white and éhe red.
ceesesese In man eech individual muscle is composed of a mixture
of both kinds of fibres, while in some snimals, notably the

rabblt, different muscles are composed of one kind or the other,
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' the gastrocnemius for lnstence being purely white, and the

soleus purely red.” The red fibres, he sald, had more sarcoplasm
than the white fibres and responded with a sluggish contracfion
after a long latent period, while the white fibres responded
briskly. He quoted no asuthority for his statement regarding
humen muscle nor did he advance any proof of it in his own
observations.

Kahn (1994)(34) at the outeet of his}research on the chemlcal
constitution of the clasping muscles of the frog at different
seasons, made‘some histological observations which are of great
interest from the point of view of the two types of muscle fibre.
In Rana fusca he found that the M. flexor Carpl Radialis was
composed in the autumn and early spring of many large bright
cross-striped fibres with only a few thin sarcoplasm rich fibres
with poorly marked'crbss striatién. These differences he found
on cross sectlem to be shown very obviously. after fixing in forma
" aloohol and staining with picro-fuchsin and haematoxylin. In the
breeding season the same muscle was examined. On cross sectlon
the muscle appeared on firet examination to show a larger numbér
of fibres per unit area, that is, that the individual fibres
were smaller in ares. In the fresh preparation the pfaponderating
number of fibres were definitely shown to be clear, large fibres
as in thé gutumnal muscle and a close examinatlon of the cross
section showed that the number of small granular fibres was not
increasede The appearance of a larger number of fibres per unit

ares was due to the fact that in the breeding season a number of

fibrous/
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fiprous filaments passing in from the‘sarcolemma of the large
clear fibre to the central parts of the flbre gave thé impression
of incomplete longitudinal division of the large fibres. 1In the
autumnal muscles the Cohnheim's areas were not well marked, but
in the bréeding season they were very well marked off, and in
some cases the division between the groupe of Cohnhelm areas
appeared to have the extensions of the sarcolemma mentloned
above, passing in to the middle of the fibres.

. These appearanc es Kshn thought were obviously dependent
on the fact that in the breeding season there was a larger
centent of sarcoplasm in the large clear fibres, compared with
these fibres in the asutumn, fof’the sarcoplaesm made the Cohn-
helm areas more obvious and the cross sectlon of the sarcostyle
more distinct. And most important from our point of view, he
definitely stated that the richness of sarcoplasm was by no
means so large in the breeding season that these fibres could
be mistaken for the small granular fibres. The lncreased tonic
activity of the muscle was therefore mainteined by a change in
the large clear fipres themselves and not by an increase in the
number of small granular filbress

Hunter (1925)(3%) after reviewlng the work of Renvier and
Griitzner sald that it remains to be decided whether or not all
striated muscle is composed of two types of muscle fibre. To
support his hypothesis that these two types of fibres are
inmervatoed from different sources and fulfil different functions
he brought forward first of all evidence that the two types of

muscle/
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muscle fibres do exist in the leg muscles of the goat and
the wing muscles of the domestic fowl. In referring to this
work he did not make mention of Grﬁtzﬁer's observations that
clearing agents destroy any posslibility of making the differ=-
entiation, and in both the investigations on goats and birds,
Hunter relied mainly on the size of the fibres which Grfitzner
had already shown not to be a feature of the differentiation in
mammalisn eand avian muscle.

In goats Hunter and Royle (83) d4id not state whether any
variation in the size of different muscle fibres was seen in
the normal muscle, but rélied upon degeneration experiments
to bring out the differencee They removed the lumbar sympa=-
thetic chain from one side and after six months examined the
muscle in cross section. They found a large number of small
fibres in contrast to fibres of normal size. These they stated
were too numerous to be the conical ends of flbres of normal
size. The endomysium between the lndividual fibres was increased.
Thie experiment, in my opinion, in no way proves the existence of
the two types of fibre in the normal muscle.

In the bird, they stated definitely that remarkably little
variation in the size of the individual fibres in the normal
muscle was found and presumably no other difference was observed,
else it would have been mentioned. In his degeneration experi-
ments, the last three cervical roois, anterior and posterior,
weré cut without injury to the Raml Communicantes and the

flexors of the forearm; exemined in 6ross section after seventy days.
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On section meany fibres in groups were found to be of normal
size or 1arger, other fibres, also in groups, showed a 5%
decrease in size, while other groups were found with both
normal and shrunken fibres. The connective tlssue was
increased in amount. They quoted that Willard and Grau had
found a progressive decrease in size up to 88% on nerve sectione.
The inference therefore seems to be that the degeneration was
not complete and may have affected some flbres more quilckly
than otherse It is also worthy of note that the somatic
denefvation of the limb was not complete and if Agduhr's con-
tention is correct, that muscle fibres are themselves lnnervated
plurisegmentally, then some of the fibres may still have had
some part of thelr somatic innervation. If however the somatic
denervation and degeneration was complete in those fibres
showing a decrease in size: thén in them degeneration was not
80 complete as when motor nerve section (motor and sympathetic
fibres)'was performed. The intact sympathetic innervation may
be heid to be the cause of this less complete degeneration.
Hunter's conclusions, from his degeneraﬁion experiments,
that somatlic or sympathetic demervation affects some fibres
and not others and that therefore there are two typéé of
muscle fibres mixed in mammalian or avian muscles seems to

me to require much better evidence than 1s afforded by these

experiments.
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It seems reasonable to suppose that if the two types of
muscle fibre exist together in the mass of mammalian or avian
muscle, then the differentiation into the two types should be
demonstrable in normsl muscle and this Hunter and Royle have
not been able to show.

Bottazzi (1928)(15) in a communication to the International
Rhysiological Congress, 1923, said that in dogs after section
of the roots of the phrenic, leaving the sympathetic fibres
| intact, if sufficient time had’:%zpséd - the diaphragm was
almost completely gegenerated on/side of section. He made no
mention of histological investigation but presumably no irreg-
ularity in the degeneration was noteds o




2. On the Conetitution of Motor Nerves to Muscle.

One of the great difficulties that presents itself while
reviewing much of the earllier work oh the innervation of striped
muscle, lies in the fact that so very often, when non-medullated
fibres are figuréd or described, they can only be followed and
are described for a very short distance just proximal to the
end-plate or termination. The question at once arises, are
these noh-medullated fibres simply branches of the medullated
fibres proximal to this point or are they non-medullated through-
out their whole course, anéiso,vare they to be found in the motor
nerve before it emters the muscle?

Sherrington (1894)(55) made a very extensive study of the
constitution of the muscular nerves and the function of the
different fibres contained in these nerves. Some of his con-
clusions are of interest. One third or one half of the nerve
Pibres in a nerve to a muscle are sensory, and the smallest of
the myelinated fibres were for the most part if not entirely also
sensory. These nerves contained no myelinated fibres of sympa-
thetic origin, but did contaln a number of non-myelinated fibres
of sympafhetic origin. Some of these non-myellnated fibres were
of lapger diameter than the small myelinated fibres.

Ranson (1911)(48) has shown with the silver impregnation
method that the spinal nerves and posterior roots contained a
very large number of deeply stained fibres, which were non-
myelinated and arose in part from the small genglion cells of

“the/



18.
the spinal genglion, and were afferent in function since they
were too numerous to be entirely sympathetic.

Langley (1922)(40) in his paper on the constitution of
nerve roots, muscular nerves, and cutaneous nerves, found with
the oemic acid method very few non-medullated fibres 1in tbé
nerve roots and suggested than Ranson's fibres were really fine
medullated fibres. In comparing muscular and cuténeous nerves,
a point which is of special interest regardihg the sympathetic
innervation of striated muscle, Langley found that the nérves
to skeletsal musclecqntaihaﬂvery fow.non=-medullated fibres
whereas the cutaneous nerves showed many non-medullated fibrese.
He even went so far as t0 say that his results were not in
favour of any considefable conhection of non-medullated nerve
fibres with striped muscle fibres. He also brought out the
point that & large factor in determining the size of the nerve
fibre wae the nature of the tissue with which 1t was connected.

Sherrington (1894)(65) had already shown that most of the
larger medullated fibres in a muscular nerve were sensory in
function, ending in the neuro-muscular spindlese.

It is only necessary to note at this point that it ié very
doubtful whether the osmic acid method would enable such thin
nerve fibrils, as those described by Perroncito, (190£)(47) to
show sufficient contrast to the connective tissue as would enable

one to distinguish and emnumergte theme.
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% On the Motor, Senso 'Y, and Accessory gerve Endings

in Striped Muscle, exclusive of the geuro-
Muscular Spindle Endings.

Tschiriew (1879)(87) first differentiated two types of
end-plates in Tropidonotus natrix, the usual Rouget plate with
a well=~marked granular sole-plate and a medullated nerve fibre
forming the terminal arborisation, and the 'terminaisons-en-
grappes" as he named theme These shewed only a very finely
granular sole=plate, of were without the granular substance
altogether, were found on thinner muscle.fibres with clear and
well marked striation and usually a non-medullated nerve fibre
formed the arborisations. He found all stages of transition
types between the Rouget plateé-and the "t erminaisons~-en~grappes,"
and regarded tﬁe latter as deﬁelopmental forms of the former.

Bremer (1882)(18) im his excellent paper om the endings
of myelinated and non-myelinasted nerve fibres in striped muscles,
worked upon the muscle of frogs and lizards mainly. In the frog,
he differentiated three types of nerve fibre, (I) thick medullated
fibres - medullated fibres of the first order, (II) thin medullated
fibres - one guarter or one fifth of the dlameter of those of the
first order - medullated fibres of second order, and (III) definite-
ly non-medullated fibres of the third order. Bremer thought that
the third order was derived from the second, although, he remarked,
in some cases, that in bhe very long course through which a

non=-
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“non-myelinated fibre could be traced, it showed no connection
with medullated fibres of the second order. The thickly medull~
ated fibres formed typicel end-bushes of Kuhne. The thin
medullated fibres formed endings of a different type, the'
’end-doldeh' or umbel forme, which were, Bremer thought, the
same a8 the terminalsons-~en~grappes of Tschirliews The non-
myelinated fibres formed plexuses in the muscle and ended in
forms conforming in essentials to the 'dolde' type but smaller,
as a rule.

In the M.Hyoglossue of the frog, he described several
conditions which are of special intereste In the first place
the distinction between fibres of the first and second orders
had been almost completely lost, and often the fibres of both
orders lose their myelin a long distance proximal to their
endings. In this muscle, the typical end~bush of Kuhne was
relatively infrequent and the 'umbel' form very frequent.
Purther he described cases in which a non-medullated fibre
branched dichotomously and gave oné branch to & muscle fibre
vhere it ended in an umbel form, dnd the other branch to a blood
vessel. More rarely he stated that this double imnervation of
muscle and blood vessel took place from a medullated fibre of
the second orders '

Again in the M. Lingualls he described small ganglion cells
connected with the non-ﬁyelinated fibres or the myelinated fibres
of the second order. The branches of the fibres arising from

these ganglion cells passed either to the blood vessels or to
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the muscle fibreses 1In this muscle also the characteristic form
was the umbele It was in this muscle that he found that, while
the majority of the non-myelinated fibres could be traced to
origins from the myelinated of the second order, some of these
could be traced as free fibres throughout & long course. This
point seems of interest in relation to later worke Another
pecullarity he described in this muscle, is interesting in
relation to Boeke's work; in some cases the non-myelinated fibre
broke up into thin fibrils only to unite again to form a single
fibre after a very short course. Instances of the medullated
fibre of the second order glving branches to both blood vessels
and muscle fibres were commoner here than in the M. Hyoglossuse.

Several points are worthy of mention, in comnection with
 Bremer's figures of the nerve endinge in frog muscle. Fig. 8
shows a medullated fibre of the first order forming an end-dolde.
Fige 14 makes it cleer than end-doldenvfonms and end-bushes can
be found on the same muséle fibre. Figs. 8, 7, and 9 which show
end-dolden forms and fige 8 which is described es an 1nteimediate
form between the do;den and bush forms, show accompanying the
myelinated fibres, which form the chief part of the end ramifi-
cation,, fine non-medullated fibres running inside the sheath of
Henlee These thin fibres take some part in forming the end-
apparatus, without, it may be, any dlrect anastomosls with the
end remifications of the medullated fibre. Some of his figures
of the umbel form show a well marked granular sole, while others

‘A0 note.

in/



| e

In the llzard, Bremer worked upon the tricepe and tongue
muscles. In the triceps the same three types of nerve fibres
were found. The medul{gted fibres of the first order ended in
the well=known end-plates of Rouget. The fibres of fhe second
order ended in umbel endings, - elongated plate~-like endings.
These fibres often 1osé_their myelin proximal to the endirgs.
Fig. 21 shows an umbel form, which is very lilke Kulchitsky's
figures, but it shows a well-marked granular substences The
non-myelinated nerve fibres Bremer found often running in the
same sheath as the fibres of the first orderland they assisted
in forming a common plate‘with the medullated(érborisatione. In
the tongue the nerves were found, as in the frog, to be very
difficult to clagsify. In the lizard muscle he stated definite~
ly that one muscle fibre could have two end-plates. He also
found that one muscle fibre could have two or more enddumbels,
or one end-plate and one or more end-umbels.

In reviewing the work of Tschiriew on the termineisons-en-
grappes, which are the same as his umbel forme, Bremer stated
that while Tschiriew's terminaisone~en-grappes were formed from
medullated fibres which become non-myelinated a lohg distance
proximael to the ending, hle umbel forms were'endings of the
myelinated flbres of the second order. Some of his figures
however do not altogether bear this out, and irn this general-
isation no mention is made of the intermediate types, between
end-bush and end-umbel, which he described. From the physiologicsal

point of view, Bremer was very guarded in his suggestione, but he
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1eaned to the view that the fibres of the first order were
probably motor and the fibtres of second and third orders (non-
myelinated) were probably semsory.

Sherrington (1894)(88, stated that these end=dolden forms
of Bremer have been préﬁed to be of motor function.

Retzius (1892)(50) also described'atypngl motor nerve
endings in the extrinsic muscles of the eye. These endings
were derived from myélinated fiﬁres which proceeded for a long
distance after 1oeing thelr myelin, as non-myelinated fibres,
or from fhin n?n-myelinated fibres,}ﬁhich passed out from a
myelinated fibre at a node of Ranvier. The endiﬁgs are simple,
disc=like and deeply staining and may bevsingle,‘or several
arranged in a 1inear series or in spall clumpse MoOre complicated
forms were also found.

Huber and De Witt (1898)(32) using the Methylené blue
method found numerous examples of the atypical endings of
Retzius, formed from fine non-myelinated fibres branching
off from the medullated fibres at the nodes of Ranvier. These
thin fibres ended in end-discs - elther singly or several to-
gether, forming a more complicated ending. A nunber of these
.endings could be found on one muscle fibre. No group of muscle
nuclel or eminence of Doyere wes found in relation to them.
They believed that,unlike the motor endings, these end-dlscs
lay oﬁtside the sarcolemma in the connective tissue between the

muscle fibres. They found the medullated nerves forming these
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end-discs to have very short internodal segments and a well~
marked nucleated fibrous sheathe For these reasons they thought
them semsory endinge.

Huber (1899)(%1) using the same method examined the ex~
trinsic eye muscles confirmed the presence of Retzius! atypical
motor endings but for the reasons above he thought them sensory.
He found also that these sensory termingtions .stalined much
more easily with methyléne blue than did the typical motor
endihge, probably because they lle outside and not inside the
sarcolemma. He noted that while ﬁhe motor terminations were
found mostly in the middle third of the muscle, the sensory
terminations lay mostly in the anterior thirde He found no
other sensory organs in the extrimsic muscles. The motor nerves
were found to branch and rebranch although one siall bundle
supplies a relatively small area; single fibres could not be
traced for any considerable length. The semsory fibres on the
other hand could be traced running longitudinally in the muscle
for considefable distances, showed very short internodal segments
and after losing thelr myelin could be traced for a long distance.

