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34 ON STETHOMETRY. e

In disease also important observations have been made
with the tape and callipers, and with Woillez's cyrtométre ;
but on this head I must content myself with referring to
Dr, Walshe’s admirable treatises on Diseases of the Heart
and of the Lungs, where the subject is very fully dis-
cussed.

MOVEMENT MEASUREMENTS.

Even more important results have been gained by obser-
vations upon the movements of the different parts of the
thorax, both in health and disease.

Thus, tapes have been used both for local and general
movement measurement, either by the simple device of
marking upon them the differences on the two sides of the
chest, before and after expansion, or by Dr. Wintrich’s
adaptation to the end of the tape of a piece of indiarubber,
which stretches with the motion of the chest; the extent
of the motion being noted, by marking the relative posi-
tions of the ends of the unyielding parts of the bands
during inspiration and expiration.

By this means Dr. Wintrich has been able to demonstrate
the large extent of movement of the thoracic wall even
without respiration, when both mouth and nostrils were
tightly closed, and efforts at breathing were made.’

Dr. Walshe also has pointed out the fact that in forced
inspiration, the circumference is more enlarged on the right
than on the left side, and he has shown the influence of
posture upon the extent of the respiratory movement,
and the fact that the abdomen is not expanded in forced
breathing.

By Dr. Quain’s and Dr. Leared’s additions of dials, the
observation of the degree of movement is facilitated, and

1 This observation I have myself verified,
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jo ON STETHOMETRY, CHAP.
correct, and have adopted two methods of testing the
matter,

Ist. I have fastened tapes of paper around the chest at
different heights, whilst the ribs were stationary in the
position of somewhat forced expiration, abdominal breath-
ing only being permitted during the process of fastening ;
slow but deep inspiration was then allowed, and in every
instance which I have so far examined, the order in which
the tapes were torn was from below upwards.

2nd. I have had several opportunities of using Dr.
Burdon Sanderson’s stetho-cardiograph, and have applied
the button simultaneously to the second and fifth or sixth
ribs in both males and females. Figure 11 gives the
tracing obtained in a case to which Dr. Sanderson him-
self kindly applied it, a young man, in good health and of

- =1 i .-- 1
averago S1ELC,

Fic. 11.—Simultaneous tracings ol the moyvementis of the fifth and second
':. The vertical strokes

||| s in an adult male, made h'-. the stetho-cardiogr:
show the points at which the two pens were Wo king simultancously.

The diameters taken were () from the fourth vertebra
to the second rib, one inch to the right of the sternum ;
and (&) from the eig +hth vertebra to the fifth rib, half an
inch to the right of the sternum. The strokes at the base
of the undulations show the corresponding points, in time,
of the curves. A comparison of the tracings shows that in
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T'he peculiar predominance of the action of the upper

ribs in female breathing is at once perceived in these

FiG. 1z.—simultaneous tracings of the movement of the second and hith
ribs in an adult female during forced respiration.

diagrams, but it may be observed that in all the curves

there 1s much less difference in the times at which the ribs

1

. F il mann e e e ad ]
Fro. 12.—Tracinos of the movements of the sec il and sixth ribs in an adualt

female, forced respiration.

come into action than in the male chest. As it has been
well pointed out by Bérard,! in this type of breathing, the

L Cours de Phlysie -r"_-x’f'.-"- Paris, P- 250,





















1. ] MEASUREMENTS OF THE CHEST. 47

This pinion is set in motion by the rackwork (K) attached
to the end of the rod (L) beyond the pivot (@). In order
to allow of the upward and downward movements of the
end of the rod, this rackwork is made in a peculiar fashion,
consisting of vertical divisions of a portion of a sphere, so
arranged that only the outward and inward movements of
the rod are recorded by the pinion, not those in the up-
ward or downward direction. Every degree on this dial
represents ‘02 of an inch. By this arrangement of parts
each motion is indicated without interference with the
others, -

MODE OF APPLICATION.

When the instrument is used it is placed in a box and
fixed by means of a split ring and screw to a pillar at the

Fic. 18.—Mode of Application.

required height, and this pillar is furnished with a clamp,
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course of one of the three movements must be imagined.
1 - a ranrecantecd
The lateral or outward push is, therefore, represented by

FiG. 19.—Showing the movements of the fifth ribs in a healthy young man,
et. 26,

the device of tracing it at an angle of 45° to the other

twio.,

GENERAL MOVEMENTS OF BREATHING.

