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OB S E‘RV AT T O N S

ON THE

M-& 8 G L E S &

S it appeared to me, when I firft began, in 1750, to de-

liver in this Univerfity a public courfe of leGtures on
Anatomy and Surgery, that the ftruure of the oblique
mufcles had not been {ufficiently examined, nor even the num-
ber of them attended to by authors, and that fome of their
chief purpofes or effects had been entirely overlooked by
them, I endeavoured then, and in every courfe of lectures
fince that time, to direét very particularly the attention of
ftudents to thofe fubjects.

I sEcan with obferving, as a material defeé in the other-
wife very accurate and elegant tables of Ausinus, as well as
in the former {yftems of VEsarivs, EusTacnius, BiprLoo and
Courer, that the tendinous membranes or apancurofles, with

which many mufcles, particularly of the extremities, are co-
A vered,
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vered, and with which the oblique mufcles are clofely con-
nected, were not delineated, yet that the knowledge of thefe is
not only of ufe in the practice of furgery, but for underftand-
ing the action of the mufcles.

I REMARKED, that althongh in fome parts of the body, ten-
dinous membranes, fuch as thofe between the cartilages of the
ribs, or the apaneurofes palmares, or fafcie late of the thighs,
ferved merely for the defence of the parts, or as fheaths to
them, as they were conneéted to them by the cellular fub-
ftance only, yet, in general, they ferved, befides the mere
purpofe of defence, to furnith a greater extent of furface for
the attachment of oblique flethy fibres.

I surwep them, that wherever tendinous membranes run
longitudinally on the furfaces of mufcles, flefhy fibres, placed
obliquely, were found ; that in many mufcles, as in the femi-
membranofus, or flexor pollicis longus, flethy fibres paffed ob- -
liquely from the inner part of the tendon on one fide, to the
inner part of the tendon on the other fide of the mulcle, or
fuch mufcles were femi-penniform, (See T. 1. fig. 1.) ;5 that in
other mufcles, as in the rectus extenfor cruris, or flexor polli-
cis pedis longus, a third tendinous membrane was found in
the middle of the mufcle, between which and the inner parts
of the tendons on the two fides of the mufcle, the flethy fibres
pafled obliquely, and produced a complete penniform appear-
ance, (fee T. 1. fig. 2.); and fome mufcles, as the foleus,
might be called compound penniform, becaufe, on cutting
them lengthways, we difcovered feveral longitudinal tendinous
membranes, to both fides of which oblique flethy fibres were
connected. See T. 1. fig. 3.
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I ALLEGED, that the dire@ion, length and number of fibres
in fuch mufcles had not been fufficiently attended to by ana-
tomifts or by furgeons; and that, in many inftances, the
breadth of thefe mufcles had been miftaken for their length ;
that in confequence of fuch inattention, they would find the
celebrated Lours #* attempting to difcard the double incifion
of the foft parts in the amputation of the thigh, although,
from the obliquity and fhortnefs of the mufcular fibres which
cover the thigh-bone, this improvement of CHESELDEN is
more eflential than in the amputation of the humerus, where
the flethy fibres, though oblique, are proportionally longer,
and of courfe their retraction greater.

WHERE the fibres of mulcles run obliquely, it is evident,
and has been obferved by Borerrus and others, that the fi-
bres will be more numerous than if the fame {pace had been
covered with longitudinal fibres; and although an oblique fi-
bre will not raife a weight with the fame force as a ftraight
fibre, yet the number of the fibres may be (o much increafed
by their obliquity, as to do more than compenfate for the lofs
of force occafioned by the obliquity. Thus, let us fuppofle a
longitudinal mufcle to be five inches long, and one inch in
breadth, and let us fuppofe it to contain in its breadth four
fibres or ropes, each one-fourth of an inch in diameter, as in
T. 2. fig. 1. the force of this mufcle may be reprefented by

the number 4.

LET us next fuppofe thefe ropes to be cut into pieces, each
of which is one inch and a quarter in length, as reprefented
by dotted tranfverfe lines A, B, C, we fhall, by doing fo, form.
16 ropes or fibres.