- Ruffini(1900)(5%) at an Anatomical Congress at Pavia
demonstrated the existence of a thin non-myelinated fibre
whiéh,he called the ultra-terminal fibre, in the muscles of
the thenar eminence of man. From one of the terminal ramifi-
cations of the motor plate a very fine fibril passed 6ut, but
he could not definitely state its destibation;

Perroncito/
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Perroncito (1901)(46) working on feptilian muscle con-
firmed the‘presence of an 'ultra-terminal fibree.' This thin non-
mpelinated fibre he found to pass out from one of the ramifi-
cations of a Rouget end-plate, or from the point of entrance
of the medullated nerve fibre into a plaﬁe, or from the medull=-
ated £ibre before it entered the platees It forms a rudlmentary
plate either on a neighbouring fibre or on the end of & thin
muscle fibre of the simple neuro-muscular spindle found in
lizardse. One case also he showed of a medullated fibre
dividing into two medullatéd‘branches, one of which formed
a Rouget plate on a large muscle fibre, while the other formed
& rudimentary plate on the end of a thin neuro-muscular
spindle fibre. .

Perroncito (1902)(47) in a later paper, described an
entirely new system of very fine non-myelinated fibrils which
pass to the end-plates of lizard muscle. In the sheath of
Henle, with the medullated fibres, he found usually one, but
sometimes more than one of these fine flbrlls, and throughout
their course found them non-myelinated, nor did they have any
comnection with the myelinated fibres as far as he examined
them. They passed into the Rouget plate and lay external to
the remifications of the myelinated fibre, forming a very com-
flicated networke Fine branches of this network appeared to
pass into the granular solee He dld not know whether they

passed out to any other destination, or if they formed connections
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with the terminal ramifications of the myellnated fibre. In
one4case, which unfortunately he did not figure, he believed
there was a connection between these fibrile aﬁd the fibres
supplying the blood vessel walle Perroncito put forward no
hypothesis as to the physiological significance, but felt assured
that they were quite distinct from the myelinated system.

In relation to Kulchitsky's work to be dealt with later
in detail, Perroﬁcito's observationsi*in this . later paper, on
the t erminaisons=en=grappes in 1izard muscle are interesting.
He never found these endings on the same muscle fibre with a
Rouget plate; he observed all stages between en-grappes endings
and Rouget plates; he found cases in which one or more non-
myelinated fibres arising frﬁm a Rouget plate passed to another
fibre to form en en=grappestermination; he stated that the en-
grappes endings were constantly found on muscle'fibres vhich were
thin, rich in sarcoplasm, and showing a well-marked 16ngitudina1
atriatidn; he regarded these mhscle fibres as Incompletely de-
veloped, large cléar fivbres. While he foundvtwo en-grappes end-
ingse on one muscle fibre,vhe never found two Rouget plates on
one muscle fibre. He described also hls fine fibrils passing
out into the tenminaisohs-en-grappes and he was definitely of
the opinion that they were of motor function.

Ceceherelll (1902)(19) whose paper I have not seen, worked
on the nerve endings in the tongue of the frog, and a review of

this paper was given by Fusari (2%). At the base of the tongue
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he found the endings to be like those in the limb muscles,
typical Kuhne endings, while in the middle of the tongue, the
endinge were more like the en-grappes terminations, and at the
tip, definite en-grappes terminations with a plexus of fibres.
In the perimysium he‘hescribed.a non-myelinated plexus with
fibres in definite connection ﬁith the plexus in the muscle
and giving 'branches direct to terminaisons=en-grappes.
Grabower (190:2)(28) made investigations on humen muscle
and confirmed many of the observations that had been made in
lower animals. He was unable to classify the nerve fibres into
three types as Bremer had done, as he found that they merged
jnto one another and could not be definitely classed. It 1s of
interest that he seldom found a non-myelinated fibre which ran
for any diétance without appearing as a branch of a medullated
- fibre, and concluded that it wae always derived from the myelinated
fibres. He described the two types of endings - end-plates and
end-umbels - but'found many transitional forms. The end-plates,
usually though not always, had a medullated supply, and the end-
umbels a non-medullated, but as these non-myelinated fibres were
looked upon by him as branches of myelinated ones, it is only
the mode of termination that is different, the somatic origin
of the fibre belng the same iﬁ both casess The end-umbels
correspond to the terminalsons-en-grappes of Tschiriew, in that
there is alwaye ﬁresent e small amount of granular substance,
and have several branches of a fibre entering theme. Grabower

also described one muscle fibre having two endings, and in some
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cases nonemyelinated fibres entered with the myelinated into
the formation of the same plate. Unfortunately these ocbser-
vatibns are of ‘1ittle help in the solution of the present
question of sympathetic innervation of muscle.

Gemelli (1908)(25) published & peper which I have been
unable to see on the nerve endings in lizard muscle. The account
given here is based on a review by Fusari (24). Gemelll used
s modification of the rapld method of Golgl and confirmed the
existence Of Perroncltol!s fibres, but placed an altogether
different significance on them in view of certain differences.
In his preparations he found the arborisation of the medullated
fibre in the end-plate to be formed of very flne nguro»fibrils
with elongated thickeninge. The non-myelinated Perroncito
fibres accompanying the myelinated fibres inside the sheath of
Hgnle, divided into very fine branches some of which he stated
were connected with and ren definitely into the myelinated
remifications. On this account he excluded the possibility that
Perroncito's fibres were of sympathetic origin. Im the figure
given by Boeke (9) of Gemelli's work, this point seems clear,
but it 1is Just possible that it is open to another interpre-
tation, that the Perroncito fibres, which while appearing to
pass definitely into the end ramifications of the myelinated
fibre, may pass just above or below these.ramificatione and not
into them as Gemellli deecribeds It is lmpossible to do more
than suggest this explanation without an extremely careful
exemination of Gemelll's specimens.

In/
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In all the previous work that has been described up to
this point, the gold chloride method had been used, unless
otherwise statéd. Boeke (1909)(7) first used the silver
- impregnation method bf Bielschowsky in his work on the develop~-
ment, form,and connection withvthe muscle fibre,of the motor
end-plates His work therefore is unlike the older work in that
his material‘was sectloned, not teased, and then examined.

The appearance of the motor end-plate of the reptilian
muscle and mammallan muscle which he examined, was strikingly
different from the appearance with the gold chloride or methy-
lene blue method. The mye;inated nerve, proximal to its
!termination, showed thé axon cylinder qs'a collection of neuro-
fibrils closely packed togéther and paseging lnto the end-plate
without the characteristic narrowing seen 1n the gold chloride
preparations. The form of the end rapnifications is also very
different. Instead Af the very fine branches ending in deeply
stained knob= or button-like structures, he found a very
complicated network of neuro-fibrils, showing a great deal
of anastomosis betweén the fibrils, and some of the neuro=
fibrils passed out from the network to form simple end~loops
and more'complioated end-nets with anastomosing fibrils filling
up the enclosed loopse The muclel of the granular sole plate
are very clearly shown. Im his slides showlng profile or
transverse cross sectionk, he clearly demonstrated the hypo=
lemmel position of. the plates. This method has therefore the
.great advantage that the structure of.the plate is not obscured,
as 1t 1s in the gold chloride method with very darkly stained

knob=~like structufes, and the exact position of the termination
of/
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of any fine non-myelinated fibre aﬁcompanying the myelinated
fibre can be clearly visible.

In this paper also Boeke described his periterminal net-
worke 1In this short survey I shall use the account he gave in
a lecture to London University (1921)(11). Here he stated that
he thought fhe neuro~-fibrils the actual conductors of nerve
impulses, but that up to‘the present they could not be traced
in the end=~plates further than the granular sarcoplasm of the
sole-ylate. In amphioxus he showed what appeared to be direct
connection of 'the neuro=flbrils with the anisotropous discs of
tha sarcostylese In other vertebrates with well stained
Bielschowsky preparations, he described 8 fine reticulum in
the sarcoplasm, joining up with the neuro-fibrillar network.
This he called the periterminal network and thought it to be
the anatomical basis of Langley's reeeptive substancee This
Periterminal protoplasmic network seemed to pass to the aniso-
tropous discs of the sarcostyles.

The periterminal network he also found in comnection with
his accessory end-=plates now to be described.

In April, 1909, Boeke (8) first described his system of
accessory non-myelinated fibres in striped musclee. In october,
1909, he (7) elaborated his statements about them. APter review-
ing the work of Perroncito, Huber and De Witt, Ruffini, Crevatin,
Grabower, and Gemelli he concluded that the existence of
accessory non-myelinated fibres passing lnto motor end-plates
could not be substantiated from these workers.

In/
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In the muscle of the developing Telpa, human embryo, young
mouse and adult lizard, he found very fine non-myelinated fibres,
passing either with the myelinated flbre, or from some other
course into the'end-plate and there forming little end~rings
or end-nets. These fibres he never found to have any connections
with the branches of the myelinated fibres, both inside the
plate and outside the plate. In some cases the accessory end-
net or ring was completely separate from the motor end-plate
on a grapular sole of its owne Transitional stages between
" this separate accessory ending and the well-known motor ending
he never found. That they were hypolemmal he definitely
demonstrated, and considered them of motor functlon. }Here he
first suggested the sympathetic origin of these fibres, with
either a trophic or tonic function. He left it an open question
whether they wefe identical with the Perroncito-Gemelll fibres
or not.

Tn 1910 Boeke (8) in a short note referred to the work of
Botezat on avian mugcle, but was not convinced of the Independence
of the fibres described by this worker. Boeke found his accessory
fibres and end-plates in the pectoral muscles of the starling
(Sturnus.) It is most interesting, in view of Hunter‘s hypo=
thesis of the two types of muscle fibre, that Boeke's figures
here 1n the pectoral muscles of the bird show definitely the
accessory ending on the same muscle fibre as the motor plate,

as heo had demonstrated elsewheree. The hypolemmal posltion of
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these accessory endings, Boeke maihtained, made it quilte easy'
to distinguish them from the "atypical motor endings" of Retzius
which Huber showed to be epilemmal and thought them sensory.
Boeke, (9) again in 1913, reviewed the question of the
identity of the Perroncito-Gemelli fibres with his accessory
fibres. He had been unable with the gold chloride and nmethyleme
blue methods in 1izerd muscle to show any connection between
the fine fibre accompanying the medullated fibre with the end
" pemifications of the large fibre. with the Bielschowsky method
he had never seen a connection of this sorte He gave then a
number of points in which his accessory fibres differed from
the Perroncito~Gemelll fibres. This is of speclal interest in
relation to confirmation of Boeke's results with the gold
chloride method which I have attempted. |
(1) The accessory fibres are single in the majority of cases,
while Perroncito figures many where there are two Or moree.
(2) The accessory fibres do not run inside, but outside the
sheath of Henle, and often emter the plate from &
different direction from the medullated fibree
(3) The accessory fibres never show connections with the
end-ramificabions of medullated flbres 1ln the motor
plate, but end in quite independent end-rings and nets;
this is true for all his specimens of both young and

adult musclee.
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(4) While the form of the Rouget plate varies considerably,
both in individual muscles and animals, the end-net or
ring of the accessory fibres remains remarkably constant
in form. Thie form he states 1s ﬁery like the endings
in smooth ﬁuscle cellse.

(5) The endings of accessory fibres are found, unlike the
.Perroncita-semelli fibres, in separate sole plates of
their own, quite removed from the Rouget plates. These
are not the ultraterminal‘fbbree,.(branches of medullated
fibres), although Boeke also occasionally saw this type of
fibre.

(6) The independence of the accessory system is conclusively
proved by degenération methods after section of the somatic
fibrese In the eye muscles after section of the nerve
close tgagrain stem only the remains of myelinated fibres
were found, but the accessory fibres were intact. So
far as Boeke was aware this had never been attempted for
the Perroncito-Gemelll fibres. From thls result, Boeke
cleims that his thin fibres must be of sympathetic or
‘sutonomic origine
In & further account of degeneration results Boeke, (1916~17)

(10), described experiments on the eye muscles, which have given

riée to a great deal of criticism. The third nerve was cut

close to the brain stem, and 3-5 daje allowed for myelinated

fibres to degenerate. By Bilelschowsky's method the accessory
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fibres and their end-plates in eye muscles were not found to
have degenerated put were normal 1in appearance. Again after
three weeks the muscles were examined. Boeke found a great
many of the accessory fibres and endings had now disappeared.
This last £inding is the one subjected to criticism. Boeke's
conclusion from his experiments was that these thin fibres
which degenerated after % weeks were cranial autonomic and
those which did not degenerate were sympathetic fibres ent ering
the muscle by way of the carotid artery. In converse experiments,
after removal of the Superior Cervical Gangllan, Boeke thought
_thet the number of accessory fibres was less than normal.

With Dusser de Barenne, Boeke (12) in 1919 described
experiments in the cat, where the 8, 7, 8, and 9th anterior
and posterior spinal roots were cﬁt inside the dura and the
muscle of the 7th intercostal space examined one month latere.
The staining gave excellent resultse No irace of the degenerated
neuro~fibrils of the myelinated fibres could be found; but fine
non-myelinated fibres were found, quite intact, with end-nets
and rings, occurring either at the end of the fibres or from
fine side branches. In some cases the ending was more complex,
with a number of end-nets close to ome another, but this was
always much more delicately built than the Rouget end-plate.
Granular sole-plates and collections of muclel suggested their

hypélemmal position. These results were exactly similar to
Boeke's eye experiments.
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Regarding the length of time after section of the nerves,
they state :that while after % to 4 days all medullated motor
termlnations have disappeared, up to 14 days it is possible to
find seemingly intabt non-myelinated fibres in the cut nerves.
But after a month all myelinated and non-myellnated fibres in
the cut nerve have disappeared, so they conclude that the non-
myelinated fibres found intact after & month, have a different
origin = namely sympathetié-

Botezat (1910)(17) in a note stated that in 1906 (18)
working on the muscles of birds, and using the Golgl method,
he found thin non=-myelinated fibres passing with the myellnated
fibree to have endings on the muscle fibree These he thought
were hypolemmal and often ocdurred in connection with the |
motor plate, showing clearly that they were found on the same
muscle fibre. From his figures it 1s not definitely clear that
he was dealing with a separate set of fibres, but in some cases
with collateral fibres, merely branches of the medullated
fibres.

Agduhr (1918)(%) cut all the spinal roots forming the
cervical plexﬁs in the cat proximal to the Raml communicantes
and found after periods of 5-10 daye in the interosseli muscles
remains of medullated fibres or thelr sheath but a large
number of mon-myelinated were intact. These he therefore
believed to be sympathetic and post-ganglionlic. These fibres
ended in small simple end-loops 1ln many cases, and were found

on the muscle fibres, in the reglon of the myelinated plates,
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or, more‘commonly, distant from these, and also on the muscle
fibres of neuro-muscular spindles. The majority of the sympa-
thetic endings he thought hypolemmal, though some he thought
were epilemmal. Among the'sympathetic Plates he found examples,
which oécurred away from.the slte of Rouget plates and which
had - a large extension on the muscle fibre, conmposed of branches
ending in end=-loops, moré like the motor plates, but distinguish-
able from them‘by'their delicacy. He shows an exaﬁple of a
single muscle fibre having a degenerated Rouget plate and an
intact sympathetic platee.

Agdubr, (1919)(4) described a histo-experimental study
which he made in an atiempt to confi:m several interesting
suggestions that arose from a previous experimental study.

In this earlier work he found that if maximal stimulations
are glven to two spinal nerve roote supplying a single muscle
and measurement made of the force of contraction, this force is
always less than ﬁhe sum of the contraction forces whem the
roots are stimulated separately. Thls lmmedlately suggested
to him an overlapping in the muscle of the two spinal imner-
vations, and pointedito the same muscle fibre being pluri-~
segmentally innervaﬁed.