The following observations were the subject of a com-
munication to the Medico-Chirurgical Society of ILondon,
and are now for the most part extracted from the Trans-
actions of that Society for the year 1873.

In ordinary breathing the extent of movement of the
ribs is very small, especially in the upper part of the chest,
and it is very irregular in extent, even in the same person.

In both men and women a large part of the respiratory
act in ordinary breathing is performed by the diaphragm,
a fact remarked by Haller, who says:* “In naturali in-
spiratione solum movetur diaphragma, costis ad sensum

V' De Musculis Diaphragmalis, p. 27. Berne, 1733,

E 2
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first to the eighth or ninth, we might have expected that
this circumstance would have given them a wider sweep at
their anterior ends, but I can fully corroborate Dr. Sibson’s
statement that in some cases the second or third ribs have
more power of forward movement than the fifth or even the
eighth, There is also in the tables abundant evidence of
the independent action of the different ribs. Mr, Hutchin-
son has well pointed out this power of independent move-
ment in the case of certain chest diseases, and in most of
the cases of the table it will be found that the third and
fifth ribs are by no means in exact accord in the propor-
tion which the several dimensions of the movements bear
to one another.

The outward movement of points upon the five or six
upper ribs appears to increase as they recede from the
sternum until a limit is reached about midway between
that bone and the wvertebral column, beyond this point,
measuring from behind, this motion naturally again gra-
dually diminishes.

VARIATIONS IN HEALTHY BREATHING.

1. Influence of Sex—The following table gives a few
of the results which have been obtained by means of the
three-plane stethometer in young and healthy women.

It has been noticed by most observers that in women
both the ordinary and extraordinary breathing is chiefly
costal ; and since this fact has not been successfully traced
to the fashion of dress, it may possibly be arranged to

facilitate gestation.!

was held by Boerhaave and Haller, but, as Dr.
this were true, ascitic females ought to escape
dyspncea, and the difference between male and female breathing is
much less during sleep, and male and female animals breathe almost
exactly alike.—Diseases of the Lungs, Ed. 4, p. 16.

1 This opinion
Walshe points out, if
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It does not appear to have been remarked, however,
that the superior costal type of breathing does not give
proportionately any increased power of raising the ribs in
forced inspiration.

In the cases which I have examined it was rare to find
any female who could raise the clavicles and third ribs
more than one inch, and if the proportions between the
motions are altered at all it is rather to the advantage
of the forward thrust, which in several instances attained
to or exceeded one inch.

Fig. 20 gives a representation of the movements of the
third rib in a healthy male and female.

The peculiarities of motion of the different bones are
also for the most part similar in females and males.

Fic. 20.—Dimensions of movements in males and females,

The forward movement of the middle of the sternum
slightly exceeds in most cases that of the mi:mubrium{ and
again we find the total movement of the ensiform cartilage
somewhat lessened. The clavicles move at about the same
rate as the sternum, in most cases rather less, in some
rather more than that bone, and they move considerably
less than the third rib, which as in men moves more than

either sternum or clavicles.









[ ] MEASUREMENTS OF THE CHEST, 63

e ——— T —

man of fifty-nine ; the difference in the degree of forward
movement is very striking :—

B 1020 1044058

FiG. 21.—Showing dimensions of movements in youth and age,

3. Position—The influence of position on the freedom
of breathing is worthy of note. Interesting observations
on this point have been made by Drs. Sibson and Hutchin-
son. I have myself, as yet, only made observations upon
the influence of the position of the arms upon the breath-
ing of persons in a sitting posture, especially as to the
relative motions, upward and forward, of the sternum.

The following tables show the variations in these move-
ments in three individuals ;—

TABLE V.