A 2 Len
% Acad. Roy. de Chirurg. T. 2. p. 357
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LEeT us next fuppofe, that thefe ropes, reprefenting mufcu-
lar fibres, are laid obliquely, like the hypotenufes of right-
angled triangles, of which the bafes are equal to one inch, and
the height or perpendicular equal to three gquarters of an inch,
as in T. 2. fig. 2. each fuch fibre will, as BoreLLUSs has de-
-monftrated, lofe two-fifths of its force. But as there are 16
fibres inftead of 4, their force will be as 16 multiplied by 3,
to 5 multiplied by 4, or as 48 to 20, or as 12 to 5.

BuT that the mere increafe of the number of fibres, or force
of the mufcles, which alone has been obferved by authors, is
not the {ole purpofe of nature, appears from this, that in fome
places, and particularly between the ribs, oblique fibres are em-
ployed, although it is evident, that a greater number of
ﬂrmght fibres, or of fibres perpendmular to the rlbs, might
have been difpofed in the fame fpace.

Tue other purpofes of oblique muftles, and which had not
been perceived by authors, are,

To perform much more extenfive motions with the fame de-
gree of fhortening of the flethy fibres, than can be performed
by ftraight mufcles, or with a lefs degree of fhortening of the
fibres, to perform motions of equal extent. '

I smarLL now endeavour, in the firft place, to demonitrate,
that a pair of oblique mufcles, placed between the {ame pa-
rallels with two ftraight mufcles, perform, with the fame pro-
portional .contraction, more extenfive motions than the ftraight
mufcles can do.

FiIrsT,



First, As one oblique mufcle, fo fituated, is longer than a
ftraight mufcle, if each be thortened one third, or any other
proportional part, it is evident, that the place of the infertion
of the mufcle will move through a greater fpace, when the
oblique mufcle aéts. Thus, in the annexed figure, (T. 2. fig. 3.)
if P, L repretent two parallel lines, and AB reprefents an oblique
and AC a ftraight mufcle, it is plain, that when ecach is thort-
ened one third, and that the place of the infertion is moved di-
reétly towards the place of the origin of the mufcle, the mo-
tion occafioned by the oblique mufcle will be proportionally as
much greater than that produced by the ftraight mufcle, as

the hypotenufe, or line AB, is longer than the perpendicular
line AC.

BuT next, let us fuppofe, (fee T. 2. fig. 4.) that the point A
cannot be drawn directly towards the point D or E, onaccount
of the connections of the bones, fuch as the ribs, which the
parallel lines PA and DE reprefent; or fuppofe, that fuch bones,
when moving, remain parallel to each other ; or let us fuppofe,
that two oblique mufcles balance each other, fo that their in-
fertions, inftead of being moved directly towards their origins,
are moved in a diagonal line, between the two mufcles.

Trus, let PA and DE (T. 2. fig. 4+) be two parallel lines,
and let AB and AC reprefent two ftraight mufcles, and
AD and AE two oblique mufcles, it is plain, that when the
two ftraight mufcles have fhortened themfelves one third part
of their length, their infertion A will be brought down to num-
ber 1. But when the oblique mufcles AD and AE, by acting
together, have brought the point A down to 1, and are in the
fituation of the dotted lines 1 D and 1 E, they cannot have loft

more of their length than the length of the perpendicular A1,
which

a
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which is fhorter than the hypotenufe As, or lefs than the third
of the length of the oblique mufcle. In fa&t, they have loft
lefs of their length than A1, becaufe the two fides A1 and 1 E
of the triangle A 1 E muft be longer than the third fide AE;
and therefore oblique mufcles can perform as great a degree of
motion as ftraight mufcles, without being fhortened in the fame
proportion ; or, which is the fame thing, if they continue to
act till they are fhortened in the {fame proportion, the place of
their infertion, A, will defcend farther, or through a larger
{pace.

I suaLL now proceed a ftep farther, and endeavour to de-
monftrate, that where two oblique mufcles balance each other,
the motion of their infertion is more extenfive than can be pro-
duced by two ftraight mufcles of the fame length with the
oblique mufcles.