He chose such a muscle in the cat or rabblit as the M.
Flexor Digitorum Sublimis, which is innervated mainly from the
8th Cervical and 1st Thoracic spinal roots, and slightly also
from the 7th cervicale Two of the roots were then cut at

different times and allowed to degenerate while one was left
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intact. In this way he found the appropriate lengths of time
to ailow for degeneration, so that the fibres from the different
roots, showed either a marked degeneration, a definitely less
marked degeneration, or were normale In this way he found a
number of muscle fibres to have two end-plates, one in either
stage of degeneration and one normale Thus in the M. Flexor
Digitorum Sublimis, he found a large nunber of indlividual
muscle fibres having end-plates derived from the 8th cervical
and Ist‘thoracic roots, and & feow muscle fibres having end-
plates from the 7th and 8th cervical roots. 1In some cases he
found a single muscle fibre with three end;plates respectively
from the 7th and 8th cervical and lst thoracic roots.

In this way, he seems 10 prove conclusively that for the
1imb muscles at least the time honoured view of one motor end=-
plate on each muscle fibre does not hold good, but that a very
large number of the mnecle fibres are individually pluri-segment-
ally innervateds Only one argument it seems to me cén be
brought against his experiments, and that is that the proof
would have been more conclusive if the anterlor roots alone
‘had been cut, so that possible senéory terminations on the
ordinary muscle fibres would have been lefi intact. He how=-
ever seems t0 show & pgypolemmal position for all his plétes
bj an accumulation of sercoplasm and muclei at the site of
the degenerating plate. It is of interest that he shows no
muscle fibres with two plates in the same stage of degeneration,

or two normel plates. He thought that the flexor muscles showed

more,
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more pluri-segmentally innervated fibres than the extensors, but
could not be definite on this point.

Kulchitsky (1994)(35) using Ranvier's gold chloride
method carfied out an investigation of the nerve endings in
the muscles of the snake (Python). He described two types of
terminstions ~ Type I, the usual Rouget end-plate formed from
a myelinated nerve, and type II, an elongated simpler'form, the
terminaisons~en-grappes of the older wofkers, formed from a
non-myelinated nerve fibre. These two systems Kulchitsky
maintained were entirely separate.

Endings of Type I were compactly built and were typical
Rouget plates with & well-marked granular sole=plate and hypo-
lemmal position. The entering fibres he described as always
myelinated. He could find no other system of fibres im or
near the end=plates of thls type, such as Perroncito described,
shd thought that in snakes it did not exist. The ultra~terminal
fibre of Ruffini and Perroncito, he regarded from his material
as simply a collateral branch of the myelinated fibre, which
forms a small plate near the Rouget, and more rarely on a
neighbouring fibre. It ie unfortunate that in his fige 9
he called one of these collateral plates an "a.ccessory" motor
plate, using the term in an entirely different sense from
Boeke. Om this questlon of the ultra~terminal fibre, he wrote,
doubtless with reliable information, "1t is interesting that
the suthors (Perroncito, Boeke) who formerly confirmed the

existence of ultra-terminal fibres as normal, at the present
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time consider them as only rare exceptions.”

The endings of Type II were usually elongated and were
constantly formed from non-myelinated fibres. Tschiriew, in
his original paper on these terminalsons~en-greppes, and others
had described intermediate forme between these and the Rouget
plates but Kulchltsky definitely stated that he never saw any
of these transitional forms. It is perhaps unfortunate, in
view of the older i1dea that these en-grappes endings were
developmental forms, that Kulchitsky did not state whether
his meterisl was adult or note I have had the pleasure of
examining some of his specimens, and they do very forcibly suggest
an entirely different origin for the two types I and II. The
position of Type II, hypolemmal or epilemmal was, he stated,
as yet doubtful, put thought it probably epilemmal. He, Iin
spite of this fact, meinteined that they were motor emdings.

The thin non-myelinated fibres never showed any signs of
being_branches of the medullated fibres, but formed a plexus in
the endomysium where they ended in free terminations, and 1in
the muscle where they formed the endingé of Type II. In
connection with this system, he found & number of small unipolar
ganglion cells, from which after short single procesées both
branches appeared’to bé non-myelinated. In one case, fige 12,
he showed & genglion cell actuelly in relation to an ending of
Type II. The great differences from the myelinated fibres
made Kulchitsky suggest that this second system, with 1ts en~

grappes endings, is of sympathetic nature.

In relation to Boeke's work, 1t is of great interest that
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Rulchitsky stated very definitely that the two types of nerve
ending never were found on the same muscle fibre. He however
made no statement concerning the existence of two types of
muscular fibre, as did Hunters From his figse. 7 and 8 it would
appear as though the endinge of Type II were found on muscle
fibres whose diameter is smaller than those hgving endings of
Type I On this fact Kulchitsky makes no comment, and his
fige 9 does not show this difference so markedlyc ‘

In a later paper Kulchitsky (1924)(%8) made observations
on the nerve endings of the frog, using the méthylene blue
method in conjunction with the gold chloride methode. He
described three types of nerve fibre, (a) myelinat®d fibres
vhich often lost their myelin sheath before termination,
(b) noﬁqmyelinated fibres; scme of these were branches from
myelinated fibree usually at nodes of Renvier while others
were distinctly non-myelinated for a long course and formed
plexuses and were according to Kulchitsky of cerebro-spbnal
origin alsoy (c) non-myelinated nerve fibres of the sympdthetic
systeme This last group of fibres and thelr endings are not
| dealt with in this paper, but were to be communicated in a
subsequent papers

The motor terminations he held to be hypolemmal and the
sensory epilemmale. He described & thih plesmatic layer enclos-
ing the axons entering the muscle and suggested that it was
anelogous to the granular gsole of the lizards, birds and mammalse.

Again he insisted emphatically that each muscle fibre received

only/
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only one motor ending. The "atypical endings" of Retzius he
stated were sensory in nature as Huber (%1) first maintained.
The non-myelinated fibres as woll as the myelinated formed
the sensory endings of the terminal threads with leaf=like
expansionse These endinge were sometimes quite simple, two
or three expansions, or sometimeg-much more complicated,
suggesting an end=platee. Several of these sensory endings
could be found on one muscle fi‘bre a8 others had described.
He thought it poasible'that the sensory_ﬁerminal threads also
had a plésmatic layer. Some of the non=-myelinated fibres he
found to end in the conmnective tissue of the muscle.

In view of Hunter's'theory, it is unfortunate that
Kulchitsky made no reference to the thin granular muscle
fibres which do undoubtedly exist in the frog, nor to the
nerve ﬂerminations which could be found on these thin muscle
fibres. |

A note of comment must be wmade on the different views
which Khlchitéky expresses in his two papers. In one he main- '
tains the epilemmal situation to be characteristic of sensory
endings, but in the other he mainteins his Type II to be motore.
Again a number of his non-myelinated fibres in the frog are
not seen over a long distance to have connections with the
myelinsted fibres and are classed as cerebro-spinal sensory
fibres, while, in the snake the non-myelinated system, also

ending in epilemmal endings, is classed as motor sympathétic

fibrese
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part (1924)(g2l) in a paper on the double innervation of
striped muscle, based in part on the examination of Kulchitsky's
specimens, made a number of statements which camnot be borne out
by Rulchitsky's own description. He stated that one muscle
fibre received several endings of different types and that the
go=called non-myelinated fibres could be divided inte two
categories, (1) absolutely non-myelinated, ending in terminaisbns-
en~grappes, which he considered sympathetic sensory, and (2) finely
myelinated fibres endiﬁg in small plates like myelinated plates
but without any granular substance, which he considered sympa-
thetic-motor. These observafions, completely at variance with
Kulchiteky's, meke it difficult to lay any weight on them, and
while his scheme of the-various»connectione of the sympathetlc
fibres is interesting, too meny points in it yet need confir~
mation to warrant its acbeptance. |

Kuntz and Korper (1924)(%7) made an attempt to confirm
some of Boeke degeneration experiments. 1In their control
material they were successful in finding Boeke's acc essory
fibres and end-nets with the Pyridine silver method, and for
the first time, with the gold chloride method. They do not
give details of the gold chloride specimens as to how far they
were like those of the silver method. Four weeks after section
of the 7th, Sth and 9th Thoracic nerves proxlmal to.thefnami
vOommunicantee they exemined the 8th intercostal muscle 1n dogs

and found degemerated myelinated fibres but Boeke's accessory

In another dog the mandibuler nerve

’

fibres and end-nets intacte.
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" was cut intracranially and the Masseter end Pterygold muscles
examined, where the same results were found. Boeke's results
were therefore confirmed for the first time by the Gold
Chloride methode While no specific mention ls made of the
. fact that the accessory endings were found on the same fibre,
such may, Ivthink, be presumed, as such a wide difference, as
the two types of endinge being on different muscle fibres,
would have been mentioned, if such had been the case.

Hunter (1924)(%3) stated at the beginning of his review
of the histological work on sympathetic endings in muscle, that
Griitzner's theory must be substantiated by some muscle fibres
having a medullated nerve supply and other fibres only a non-
medullateds He accepted Kulchitsky's view that medullated and
non;medullated fibres never ended on the same muscle flbre, and
also that the non-myelinated fibres ending in the terminalsons-
 en-grappes were of sympathetic origin. This was an entirely
new view of thelr origin, and it seems to me 1n relation to
Hunter's widespread application of this work, that two polnts
must be kept in mind, firstly, that this work was done on
snake muscle and not on memmalian, and secondly, that no
degeneration experiments were made to prove the sympathetic
nature of the fibrese Hunter quoted Tschiriew and Pébroncito
in support of the terminalsons-en~grappes being on different
muscle fibres from the Rouget plates; they, however, dld not
look upon them as being sympathetic endingse

Of Boeke's work Hunter geve & very severe ecriticism. The
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fact however remains that Boeke attempted and proved to his
satisfaction by degeneration methods that hie system of fibres
were of sympathetic origin, while no degeneration experiments
have yet beem published in proof of Hunter's contention. Hunter
cited Boeke's experiment of cutting one of the nervés to the
extrinsic muscles of the eye close to the brain stem and
examining the muscle after perlods of 3-5 days and ¥ weekse
The difference :I.n the number of accessory fibres found, large
numbers after %-4 days and relatively few after % weeks, Boeke
explained by saylng that after the short perlod both sympathetic
and cranial autonomic fibres were present, and that after B
weeks only the sympathetic flbres were presente. This 18 open
to criticism as where could the sutonomic fibres have been
cut off from thelr ganglion cells by his operation? willson
(1921)(58) suggested that after a short period (-5 days) of
degeneration some of the thin fibres were really the myelinated
fibres which had slowly degenerated and lost the myelin. This

objection must carry a certain amount of weight. The whole
question of the eye muscles is complicated by the fact that
there are very numerous small endings of the type described
by Retzius and shown by Huber to be sensory in nature. This
mey lead to some confusion iﬁ the interpretation of results,
but 1t is importent that Agdubr found that the sensory fibres
in the 1imb muscles degenerate more quickly than the motor
fibres, and by analogy it seems probable that these gsensory

fibres in the eye muscles would also degenerate more quickly

and/
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and therefore would not complicate the question so much as
might be expected. Hunter stated "that the anomalies in
Boeke's interpretation of thé acc essory system undermine his
contention that every individual muscle fibre recelves both a
sympathetic and somatic ending."

It seems to me possible to explaln the differences
obtained after & short a.nd longer period of degeneration in
another way. Presuming that the stalning of the two lots of
material was equally good, the existence of fewer accessory
fibres after ¥ weeks, may be due to the fact that with the
inactivity of the muscle some atrophy of the sympathetic
fibres may take place, not on account of their being cut off
from their nerve cells, but simply due to the inactlvity of
the muscles

Boeke's converse experimeni of excising the superior
cervical ganglion, Hunter stated, did not establish the fact
that all the accessory fibres were sympathetice It is true
that Boeke did not find the whole system to disappeer, but
only thought them fewer in number. This, it seems to me,
i1s 81l that could be expected in such & complicated plexus
of fibres, where connections are found with the perivascular
4 where the existence of some smell ganglion cells

Plexus an
peripheral to the superior cervical ganglion may yet be

demonstratede
The iﬂtercoata.l experiments appear to me to afford a

much easier field of investigation and here the sympathetic

nature/
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nature of the accessory fibres seems to have been definitely
proved. Hunter, however, advances the ebjection that this is
only proven for the muscle as a whole and not for the indivldual
fibres of the musclee The period of degeneration (1 month)
mekes it impossible to show the double imnervation of each
fibre, but as Boeke had already shown in a very large number
of his figures, that the accessory fibre ended in the same'
s80le plate as the.myelinated fibres, (and some of thése figures
were from intercostal muscles), one can surely definitely state
that some muscle fibres at least are imnervated by both systemse
Histologically it would be extremely difficult to show the
double innervation, somatic and sympathetlc, on every muecle
fibre, but some individual fibres are certainly proved, in my
reading of Boeke's work, to be doubly lmnervated.

of Agduhr's work, Hunter gave a short account and criti-
cised 1t on the ground that as Agduhr stated his "eccessory"
plates approached in form to those of the motor plate, and
were by Hunter thought to be non-myelinated collateral branches
of myelinated fibres which had not yet degenerated. The
particular caae.he cited was foﬁnd after 5 days' degeneratione.
Thise, however} is only &ne parficular case, and after a perlod
of 10 daye similar appearances were found which ruled out the
possibility of & sometic fibre =md on account of its evenness
éf staining and completeness. Agduhr stated in reference to
his fige 2 - "An intact sympathetic nerve with a simple loop

formation terminates within the region of the motor piate.
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There are thus instances of sympathetic nerve fibres in the
msculature of the extremlty, that terminate within the reglon
of a motor plete." Clearly this means a double innervation of
these fibres at least, leaving out of account 1if necessary
the larger accessory plates whose sympathetic nature Hunter
questions, although Agduhr remarked "it is as a rule easy
to distinguish even in preparations where all the nerves are
intact between motor and sympathetic terminal plates of nerves."

The histological work, that Hunter brings forward to

prove his contenﬁion that the sympathetic and somatic fibres
do not end on the same muscle fibre, has not yet been published
and only a short note of it is given in his lectures. Hunter
and Lathem examined the mode of ending of the nerves in the
1imb muscles of the goat and fowl, which ﬁere used by Hunter
and Royle in their experimental worke "In no case were they
able to find a muscle fibre recelving both kinds of nerves.”
Latham, however, distinguished hypolemmal sympathetic nerve
on the slender muscle fibres. As Hunter and Royle 4o not stéte
that they found any variation in eize in the normal muscle in
the goat, and state definitely that‘very little variation could
be seen in the hormal muscle of the fowl, it 1s doubtful to what

Latham'refers when he apegks ofAslgnder muscle fibres.
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4. On Neuro-muscular Spindlese.

