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ORIGINAL COMMUNICATIONS. 

ON THE MINUTE ANATOMY OF MUSCLE. 

By C. MACNAMARA, 
SCEGEON TO THE CALCUTTA OPHTHALMIC HOSPITAL. 

Mr. Bowman, in his article on 
" Muscle," in the Cyclopedia of 

Anatomy, remarks that "there is perhaps no one line of enquiry 
in the whole range of muscular anatomy so beset with difficul- 

ties and sources of error, and therefore so much demanding a 
cautious study and sagacious discrimination between conflicting 
appearances, as this of the structure of the striped fibre." He 

then goes on to describe the arrangement of fibres of muscle : 

they " have a tendency, in the mass of the fibre, to separate 
when torn or pulled after death, along the transverse planes, 
of which the dark transverse stripes are the edges. When such 

a separation takes place, a series of discs result ; but to say that 
the fibre is a mere pile of discs is incorrect, for the discs are 

only formed by its disintegration ; nevertheless they are marked 
out, and their number and form are imprinted on the very 
structure of the fibre in its perfect state." In this way, there- 

fore, the dark cross-lines noticed in the muscular fibre are ac- 

counted for, and Mr. Bowman describes the structure which 

gives rise to the longitudinal markings or lines as follows :?" But 
again it always happens that longitudinal lines, more or 

less continuous and parallel, according to the integrity of the 
fibre, and strength and distinctions of the transverse lines, are 
also to be discerned ; and like the transverse ones, not in the 

surface only, but throughout the whole of its interior. And it 

is found that there is a remarkable proneness of the fibre to 

split in the direction indicated by these lines also; by which split- 
ting it is resolved into a great number of fibrillaj, which like the 
discs, do not exist as such in the fibre, and to obtain them its 
structure must be necessarily broken up to a certain extent, for 

the union which naturally exists between these parts must be 
destroyed. It is therefore roost correct to say that there is an 

indication in the entire state of the fibre of a longitudinal 
arrangement of its parts, occasioning a cleaving in that direction 
on the application of violence. Sometimes the fibre will split 
into discs only, more often into fibrillaj only ; but there are 

always present in it the transverse and longitudinal lines which 
mark the two. Hence it is clear that the discs and fibrillse consist 

of the same part, and merely result from the different direction 

in which the mass breaks up ; so that the discs and fibrillaj (or 
in other words, the general mass of the fibre) are made up of a 

number of particles, which I have termed primitive particles or 
sarcous elements, and which would be obtained in a detached 

form by a general separation occurring along the transverse 
and longitudinal lines visible in the fibre." 

I have quoted at length from this article, because, as far as 

I know, the description of muscle given by Mr. Bowman is the 
one still held to be correct by anatomists. The most recent 

communication I have been able to obtain on the subject is that 

of Dr. Braidwood, "on the Development of Muscular Fibre," 
in the Medico-Chirurgical lleview for April 1806.* He describes 
the development of musc.ular fibre from cytoblasts into " the 
clear spaces of the primitive fibrillaj, which present the 

appearance of globular molecules arranged in a linear series 

and connected together by sarcous substance." 
I refer to these facts because my own observations differ from 

Mr. Bowman's, and it is evident we cannot both he right. 
During the past ten years I have been working more or less 

* No copy of Dr. Beale's edition of Tod and Bowman's Physiology 
having as yet arrived in India, X am of course unable to form an opinion 
as to his views on the subject, 

steadily with one of Ross' one-eighth and sixteenth of an 

inch glass, but within the last six months with a Powell and 

Leadland's one-fiftieth of an inch, magnifying about 2,800 
diameters, and with it the observations I have now to detail have 
been made. Of the various kinds of muscular tissue, the mylo- 
hyoid of the chamelion affords the most beautiful {specimens. 
Dr. Beale's little favorite, the hyla arborea, is not, I fancy f to 

be had in India ; the hyla versicola may, however, be procured, 
but does not, according to my experience, afford such perfect 
specimens as the chamelion. Dr. Cameron, of Monghyr, kindly 
sent me down six of these curious creatures some time since ; 