Taus, in T. 2. fig. 5. let AB and AC reprefent two firaight
mufcles, and AD and AE two oblique mufcles of the fame
length, and we fhall fuppofe the length of each mufcle to con-
fift of any given number of inches or parts, fuppofe five parts,
1, 2, 3, &c. or I, I1, I1I, &c. and when in action to be capa-
ble of fhortening itfelf one fifth part or two fifth parts of its
length. Let the two correfponding numbers 1 and I, or 2 and
I1, be joined by the ftraight lines 1 I, and 2 II, {o as to form
the ifofceles triangles A 1 I, or A 2 II. When the two flraight
mufcles have acted fully, or fhortened themfelves one-fifth of
their length, the point A will defcend to 1. But when the two
oblique mufcles have, by their aéion, brought the point A
down to 1, they have not loft one-fifth of their length; for
the dotted lines reprefenting them muft be longer than the
lines IE or ID, becaufe the angle 1IE being equal to the

two



On the MUSCLES. 11

two angles 1 IA, and 1 Al of the ifofceles triangle A 1 I, muft
be larger than a right angle, and therefore the fide 1 E muft
be longer than the fide IE ; that is, the oblique mulfcles, after
bringing the point A down to 1, have not loft one-fifth of
their length ; or if they continue to act till they have loft
one-fifth of their length, they will bring the point A lower
down than can be done by ftraight mufcles, fhortened in the
fame proportion.

To make this propofition f{till plainer, if poflible, by cal-
culation, I fhall fuppofe the oblique and ftraight mufcles in
T. 2. fig. 6. to be each five parts or five inches in length
that the bafes of the triangles BD and CD meafure four
inches ; and that the perpendiculars, or altitudes of the tri-
angles, meafure three inches; and let it be {fuppoled, that
thefe mufcles, in action, can be fhortened one-fifth of their
length, the ftraight mufcles, on that fuppofition, can bring
A down'to 1 only: But it is evident, that the oblique mufcles
will not be fhortened one-fifth of their length till the point
A has defcended to D, or to number 3; or the oblique muf-
cles will, with the fame degree of contraction, move the point
A three times farther than can be done by ftraight mufcles of
the fame length.

I~ the next place, we may eafily demonftrate, that the ex-
tent of the motion produced by the co-operation of oblique
maufcles, increafes with their greater degree of obliquity.

Thus, let us compare the extent of motion, produced by
the pair of oblique mufcles AD and AE, (T. 2. fig. 5.) with
that of the ftill more oblique pair of mufcles reprefented in
the fame figure by the lines 1 D and 1 E. Let the mufcles

AD
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'AD and AE be fuppofed to move the point A to number 1,
and let the mufcles 1 D and 1 E be {uppofed to move number T
to number 2, or through a like {pace. - It is evident, that in
the triangles 1 I E and 2 II E, the angles 1 I E and 2 I1 E are
equal; but as the angle 2 E IL is larger than the angle 1 E1,
the angle II 2 E muft be lefs than the angle I 1 E. Hence, as
the fides of triangles are longer in proportion to the width of
the oppofite angles, the fide I E will be longer in proportion
to 1 E, than the {ide II E is in proportion to 2 E. The muf-
cular fibres, therefore, AD and AE, in bringing the point A
down to number 1, will lofe more, in proportion of their
length, than the more oblique fibres 1 D and 1 E will do in
moving number 1 to number 2.

To prove this by calculation, let us fuppofe the mufcle to
be ftill reprefented by the hypotenufe of a right angled tri-
angle, five inches in length, and capable of fhortening itfelf
one inch, and that one of the other fides meafures four inches,
and that the third fide meafures three inches. But let the fide
3 form the bafis of the triangle, and the fide 4 its perpendicu-
lar, as in T. 2. fig. 7.