Movements of the centre of the Sternum in different positions af
the Arms,

— _
‘ Case I. | Case IL | Case III.
|
| U ‘ ol S
s ot A o . ety T 1
I = _| | T
a. Hands supported on a level | - |
with the shoulders, or on
g i 5 - -
Il I[_l‘”*_'“;’k. e || T02 105 107 114 0o 100
| # Hands resting on the ster- | ! |
[ num . 03 (3 Ts 62 8 (
: . . 3 99 D2 84 go 0
¢. Hands locked behind the = ' ' S
head 50 70 43 70 (R 3 60
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piration and inspiration will probably be less than in
health.
INCREASED MOVEMENT,

Increased movement may, however, in rare cases, be

ST B
Fic. 22.—Bv an oversight, the latest measureinents in il'll.f‘ case of the right 3rd
and sth ribs are placed above - hetead of below the earlier record.

brought about by disease, especially in the extent of the

upward motion.!

1 Dr. Walshe says, the chest movements may “ exceed the hv:ﬂl.h_w.'
ctandard where a muscular effort 15 made to overcome some obstruction

seated low in the hest.”
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| 51_ - ¢ e - i : 0 ¥
| Discitaniof | EENUT Clavicles ard rib. | sth rib. !
Movement. < = e d |

T.'[=-|=-r:r.! Mid. | Right. | Left, Ri;.:11|:.| Left. | Right. | Left. ‘

—_ —
——

f-‘;:;i‘.',;!“l‘ ‘ 45 | 8 | 75 | 5 125 | 95 | 745 | 125
Jpwarc TR | I2% 120 125 5 3 55 3

| e 3 ! I I - |
| Outward e | — — — i;% 22 20 38

33 30 | 38 |

DIMINISHED MOVEMENT.

It is amongst emphysematous and asthmatic patients
that the most distinct examples of extreme diminution of
motion are to ke found, and in these cases all the three

dimensions of the movement seem to be equally lessened.
(See Table XVI., p. 151.)

o /0 2038

3 rd Rub(R)

Fig. 23 represents the movements of the third rib in a
case of advanced emphysema.

The rigidity of the thorax in these disorders seems to
offer an almost equal impediment to all the movements of
the ends of the ribs.

In chronic bronchitis there is also usually to be found
considerable diminution of motion.

The following case is an extreme instance of this im-
pairment of motion in an advanced case of chronic bron-
chitis. It will be found that the chest-movements in this
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by the ribs with the vertical in the living subject. The
simple instrument figcured below is sufficient for the pur-
pose, and may be made to give diametric measurements
as well.

It consists of an upright support (@), bearing a semicir-
cular dial (#) at the back ; and attached to it, at the centre
of the dial, is a pair of callipers hinged at (¢), and carrying
a needle, so that any change in the obliquity of the plane
of the callipers is at once indicated upon the dial. Then,
by placing the buttons (e and f) respectively opposite the

FIG. 24.-—GONIOMETER FOR THE RIRS,

spinal and costo-cartilaginous articulations of a rib, and hold-
; ; -I. - S B ..--.-\.--,..- % -.-.L
ing the support (@) 1n a vertical position, ascertained by :
b e ang] . the rib with the vertical
plumb-line (¢), the angle made by the rib with t.h[' | ertic:
in the two positions of inspiration and

may be l'ugi:'atu:n:d ' i
: ly be made of the results 1n

expiration, and use may safe

the proposed inquiry.
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described in its revolution about the point o, from the
horizontal line 0 D = @, and the angle D 0 C = 4, then
A B, the amount of forward thrust of the point of the
lever = # (cos yr—cos @) and B C its upward rise = »
(sin O—sin )

Applying these formule to the data which we have
supplied in Tables IX. and X. we are enabled to com-
pare the actual movements of the ends of the ribs, as
observed by the Stethometer, with the motions they should

FiG. 25.

have had if the ribs moved like the unyielding bars of a
machine articulated like the thorax. The following Table
¥ 1. exhibits the results, and we are therefore now in a posi-
tion to study the movements of the ribs in each plane of
direction, and to estimate the explanations to be given

of them.,
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1 1ere 1s, however, a possible influence that might affect
the extent of this movement in the straightening or in-
creased curvature of the spine,

It has been observed that the vertebral column in its
thoracic region becomes more curved during inspiration,
and this would have the effect of lessening the height of
t}-] - = - = - - - |-. & I-‘

e body, and so of diminishing the upward readings of

the stethometer; but it may be easily proved that the
extent of this disturbing influence must under all circum-
stances be almost inappreciable.