0of the older descriptione of the neuro-muscular spindles
no mention will be made here. At that time these organs were
considered to be germinating centres for muscle flbres and
very little was known of the nerve fibres connected with them.
It was only when fuller descriptions were given of their nerve
terminations that their sensory function became evident.
Sherrington (1894)(56) before giving his own observations
gave a review which may be consulted for the older worke 1In
the experiments after section of the motor nerve roots (anterior)
he always fdund ﬁhat every spindle seen stlll possessed perfectly
sound myelinated nerve fibres. He therefore proved them to be
sensory organse From his own observations in cats and monkeys
he gave the following account. The lamellated capsule completely
enclosed the periaxial lymph space through which the muscle
fibres of the spindle ran. At the proximal'polar region these
primitive muscle fibres, 2-12 in number, were of the "red"
(Renvier) or "trube" (Grlitzner) varlety; as they penetrate
into the‘organ, they split longitudinally into 2 or 3 daughter '
fibres. There they showed numerous nuclei in the thickness of
the fibre and often the marginal sheet of the substance of the
Pibre was alone striated. In.the equatorial region the surface
.of the fibre was encrusted with & sheath of nuclei. At the
distal polar reglon the muscle fibres resembled in appearance

those of the proximel polar regione.
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The nerve fibres of the posterior root passing to the
spindle wereklarge myelinated fibres, 7=-17« 1in diameter.
They showed & very well-marked sheath of Henle. Before they
penetrated fhe capsule the internodal segments were from 600~
900 « longe While inside thé spindle this distance was
shortened immediately to 80-~130 « . Inside the sheath the
fibres usually divided and became less thickly myelinated
'although their dismeter remained the seme or slightly in-
creased. The nerve fibres showed a serpentine course and
ended in wide flatbened expansions, which Sherrington took
to be the annulo-spiral ending of Ruffini.

It is most interesting that Sherrington with the gold
chloride method could not satisfy himself of the existence
of motor end-plates. But after removing a plece of the sclatic
nerve, preventing regeneration and waiting 150 days, he found
all the ordinary muscle fibres of the gastrocnemius degenerated
while the intra=-fusal muscle fibres were quite normal. To quote
his conclusién "The intrafusal muscle fibres seem in regard to
their nutrition to be largely independent both of the afferent
and of the efferent nerves of the muscle, 1f one may Jjudge by'
absence of obvious degeneration in them for five monthe after
total denervation.”

Sherrington did not observe any of the smaller afferent
nerve fibres entering a muscle spindle. He did not find any

spindles in the extrinsic eye muscles nor in the intrinsic

muscles of the tonguee.
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Ruf%}ni (1898)(52) gave a very minute account of the
structure of the muscle spindles of mammals with special refer-
ence to the cate The description of the intrafusal muscle fibres
and their endings alone need be considered here. He deecribed
the muscle fibres as showlng very well-marked striation and
nuclel more abundent than in the ordinary fibres. The nerve
endings in the spindles he divided into three types: the primary
ending was formed from a very large medullated fibre, which
divided into 2 or % non-myelinated branches, and these flattened
and wound ﬂhemsglves round the muscle fibre in the form of rings
or spirels = the annular or spiral éndings, or a mixed form the
annulo-spiral: the second ending was formed from medullated
fibres, never so large as those of the primary ending, and were
found on elther side of the annular or spiral ending. The nerve
fibres to this ending may pass in with the primery fibre, but
often enter the spindle from another nerve branch. The ending
iteelf he described as having varicosities and suggesting sprays
of flowers. His third type of ending, or plate-like termination
is of special interest in view of more recent worke These he
stated were very variablg in size and form, some being larger
then and some smaller than the Rouget plates in neighbourling
ordinary,mﬁscle fibres. Ruffini could find no granular sole
plate nor eminence of DOyeére. These endings are formed from
very delicate nerve fibres,fwhich he thought branches of larger

fibres; they could be found entering with the first to the primary

or/
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or secondary emdihgs, but sometimes came from a different nerve
branch and entered the spindle by themselves. He found no
branciiing of these fine fibres inside the spindle, so that
each ending had a fibre 6f its owne From a comparison of a
large number of spindles, Ruffini stated that the primary and
plate~like endings are constantly preésent. In summing up he
concluded that there were no motor endings on the spindle
muscle fibres as on analysis‘of the plate-like endings he
thought them sensory. He never found a fibre from a motor nerve
bundle passing to the spindle.

Golgi (1903)(28) described fhe muscle fibres of the spindle
to bé distinguiahdble\from the ordinary muscle‘fibres, by three
points, (1) they Weré thinner, (2) constantly furnished with
much more abundant nuclei of the sarcolemma, (3) throughout
| their'whole length many 6f the nuclel lay inslde the muscle
fibre and hed round them granular protoplasm. They were de-

scribed by him, as being like the embryonic ordinary fibres.

| Perroncito, (48) as already mentioned, described fibres
passing to the muscle spindle in lizards which could hardly be
other than motor. He was of the oplnion that the ﬁuscle spindle
had‘motor ag well as sensory nerve comnections. In his later
paper'(47), he found his very fine non-myelinated fibres to

pass into the musele spindles, as in this situation they were
easily demonstrated. His figures show a very complex network

of these fibres both in the capsule and inside ite The ultimate

connections in this organ he could not determine but thought

that/
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that in some cases they were in contact with the muscle fibres.
These thin non-myelinated fibres entered the spindle in the
Henle sheath of the medullated fibre, and not with the blood
vessels.
| Golgi (1919)(27) was élso of opinion that the muscle fibres
in the spindles had both sensory and motor terminations upén
theme.

Dogiel (1902)(22) described the nerve endings of the muscle
spindles. He found one or more thick medullated fibre passing
into fhe capsule and ending in non-myelinated branches, round
the spindle muscle fibres as Ruffini described. In addition
to these, two or>three'thin ?edullated fibres formed endings,
elther inside or outside the capsule, which were of various
forms,. but were all small and plate-like. These he consldered
to be motor in function. He aléo found passing in along the
blood vessels sympathetic nerve fibres, as Huber and De witt (32)
described. They evidently were connected only with the blood
vesselse.

Cilimbaris (1910)(20) made investigations on the muscle
spindles of the extrinsic eye muscles of various animalse He"
fouhd them present in fhese muscles in the sheep, roe, stag,
goat, cow, and wild bsar, but absent in the horse, plg, dog,
cat, fox, rabbit, hare and rate. The spindle muscle fibres were
found to be often small but were sometimes large, and both sarco-
plasm~-rich and sarcoplasm-poor fibres were seen in the spindles.

Inside the capsule of the spindle the muscle fibres divide

dichotomously/
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dichotomously and these smaller daughter fibres united together
at points to form & network. At the site of the sensory nerve
ending, he described inside the muscle fibre, globules (blBschen).
These were only found in this situation and were related to the
setting up of the affefent impulses in the sensory endings.

The nuclei of the spindle muscle fibreswere often placed more
centrally than in ordinary skeletal fibres, but the contractile
substance was the same as in ordinary fibres.

of the nerve fibres passing to the spindles the majority
were medullated. He believed that in isolated cases he had seen
non-myelinated fibres which went to the spindles but could not
be_definite on this point, and in these few cases he thought
them vasomotor f£ibres. While he held that both motor and
sensory fibres passed to the spindles he could not agree with
those who said that the thick medullated fibres were sensory
end the thin medullated fibres motor. He found the calibre of
the fibres'subject to great variation, bbth very thickvand
extremely fine; typicallmbtor end-plates were sometimes found
formed by & thick medullated fibre and sometimes by a thin fibre.
In the same way, the sensory ending could be formed from either
large or small medullated fibres. He was convinced that there
was no difference in the motor supply of ordinary muscle fibres
and the spindle muscle fibrese. In further proof of this he cited
cases, like those of Perroncito, where a motor fibre divided into
two branches, one of which ended inside the spindle on a spindle

muscle fibre, while the other ended on an ordinary muscle fibre.
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Also he described a motor fibre inside the spindle dividing
into two branches which ended one on intrafusal muscle flbre
and the other, after passing out, on an ordinary muscle fibree.
He never found more end~plates in the spindle than there were
muscle fibres and no case of one muscle fibre with two motor
plates was seen. These motor end-plates he stated in no way
varied from the motor end-plates on the ordinary muscle fibres.
He noted the presence of the ultraterminal fibre of‘Ruffihi
in a number of his end~plates on the spindle muscle fibres,
and it often passed ocutside the spindle to end on the ordinary
muscle fibre.

The sensory endings described by Cilimbaris were like those
of others, only differing in the "blAschen" formations found
in the muscle fibres where the sensory endings were sltuated
as already statede He polnted out that while the spindle muscle
fibres had both a sensory and a motor termination upon them,
there was always a termination-free part of the muscle fibre
between the two. |

Sutton (1915)(68) found muscle spindles in the extrinsic
eye muscies of embryo pigs while Cilimbaris could not find them
in those muscles in the adult of the domestic pig, although he
did see them in the wild boar. In the earlier stages a very
complioated network of fibres was found in the muscle, but as
the embryo developed, the plexus formation became less and less,

untit large branching fibres were "left and these became myelinated.
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He found the early splndle muscle fibres at first to be
striated throughout their whole length, but later this
striation was lost in the intracapsular part. It is also
interesting that he described the capsule as a late development.
Kﬁlchitsky (1924)(36) described the muscle spindles in
Python muscle and divided them into a simple form and a more
complex one, the small and large spindles. He maintained that
the spindle muécle fibres retained their cross striation througb-
out their whole length and did not show any change in thickness
‘inside the capsule. Usually one medullated fibre was found
entering the capsule, and after losing its myelin formed ribbon-
like or spiral rings embracing the muscle fibre. The endings he
thought were on the surface of the fibre, and were senaory:
Besides the myelinated nerve fibres, Kulchitsky found non-
myelinated fibres Whigh-he thought were sympathetic and which
ended in terminaisons-en-grappes on the muscle fibre of the
spindles These he found outside the limit of the capsule and
several endings could be found on one spindle muscle fivbre,
but he also described non-myelinated fibres passing inside
the capsule to end on the muscle fibres; these however he did
not show in his figures 10 and 11 to end in terminaisons-en-
grappes, although he believed they did end in this waye. These
non~myelinated fibres he considered to be quite separate from
the myelinated fibres, as he described in the rest of the

muscle, and to be motor im function.

In his later paper (38) on the innervation of Frog's
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muscle he made no réference to muscle spindles.

Dart (1924)(gl) from his observations on Kulchitsky's
specimens, made several statements which cannot be correlated
with Kulchitseky's own description. In the short oval capsulated
spindle the medullated fibre is said to divide into non-myelin-
ated branches and end in plate-like forms within the éapsule.
The syﬁpathetic fibres ended on the muscle fibres Qf the
spindle in what he described as motor sympathetic endings,
contrasting them with the sympathetlc sensory or en-grappes
endinge.

The resistance to atrophy described by Sherrington, he
thought might be accounted for by (a) the preservation of
primitive characters of the muscle fibres, and (b) the very
rich sympathetic motor innervation. Dart also remarked that
he awalted confirmation of coarsely myelinated motor fibres

going to a spindle as Perroncito deseribed.
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PART III.

- ow an gn e

ORIGINAL WORK,

I, On the Striated Muscle of the Hedgehog,

Materilal,
The fully grown hedgehogs were killed with chloroform

and the muscles dissected out as quickly as possible, When
4the panniculus carnosus was dissected out it could be seen
to receive bfanches from each spinal segment, These branches
run across the sheet of muscle on its ventral aspect and give
off as they pass out small branches which pass into the muscle,
In the substance of the muscle the small nerve bundles always
keep a course at right angles to the length of the muscle
fibres, All the observations were made on this miscle,
Small pieces of the muscle weré qulckly removed and carried
through by the method now to be déscribed.
Method,

This was the Fischer modification of Ran&ier's method as

used in Golgi's laboratory, and willl be given in detail,
1, Immerse the small pleces of tissue in a 25% solution of

Pure Formic Acid and depending on thelr size leave for 10-15
miﬁutes. See that the immersion is complete, During
this period, tease the preparation a little to get better

penetratioh. Too much fluid should not be used,
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Take the pisces quickly from the acid solution and place

on a clean duster folded, cover with another fold and

press géntly to absorb as hudh acid as possible,

Pass to a 1% solution of gold chloride, just sufficient

to cover the pieces completely and shake the pleces in 1it,
No iron instrument must be used in this or subsequent baths,
Bone pointed foreceps or metal forceps covered with paraffin
wax must be used, It is advisable to cover the dish with
a blue or yellow glass, Leave 20 minutes at the most,
Carry out 2 again with clean duster,

Pags tissue into a 258 solution Formic Acid, Use just
enough to cover the pleces of tissue, Leave in absolute
darkness for 24 hours, | |

Proceed as in 2 again,

Pass to pure glyeerine and leave in ordinary light in a
closed vessel, The longer the tissue 1s left in

glyceriﬁe the clearer does the priparation becone,
(Some of my best specimens of frog muscle are five years 0ld)

Cleanliness is paramount in order to get good results,

. and solutions were made up in double or treble distilled water,

The preparations are made by teasing small pieces of

the stained muscle'or nerve and mounting these in pure

glyeerine; Thé permanent preparations are ringed with a

cement, or gold size,

The method of final preparation, that of teasing, has

very/
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very definite limitations, The complete continuity of the
fine nerve fibres and fibrils must of necessity be sacrificed
in many instances in the interests of clarity, The definite

establishment of continulty in even one case is therefore
of extreme importance and totally outwelghs the fact that it
has only been seen once, The teasing then while it sacrifices
the multitude of fine fibrils in the preparation, does
in some few and fortunate specimens, show thelr course and
continudty with great clearness, This method 1s therefore
only capable of showing continuity throughout a short distance
of their course, unless in exceptional cases,

The nerve fibres when well stained show inténsely purple

or black, If therefore a thick nerve fibre 1s accompanied by
a very fine fibre of very much smaller diameter, it is obvious
that in one of two positions out of the large number of possible
positions which the thin fibre may occupy on the periphery of
the large fibre, will it be clearly seen, when viewed from
above, (1.0, l‘.‘ )., At all the other possible positions
below, it will be obscured by the dark thick fibre and above,
1t is extremely difficult on focussing up to be sure of 1its

existence against the dark thick fibre as it 1s itself dark,

It is therefore possible for a fine accompanying fibre to pass

out of sight, and yet retain its independence of the large

fibre, unless it can be traced to pasé out of sight at & node

of/
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of Ranvier, at which point only do myelinated fibres in their

course glve off branches myelinated or non-myelinated,

(a) The Muscle Fibres,
In order to examine the whole length of a single muscle

fibre, which is extremely difficult in teased preparations of
the Panniculus Carnosus muscle, the small pleces of muscle
after being in glycerine for a long period were washed in
distilled waper and placed in a weak solution'of nitric acid
to dissoclate the different elements, This caused a great
shriﬁkage, but otherwlse did‘notvseem to harm the tissue,

The single muscle fibres could then be mounted, a number on

one slide, in glycerine,
. *

This method of preparation reveals the fact that the muscle
fibres are peculiar in that they are all long and fusiform,
tapering towards both ends ver& slowly, from the middle of the
fibres, They are unlike the usual striated fibres then which

show as parallel sided cylinders for nearly their whole length

and only show rounded ends just at their attachment to the

tendon, A considerable degree of variation in size of the

individual fibres was found, some of the smallest fibres,

showing a diameter at their middle of one half or one third

of the diameter of the larger fibres at the same point,

Therefore where the whole length of a fibre in a teased prepara=

tion cannot be followed out, it becomes a matter of great

difficulty/
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difficulty to decide whether the particular fibre is really
a small fibre or the tapering end of a large fibre,
With reference to the plurisegmental innervation of each

fibre, it is interesting to note here that the muscle fibres
are much longer than is the distance between the segmental
nerves as they pass out over the whole muscle, Some of the
larger filbres which are also the longest are long enough
- t0o have three segmeﬁtal nerves passing across their length
at different points, "

The cross striation in the dissociated fibres 1is not very
woll marked: this I think‘is due to the stalning, as in
some of the other preparations the cross striation is well
marked, As to the existenée of two types of muscle fibres,
the following points may bé made, On account of size, two types of
fibfe could not be diétinguished clearly, as all sizes'between the
largest aﬁd the smallest ean be found, The degree of longitudinal
‘striation is more interesting, Some of the fibres show a much
rougher longitudinal striation than do the others, and while some
int ermediate grades may be found the two sets might be more

clearly differentiated by this than by size,  Besldes the more
deeply stained longitudinal striation these fibres show very deeply

stalned liﬁtle elongated magses of sarcoplasm in the ceatre of
which may be seen clear oval structures, the musele nuclei,