In this cafe, the fquare of the hypotenufe, when it has
thortened itfelf one inch, will be 16, from which dedu&ing o,
the fquare of the bafis, the number 7 remains for the fquare
of the perpendicular. But the fquare root of that number
being more than.2%, the oblique mulcles, fhortened one-fifth,
cannot bring the pomnt A down 1% inch, or to B, or cannot
move the point A half o far as they were thewn to do, when
the obliquity was greater, by making the bafis 4 inches and
the altitude 3 inches.

Or
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Or let us, on the other hand, increafe the obliquity, as in
T. 2. fig. 8. by {fuppofing two right-angled triangles, {o con-
ftructed, as that their hypotenufes meafure 13 inches, their
bafes 12, and altitude 5 inches, and that the hypotenufes re-
prefent two oblique mufcles. It is plain, that when thele have
fhortened themfelves one inch, or one thirteenth part of their
length, they will move the point A through a fpace of five
inches, or five times farther than ftraight mufcles of the fame
length, fhortened in the fame proportion, could do.

Hence, as the obliquity of an oblique mufcle is gradually
increafing during its action, its force is diminifhing ; while its
effect, of producing extenfive motion, is increafing., Thus, a
mufcle, reprefenting the hypotenufe of a right-angled tri-
angle, whofe fides are to each other as the numbers 3, 4, and g,
and the altitude 3, by fhortening itfelf half an inch, does not
move its infertion one full inch; but if it is fhortened another
half inch, its infertion is moved through a fpace of upwards
of two inches more. When it begins to ad, it has three-fifths
of the firength of a ftraight mufcle of the {fame fize ; but when
it aéts again, after having moved its infertion the {pace of
an inch, it has two-fifths only of the ftrength of the ftraight
mufcle.

«To illuftrate what I have been demonftrating, I ufed, after
diffecting and demonftrating the recti mufcles of the abdomen,
to cut their ends off from the offa pubis, and to apply them to
the tops of the ofla ilia, fo as to reprefent oblique mufcles ; and
from this I was led to make the remark, that if both the two
external oblique, or the two internal oblique mufcles, or all
thefe, acted at once, the obliquity of the one balancing the
obliquity of the other, the trunk of the body would be bended

B {traight
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‘firaight forwards, and that flexion made by them might be
greater than that made by the reci mufcles, which, at firlt
fight, feemed to be more fuited to the purpofe.

I~ like manner, I ufed to take out feveral of the ribs, with
their intercoftal mufcles ; and after thewing the two layers of
thele mufcles laid obliquely, and decuflating each other, I ufed
to diffe& fome portions of the two layers, in fuch a manner as
to reprefent oblique mufcles, with their origins at a diftance
from each other, but their infertions meeting in a point, or
with their infertions, as well as their origins, at a diftance from
each other.

In the back part of the {pine, I very particularly demon-
ftrated the obliquity of many of the mufcles, fome of which
are called femifpinales, becaufe one end of them only is fixed
to the {pinal procefies, and the fibres pafling obliquely, the
other end of them is fixed to the tran{verfe procefles, or other
parts of the neighbouring vertebre.

In the extremities, I not only carefully demonftrated the
obliquity of the flethy fibres, in the half and whole penniform
mufcles, but pointed out their connection with their tendinous
aponeurofes, the different direction of the tendinous and flefhy
fibres, and the ufes of the aponeurofes and tendinous fheaths ;
and that, by means of the fheaths, there was {o lictle differ-
ence between the length of the mufcles in the bended and ex-
tended ftate of the member, that fhort flelhy fibres, efpe-
cially when placed obliquely, could produce a very extenfive
maotion.

But
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BuTt in treating of particular parts, I dwelt chieily on the
ftruéture and effects of the intercoftal mufcles, as a variety of
opinions concerning their operation has, in the courfe of the
laft hundred years, been propofed, and as no author had ex-
plained the reafon of the obliquity of their fibres, nor of their
being difpofed in two layers of decuffating fibres.

TuaT their ftructure might be fully underftood, I firft laid
bare the furface of the external intercoftal mufcles, and be-
tween the next two ribs, I cut off the external intercoftals, to
fhew the maternal, as in T. 3. fig. 4.