The accompanying diagram (Fig. 26) will illustrate the
kind of problem that would arise in this case :—

If ABcC is the usual degree of curvature of the spine,

and @ B¢ its increased curvature in inspiration, then the
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surements have been made, it will be seen that only altera-
tions in the radius of the arc described by the rib would
explain the discrepancies which we have pointed out between
fact and theory. In other words, that the ribs must be
capable of altering their curve, and that they can be bent
to some degree either outwards or inwards. I have satisfied
myself by experiment that this is quite possible.

In the dead subject, by carefully fixing the ribs, and
applying weights in the direction of their chord-lengths, I
have ascertained that the pressure of a few, five or seven,
pounds suffices to diminish the measurement by 025 to
075 inch. In living persons, by making them hold their
breath in the position of full inspiration, and fixing the
back, the stethometer shows that, in spite of the resistance
of the inflated lung and other structures, pressure with the
fingers on the button of the instrument produces a very
appreciable movement of the index of the F, dial—a move-
ment varying in different persons from 0'3 to o7 inches.
Pathology also shows clearly enough that the ribs are capable
of being bent. The sinking in of the thoracic wall over the
site of a dried-up vomica, or when pleuritic fluid has
been absorbed, the barrel-like distension of the chest in
emphysema, the indrawing of the lower rib in dyspncea,
are proofs sufficient of the flexibility of these bones.

The following cases, given by Mr. Le Gros Clarke, in an
interesting paper on the Mechanism of Respiration, will
illustrate further the influence of diseased conditions upon
the ribs :—

1st—“A patient at St. Thomas's Hospital, in whom
there was fracture with displacement of the sixth cervical
vertebra, by which the chord was compressed. He sur-
vived the injury less than three days, and there was
complete paralysis of motion and loss of sensation below
a line level with the nipples; the movement of the arms
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persons the fact that there is an alteration in the diameter
of the rib-circuit during forced respiration.

By the use of a suitable apparatus the degree of rib-
bending may be measured with cum;[dcr:thl;;: :LCEHI{J.(;S:.
The instrument which I have employed for this purpose is
ficured below.

It consists of an ordinary pair of callipers, with the
following modifications (—1, a screw at the central joint
by which the blades can be firmly fixed in any required

Fic., 27.—Thoracic Callipers.

position ; 2, an ivory button on one of the points; 3, a
d to receive the rib, and to fit into the inter-

pad, hollowe
either side of it; and 4, this pad is attached

costal spaces on
by a.ball and socket joint to a small rod, which slides in a
point of the callipers, and which is so
o which it moves in the socket
A little side-screw

tube on the other
graduated that the extent t
may be read off in tenths of an inch.
the socket when necessary.

(5) serves to fix this rod in
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skirf it is difficult to avoid this accident, By selecting thin
subjects and with care, however, this erroris easily avoided.

2. Too much pressure may be used, either in the position
of inspiration or expiration, and thus the rib might be bent
inwards by external force ; in the first case too small, and
in the latter too great, a reading of the instrument would be
obtained.

A fair number of measurements have now been carefully
made with this apparatus, both by myself and by other
medical men, and the results fully confirm those which
were arrived at by deductive reasoning from the stetho-
metric observations,

The readings of the instrument are tolerably constant in
the same individual; and had the construction of the
instrument been more perfect I believe they would be
even less variable. They are, however, amply sufficient to
demonstrate, and to measure approximately, the degree of
bending of the ribs; and the slight variations which occur
in the measurements of the same ribs are probably in part
due to the varying amount of force employed by the
respiratory muscles. The same fact may be noticed in the
use of the more perfect instrument, the three-plane
stethometer. As might have been anticipated, there was
great variation in the amount of bending of the ribs in
different individuals. In children it was large in proportion
to the small diameter of the chest, and their muscular
power.