These elongated masses may be longer and show nuclei at equal

intervals/
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intervals in their course, These flbres would therefore
appear to have a larger ampunt of sarcoplasm, Comparing
the number of the nuclei in the longitudinally striated
fibre, with the number of nuclei in the fibres not showing
this marked longitudinal striation, they do nop appear to

be more numerous in the former type, In the latter fibres,
the nuclel show less clearly as the sarcoplasm round them

is not deeply stained, This it seems to me raises the
question at once as to whether these markedly longitudinally
striated fibres are not simply fibres which are more deeply
stained, It is necessary td state that in this muscle for
a reason to be given presently uniform penetration and
therefore séaining is very difficult, The cross striation
is in these fibres as a rule also very well ﬁaﬁked. The size
of the deeply stained longitudinally striated fibres varies
considérably and while a number of these are of the smaller
slzes, one or two of the larger fibres have also been seen

in this condition, The total number of these fibres is
very small ébmpared with the number of the fibres not showing
these peculiarities.’ By no means all the small fibres show
them, In view of the appearance seen in frog muscle to be
described later whers two different types of fibres are known
terxist, it seems to be lmpossible to say definitely that in

the panniculus carmosus two distinct types of fibres exist, but
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appearances suggest that for some reason the sarcoplaSm in a
few of the smaller fibres stains more deepiy and may be present
in'largér amount than in the other fibres,

The arrangement of the muscle fibres in the sheet of
musele shows that the individual fibres interdigitate with
one another so that at any oﬁe line drawn transversely across
tha mscle, one finds all stages of the tapering ends, from
the very thin ends up to the large diameter of the middle of
the fibre, This makes the muscle very difficult to téase
without injuring a large number of the elements, and makes
uniform penetration'of the staining reagents and consequwent
uniformity of staining very diffiecult,

(b) The Constitution of the nerves entering the musele,

_Observatibns were made of teased nerve bundles as they

ent ered the muscle, or of bundles in the mugcle at'some
distance from their endings, These bundles were stained

by the same method, This invastigatidn was made to see if
there were any fine non-myelinated fibres present in the
iptramuscular ner#es or nerves about to enter the muscle, and
if so, in what numbers were they present, That is, it is an
attempt to eliminate a criticism, which.might be levelled at
the demonstration of non-myelinated fibres near the region o?f
the motor plétas of Rouget, that im this situation these non=-
myelinated fibres aré simply small non-myelinated branches

of the myelinated fibfes 1n'or near this region, The

demonstration/
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demonstration, then, of a number of fine non-myelinated

£ibres in the nerve at its eatrance into the miscle would in
part eliminate this objection, as it is much more reasonable
to suppose that the fine non=-myelinated fibrils in the region
"of the motor plate are the continuations of some at least of
the fine non=-myelinated fibres foﬁnd in the nerve some
distance proximal, than to postulate that they are new
branches of the myelinated fibres near the end-plate, and that
the non=-myelinated fibres found proximally have some other
termination before‘they reach the region of the motor end-
ﬁlates.

On examining these teased nerves, when they are well
stained, the ﬁyelinated fibres are deeply stalned and their
nodes of Ranvier well marked, There 1ls found to be éxtremely
1ittle or no braanching of these fibres at the nodes, The
great ma jority of these fibres are large well-myelinated
£ibres showing soms variation in size, Smaller myelinated
fibrés are also seen in smaller numbers, but easily
distinguishable by their nodes from the next type of fibre
to be deseribed,.

A telatively large number of non=-myelinated fibres cah
be found, These are easily differentiated from the myelinated

Pibres, They do not have the sharp outlines of the myelinated

Pibres and show no sign of segmentation at nodes of Ranvier,

They/
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They are less deeply stained and vary in size from that of
the small myelinated fibres to extremely fine fibrils,
They show in thelr course the characteristic nuclel of the
pale fibres, Some of these larger pale fibres divide up
into a number of thin fibres which may pass on singly or reunite
with their fellows, or unite with other thin pale fibres,
showing that their tendency to plexus formation is already
present in the nerve, They may be found single accompanying
a thick medullated fibre or in groups twisting and twining
together, They are clearly distinet from the myelinated
fibres and are not found as branches of these fibres,

The same facts could be observed in the smaller intra-
ﬁuscular nerves, still some distance from the muscle fibres
they supplied, The existence then of a separate system of

non-myelinated fibres is definitely proved in these nerve

bundles,

(0) (] tor .
On even a preliminary examination of the motor endings

of the medullated fibres, the varlation in size, shape and
form is striking, The form of the motor plate in this muscle
Ais very complicated and not unlike type I, as deseribed by
Kulchitsky in snake mscle, | After long examination of many

preparations it has been impossible for me to make any

division/
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division of these varying forms into definite classes or types,
and while some of these variations resemble in some respects
the terminalsons=en-grappes it has been impossible to make any
separation between these forms and the more typical Rouget
Plates as all forms intermediate.betwéen these two are found
not in a few cases but in many.

A more detalled description of some of these variations
will now be given.

_ The medullated fibres as they peass across the muscle
fibres, to which they are connected, show some bfanching at
the nodesvof Ranviere. It is of interest that while a medullated
fibre may in some éasea appear not to divide at all but to end
in one'Rouget Plate which is usuqlly large in size, the fibre
may &as 1£,passes give off 3 or 4 short branches, all of which
end iﬁ 1argevplates, and then end itself in a large plate.

Vhat relation this has to the numerical method, now in use,
of counting the fibres on cross sectlions of a.nerve in determin-
ing the functional activity of that nerve, is not quife clear.
But if one nerve fibre may éither innervate ons or five muscle
fibres, as 1t appears, this fact must be taken into account.
ﬁear the point of entrance of the medullated fibre, into
‘the muscle fibre, the myelinated sheath may be lost. In a
nﬁmbeﬂ of cases this may occur at some distance from the plate.
The brancﬁes given off by the medullated fibre, which form end-

blates may aléo be non-myelinated, or at least very thinly
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myelinated, so that some motor end-plates may be found which
have a médullated fibre, while others have a non-medullated
fibree But this distinction seems to be of very little value,
as these non-myelinated fibres are simply branches of.the axon
of the medullated fibre, and must have exactly the same origin
and functione 1In some cases where the further course of one
of these non-myelinated fibres is obscured, it seems to me
unnec essary tovsuppdse that it is a noh-myelinated fibre
throughout its course, when this form of branching - non-
myelinated fibre from myelinated - is so common in all the
preparationse.

Some of the branches are definitely medullated, though
by no means s0 heavily as'the parent fibre. While it is true
that in some cases this apparent loes of myelin preoximal to
the ;nd-plate may be due to stretching, or the teasing of the
pfeparation, in other cases 1t can be definitely stated not
to be due to this mechanical strain.

Examining now the mode of entrance of the fibre info
the muscle fibre, in many cases, eapecially in those plates
showilng an oval or rounded form, the nerve fibres pass directly
under the sarcolemma without dividinge In others, the fibre
may divide into two or more branches each of which entefe
separately into the muscle fibree This is often seen in the
case of two branches and a special form of emd-plate to be
described later is often assoclated with ite Some others of

these branches are collaterals and will also be described

1#ter in their terminationse
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A peculiar form of this branching has been observed in
some of the specimenss As the two branches passe together to
the plate separated only by a small angle, the sheath of Henle
appears to be greatly thickened and corrugated with a large
mimber of nucleie Through this the axon cylinders pass in a
. spiral fashions One of this form may be seen in Fige 13, which
however is complicated by the further branching of the fibres
to supply other plates. It can however be seen in many cases
where only the branches supplying one end-plate are present.

Variations in size of these motor end-plates are marked,
some of the endings only occupylng approximately one gquarter
of the area of the 1aréest plates seen. The largest plates lile
as 8 rule in the middle portlon of the largest fibres, that
is near their point of maximum diameter. They are formed
more commonly from nerve fibres which are medullated up to,
or very close t0 their point of emtrance into the fibre, and
much less commonly from fibres which lose thelr myelin proximal
| to their entraneé into the muscle fibre. The smaller end=-
plates are more commonly formed from the non-myelinated
branches or from thinner myelinated fibres, but in some cases
a quite thick myelinated fibre may form a smaller plate. These
smaller plates are often found on muscle fibres of smaller

diameter, which are frequently really the tepering ends of a

large muscle fibre. Quite often, however, these small plates

are seen on the larger muscle fibres where their diameter 1s
still relatively great.

Some/
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Some conclusion as to this great variation in size of
the motor end-plates ma§ bé drawn from an examination of the
dissociated muscle fibres described above. This was pfimarily
un@ertaken in order to be able to follow out easily th§4Whole
length of a single muscle fibre and to see if more than one
ending could be found on it, with particular reference?fo
Agduhr's statement that the individual fibre is innervated
plurisegmentally. Agduhr's specimens from limb muscles show
the different segmental plates very close to one another on
the muscle fibre. In a muscle such as the panniculus carnosus,
no joining together of the splnal roots occurs so that one
could not expect to find end~-plates close together on the
single fibres. In favourable cases two or more end-plates
separated by & long distance, have been found on‘single“
fibres (fige ). Now as very few fibres of the nerve “bundl es
show & longitudinal course unless for a very short distance
just proximallto their ending, and the distance between $he
end-plates 1s approximately the distance between the segmental
nerves, I think it can be safely concluded, that in these
cases single muscle fibres are innervated plurtsegmentally.
Numerous instances were not found but this was doubtlesé due
to the difficulty of keeping the long single fibre intact in
the process of dissociation and mounting, and to the fact that
vhile one end of the muecle‘fibre might be appropriately

stained to show an end-plate, the other end was often too
deeply or too lightly stainede

In/
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~ In this examination, 1t is found that the larger motor
end-plates are seen near the middle of the fibres while smaller
pPlates are often seen nearer the ends of the fibress. That both
the end-plates on the one fibre are motor is proved by their
hypolemmal position and granular sole-plates. The pluri-
segmentai motor innervation of the 8ingle muscle fibre can
therefore be confirmed for at least some of the muscle Fibres
of this muscle. It differs only from Agduhr's demonstration
in that the Plates are very far apart on the single fibre.
During these observétions it was easy to examine the
endings on the more longitﬁdinally striated muscle fibrese.
I was not successful in finding such a fibre with a pluri-
segmental innervation, not, I think, because they do not exist,
but on account of the very small number of these fibres which
could be found, and then followed out for any considerable
distence. That these fibres with the well~-marked striation
were innervated by exactly the same type of nerve fibre as
the other muscle fibres, and with the same type of end~-plate,
could be perfectly definitely established. These fibres
received a myelin&tedlfibrei'then'a very thick one, which is
.contrary to the idea that these fibres might have only a non-
myelinated sympathetic nerve supplye. |
It is to be regretted that these dissociated preparations
do notvshow the very fine non-myelinated fibres to be described
later. This 1s no doubt due to the method of preparation as

it/
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it 1s quite unlikely that such fine fibrils would withstand

such treatment.

Great variations in the form of the Rouget end~plates
are founde In the hedgehog the terminal ramifications of the
axon-cylinder show ﬁ very much more complex formation than is
seen ih many of the other vertebrates - much more complex in
my preparations than those seen in lizard, rat, rabbit or
human muscle. The branch or branches of the myelinated fibre
after passing through the sarcolemma, divides up into fine
branchese These branches showAin many speclmens a great deal
of anastomosis, 80 that an end-net is formed. Parts of these
branches, either the terminal points and the points of jﬁnction
or anastomosis show ﬁhickenings, ﬁhich are very deeply stained.
The terminal thickenings are often rounded or knob-like. The
degree of branching and anastomosis varies very considefably.
In some cases one part of this terminal arborisation is very
much more marked and gives the appearance of a central whorl
or wheej, with radiating spokes, set in.the less well~-marked
branching of the remainder of the terminél ramifications. '

In some cases where two branches of nearly equal thickness
pass into the end-plate, they each form terminal ramifications
which remain discrete in the same sole plate, suggesting the
appearance of a double plate. In other cases where the two
branches are of unequal thickness, the large branch passes in
and forms the large part of the plate, while the fine fibre

' passes often to the most distal point in the terminal

ramifications. It is curious %o notice this long course of
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the thin branch to reach this point furthest from its starting
point.

The shape of the area qccupied by the terminal ramifications
in the plate is frequently rounded or oval, but many shapes are
seene Elongated forms are fairly cammoh, and less rarely quilte
irregular forms can be observede The smaller Rouget plates show
similar variations in shape, but much less markedly than the
larger plates, as the former are much more commonly rounded or ovsal.

In all the preparations which were properly stained, a.
grenular sole-plate could be seen extending over a slightly
larger area than the terminal ramificatlions. In some cases
it was much more darkly steined than in others, but 1t was
invariably present. At the edge of the granular sole, in a
munber of cases the nuclei of the sole could be seen, as large
Clear areas.

As has been mentioned above, no difference at all could be
found in these motor plates which lay on the muscle fibres
which were markedly longitudinally striated. All that may be
said is that the rounded or oval form was seen on them more
commonly than the more irregular forms and the sole plate was
usually very well marked.

From the foregoing sccount, it cen be seen that it is
impossible to attempt to divide the motor end-plates into two
types. Real terminaisons-en-grappes have not been found, and
although éome forme approximate to them, all transitional stages

between these and the typical round or oval Rouget end-plate
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are numerous, and so classification becomes impossible.

Where the myelinated fibre branches before its entrance
into the muscle fibre the small branch may be non-myelinated
and instead of passing into the end ramifications of the plate,
as already described, it may pass to form'a small discrete end
ramification on thé same muscle fibre, elther in the same
granular sole, and in a small collection of granular substance
near ihe main ending. This is the collateral type of fibré.

A number of cases like this have been founde. They must be
Cclearly distingulshed from the accessory fibres presently to
be described. The collateral 1is simply a branch of the
myelinated fibre near its ending, and appears to me to be
simply a slight irregularity from tﬁe usual type of branching
where the branches end all together on the same sole-plate.

A more interesting type of fibre is %hat seen in fig. 8,
which I teke to be en ultraterminal fibre. It arises in the
terminal remifications, and passes round the muscle fibre to a
compietely different level from the end-plate. It is of course
impossible to show this in the dlagram. In thile course upwards,
to the right and then to the left, it'has upon it two clear
nuclei. It ends in a small ramification, the exact position
of which it 1s extremely difficult to determine. It may be
situated either on the opposite side of the muscle fibre from
the Rouget plate, or on a different muscle fibre lying above.

,Anothér extremely interesting fine non-myelinated fibre

ig that seen in fige 7. Its nature, accessory or somatic,

that/
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that is, a branch of the myelinated fibre from which it passes

out, it is impossible to define from this preparation, as its
continuity is lost just Previous tb the myelinated fibre, and
ite further course, as distinct from that fibre, or as a branch
of it, is hidden. The medullated fibre passes upwards to end
in a plate, obscured by very deep staining, while the fine non-
myelinated fibre passes across a muscle fibre to lie, i£
appears, between two muscle fibres. It divides into three
branches; one paéses upwards with slight varicosities and

ends after a short course, and the other two, one of which

has & nucleus upon it, have iaricosities élso, appear to join
together again, and end in a long loop. The whole termination
appears to be outside the muscle fibre, but whether in connect-
ive tissue or not it is difficult to state. It may represent |
one of Kulchitsky's free terminatlons in the connective tissue

of muscle, but of this I am by no means certainﬂ

- S - -

The Accessory Fibres.

. The presence of these fine nonfmyelinated fibres has
already been described in the small nerve branches entering
the muécle- Tn the region of the Rouget plates in the teased
specimens of the muscle, & system of fine non-myelinated fibres
can be found in the wel;-stained preparations. In a large
number of preparations they were not found, as the staining
needs to be extremely good to show them on account of thelir
very delicate structure. T have no doubt that they are the

continuations/
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continuations of the fine non-myelinated fibres already
described in the nerve bundles. They will now be referred to
as the accessory flbres, as they appear to me identical with
those described by Boeke.

