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IN THE DETER-
_ 'HOMOLOGIES AND
ANOMALIES! By D! J.:CuSNiNaaAM, M.D., Professor
of Anatomy and Chirwrgery, University of Dublin.

TrE Heidelberg School of Anatomy is responsible for the theory
that a muscle is to be regarded as the end-organ of a nerve, and
that if we succeed in recognising the latter, we have in our
hands a sure and infallible means of determining the homology
of the former. This view, which was first advanced by Gegen-
" baur, and which has been maintained and elaborated with so
much ability by his pupils Fiirbringer and Ruge, has exercised
for some ten years or more a marked influence upon morpho-
logical work.

Prior to its enunciation, investigations into the comparative
anatomy of the muscular system were conducted in a very un-
satisfactory manner, and the great majority of the papers which
were written on the subject contained little more than dreary
catalogues of origins and insertions with haphazard hints as to
homologies.

One writer, indeed, in this country—the late Professor
Rolleston—in his well-known observations upon the serial homo-
logies of the muscles in connection with the shoulder and pelvie
girdles, had employed the nerve-test with marked success, but
in the determination of ordinary homologies it was customary
to rely sclely upon a consideration of the position and attach-
ments of a muscle.

But whilst there cannot be a doubt that the nerve of supply
15 the best and safest guide to follow in our endeavours to trace
the history of any muscle or group of muscles, and that it will,
in the vast majority of cases, lead us to right conclusions, there
18 grave reason for the belief that it is not an absolutely in-
fallible guide.

Nine years ago, at the meeting of the International Medical

! This communication was the opening statement in the discussion on this
subject in the Section of Anatomy and Physiology, British Medical Association,
Birmingham, July 1880,
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they spread out from the spinal nerve-trunk into the limb, and
he has shown that they are built up of epiblastic elements
foreign to the limb and distinet from the mesoblast which forms
the muscles.

With regard to the precise manner in which the neuro-
muscular connection takes place, we have few observations to
go upon. Two observers, Calberla and Bremer, have dealt with
the question. Both maintain that it is a secondary union of
originally separate elements, but they are at variance with each
other as to the actual manner in which the union is brought
about. * Calberla holds that the extra-muscular nerve-fibre
becomes united to an intra-muscular end-organ. Bremer, on the
- other hand, asserts that the connection is brought about by a
growth of the whole nerve-fibre, including its end-organ and
sheath, to the muscle-fibre, i

But it is needless to pursue this aspect of the question
further. The theory that nerve and muscle present a com-
munity of origin appears to be contrary to what we are in the
habif of regarding as well-established fact.

It now remains for us to discuss the two other possibilities
put forward by Fiirbringer regarding the neuro-muscular con-
nection. Is the secondary connection which is established of
a loose and changeable kind, or is it fixed and unalterable? To
say that the relation is a loose one would be to infer that varia-
tions in nerve-supply are of frequent occurrence, which is
certainly nagt the case; whereas, on the other hand, to affirm that
the relationship is unalterable, and not only holds good for the
past and the present, but will also hold good for the future,
lands us in this difficulty, that variations in nerve-supply are
undoubtedly met with, not only in the homologous muscles of
different animals, but also in the case of the same muscle in
different individuals of the same species.

OF course it may be held that what appears to be a variation
n nerve-supply may not in reality be so: that in fact we are
merely dealing with a case where certain nerve-fibres have
adopted a different path to reach their destination, and although
the connection be a secondary one, yet the same gamglion cells
are mmvariably connected with the same mascle-fibres, A great

deal may be said for this view, and, considering the constancy of
VOL. XXV. (N.8, VOL. V.) C
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division of the 5th mervel Many other instances might be
given, but those that I have quoted are sufficient to show, what
indeed is a matter of common knowledge to every teacher of
anatomy, viz., that nerve-fibres outside the spinal cord do not in
every case follow the same paths as they travel towards their
different destinations.

Both muscles and the nerves which are associated with them
are arranged in groups, and 1t is where these come into contact
with each other that there i1s a tendency exhibited for one or
other of the nerves to overstep the boundary line and extend
its territory at the expense of its neighbour.

In dealing with this question on a former occasion, I chose
- the intrinsic muscles of the foot and the two plantar nerves for
the purpose of testing the value of nerve-supply in the deter-
mination of muscle homologies. No better ground could be
found, because here we have a series of muscles which are easily
and readily identified. We may fairly assume that the muscles
attached to any particular digit are homologous with the
muscles connected with the corresponding digit in all animals.