In women the motion of the rod in the socket was
relatively somewhat less, but it was still considerable,
varying from 02 to 0'4 in, : for the third ribs. In adult
males, with elastic chest walls and vigorous muscular power,
the movement was much greater, and, in the larger part
of the cases examined, the degree of motion increased
in passing from the upper to the lower ribs, and in one or
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ments an exact imitation of the horizontal and vertical move-
ments of the button end of the instrument will be traced
only in reverse, upon the paper placed in the writing framet

In using this apparatus it is fixed to the table by a
clamp, or by a sufficiently heavy weight attached to its
foot, and the back of the subject to be examined is firmly

16, 24,

supported by a pad, placed opposite the costo vertebral
articulation of the rib whose movements are to be traced.
It will be observed that the medium for receiving the
writing is fixed, so far as its relation to the pen is con-
cerned, that it is not a rotating cylinder as in Dr. Sander-
son's stetho. cardiograph, nor a travelling carrier as in Dr.
Marey’s sphygmograph. These devices are needed when a
record of the relative force and frequency of the motions is
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required ; but, on the other hand, the introduction of this
extraneous movement prevents the accurate delineation of
the actual track pursued, in the forward and upward direc-
tions, by any point on the chest-wall.

By means of the instrument® now described this tracing
may be obtained without difficulty.

The following curves are selected in illustration of the
results which have been obtained with the stethograph.
To afford a simple basis for comparison they are in the first
instance limited to the movements of the ends of the third

pair of ribs.
MOVEMENTS IN HEALTH.

In observations made with the three-plane stethometer it
had been remarked (see page gs), that the forward motion
of the rib is the most equable throughout the whole act
of respiration, and that, in men, the upward movement
takes places chiefly at the latter portion of the respiratory

Fic. 30.—Movements of the left third :
ribin a healthy male, wt. 3-. F1G. 31.—Same case, right third rib.

act, but that in women and children, this movement keeps
pace with the forward push. Figs. 30and 31, from a healthy
adult male, Figs. 32 and 33, from a woman, and Figs. 46
and 47 from a youth, entirely bear out this remark. :fn the
tracing No. 31, taken from the right third rib of an adult
male, it will be found that the ordinates of the curve in the

1 T 1z & || e . '
I'his stethograph and the three-plane stethometer are now made
by Mr. Hawksley, of 300, Oxford Street.
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first half of the course are 0.9 in. forward to 0.3 in. of up-
ward moticon, and in the latter half they are 0.4 in. forward to
0.75 in. upward. In the female and the youth the curves
are much more equable in the two directions of motion.

Movements of the third rib in a healthy female, @t. 2q.

[t may also be noticed in these healthy curves that the
lines of the tracing inclose an irregular but yet a perceptible
space ; in other words, that the anterior end of the rib takes
a different course in its ascent from that of its expiratory
descent.

In some cases the uppermost line is that of inspiration,
ard when it reaches its highest point it descends some-
what more abruptly than it rose, being afterwards drawn
inwards more horizontally. In other instances, however,
this track is reversed, and the descent of the rib is more
oradual than its ascent (see Figs. 34, 35); and in some, the
two tracks will interlace with one another, once or twice,
or they may occasionally, but very rarely in healthy
breathing, follow the same .line.

These variations are doubtless produced by the varying
degree to which the will interferes with the action; the
expiratory act in many persons is at first automatic and
mainly due to the elasticity of the parts, but when the
forced effort of expiration is made, the voluntary muscl les
of respiration are called upon to act at various periods of
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the effort, and are used to a greater or less extent according
to the will of the subject.
In curves 34 and 35, in which the undermost curve is that

ef inspiration, it may be supposed that in commencing to in-

Fic. 34. FIG. 35.

Movements of the third rnibs in a ]:u.:u.'.l]l:.' :|L|:Lf:_'r et 40,
spire the inbending of the rib is first released, and then its
upward stroke takes place. In the subsequent descent of
the rib, the expiratory muscles draw it backwards again more
gradually, and in many cases the slight resistance of the air

F1G. 3%.

Hypothetical respiratory movements of the ribs,

as it rushes through the air-tubes may prevent the rapid
collapse of the ribs.