In another fpace, I fhewed a {mall bundle of the external
intercoftal, decuflating a fimilar bundle of the internal inter-
coftal, and forming a figure like the letter X, but in which the
firoke reprefenting the external mufcle is more oblique than
the other; for the internal intercoftals are lefs oblique than
the external, See T. 3. fig. 5.

Trex I diffected fmall bundles of the external and internal
intercoftals, with their origins at a diftance from each other,
but their infertions meeting in a point, in the rib above or in
the rib below, fo as to form triangles, of which the rib made
the bafe, (fee T. 3. fig. 6. and 7.); or I difleted them with
their infertions, as well as their origins, at a diftance from
each other, as in T, 3. fig. 8.

In the laft place, I demonfirated a part of the ftruture
which has not been fufficiently examined by authors; to wit,
that the cartilages between the ribs and the fternum, with the
exception of the cartilage of the firft rib, are not fixed to the
fternum in the {ame manner as to the ribs ; for the rib, which

B 2 is
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is hollowed, receives the cartilage, and is fo firmly united to it,
that in a recent fubjed®, they cannot be feparated without la-
cerating the cartilage ; but the inner part of the cartilage is
tied by a capfular ligament to the edges of the pit in the fter-
num, and the concave part of the pit is connected by fine cel-
lular threads only to the end of the cartilage, fo that the carti-
lage and fternum may, after cutting the capfular ligament, be
feparated from each other without tearing the cartilaginous fi-
bres. Hence, when the ribs are moved, the capfular licament
is twifted, and the end of the cartilage rolls upon the {ternum.
See T. 3. fig. 1, 2, 3. and q.

ArTer fully explaining the ftructure, I endeavoured to
prove, as Dr HaLLER had done, but with fome additional ar-
guments, that both rows of intercoftal mufcles confpired to e-
levate the ribs, or that they were mufcles of infpiration; and
that, when the intercoftal mufcles alone acted, and the ribs
were not forcibly kept down, they could have no other effect ;
and that all the ribs in infpiration were moved upwards uni-
formly.

TuEe chief circumftances which prove beyond a doubt, that
the two rows of intercoftal mufcles confpire in elevating the
ribs, are,

1. Tuat the firft rib is fo much fixed at both its ends, as
to be almoft immoveable, and its cartilage, inftead of being
connected to the fternum by a capfular ligament, or articulated
with it in the {fame manner as the cartilages of the other ribs,
grows as firmly to the fternum as to the rib, See T. 3.

fig. o.

3 2. THAT
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2. TraAT the fecond rib is more fixed than the third, and
the third more fixed than the fourth, and {fo on downwards.

3. THAT as the ribs, from the firft rib downwards, grow
gradually longer, and defcribe portions of larger circles, we may
obferve, that in general, or when we examine a middle portion
of the intercoftal mufcles, or a portion half-way between the
fternum and vertebree, the infertion of the lower end of the
portion is at a greater diftance from either end of the lower
rib, or from a ftraight line drawn between the two ends of
that rib, than its origin in the rib above is from the two ends
of that rib, or from a ftraight line drawn between them. Hence,
whether we confider the head of the rib, conne@ed with the
vertebra as its centre of metion, or whether we confider the
rib as moving upon a ftraight line or axis drawn between its
two ends, it follows, that a mufcle placed between two ribs
acts with a longer lever upon the under rib than upon the up-
per one, and therefore muft elevate the under rib. That the
force of this argument might be more readily underftood, I
have laid leaden probes along each of the feven uppermoft
ribs of an adult fubjeét, from the vertebre to the fternum,
and have reprefented their lengths and curvatures in T. IV,
The crooked continued lines reprefent the lengths and curva-
tures of the different ribs and their cartilages. The ftraight
dotted lines reprefent the diftances between their heads and
the fternum. The continued perpendicular line reprefents the
diftance of the middle of each rib from a {traight line drawn
between its two ends. The numbers 1, 2, 3, 4, 5, 6, 7, exprefs
firft, fecond, &e. ribs, of which the firft is the fhorteft and in-
nermoft, and the feventh the longeft and outermoft. The o-
ther numbers annexed denote eighths of an inch.