they have one after another been killed and injected with 

Beale's solution, and the subsequent steps he describes, in pre- 

paring tissues for examination under the higher powers of the 

microscope, have been strictly attended to. ( Vide Dr. Beale's 
book, " How to work with the Microscope," third edition; page 
204.) I will confine my remarks to the striped muscle of the 

vertebrata. It is composed of one or more bundles of fibres, 
the whole being enclosed in connective tissue known as the 

sheath of the muscle. Numerous septa dip into the substance of 
the muscle from this sheath, so as to divide it into compart- 
ments of an irregular shape and size; each of these is filled 

by a bundle of muscular fibres ; the vessels and nerves ramify 
in the connective tissue of the septa, and are thus brought into 
immediate contact with the muscular fibres. 

If a bundle of muscular fibres is carefully examined under 
a low power, it will be found to consist of numerous fibres 

called " ultimate fibres of muscle." Each of these fibres runs 

continuously from one end of the muscle to the other end, and is 
attached at either extremity to a fibrous structure which usually 
assumes the form of a tendon ; consequently, the length of the 
ultimate fibre depends upon the length of the muscle, in the 
case of the sartorius being perhaps upwards of two feet, and in 
the stapedius of a few lines. The diameter of the ultimate 

fibre varies according to the degree of development of 
its contractile element, as I shall presently explain. After 

a muscle has been kept in glycerine for a time, we may easily 
isolate a bundle of these muscular fibres ; the tissue being gently 
torn apart, a few ultimate fibres may bo examined under the 
fiftieth of an inch glass. 
Each ultimate muscular fibre will be found to be encased in a 

sheath of homogenous tissue,called the sarcolemma, which is very 
apt to be thrown into perpendicular elevations and depressions, 
so that it is a common occurrence to see the ultimate fibre 

streaked by dark lines running in the direction of the length of 

the fibre, produced by the wrinkled surface of the sarcolemma. 
We may also notice elongated masses of germinal matter (co- 
loured by the carmine we have used in making the preparation) 
scattered at pretty regular intervals throughout the sarcolemma; 
they are elongated in the direction of the length of the muscle, 
and are situated either above or below, or, it may be, on either 
side of the fibre in the substance of the sarcolemma itself; no 
doubt it is from these comparatively large masses of germinal 
matter that not only the sarcolemma, but the contractile tissue 
within it is formed. 

With regard to the arrangements of the contents of the sarco- 
lemma, that is, the essential and characteristic anatomy of the 
striped muscle, I may compare it to a ladder of contractile 
tissue ; the steps or horizontal bars of the ladder being, however, 
spiral bands, whereas its side pieces or perpendicular supports 
are flat bands, running continuously from one end of the mus- 

cle to the other end, the horizontal bars connect the perpen- 

dicular ones, but, as above stated, are curled upon themselves 

like a spiral spring. 
As to the contractile tissue, it appears to me to be an homo- 

genous substance, its properties being to contract in obedience 
to the nervous force set in motion either by a voluntary or 

reflex action. I believe the unstriped muscle affords us one 

of the least complicated examples of this contractilc tissue, 
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and I hold that the crystalline lens is equally a muscle, and 

probably the most complex arrangement of the contractile 
tissue to be met with; by this I mean that I have every reason 

to suppose the lens is capable of altering the curvature of its 

anterior surface, independently of the ciliary muscle. I conceive 
the bands of which it is composed are constructed of contractile 
tissue arranged in a peculiar manner, that they may fulfil a 

special purpose ; but whatever form the contractile tissue may 

take, its properties are the same, the disposition of its elements 

being adapted to the mechanical purposes for which it is 

required. Each primitive fibre of muscle, therefore, is formed 

of two parallel bands of this contractile tissue, which run cc nti- 
nuously from one end of the muscle to the other end, and these 

parallel bands are united by cross bands, which, however, are 
continuous with the side bands; so that to carry our simile a 