That this view is probably correct is shown by the fact
that, when a sudden expiratory effort is made, the rib in its
descent is nearly always buloed forwards at first, and thus

forms the foremost line of the tracing.
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second of these characteristics are not found in the actual
curves described by healthy ribs, and in order to test the
third and fourth, an attempt was made to ascertain what
influence could be exerted upon the movements by the
constraining power of the will. In Fig. 39 the result
is given in one case, of an effort to raise the rib with
but little forward motion ; and secondly, to push its end
forward without raising it

Although the tracing is irregular from the constraints
put upon the ordinary motion, it is
evident that in the uppermost curve
we have a closer approximation to
the simple radial movement, and in
the lower one the effort has suc-
ceeded in producing 1°20 in. of for-
ward push with only 06 in, of rise.

These peculiarities of the motions
of the rib in health, can only be

accounted for by an alteration in Fro. 39.—Constrained move-
the chord-length of the rib, due to  ™ents of the third ribs.
the action of some constrictor power possessed by certain
of the respiratory muscles,

TRACINGS OF REGIONAL MOVEMENTS.

In order to show the variations in the movements of
different parts of the thorax, the following tracings
were taken from a man =t 40, of fairly average build
and strength ;—

.]' 1 G 40 '\'II.U'- ! ) L i I - o
: r‘I.I[ it]LIL, tL‘l._ Jg'
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THE CLAVICLES.

The clavicles at their centres describe very regular
curves both in their ascent and descent (Fig. 40). The
course taken in expiration being in reverse very similar to
that of inspiration. The degree of forward motion is a
little greater than could be due simply to their ascent and
descent, owing doubtless to the advance of the upper end
of the sternum, and as might be expected, variations
in the degree of movement of the sternum occasionally
introduce irregularities into the motion of the clavicles.

THE STERNUM.

The curves described by the sternum in its three regions,
as might be anticipated from what we have seen of the
varying action of the third ribs, varies somewhat in in-
spiration and expiration.

In the instance before us (Fig. 41.) it may be noted
that there is a slight but steady increase in the obliquity

Fig. 41.—Movements of the sternum in a healthy male, set. 30.
W, 4l i

of the curve, showing that in inspiration the lower F_'I]‘t'_l
of the bone is tilted forward more than the upper.. This
is probably the usual course, but by no means universal,
without tracings, by reference to the

15 may be 'seen
. and 4, of Table I, p. 52.

figures given in columns 2, 3
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THE RIES.

That the increase in the forward motion of the lower
part of the sternum is not to be explained by the usual
theory of the longer radius of the lower ribs is sufficiently
proved by its variation just referred to, but the remarkable
course taken by the ends of the lower ribs shows still more
clearly the true nature of the action,

FiG. 42.—Healthy adult male, movements of the third ribs.

There js apparent in these rib tracings a steady increase
in the degree of forward motion from the second to the
eighth, but the extent of upward rise does not increase after

F'1G. 43.—5ame case, fifth ribs

the fifth ribs, and both the seventh and eighth ribs dis-

play a very large forward push with a very small degree of
I'IS€,
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I'he spaces inclosed by the inspiratory and expiratory

curves seem, in this instance, to have on the whole increased

F16. 44.—Same ease, seventh ribs.
as we descend, and show the extent to which the expiratory
muscles were able to exert their power upon the lower ribs.
We may, I think, reasonably suppose that a large part of

F1G. 45.—Same case, eighth ribs.

the indrawing of the seventh and eighth ribs was due to the
action of the diaphragm.

Figs. 46, 47, 48, and 49 mark the differences in the
healthy tracing produced in youth and in advancing years.

In the youth, from whom the tracings given in Figs. 46
and 47 are taken, considerable elasticity is apparent, and
the curves also demonstrate the great freedom of move-
ment possessed by the thoracic walls in childhood.

F1aG. 4Fr. F16. 47,

Movements of the third ribs in childhood.
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In age there is an approach to the form of curve traced
by the unyielding rib (Fig. 36), and the upward and down-
showing the loss of elasticity

ward track are nearly alike
with advancing years. This fact is well shown in Figs.
48 and 49 taken from the third ribs in a man at. 60.

Fi1G. 48. F1G. 49.

Movements of the third ribs in old age,

THE MECHANISM OF COUGHING.

Insystematic experiments upon the spasmodic and partly
involuntary action of coughing, an attempt was made in
the first instance to discover what effect was produced upon
the rib by the simple closure of the nose and mouth, fol-
lowed by a strong expiratory effort, no air being allowed to
escape from the lungs; the result was found to be, in some
instances, simply a backward and forward motion of the
pencil—somewhat irregular from the efforts put forth in
the trial—and in others there was at the same time a slight
raising of the lever, showing that the rib was pushed
upwards by the underlying lung.