The accessory fibres are found as a rule a.ccompanying the
medullated fibres in their course to their Rouget plates. The
exact position of these fibres, whether inside or outslde the
sheath of Henle 1s difficult to determine- At certain polnts
they show'themselves to be definitely outside this sheath, but
in a large number of instances they appear to be inside the
sheathe Thls last appearance is in many cases due to the
fact that these fibres being very many times smaller in
dismeter than the medullated fibre and being viewed only from
sbove, will, unless they be at the extreme right or left edge
of the sheath appear inside the sheath instead of below or
above the sheathe At some point in their course they often
take up thié éxtreme lateral position and show themselves to
be definitely outside the sheath. In other cases they do not.

They are usually single where‘found sccompanying one
medullated fibre, but in some cases more than one can be found
in this situation. At intervals along thelr course they have
elongated nuclel which are sometimes seen to be clear and

‘highly refractile, and sometimes more deeply stained. At
some pointsAin their course they show a tendency to break up
into two or three finer branches only to reunite 1nto the

single fibre after a very short distance. Thie pecullarity

is/
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is of interest asrBoeke figures it in meny of his drawings.

Near the end~plate the accessory fibres show various further
courses, and according to this further course, they can be
divided into four different types. These types are different
only in this respect, and cannot be differentlated by any
peculiarity of slze or structure.

Firstly, the accessory fibres may pass with the medullated
fibre into the same sole plate as the medullated fibre end appear
to end there (fig. 8). Their exact point and type of termination
in thie situatién cannot in my preparations be determined. They
become completely obscured by the very deeply staining remifi-
cations of the myelinated fibre with its knob-like end-points
and by the granular sole-plate. It can, however, be stated
after thorough examination that they, ln these cases, do not
pass out from the region of the sole~plate of the Rouget endinge.
This is not due to the further course of the fibre being interrupt-
ed by the teasing, a8 they can be definitely seen to enter the
granular sole-plate. Whether they end, as Perroncito described
in the lizard, in a complicated-end-net, with branches into the
granular substance, or end by joining with the ramificetions of
the medullated fibre, as Gemelli described, or end in entirely
separate small end-nets in the heart of these ramifications, as
Boeke described, it is impoeeible to decide in these preparationse.
It is unfortunate that their exactntermination cannot be seen, but
it is only in those cases where the myelinated flbre, its end-

ramifications and the granular substance are very deeply stained

that/



75.
that the existence and course of the accessory fibres can be
followed out at all, and this, of course obscures their final
terminetion in this first types Fortunately, however, they have
other final courses and endings which can be cleerly seen and
which reveal their nature more conclusively.

Secondly, the accessory fibre may pass away from the
medullated fibre just proximal to the latter's formation of
the Rouget ﬁlate, or pass over oOr along the>side of the Rouget
pPlate to end after a shorter or longer course in an 1isolated
small plate-like ending on the same or on a heighbouring muscle
fibre (eege fig. 10). 1In this class the termination of the fibre
in a distinctly separate end=-apparatus is perfectly cleaf. Its
structure is simply that of the Rouget plate in miniature, with
the formation of knob-like expansions in a bed of granular
nucleated sole substancee In some cases the heavily stalned
knob=like appearandé is not evident, and a simpler loop=-like
structure ls seen. A large number of instances of this type
of termination has not been found iniWhich the identity of the
acc essory fibre could be followed out for any distancee 1In a
large number of cases the independence of the accessory fibre
cannot be shown definitely. It 1s therefore possible to look
upon this larger number of caées aé simply collateral fibres
of the medullated fibres and not as accessory fibres. That
undoubted collateral fibres do exist has already been mentioned,
but a number of these doubtiful cases seem to me t0 be more

probably acoessory fibres than collateral, but this cannot

be/
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be provede The very small diameter of these accessory fibres
makes it possible for them to run for long distances just under
or above the thick medullated fibres and so their independence
is not shown and the appearances suggest that they are braﬁches
of the myelinated fibres. As stated above, however, some of
.the acc essory fibres can be traced to their endings over a long
course and they are certainly not collateral fibres.

_ Thirdly, the accessory fibre, associlated wilth the myelinated
fibre just before its termination, may pass from the region of
the Rouget plate and pasé iﬁto intimate connection with a
neighbouring capillary and run along in intimste contact with
the wall of the capillary (fige 14). The number of instances
in which this has been seen and followed for some conslderable
distance leads to the inevitable conclusion that this is not a
chance connection, or & method by which the accessory fibre
passes to another muscle fibre or other destination, but that
these accessory fibres do in fact supply the caepillary wall 1ln
the region of the Rouget end=platese.

when a esmall arteriole is exemined and the thicker non-
myelinated nerve fibre running along its wall 1s followed out
to the capiliaries, which prench out from this arteriole, these
undoubt ed syﬁpathétic fibres’are seen to occupy exactly the
seme relations to the capillary, as regards intimacy, nuclel
along thelr course and thickness, as do the accessory fibres

of this type. This observation has been repeatedly made, and

seems /
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seems of the greatest importance in interpreting the significance
of the accessory fibres. It also demonstrates the probability of
the caplllaries 1n muscle being supplied by fibres which reach
them by two different routes.

One speciai case seems of still greater importance, that
shown in Fig. 9. In this figure an accessory fibre is seen
ending in profile on a muscle fibre, after a short course from
a leash of medullated énd accessory fibrese The accessory fibre
divides up'into branches most of which end in darkly stalning
end=knobs on the muscle flbre forming the small plate, whille
one of these branches pursues a downward course to be intimately
associated and comnected with a caplllary. This demonstrates
conclusivély thet the accessory fibres which supply the
capillafies and those which have small end-plates are of
exactly the same origine. |

Fourthly, the accessory fibres may pass from the myelinated
fibre in the region of the Rouget plate, or frqm e small nerve
bundle directly, and form a plexus by‘anastomosing'with other
accessory flbres, frdm which branches may pass off to have
endings of the second or third types. Theee plexuses are
easlily demonstrated in the substance of the muscle lying between

the muscle fibres. .
No ganglion cells have been Ffound in relation to this non-

myelinated plexuse
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(d) The Neuro-Muscular Spindles.

A large number of these organs have been found and examinede.
In this muscle no very simple spindles'were found, and the
majority contained from 2-5 muscle fibress The spindle muscle
fibres were found to be small in diameter and tapering out on
either side of the equatorial region for a long distance. In
these gold chloride specimene, it has been impossible for me to
see the division into daughter fibres inside the capsule. But
it is certain that the number of muscie fibres inside the capsule
is larger than at either pole outside the capsule. These spindle
muscle flbres show as & ‘rule a8 coarsely 'ma.rkad longitudinal
striation, and 1ittle collections of deeply stained sarcoplasm
round the muscle nuclei. In some few cases, however, these
intrafusal muscle fibres do not show the marked longitudinal

striation.
The capsule is well shown in these preparations, but does

not merit further description here.

The nerve donnectione of the spindles are of more interest.
The endings in the equatorial region are the typical annulo-
spiral and fléwery terminations described so fully by Ruffini.
The first of these is seen to be more extensive and constant
than the secondes It 1s formed from a very thick medullated
nerve fibre, which often enters the capsule near the equetorial
line: of all the intra-muscular nerve fibrees it is easily the
largest medullated fibre to be seen. While there is often ome

of these thick fibrés, sometimes there are more than one.
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The plaete~like endings on these muscle fibres are found
as & rule outside the capsule towards elther extremity &f the
fibress In all the spindles which I have examined these endings
apre formed from medullated fibres. The nerve fibres are not so
thick as those forming the annulo-epiral ending, but in every

case they are definitely medulleted fibres, of about the same

- calibre as those forming the usual Rouget plates. They enter

the spindle often with the very thick medullated fibre and

travel outside theequatorial region to form thelr endings. In
other cases they are seen to pass to the spindle from a small
1eash of motor nerve fibres which is supplyling the neighbouring
ordinary muscle fibres. - In one case, seen in fig. 1§, & medullat-
ed fibre which passes in from thie latter direction, is thicker
than is usual for thie type of fibre.

The éndings are like the small Rouget end-plates seen on
the ordinary muscle fibreé. They have, I think, a granular
.sole-plate put it is difficult on account of the coarsely marked
longitudinal gtriation and the 1ittle deeply stained masses of
sarcoplasm to be abeolutely certain of this. They appear to
lie hypolemally. The form ls often oval or somewhat elongated,
while in other cases 1t is‘round. In their course along the
spindle muscle fipbres, these nyelinated nerves give off branches
which form the end-plates, and 1t can be quite easlily seen, in
e nerve fibre will end in two places on the

some cases, thal on

seme muscle fibre. In fige. 16 the medullated nerve is seen to

give off a small branch, which immediately divides into two and

these/
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these form two plates on the muscle fibre, and the nerve fibre
passing down terminates in a third plate all on the same muscle
fibre.

A number of the accessofy fibres have also been seen
passing into the splndle, but the exa.cimode of termination
of all of these very fine non~myelinated fibres cannot in my
specimens be seene | Some of the acceesory fibres pass in with
the thick mpelinated nerve and form a very complex network of
ramifications inside the capsule, but whether these actually
have endings on thé spindle musc'le fibres or not cannot be ’
determined. Others of the acc essory fibres pass in with the
nerve fibres to the pla}tes of the spindle muscle fibres and
pass with them in a polar direction to end, in thosecases,
where continuity is maintained, in relation to capillaries.
Fige 18 shbws a case of this type, whlle Fig. 15 shows a
medullated fibre frdm a motor nerve branch, accompanied by a

single aco essory fibre which divides up into a number of branches,

which have unfortunately beer. broken.
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The following short notes have been made of work done by
the same method on the striated muscle of different vertebrates,
in an attempt to correlate and verify some of the statements
- which have been made in relation to the main work on hedgehog

muscle.

oo Note on the nerve-endings in striated muscle of the frog.
The two types of muscle fibre im the frog are falrly easily

distinguished by size. In my gold chloride specimens, howéver,
they show relatively little difference in their staining, the
longitudinal striation being only very slightly more marked

in the thin fibres. On the basis of this structural character-
istic alone, in my prepérations it would be almost impossible
to distinguish the two types.

Only two points in relation to their lnnervation will bé
dealt withe Tha “innervation of the thin fibres is of great
importance in relation to Hunter'!s work. A very 1arge number
of these thin fibres can be found to have endings of the Kuhne
type formed from branches of medullated nervess To be perfectly
c ertain -of this somatic innervation I searched for examples, of
which fig. 17 is one, in which a medullated nerve fibre
divides and supplies both & thick muscle fibre and an adjacent
thin muscle fibre; that 1s the two types of muscle fibre are
innervated from the same nerve fibre. Numerous cases of this
No difference then in frog muscle in the

can be founde !
innervation of the thin and thick muscle fibres exists, for
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at least a large number of the thin fibres. The other point
of note in thie muscle is the very extensive non-myelinated
plexus of nerve fibres which can be seen in it in well stained
specimens; Some branches of this plexus are connected with
the walls of the capillaries. But I am convinced that the
' whole plexus is not related to blood vessels alone, although
I have as yeb been unable to follow out the branches of the
plexus to definite endings in the musclé fibres or in the
endomysiume Some of these thin non-myellnated fibres have a
position similar to the asccessory fibres, and are.seen running
with the myelinated fibre outside the sheath of Henle.

B. Note on the nerve endings in striated muscle of the lizard.
The thin and thick muscle fibres in this muscle show in

my few preparations very 1little difference in their staining.
The thin muscle fibre, which has an annulo~spiral ending
upon it dnd . is described below has a very well marked cross
striation but'shows no more marked longitudinal striation ﬁhan
the large fibres.

~ Accompanying the medullated fibres to the Rouget end-
plates, very fine non-myelinated accessory fibres have been
found. These are definitely outside the sheath of Henle at
certain points. While thelr full course, especially in
relation to the medullated nerve near and at the Rouget end-

plate cannot be seen on my specimens, at other points these

acc essory fibres can be seen to have connections with the fine

non-myelinated fibres on the capillary walle.
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The thin musole fibre mentioned above forms in itself a
simple spindle. This fibre is lying free in the muscle and
is not enclosed in any lamellated capsule. A large medullated
nerve fibre forms a very well developed annulo-spiral ending
upon 1it. |

4. Note on the nerve endings in the extrinsic eye muscles
of the rabbit.

The fibres of these muscles show considerable variations
in size and in the degree of longitudinal striation when stained
by the gold chloride method, but cannot be classed into two
definite types.

The motor end=-plates formed_frbm myelinated nerves are
found mainly in the posterior part of the muscle, and the
sensory terminations mainly in the anterior part of the
muscle, although they are found to a certain extent in the
part supplied with motor end-plates. The Rouget end-plates
are found both om the thick and the thin muscle fibres, and
are Formed from nerve fibres which retain their myelin right
up to the sarcolemmae They show & qharacteristic branching
outside the muscle fibres into as many as five or six shori
medullated branches which all assist in the formation of the
extensive terminal famificatione in a well marked granular
sole~plate.

The sensory fibres give off many fine non-myelinated
fibres at the nodes of Ranvier and end by running for very

long distances as non-my elinated fibres. These non-myelinated

fibres/
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fibres end in small collections of darkly stained knobs
connected together by very fine branches. These may become
more extensive and many may be found on one fibre. They show

no sign of a granular sole plate.

I have been unable to find ac;essory fibres running with
the motor fibres and on account of the large number of non-
myelinated fibres, which are branches of the semsory medullated
fibres, the nature of thin non-myelinated fibres, which show no
definite connectione in their short visible uninterrupted
course, is extremely difficult to determine in this muscle.

5. JNote on tge.nerve endings in human pectoral muscle.

T have to thank Dr J. Scoular Buchanan for the opportunity
of obtaining small pieces of pectoral muscle in a perfectly
fresh condition from the operating theatre.

In this muscle, a great uniformity in the size of the
muscle fibres is found, and very little difference hetween
individual fibres by this method of staining can be observed.

The nerve fibres, to the motor end-plates, are thinner
than those in the hedgehog, and show in a very markqd degree,
the loss of their myelin, while still at some distance from

their termination. This at once makes the question of non-

myelinated fibres, which are of other nature than these de-

| myelinaﬁed somatic fibres, much more difficult than in the

hedgehog, &8 non-myelinated fibres vhich do not show their

origin in a preparation may either be fibres which are non-

my elinated throughout'their whole course, or simply fibres

which/
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which have lost their myelin. The Rouget end-plate seen in
this muécle, is extremely simple in form, as the terminal
ranifications are short and thick and do not branch muche
In spite of the difficulty of non-myelinated fibres, I have,

I think, seen in this muscle extremely fine accessory fibres
accompanyihg a medullated nerve fibres Their endings I have
been unable to find as yet. |

One point is of interest in relation to the muscle
spindles, which are very complex. A very large number of
medullated nerve fibres is found entering the capsule, the
largest of which form the annulo~spiral ending and the smaller
passing out to the extremities of the spindle form little end-
plates on the spindle muscle fibres. These fibres, forming

the end-plates are definitely myelinated.
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PART TV, ¢
DISCUSSION.

The .question of the pluri-segmental motor innervation
of the individual muscle fibres does not require any further
discussion. The existence of such a condition in this muscle
of the hedgehog has already been described and the points in
which it differs from the demonstration given by Agduhr for
limb muscles have been noted. What physlological significance
can be placed upon it, it is difficult as yet to suggest. It
may, however, like the sympathetic innervation, be related to
the tonic activities of the striated musclee For example, it
may in some way have to do with the inhibition of tone in
reciprocal innervation.