4. To
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4. To determine the effeét of the contraction of any mufcle,
I apprehend we need only to obferve in the dead body what
the fituation is in which the mufcle in queftion is relaxed. Ap-
plying this rule, we fhall find that the whole intercoftal muf-
cles, internal as well as external, are fhortened when we ele-
vate the ribs, and place them in that fituation in which we
find they are in infpiration.

5. Ir the internal intercoftal mufcles had been intended for
the depreflion of the ribs, we certainly fhould not have found
them continued to the fternom, becaule their anterior ends are
fixed above to the edge of the fternum, or fo near to the infer-
tion of the cartilage of the upper rib in the fternum, and their
inferior ends are, in confequence of their obliquity, fixed
to the under rib fo much farther from the fternum, that they
muft act upon the under rib with more advantage of lever, or
are intended for its elevation.

On the other hand, if the internal intercoftals had been in-
tended for the depreflion of the ribs, we certainly fhould have
found them continued backwards to the {pine, becaufe, from
their obliquity, their under end would have been fixed to the
vertebre or nearer to the head of the rib, and their upper end
at fuch a diftance from it, that this portion of the mufcle
would have been better calculated than any other portion of
it for the depreflion of the rib. '

6. In a few experiments which I made on living animals,
foon after I began to ftudy anatomy, and which I repeated af-
terwards, particularly in 1770, I faw plainly, as Dy HALLER
had done, that both rows of intercoftal muicles were in action
during infpiration,

AFTER
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AFTER proving, that both rows of intercoftal mufcles con-
fpire in elevating the ribs, I ufed to point out the fallacy of
the demonftrations, by which BayLe, HamBERGERUS, and o-
thers, have pretended to prove that the internal intercoftal
mufcles deprefs the ribs. The machine they defcribe as re-
prefenting the ribs, vertebrae and fternum, refembles very ex-
actly two wooden rulers, A, B, kept parallel by two pieces of
brafs, C and D, fuch as are ufed for drawing parallel lines;
and the two layers of the intercoftal mufcles are reprefented
by the threads EF and HG, pafling obliquely from the one
ruler to the other, and decuflating each other. See T. 2. fig. 9.

Let C, one of the pieces of brafs, reprefent the vertebrz,
and the other piece D the fternum. Let A reprefent the up-
permoft rib on the right fide of the body, and B the fecond
rib. Let EF reprefent the external, and HG the internal in-
tercoftal mufele..

Tuew lev C, reprefenting the immoveable vertebrz, be held
faft, and let EF be pulled or fhortened, they tell us that the
fecond rib B muft be more affeéted than the firft, becaufe the
lower end of the mufcle being at a greater diftance from C
than the upper end of it, the mulcle will a&t upon the fecond
rib with a longer lever, and therefore that the external inter-
- coftal mufcles muft elevate the rib.

Bur when the internal intercoftal mufcles, reprefented by
HG, are fhortened, they obferve that matters will be reverfed;
and as their origin in the firft rib is farther from the vertebre,
or centre of motion, than their infertion in the fecond rib,
that having a longer lever, they muft ferve to pull the firft
rib down..

ACCORDINGLY
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AccormincLy the rulers, on pulling alternately the threads
EF and HG, will be moved alternately upwards and down-
wards.

Burt to thew the fallacy of this, I need only to add to what
has been before obferved, that we can perform a full infpira-
tion, without bringing the upper rib, or top of the fternum,
upwards or nearer to our head; whereas the pretended de-
monftration refts entirely on the fuppofition, that all the ribs,
not excepting the firft and fternum, have a large play upwards
and downwards alternately. Stop the play of the firft rib, or
fuppofe it to be fixed in its place, which is the faét, and the
boafted demonftration is annihilated.

Tue late opinion of SasATIER ¥, that both rows of inter-
coftal mufcles ferve for expiration, and that the ribs are eleva-
ted by the fcaleni and ferrati poftici fuperiores, which are fix-
ed to a few only of the upper ribs, {carcely merits a comment.
It is refuted by what is above mentioned, and by the want of
the external intercoftals near to the fternum, and of the internal
near to the f{pine ; for intercoftals at thofe places would have
ferved to deprefs the ribs more powerfully than in any other
part of the thorax.