Fia. 50.
Forced movement of the ribs on closure of the mouth and nose afte

r inspiration,
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In another set of experiments, after an inspiration and
sudden closure of the nosefand mouth, the air was allowed
to escape rapidly, as in the action of nose-blowing, and the
results were as shown below (Fig. 51); curves @, &, and ¢,
being the course taken by the third rib whilst the nose was
blown once, and curve & when it was blown twice, during
one expiratory effort.

FiG. 51.—Action of the ribs in blowing the nose.

A series of short voluntary coughs was then made, with
a general result such as may be exemplified by the four

tracings here given (kig. 52).

Fic. 52.—Single acts ot coughing.

Ml thace instances it is remarkable that, after the first
In all these instances 1t 1

steady rise and forward push of the rib in inspiration, when
o - = : = o o - track
expiration takes place, instead of following the same trac
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back again, there is in every case along with the fall of

the rib a distinct forward bulging, and in two instances,

¢ and & (which are only examples of several others),
this takes place to a considerable extent before the rib is
allowed to draw back to its original position.

There are, in truth, two distinct modes of coughing—
the first, in which closure of the glottis takes place imme-
diately after inspiration ; the second, in which the effort of
" violent expiration is commenced, and the glottis is not
closed until the rib has made some progress in its descent,
A stoppage in the exit of the air then occurs, the rib
is first bulged forward, and then, on the opening of the
glottis, is drawn inwards with a violent expulsive effort

(Figs. §3 and 54 a).

FiG. 53.—A single cough tracing, F1G. 54.— Varieties ol cough,

In some cases it also seems probable that there is no
complete closure of the glottis—but the air is driven forcibly
through its narrowed aperture. (Fig. 54 4.)

I'hese remarks will explain most of the variations that
occur in the form of the single cough tracing, and also the
more complicated curves produced by several acts of
coughing taking place during one expiratory effort,

[he following tracings of voluntary fits of coughing,
with the exception of the first two, were taken in the

[
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physiological laboratory of Owens College, under Prof
(Gamgee's superintendence.

I'hey present a strong family resemblance—in most there
15 a slight forward bulging of the rib at the end of the in-

spiratory act, amounting in Figs. 55 and 56 to about 0’03 in.

Fig. §5.—A double cough. Fig. 56.—I'hree acts of coughing,

This appearance must probably be attributed to the expul-
sive efforts of the respiratory muscles, compressing the air
in the chest and so forcing the ribs outwards. Immedi-
ately that the air is released, however, from the windpipe,
there is at once a downward fall of the rib, for a space
of from 02 to o5 in, with a barely perceptible incline
inwards ; then comes a sudden change in its course, and
it is drawn inwards almost horizontally, until it is caught
by the second sudden stoppage of the glottis. At the

&,

FiG. 57.— Varieties of cough,

commencement of a second act of coughing the motion ol

the rib is either arrested for the moment, as in Fig. 57, (a)
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or it is pushed forwards and even upwards by the com-

pressed air in the chest (Fig. 58) ; and then when it 1s again

Fig, s8.—Vurielies of couph.

released there is usually a still further bulging forward,
together with a downward drop, and finally there is the
almost horizontal indrawing of the rib.

It is interesting to note that the extent of the forward
bulging is greater the lower the rib gets in its descent

as if the rib yielded to the pressure within the chest
more easily in the position of partial expiration than
in that of full inspiration. This is seen in Figs. 56, 57,
and §8

Fic, 50.—Spasmadic cough 16, 66.—Cough in a case of
from laryngeal irritation, chronic phthisis.

In Figs. 50 and 60 are given a few instances of still more
complicated tracings of purely involuntary coughing: when

=4
[ 2
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.

they are unravelled they will be found to conform to what
has been said above.

The other involuntary actions of sneezing, yawning, and
laughing have also been included in the inquiry.

Sneezing—In the act of sneezing, produced by snuff-
taking, shown in Fig. 61, the course taken by the rib is
remarkably like its track in coughing: there is first the
almo