step further, we must liken this arrangement, not to nn ordinary 
ladder, each step or bar being a separate piece of wood, but 
suppose that the ladder has been carved out of a solid mass, 
the spaces botween the bars having been scooped out of the 
plank from which we imagine the ladder to have been made; 
each one of these cross bars or steps is arranged as a spiral 
band ; enclose the whole of this in a layer of sar- 

colemma, and we have a primitive fibre,?take a bundle of 
these and bind them round in connective tissue, and we have a 

bundle of muscular fibre,?and of a collection of these again, 
the bulk of the muscle is composed. 

This arrangement of the contractile element of muscle is 
so beautiful, and appears to me so admirably adapted to the 
purpose for which it is intended, that having got the idea into 

my head, I feared lest my imagination might have filled up 
the picture, and I therefore have taken the precaution, before 
committing myself to an expression of these views, to get 
Dr. Francis, Principal of the Medical College, to examine 

my specimens ; he has kindly afforded mo all the aid in his 

power, by getting me not only normal, but morbid specimens 
of muscle, and has satisfied himself that the description 
I have given above is in accordance with the appearance of 

the parts. 
It was necessary to take precautions of this kind, for, as 

Mr. Bowman justly observes, there is no more complicated 
or troublesome object to examine than striped muscle. I have 

purposely avoided entering into a description of the appear- 
ances caused by the shadows which these spiral bands cast, 

having simply described the arrangement which I believe to 

exist, and which to my mind affords a remarkable proof of 
the wonderful adaptation of the parts to the purposes for 

which they were intended. 
The apparent object of this disposition of the contractile 

element in muscular fibre is to al'ow of the contraction of 

the muscle in length without any great augmentation in its 

bulk, the space between the horizontal bars allowing of this ; 

and at the same time the spiral arrangement of the cross 

bands permits of their elongation and contraction upon them- 

selves, without any stretching or pulling on the delicate sub- 
stance of which they are composed ; it must be remembered 

with what marvellous rapidity these changes take place, as for 

instance, in the muscular fibre of a pianist performing some 
elaborate piece. The arrangement I have described also ex- 

plains the fact stated by Mr. Bowman 
" that a muscle in ac- 

tion becomes shorter and thicker ; it is well ascertained by ex- 

periment, often repeated, that these changes in its relative 

dimensions are accurately proportioned to one another. The 

whale organ neither gains nor loses in bulk." But it may be 

said surely the arm of a blacksmith does increase in size as 

the muscles contract. Undoubtedly this is the case, but 

from constant bard work the contractile tissue of his biceps, 
for instance, becomes hypertrophied, and consequently more than 
fills up the spaces between the bars in contracting, and henco it 
bulges outwards in all directions, 

That there are open spaces between the horizontal bands, ap- 
pears to me certain from the appearance of the parts, and from 
the fact that the contractile tissue, and all the structures of the 

body, may be stained with carmine ; but these inter-spaces never 
show the slightest appearance of any color, their hue in many 
specimens being exactly similar to that of the field of the micros- 
cope, when no tissue intervenes between it and the lamp used 
for illuminating the object. What then is the meaning of 
the perpendicular and horizontal lines noticed in a specimen of 

muscular fibre when examined by a quarter or twelfth of an inch 

glass ? The perpendicular lines may be produced either from 

the line of union of two primitive fibres, or from the creasing 
of the sarcolemma, or the fibrous case which encloses ft 

bundle of fibres; but an isolated primitive fibre, when examined 
under a high power, presents no appearance of longitudinal 
striation, provided its fibrous case and sarcolemma have 
been destroyed, or rendered too transparent to be seen. 

The dark cross lines are caused by the shadow cast into the 

open spaces,or else by the approximation of the horizontal bars ; 

under a high power these dark spaces may be resolved into two 
dark lines bordering the horizontal bands, and an inter-space of 
a very much lighter color, which is often, as I have above stated, 
of the same hue as the field of the microscope. 