LET us now confider the purpofe,

First, Of the obliquity of the fibres in the intercoftal
mufcles, and, .

SeconpLY, Of their being difpofed in two layers, the fibres
of which decuflate each other. ]
It

* See Anatom. T. 3. p. 465. 7. m.
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It is evident, that the obliquity of the fibres here is not in-
tended to increafe their number, or the ftrength of the mufcle,
becaufe the fibres would have been more numerous if they had
pafled direétly from the one rib to the other, or had been in-
ferted into the ribs at right angles.

I apprEHEND, therefore, that we are to explain the reafons
of the ftructure in the following manner:

NATURE, in order to give protection to the heart and lungs,
has formed the ribs as broad and flat as poflible, or left no
more fpace between them than is required for lodging mufcles
for their motion in refpiration. Confiftently with this view, as
the ribs are fixed at both ends, fo that they cannot be moved
backwards and forwards, but are confined to motion upwards
and downwards, remaining nearly parallel to each other, ob-
lique mufcles are preferred to ftraight ; for if the former can,
as I have before demonftrated, perform more extenfive motion
than the latter, even where both are of the fame length, they
muft have a ftill greater effe&, where the two kinds of mufcles
are confined between the fame parallels.

Twuus, fuppofe the direct diftance, or perpendicular drawn
from one'rib to another, to be reprefented by three parts, and
that the intercoftal muicle, in confequence of its obliquity,
meafures five fuch parts, and that each of thefe is capable,
when in action, of fhortening itlelf one-fifth part of its length;
it appears from the demonftration, that the oblique mulcle can
move the rib through a {pace five times greater than the ftraight
mufcle can do.

G On



22 OBSERVATIONS, &ec.

Own accurate menfuration, I found the length of ithe inter-
coftal mufcle to be one inch and a half] the perpendicular line
one inch, and the bafe about one and one-eighth inch. Hence,
calculating on the fuppofition, that the mufeular fibre, in ac-
tion, thortens itfelf one-fifth of its length, it will be found,
that the intercoftal mufcles, in confequence of their obliquity,
produce a greater motion of the ribs than perpendicular muf-
cles could have done, nearly in the proportion of 35 to 12.

TuE only point remaining to be explained, is, why nature
hath formed two layers of intercoftal mufcles decuffating each
other.

Tue purpofe of this, I apprehend, is to render the motion of
the rib upwards as direct as poflible, and to prevent it from
being drawn or preflfed forwards upon the fternum, or back-
wards upon the vertebre, fo much as, by its fri¢tion, to inter-
rupt the freedom of its motion,

Upon the whole, by the obliquity of the interceftal muf-
cles, the motion of the ribs is very much greater than could
have been performed by ftraight mufcles placed between them:
At the fame time, by their confifting of two layers, or two
mufcles decuflating and balancing each other, the motion of
the ribs, upwards and downwards, is as dire&, and with as
little friction, as if it had been performed by ftraight or
perpendicular mufcles,

1 APPEN-



In which the Pretenfion of Dr GiLeerT Brang, that he fir/f
demonitrated the fame Effe¢t to be produced by Oblique
Mufcles as by Straight Ones with a lefs proportional De-

curtation of Fibres, is proved to be nnfounded.

S Dr GiLeerT BLANE, phyfician in London, who attend-

ed my Courfe of Lectures on Anatomy and Surgery two
years, fo wit, 1769 and 1770, has, in the Croonian Lecture
on Mufcular Motion, read by him at the Royal Society, No-
vember 13. and 20. 1488, and printed in London in 1790, gi-
ven a geometrical demonftration, that the fame effect is pro-
duced by oblique mufcles, with a lefs proportional decurtation
of fibres, than if the fame motion had been performed by a
direét power, without acknowledging that he had learned
from me any thing upon the fubject, I found myfelf under
the difagreeable neceflity, after I had treated of it in my
ufual manner, in my laft Courfe of Lectures, to mention Dr
BrLaxNE’s publication, and then to read Notes I had written on
C 2 the
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the {ubjeét, fo far back as winter 1759-60, and other notes
which happened to be taken from my Lectures, by Mr Tho-
mas THORBURN in 17470, during the laft year Dr BLaNE at-
tended my Courfe; and of which many copies have, fince
that time, been written and circulated among the ftudents.