Amongst the large number of different mammals which I
examined, I only encountered four in which there was a decided
deviation from the ordinary typical distribution of the plantar
nerves, In three of these, viz, the Elephant, Hyrax, and Beaver,
the internal plantar nerve invades the territory of the external
plantar and seizes upon muscles which usually do not belong to
it. The Fox-bat affords an example of the opposite kind ; the
external plantar lays hold upon a muscle which in the typical
condition is under the sway of the internal plantar. I need not
enter further into particulars, but T may be allowed to mention
that, by the appearances presented, I was led to consider that
the muscular distribution of the internal plantar nerve has in
all probability been more extensive at one time than it is now.
It is possible that at one time the two plantar nerves took an
equal share in the intrinsic muscle supply of the foot. The
hand and foot of the Hyrax present a condition which approaches
very nearly to this. Judging from the arrangement in the Fox-
bat, there appears to be a tendency for the external plantar nerve
to drive the internal plantar nerve out of the field altogether.

' Proc. Roy. Soc. London, 1868, p. 456, and Jour, Anat, and Phys., Nov. 1866,






THE VALUE OF NERVE-SUPPLY. a7

bility of nerve-supply, and this is an awkward case for him to
bring into reconciliation with his views. He assumes that the
museles concerned are not homologous with the similarly named
muscles in other mammals, but belong rather to the extensor
museles of the thigh. He further believes that the fibres, which
in the leg are supplied by the anterior crural, are gradually
abolished, and that their place is taken by others derived from
the external muscles of the leg, which drag their nerve of supply
along with them.

With one part of this hypothesis I entirely agree, viz., that
the innervation of these muscles points to their original deriva-
tion from the extensor muscles of the thigh ; but I cannot accept
- the other part of the theory, viz., that the muscles thus derived
are afterwards replaced by others similarly situated and similarly
attached. It is much more reasonable to suppose that the
distribution of the peroneal nerve is extended so as to include
all the extensor muscles of the leg; that, in other words, the
peroneal nerve invades the territory of the anterior crural in
the same manner that the external plantar nerve encroaches
upon the domain of the internal plantar nerve.

This supply of leg muscles by the anterior crural nerve,
in a case where the leg muscles at the knee-joint are almost
completely segmented off from the extensor muscles of the thigh,
must be regarded as the persistence of a very archaic condition.
Professor Humphry and Dr Brooks have shown that in ecrypto-
branchus, and menobranchus there is a continuity over the
knee-joint of the extensor muscles of the thigh and leg, by
means of flattened tendons, and yet all the extensors of the leg
are supplied by the peroneal nerve. In these two forms, there-
fore, we have a continuous muscle sheet, and a discontinuous
nerve-supply ; whilst in the Ornithorhynchus we have a break
in the continuity of the museles, but a continuous nerve-supply.

Dr Gadow furnishes us with several examples of the same
muscle being supplied by a nerve from a different plexus in
different animals, Thus, he has pointed out, that in the Iguana
the ischio-femoral muscle is supplied by the ischiadic plexus;
in the Crocodile it is supplied by the obturator nerve ; while in
Varanus it is supplied by both. And he very justly remarks
that if we did not know the condition in the Monitor, the nerve
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3. A retention of the muscle elements, but a substitution of
new nerve-elements.

The first of these hypotheses I reject in fofo. It would
indeed be a curious caprice of development if muscles once
formed, and in every respect competent, were abolished to give
place to others similar in position and attachments. But again,
in the eryptobranchus and menobranchus, we have the clearest
proof that the primitive extensors of the leg are not abolished,
although they have got rid of their archaic nerve-supply. Ex-
tensors of the leg and extensors of the thigh are m direct
anatomical union with each other.

With regard to the two last hypotheses I am not prepared
to advocate either of them very strongly to the disadvantage of
the other. Those who have worked chiefly at the lower verte-
brates, will probably incline most to the view that the same
ganglion cells are invariably connected with the same muscle-
fibres, and that deviations in nerve-supply are merely to be
regarded as deviations in the path chosen by the nerve-fibres.
At the same time, I hardly think that this explanation 1is
capable of accounting for every case of deviation in nerve-
supply. I am inclined to believe that in some cases we may
have a real substitution of new for old nerve-elements. Mr
Paterson’s researches would seem to indicate not only the
possibility, but even the probability, of such a change occasion-
ally taking place.

But notwithstanding all this I agree with Fiirbringer, when
he says that the nerve of supply is “ the most important and
indispensable guide for the determination of muscle homologies.”
It is not an absolutely infallible guide, however, and in rare
cases it might lead the observer astray.

And if the nerve of supply be valuable as a means of deter-
mining muscular homologies, it must be equally so in deciding
upon the true nature of a muscular anomaly. It is upon this
ground that I hold so strongly that the musculus sternalis is to
be regarded in all cases as a portion of the pectoralis major.
Its nerve of supply from the thoracic nerves has now been traced
by seven independent observers in no less than forty-six cases.
Twenty-nine of these cases oceurred in my own department,
and I maintain that this is the invariable and constant supply