The existence of two types of muscle fibre throughout
vertebrate muscle, is a much more difficult question, and one
which is of special significance in view of Hunter's hypothesis,
that the two types receive entii'ely different innervations and
.perform entirely different functions. If such a condition as
Hunter suggested, be present, then it seems to me a matter of
great importance to determine whether the two types remain
entirely discrete, or whether the two types are the extreme
conditions and all or many intermediate forms exist between
theme If the former condition holds good, then it is easily

conceived how such an innervation, one type by somatlic fibres

and/
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and another type by sympathetic fibres, could exist. But if
the latter condition be present then it seems to me extremely
difficult to know how such an innervation could be postulated
for the intermediate muscle fibres between the two extreme
conditionse. Such a.muscle fibre would have a function inter-
mediate between the functions of the extreme fibres. How such
Pibres would be lmnervated it is difficult to imagine, since
Hunter denied the possibility of a double imnervatlon of the
indi#idual fibree.

Now thls second condition does, I think, occur in verte-
brate muscle. All stages between the clear sarcoplasm~poor
fibre and the dullvsareoplasm-rich fibre, are found in those
muscles in which‘any variation is found. Such a condition is
found in the panniculus carnosus. Grlitzner's figures of the
guinea pig muscle also suggest this, and Cilimbaris stated it
definitely for the extrinsic muscles of the eye. Even Kulchit-
sky's figures on which much of Hunter's hypothesis rests do
‘not show a clear distinction into two types of muscle fibre,
and it is signlficant that Kulchitsky himself did not attempt
to meke this distinctlion and made no reference to the size or
of the muscle fibres om which his type I end type II

structure

endings terminated. In the frog muscle, where the differenc es

are easily demonstrated, in a fresh preparation examined 1in

saline it is not possible always in the largest of the thin

fibres and emaller of thick fibres to say to which type they

belong.' In connection with another investigation I madeé cross

sections/
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sections of the sartorius muscle of the frog and measured the
croas-sectiongl area of each individual muscle fibre under the
same magnification. It is interesting that nearly all the thin
fibres are found on the outer surface of the muscle and all the
broad fibres beneath this outer layer. Over a number of such
experiments it is not possible, in a graph of the frequency of
fibres in small groups of neearly similar areas, to state
definitely that there sre two types of fibre. On account of
gize therefore in this muscle, no definite separation of two
types can be made, a8 & graduai transition is found from the
smallest to the largest flbres.

In view of these histological considerations it seems to

me unlikely that the two distinct types of fibre do exlst 1n

vertebrate muscle, and on this account that the condition of
double innervation as regards & whole muscle only, and a
single innervation of'ﬂhé individual fibres, is improbable.
More definite evidence of this last statement has been found.
My preparations dé demonstrate that the fibres showling marked
longitudinal striation end more sarcoplasm are innervated by
myelinated nerves,.and show endings like those of the mass of

fibree which do not show this well-marked longltudinal striation.
I do not think that in this muscle eny muscle fibres are to be

found which do not have a medullated nerve fibre ending upon

theme According to Hunter's theory the thin muscle fibres of
the frog should only be supplied by the sympathetic fibre and

as this point 1s easily established in a number of preparations

of/



89.

of frog muscles by the gold chloride method, I have made &
short note on this point. They show conclusively, that
neglecting for the moment the sympathetic endings, the thin
muscle fibres do have medullated nerve fibres ending upon them
" in small typicel end-bushes of Kuhne. If & double innervation
of frog's muscle exists, then on the basis of this note 1t.must
be & double innervatlon of each lndividual fibre and not only
of the muscle as a wholee

From the functional point of view, in frog's muscle it is
extremely difficult to maintain Hunter's theory. The two types
of frog muscle fibre have long been known to show two different
types of contraction, the large clear fibres giving a quick
response, and the thin dull flbres a slow sustained responsee.
Hunter meintained however that the thin fibres were concerned
with plastic tonus and were innervated solely by sympathetic
fibrese Now since stimulation of the sympathetic, excluding
the work of Orbeli to be described later, has always given
negative results and since the two types of contraction have
been obtained by stimnlation of motor nerves, 1t may, I think,
4 that these two types of contraction have been due

be presume

to stimulation of somatic fibres. The fact that these two

types of contraction have been obtained seems to me to furnish

further evidence that the thin fibres have been activated by

stimulation of the somatic fibres and must therefore be

innervated by the medullated fibres, whether they have an

additional nerve suppXy through the sympathetic or not. From

experiments/
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pxperiments which are now being conducted I think it may be
sald definitely that evidence of the two types of muscular
action in a frog's gastrocnemius may be seen after removal of
the sympathetic chain on one side and stimulation of the 9th
and 10th spimal roots above the Junction of their respective
Rami Oommunicantes, thus excluding any posslblllty of one type
of muscle fibre being innervated solely by the sympathetic.

The work of Kulchltsky is certainly in favour of one
set of muscle fibres being lunervated by the'sympathetic‘only.
It must, however, be remembered that Kulchitsky's work was done
on sneke muscle, which may differ from memmelian musclee KO
degeneration experiments have yet been undertaeken on snake
muscie to prOVe'the sympathetie nature of the fibres and
endings of his Tybe II.

All the other histological evidence, excluding the
unpublished work of Hunter and Latham referred to above, is
in favour of the double innerﬁation, somatic and sympathetic
of individual muscle fibres, and my own work is certainly in
favour of thils theory-

The work of Kahn on the clasping muscles of the frog adds

further evidence in favour of the single muscle fibre having

a double innervetion. In the season of increased tone, ir

this function were performed by one type of fibre one would

expect an inorease in thelr number, that is, an increase in

the number of thin granular fibrese On the contrary he found

that/
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that the number of fibres was not increased but that the
sarcoplasm of the brogd cléar fibres was increased in amount.

The nature of the fine non-myelinated fibres which I have
called accessory fibres, must now be considered. It is interest-
ing to recall the six points, made by Boeke, (9) in which he
compared his accessory fibres staiﬁed by ellver methods with
the fine fibres described by Perroncito and Gemelli. mhié is
nec essary to see 1f the term 'accessory! may be fitly applied
to the non-myelinated fibres I have described in my gold
chloride preparations.

(1) The fibres described here are like Boeke's in that they
are often single when asccompanying a medullated fibre.
Fige 15 is the only notéworthy exception to this and
shows & single fibre breaking up 1lnto a number of branches
while accompanying a medullated fibfe to & spindle muscle
£ibre. o

(2) The fibres are shown to be definitely outside the sheath
of Henle at certain points, and are like Boekke's in this
respect.

() Very small end-plates distant from the motor end-plates are
formed from the fibres as Boeke showed.

(4) The great uniformity of Boeke's accessory end~-loops cannot
be borne out by my preparations. |

(56) The granuler sole-plates of the accessory end-plates of

these fibres has been described, lixe those of Boeke.
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(6) XNo degeneration experiments have been made. I think it may
be concluded, in spite of (4); that these fibres are
ingtical wlth those of Boeke and I have used the term

'acc essory! with this meaning.
| The acc essory fibreé, which pass into the same gramular
sole plate, as does the medullated fibré, cannot be traced out
completely after they enter the plate and so further comparison
with the fibres described by Perroncito and Gemelii is not
possible.

Boeke, on the basis ﬁainly of his degeneration experiments,
vhere the accessory flbres were found intact after the section
and degeneration of all the somatic fibres, concluded that the
acc essory fibres were of sympathetic origin and maintained that
the individual muscle fibre received normally a somatlc and
sympathetic innervation.

I have made no such degeneration experiments, but I think
that some conclusions as to the nature of these fibres may be
drawn from my preparations. That they are not branches of
the medullated fibres, at least in the muscle, is I think certain,
from my finding, in the intra-muscular nerve bundles and nerves
about to enter the muscle, of & large number of accessory fibres.
I hold that they continue down with the medullated fibres and
are the same fibres which are seen in the teased specimens of
the muscle. 'The;finding of these fine‘non—myélinated fibres in
the musculer nerve 1s in harmony with the results of Sherrington
and Ranson, but not with'those of Langley. My only criticilsm

of Langley's work, as I have suggested already, is that I am

not /
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not convinced that the osmic acld method would show in cross
sectionfor in teased preparations, such fine fibres, as it is
possible to demonstrate with the gold chloride method, especially
if these fine fibres are distributed throughout the whole nerve
and not confined to one part, where they could be seen "en-mas;;"

The plexus formation of the accessory fibres is of import-
ance in attempting to come to conclusione as to thelr naturee.
This plexus formation is totally unlike the somatic flbres and
is characteristic of & nervous system of a }ower type, the
vegetative or sympathetic nervous system as it 1s seen in verte-
brates.

The different terminations of branches of this accessory
nerve plexus also throw light on the nature of the fibres
forming it. I have been unable to find any difference between
the accessory fibres which pass to the capillary wall and those
which end on the striated muscle fibre, end am of opinion that
the two types of fibre have exactly the same origin. Thils
seems 10 méyto-be demonstrated by such a fortunate specimen as
fig. 9 where one branch of the same fibre supplies a capillary
wall and the other a muscle fibre. I have also been unable t0

find any difference between the accessory fibres and those

definitely sympathetic non-myelinated fibres which pass down

to the capillaries from the arteriolese

For these reasons, then, I believe, that the accessory

fibres which I have demonétrated and described, belong to

the/
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the sympathetic nervous system.

Before considering what function these sympathetic
fibres may perform, two points, in consideration of their
extensive connections with the capillary wall, are of intereste.
Besides the usual route of nerve éupply to the capillary wall,
that is, simply an extension of the plexus of pale nerve
fibres found round the arteriole, I have described a second
route, in muscle, where the non-medullated fibree pass direct
to the capillary wall from the medullated nerve bundles near
the Rouget plate endings. ‘

Whether-these twb routes are of physiological signifi-
cance or not, it is difficult to say, but it is not improbable
that they may represept the different routes of supply of the
two séts of vasomotor nerves, the vaso~constrictors énd vaso-
dilator fibres. If such be the case, it seeme more llkely that
those fibres which pass directly from the medullated fibre
bundles, are of vaso-dilator function, and come into éction
with the accompanying spinal motor nerve fibres. While these
suggestions are interesting, they are entirely insupported by
any evidence at the momente.

The other point of interest, in relation to the extensive
connections of the accessory system yith the capillaries, is
that whatever function it may have in the striated mﬁscle

fibre, this function must be intimately assocliated with the

vasomotor'machénism- It seems to me difficult to believe that

those/
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those fibres which pass to the striated muscle could be set
in action without the fibres to the capillaries being involved
at the same time, and therefore, variations in the action of
the fibres to the striated muscle will be accompénied by changes
in the vasomotor mechanisme
- Two possibie functions have been suggested for the

sympathetic innérvafion of striated muscle; it may fulfil
either a trophic or a tonic functions In 1920 Adrian (1) in
a short review of'this subject staﬁed naively -~ "At present we
have only one reason for supposing they have any function at all
and that is the fact that they exist." This followed upon &
review of the very.contradictory and unconclusive experimental
results, which had been recorded by & number of workerse.

It is worth while to note here, that we are dealing with
a nerve net, and that we cannot expect. to get such a clear
picture from our experimental work, as we have grown to expect
in relation to our work on the synaptic system. In expérimants
in which the sympathetic rami have been cut, or the ganglia
removed, it is very difficult to know Just how much degemeration
will take place inm & nerve net of this kind. It seems certain

that the degeneration will occur very much more slowly than in

the synaptic system, If indeed much degeneration does occur.

Tt is probable that the nerve net may be kept intact at least

in part by connectlons which paés to it by way of the blood

vesselse. This ﬁay account for a number of the falilures to get

variations/
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variations in the tone of the muscle after these operations,
if indeed the sympathetic innervation is of tonic functione.

Orbeli (1925)(42) alone on the basis of some work by
Ginezinsky, has recently put forward evidence that stimulation
of the sympathetic has any effect on stristed muscles In the
frog he found that sympathetic stimulation had no added effect
during stimuiation of the scmatic roots to the gastrocnemius
while the muscle was responding well, but that after the muscle
began to show signs of fatigue, sympathetic stimulation would
giﬁe a'definite increase in the.response obtained on stimulation
of these somatic roots. After a considerable latency, the
muscle showed increased force, amplitude and rapldity of develop-
ment of contraction, amd the after-effect was prolonged. He
therefore thought the action of the sympathetic on skeletal
muscle was analogous to the action of the sympathetic Qﬁ
cardiac muscle. As all the vital activities of skeletal
muscle are stimulated by the sympathetlic, he salid the influence
of the sympéxhetic corresponded to that of Pavlov's trophic
nervese.

In the expe;iments of Bottazzi (1B), already described,

this ides of a trophic function of these sympathetic fibres

was not borne out, as after removél of the somatic influence

to the diaphragm the muscle degenerated. It is difficult to

judge the value of experiments of this nature or slmilar nature,

for while the sympathetic may have & trophic function it does

not seem to me reasonable to suppose that 1t will be of such

strength/
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strength as to Eeep e completely inactive muscle in normal
conditione.

In this comnection, Sherrington (1894)(55) described the
muscular nerves in an amyelous foetus, which is interesting from
| this point of view and also appears to have some relation to a
‘point to be considered later, the persistence of the normal
appearance in the spindle muscle fibres after complete
denervation. In this foetus he found that all the muscular
nerves were present although there was not a gingle motor
spinal nerve root present in any segment of the corde All
the somatic fibres present in the so-called motor nerves to
muscle were sensorye. It is of great interest that the striated
muscles were normally developede The trophic influence of the
anterior horns must therefore, Sherrington concluded, be in »
ebeyanc e during foetal lifee He also suggested that the-
muscular degeneration associated in later life with the
gsection of muscular nerves was due less to a lack of normal
trophic influence than to the enforced inactivity of muscles,
which are accustomed to be acti;ze. It is also worthy of note
that the sympathetic system was found fully developed and
normale

It may, I think, therefore be considered quite unlikely
that, if the sympathetic has a trophic influence on striated

| muscle, that it will be able %o exert this influence if the

muscle is completely inactive. From the physiology of the

peripheral nerve nets in lower animale (Parker 1920)(44) it

seems /
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seems Clear that the stimulus to which a nerve net is most
adapted ig the mechanical stimulus. It is therefore most
probable that whatever the function of the sympathetic in
striated muscle, trophic .or tonic, it will be influenced
mainly by the mechanical stimulus of the movements of the
muscle fibres brought about by the somatic nerve fibres.

It is, for this reason, I think, that stimulation of the
sympathetic alone has so consistently given negative results.

Whether the sympathetic subserves a trophic function in
the striated muscle or not, must in view of these consider-
ations be left an bpeﬁ question at presente.

The question of the tonic functlon of the sympathetic in
striated muscle 1s also extrémely difficult. It is necessary
to consider some of the work that has been put forward to
explain ite exact mode of action.

- Bottazzi (1897)(14) put forward a theory the simplicity
of which is attractive. He held that the sarcoplasm of the
fibre was responsible for the tone, while the siriped apparatus,
or sarcostyles were responsible for the rapid movements. This
theory was based on observations of the rhythmic changes of
tone in the heart of the torfoise, wvhere a very large amount
of sarcoplasm was found in one layer of the cardiac muscle
cells and 6n the supposition that the more specialised move-

ment would be performed by the specialised apparatus - the

sarcostyles, and the primitivé type of slow movement or tonic

contraction would be performed by the unspecialised mor e

4

primitive sarcoplasme

This/
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This theory is supported by the two different forms of
contraction seen in the different types of frog muscle, the
fibre showing more sarcoplasm having a longer period of con=-
tractione But the difficulty in this case is that there seems
to be some confuaion, between the normal tone or tomus of the
muscle and a prolonged contraction of these thin fibres =
what is sometimes described as a "tonic" contraction. It
muet be proved that the two mechaniems are 1dentical before
this plece of evidence really supports Bottazzi's theory.