Dr Brangk, who was informed of this, as I fuppofed and
wilhed he fhould be, becaufe his brother was, laft winter, one
of my pupils, has, fince that time, 7o wit, on July 27. 1792,
written a letter to Mr BEnjamin BerL, Surgeon in Edin-
burgh, on that fubje&, which Mr BeLr thought himfelf au-
thorifed to fhew me; and I received it from him on the 21{t
of Auguft 17g2.

TuaaTt what Dr BLaANE has publifhed or written on the fub-
je&t may be fully underftood by the Reader, I thall now fub-
join the part in queftion of Dr BLang’s Leéture and Letter,
then add the notes I referred to, taken from my Lectures in
1770 by Mr TaorBURN, with the atteftations of gentlemen
diftinguithed by their genius and learning, who have done me
the honour of attending my Courfes of Leétures, before, when
and fince Dr BLa~E did {o; and I fthall conclude with a few
Remarks upon the whole,

An
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An EXTRACT from Tue CrooNran LECTURE oN Muscu-

LAR MotioN, read by Dr GiLBerT BLANE at the Royal
Society, November 13. and 20. 1788, corrected, enlarged
and printed at London, 1790, in 4to, pages 55, 56, 57.

% BUT the advantage, or rather compenfation of obliqui-
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ty, which I'mean particularly here to demonftrate, is, that
the fame effect is produced with a lefs proportional decur-
tation of fibres, than if the {fame motion had been perform-
ed by a direét power. BorerLLi has eftimated geometri-
cally the lofs of power from oblique action, but feems to
have overlooked this compenfation of it, which is not in-
confiderable, when we reflect that there is thereby a faving
of contraétion, and confequently of fatigue. This can be
rendered an object of geometrical proof, and I here fubjoin
a demonftration of it, which I made out, when engaged in
the ftudy of anatomy, eighteen years ago.

“ LeT the line AB, in the annexed diagram (T. 2. fig. 10.)
reprefent a moveable bone, and the line. CD a fixed bone
parallel to it. Let FE, perpendicular to thefe lines, repre-
fent a mufcle acting in its own direction, and the lines GE,
HE reprefent two mulfcles acting obliquely, and producing,
by a diagonal ation, the {ame effect as the other. If the

‘“ bane
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bone AB be brought to the fituation ab, by the aion of the
mufcle FE, the mufcle will then be in the fituation FK, If
the bone is brought into the fame fituation by the action of
the mufcles GE, HE, thefe mufcles will, then be in the fi-
tuation GK., HK. Ay :
“ Tuk propofition to be demonftrated is, that the Tirie GK
bears a greater proportion to the line GE, than the line FK
does to the line FE; for FK is to FE as GL is to GE,
(Euc. Elem. B. vi. prop. 2.) and the angle ELK, being lf:fs
than a right angle, the angle GLK, which is adjacent to it,
muft be greater than a right angle ; and the angle GKL be-
ing in the fame triangle GLK, muit be lefs than a right
angle. The line GK, therefore, which fubtends the greater
angle, is greater than the line GL, fubtending the leffer,
and therefore bears a greater proportion to GE. '(But vthe
line GL ' is to GE, as FK is to'FE; ‘and therefore GK
bears a greater proportion to GE, than FK 'doesto FEj;
that is, the fibres of the mufcles aéting obliquely, fuffer a
lefs proportional decurtation than thofe of thﬁt mufcle act-

ing directly.

“ It is farther obvious, that the more oblique the a&ion
becomes, the greater faving there will be of contraétion ;
for in moving the line ab towards CD, the line FK dimi-
nifhes in a {wifter ratio than the line GK, and when the
former has vanifhed, the latter is in the fituation GF.”
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