Kahn's work, already referred to, seems good evidence in
favour of Bottazzl's theory. He used 2 natural seasonal
increase in tone and found an anatomical difference in the
broad fibrgs vhich showed a marked increase of their sarco=-
plasme He did not state that the increased amount of this
. substance was direstly responsible‘for the lnecrease in pone,
but that it was definitely associated with it, was clear.

Bayliss (1924)(8) stated "whether the one function is per-
formed by the sarc;plasm, as held by Bottazzi and the other by
the fibrils remains undecidede It 18 not easy to understand
how two flbres of different function could coalesce with
retention by the combined cell of both kinds of innervation
~although the case of the salivary glands suggests the
possibility." .It appears to me that there has been no coalescence
- of the two fibres of different function, as both types of fibre
show both sarcoplasm and sarcostyles; though 1n different
degrees, and rather it is a case of the sarcogtyles developing

to different degrees from the more primitive sarcoplasm of

the/
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the individual fibre.

Mosso (1904)(41) stated that he was unable to accept‘
Bottazzi's theory because he did not find that the oscillations
of tone were most marked ln those fibres which showed a large
amountﬂof sarcoPIasm, nor were they least marked where the
sarcoplasm wes only present in a very small degree. He there-
fore proposed a new theory, based on Perroncito's work, that
the tone of the muscle was related to the double innervation
of the single muscle fibre by somatic and sympathetic flbres.
He concluded this paper thus "There is probably in the structure
of the muscle, one contractile substance, which reactes to two
excitations, of which the one cameé from the myelinated fibres‘
and the other from the fibres of the sympathetic."

On the firmer histological basis of Boeke's work, de Boer
(1918)(13) put forward the view that the sarcoplasm innervated
by the sympathetic fibres had a tonic function, while the sarco-
styles, innervated by the somatic fibres, were responsible for
the rapid movements. It is of interest here that on both the
nerve endings, somatic and sympathetic, Boeke described hle
periterminal network, which he thought waé connected to the
anistiopous substance of the sarcostyles. He does not state
definitely whether the ﬁeriterminal network of the accessory
fibre was also connected with the sarcostyies; 1f it, 1like the
medullated fibre's network, is connected with the sarcbstyles,
then De Boer's theory cannot be acceptede. |

| Langelaan (1915)(%8) and (1922)(39) carried De Boer's
theory/
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theory further. He distinguished two different components of
muscle tone, the plastic and the contractile factors. The
plasticity of the muscle he described as ﬁhat property by vhich
any change in the length of the muscle caused by external forces
was rendered permenent to some degree. The greater the degree

of plasticity, the greater is the permanent deformation. It is
- evident that such a permanent deformation wili not be accompanied
by a continued expenditure of energy nor by.electrical phenomena,
or at least the expenditure of energy will be extremely small.
This plasticity he thought was intimately associated with the
trophic state of the muscle and the degree of plasticity may
.'prove t0 be a measure of the trophic state. Plastlc tonus is a
reflex tonue, which shows itself after movements and not during
them. It is concerned with attitude and posture. Contractile
tonus on the other hand, is the elight degree of contraction

in the muscle, and was, he maintained, the component which

Brondgeest in his classic experiment demonstrated. This, unlike

the plastic tonus, is not a state of equilibrium and is accompanied

by an expenditure of free energy and by rhythmic electrical

phenomena. It is associated with the production of heat in muscle.

From Boeke's demonstration of the sympathetic fibres 1in
muscle, Langelaasn put forward the theory, that the blastic
component of muscle tonus is the property of the sarcoplasm
and is under thé control of ihe sympathetic system and the
contractile component of muscle tonus is the property of the

striped/
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striped apparatus of the fibre and is under the control of the
c erebro-spinal system.

This hypothesis of Langelaan‘includes and extends the
theories of both Bottazzi and De Boer, and in meny ways clears
up the conflicting results on other workers. Mosso's criticism
of Bottazzli is now of little value as he was evidently referring
to contractile tonus and not to plastic tonus. That the
sympathetic alone is concerned with muscle tone, as De Boer
held, may be abandoned in view of much of the éxperimental
work and of Langelaesn's more complete exposition. The negative
results of many of the workers, after extirpation of the
sympathetic, or section of the Rami communicantes, 1s explained
by the fact that they were attempting to get changes in the
contractile component and not in the plestic component of
the muscle tonuse It also fits in with the view that the
nerve net is more adapted to a mechanicel stimulus. While
there are points in this hypothesis which are not yebd clear,
it appears to me to fit the known facts best. Langelaan's
hypotheeis is also correlated to Orbeli's work in that Lange-
 laan suggested that the degree of plasticity may be an index
of the trophic stabe of the muscle.

Hunter (1925)(%%) is in agreement with Langelaan in the
distinction of the two components of muscle tonue, but differs
in this that he, on the basis of the 1dea .of Gréitzner (1887)(%0)
of the ”inner.support“ of the red fibres in a mixed muscle,
attributed the two components to different muscle fibres. The

reasons/
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| reasons for not accepting this hypothesis have already been
given, = the unproved existence of the two distinct types of
muscle fibre in all vertebrate striped muscle and the certaln
innervation of the sarcoplasm-rich fibres in some muscle by
medullated fibrese. Hunter and Royle however did clearly
dsmonstrate'the loss of plasticity in the muscle after removal
of the sympathetic influence. They found that the longer the
period after sympathetic ramisectectomy the clearer was this
demonstration, which may have some relatlon to the length of
“time required to get marked degeneration in the nerve net of
‘the non-myelinated fibres in the muscle.

The action of adrenalin has as yet given little aid in
' the solution of this problem. It cannot be expected in view
~of Langelaan's hypothesis, that it should show any direct
ectlon on muscle. All tha@ might be expected 1s that it would
increase the plasticity of the muscle, after stimulation.
There is some slight evidence in favour of this.

The reflex origin of muscle tonus ie undoubted and it
must I think be in some way related to the neuro-muscular
spindles. The exact function of these structures has not
yot been ascertained; it has been suggested that they ere
related to the proprioceptive gsense. I think it may be taken
that they are supplied with three types of nerve fiﬁre, the
main sensory fibrée, the motor fibres and the accessory fibres,
and any attempt to interpret their function must take cognisance
of these three sets of fibres. My results do not confirm

Kulchitsky's/
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Kulchitsky's observations in the snake muscle, where he found
the end-plate of the spindle muscle fibres to be formed from
sympathetic fibres. In the hedgehog and in man I have found
the end~plates formed from medullated fibres. Sherrington (55)
revealed the fact that complete denervation does not cause
degeneration of the spindle muscle fibres. In view of his
suggestion following his description of the amyelous foetus,
that it was only after the muscle had been active, that 1s
after birth, that the section of the muscular nerve caused
degeneration, and that this was probably due to ilnactivity,
1t seems possible that the spindle muscle fibres have never
been accustomed to movements like those of the ordinary muscle
fibres and so they do not degenerate ypon section of the nerve.
Sherrington (55) was of opinion that these muscle fibres respond-
ded to a mechanical stimulus only, as he maintained they had no
motor nerve fibres. This mechanical stimulus was the movement
of the mass of fibres surrounding theme I do, however, believe
that they have motor fibres and that they respond to nervous,
not mechanical, stimuli, which may be of reflex origin. 1In
those muscles which do not show any marked variation on their
’ordinary muscle fibres, the spindle muscle fibres are certainly
as é rule clearly distinct from the ordinary muscle fibres, and
ghow as thinner, fibres which are richer in sarcoplasm. These
I think represent the thin fibres of the frog muscles, where
the thin spindle muscle fibre lies free in the mass of the
muscle and have little or no capsule.

Sherrington/



105.

Sherrington (55) described an interesting experiment which
he thought threw some light on the action of these spindle
muscle fibres. After section of the ventral roots for a
period of 42 days, the muscles retained some degree of response
to faradic stimulation. Fairly strong stimulations applied to
the nerve of such a muscle céused no muscular response,‘but very
strong stimulation resulted in a peculiar contraction - a slow
feeble steady contraction lasting for 5 seconds after stimulation
ceased. Crushing of the nerve peripheral to the point of stimul-
ation stopped the phenomenon, and it was not obtained after
excising the sPifél ganglion. It had nothing to do with regener-
ation of the nerﬁé fibres. He added "it is tempting to relate it
to the intrafusal muscle fibres." These muscle fibres would
certainly have normal appearances and it may be that this con-
traction was a reflex through the spigql ganglion and passing
out by the sympathetic fibres. It is dilfficult to see how this
contraction, if it is due to the contraction of the spindle muscle
fibres, could be set up by a mechanical gtimulus as the ordinary
muscle fibres would be degenerated and could not react sufficiently
to give a mechanical stimulus to the spindle-'

The annulo=spiral ending of the spindle seems specially
adapted to recelve impressions of varying cross sectional area
of these spindle muscle fibres, such as would result from a
wave of contraction in thése fibrese. The afferent impulses set
WP in thils way, may be either of propriocceptive nature or be the
afferent/
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afferent impulees of a tonic reflex arc. The thick capsule
round the region of the annulo-spiral endiﬁgs snd the peri-
axial lymph space seem to be special adaptations to ensure
that the ser;sory fibres will only be acted upon by the action
of the spindle muscle fibres and not by the pressure of the

contraction of the ordinary muscle fibres.

T wish to acknowledge my indebtedness to Professor
Camillo Golgl, in whose laboratory I learned the method
used in this research and who by his kind and helpful
attention made 1t possible for me to attempt this work.

T have also to thank Professor D. Nbel Paton and the staff
of the Institute of Physiology for thelr unceasing interest
which has been sn inspiration to me through the whole period

of my worke
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PART YV,
Concluslons.
1, The mscle fibres of the pamnieulus carnosus of the
hedgehog show varying degrees of longitudinal striation and
varying contents of sarcoplasm, but cannot be divided into
two definite classes,
26 Mhebnerves entering the miscle contain & large number of
very fine non-myelinated nerve fibres,

3 The motor‘end-plates show great variations in size, form,

°  and shape but cannot be classed into two definite types,

4, The muscle fibres are individually pluri-segmentally
‘.1nnervated, in a slightly different manner from that which
Agduhr demonstrated in 1imb muscles,

5, All the mugele fibres whether rich or poor in sarcoplasm
appear to be innervated in exactly the same way, It 1s certain
that the safcoplasm rich fibres are innervated by medullated
nerves,

6, The presence of Boeke's accessory fibres and endings can

be confirmed, They appear to be a system of fibres completely
ééparate from the somatic fibrés and are, I think, of sympa=-
thetic origin,

7, The accessory fibres have been seen to end in some cases

on 2 musele fibre which is also supplied by a medullated fibre,
8, The accessory fibres show conneetions with the caplllary
wall, and two different routes of nerve supply to the capillaries

ars/
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are demonstrated, one by extension from the arteriole and the
other direct by way of the motor nerve fib?es. |
9. The plate endings on the spindle muscle fibres are‘formed
Prom definitely medullated nerve fibres.

10. In frog muscle, the thin and thick muscle fibres are both
supplied by medullated motor nerve fibres, in many casges one
medullated £ibre supplies both types of muscle fibre.

11. Extremely little variation exists in the size and structure
of the muscle fibres of human pectoral mnuscless

-12. Accessory fibres are present 1n frog, 1izard, and human
musclee.

1%. The plate-llke endings on the human muscle spindles are
formed from medullated fibres.



BART VI, 109+

- S e AN wn
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These drawings I have made with ; camera luclda, as
photographs are of very little value on account of the varying
levels of the structures in teased preparations, (The figures
in the drawings refer only to the number of the slide),

‘Figg.1=16 are from the panniculus carnosus of hedgehog.
Fig, 1. A dissoclated musecle fibre of the pannicuius carnosus,
showing two motor end-plates on the same muscle filbre a long
distance apart, An example of the pluri-gegmental innervation
of the individual fibre,

Fig, 2. ‘A small intra-miscular nerve bundle showing the
- presence of accessory fibres at some distance from the ter-
minations of the medullated fibres of this bundle,

Fle, 3. Three motor end-plates of different size, The two
emall plates shown in profile receive fibres which are non=-
-medullated near the plates but are medullated further up the
small nerve bundle, |

Fig, 4. Two motor end-plates of different size formed from
branches of same madullated fibre, Small plate in profile,
" Fig, 6., Three motor end=-plates, the lowest of which shows a
fine nonqmyeiinated fibre arising just proximal to the entrance
of its nerve fibre into the muscle, The nature of this Pibre
1s difficult to determine; its accessory nature may be hidden,
or it may be simply a collateral,
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Fig, 6 A motor end-plate, showing an ultraterminal fibre
which passes out from the terminal ramifications to the right,
‘passes downwards and rises to reach a different level and then
passes to the left, It forms a small end arborisation, which
lies either on the opposite side of the sméll muscle fibre or
on another fibre,
Fig, 7. A very'fine non-myelinated fibre whose nature is not
definitely seen, The ending probably lies between the muscle
f4bres, The medullated fibre passes upwards to forﬁ a motor
plate which is obscured by vefy deep staining,
Flezg,. 8. Two ﬁedullaﬁad‘fibres passing upwards to form motor
end-plates, Between them ané lying outside the sheath of
Henle, which 1s shaded in pencil, lies an accessory fibre,
which ends by passing to the motor plate on the right,
(Accessory fibre of 1lst type), Capillaries - stippled,
Fi=z, 9. An aceessofy fibre of the 2nd type which passes across
fnom the nerve bundle on the right to form an accessory plate,
geen in profile on a large muscle fibre, The thickening Jjust
as 1t leaves the nerve bundle is a deeply stained nucleus, The
accessory fibre divides intd very fine branches which form
the ending,., One of the fine branches passes dowawards to
mately connected with the wall of a caplllary,

become inti

Capillaries = stippled. (The horizontal caplllary passes over

the‘eﬁdeplate and 4s not drawn in full to give a clearer

picture).
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Fig. 10. Plexus of accessory fibres, One of these ends 1n a
small plate at the foot of the drawing, This flbre lies at a
different level from the one which it cerosses over,

Fig, 11. Plexus of accesssry fibres, The exact termination
of many of the plexus branches is not clear, but one can be
seen forming an end-plate on a narrow muscle fibre, which on
being traced out is found to be the tapering end of a large
fibre, Another branch may be seen passing to a eapillary,
Capillaries -~ stippled,
gig, 12, Plexus of accessory fibres,

‘EIE‘_15~ An accessory fibre passes down with a thick medullated
fibre, It appears to branch and soﬁe of the branches appear

}to end round or in the motor plates, while others pass definite-~
ly to capillary walls, Caplllaries - purple,

Fiz. 14. An accessory fibre of the 3rd type whlch passes to
a capillary wall, The course of the accessory fibre over the
plate is obscured, It runs close to but does not I think
éupply the capillary on the left, but it certainly supplies
the capillary on the right, Capillaries - stippled,

Fig. 15, A thick medullated fibre from a motor nerve branch,
which passes to form a plate on a spindle muscle fibre, It

is accompanied by an accessory fibre which dividee up into a

large niimber of fibres which branch and reunite among them=-
gselves, These accessory fibres cannot unfortunately be followed
in this preparation; some of them are torn, Mtor end-plates

below in pencil,



Fiz, 16, One end of a spindle muscle fibre, The cross
striping is diagrammatic, A medullated fibre is seen to

end in three plates on the muscle fibre, Accompanying it
is .an accessory fibre of. the third type passing to end in
relation with capillaries, Caplllaries - stippled,

Fig. 17, Frog muscle, One thick musele fibre and two ¥ery
thin muscle fibres supplied by one medullated nerve fibre,
A1l three endings are typleal Kuhne end-bushes, those of
the smaller muscle fibres being in no way different, except

that they are smaller,

e
-

11g.
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