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INTRODUCTION.

The mechanism of the second stage of human
parturition has already been the subject of numerous
works, and on many aspects of the problem the treat-
ment has been exhaustive. There are matters, however,
which gtill call for inquiry. TPFurther evidence seems|
desirable relative to the form of the dilated pelvic
canal; the direction of uterine pressure may be said
to be unknown: given a variasble direction of pressure
proof is awanting of its influence, or otherwise, on

the mechanism; the known effect of a uniform pressure

. on a curved surface needs application to the

' mechanism of labour: it is worth while to attempt to

unravel the congeries of movements which go by the
names of flexion and extension; the difficult problem
of lateral obliguities of the fetal head remains
where it was forty years ago; the aevelopment of the
mechanism at the vulvar outlet may be capable of
modification in & manner favourable to easier birth.
These and other matters are gone over in the pages
that follow,

A definition of what is meant by the
second stage is not easy if regard is had to every

possibility/
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possibility. .In most labours the second stage com-
prehends the period which elapses after the og uteri
is fully dilated and the membranes are ruptured until
the child is completely born. ' It is obvious, however,
that the mechanical phenomena of thelaecond stage are
able to be developed before the os ié wide open, and
after full dilation before the membranes are ruptured,

at any rate until a late period of the second stage.

‘The “ewpulsive period" of* the Germans also is not

| sufficiently general at least in its clinical

manifestations, for the evidence - abdominal action -
mey be awanting., Nor is it adequate to maintain that
the passage of the individual segments of the fetus

through the vaginal and vulvar canals constitutes the

second stage, For the present purpose the second

stage is defined as a period which begins when the

;feﬁua is compelled to exercise an uncertain quantity

of pressure upon the upper part of the vaginal wall
and which lasts until the child is entirely born.

The present thesis is divided into six
sections and two appendices, The first section deals
with the form of the pelvic canal, the second treats
of the direction of uterine and abdominal pressure,

in the third the mechanigm of flexion is considered,

in/
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in the fourth lateral obliquity of the fetal head,
the fifth is devoted to internal rotation; while the
sixth is concerned with the mechanism of extension
and the protection of the perineum., In the first
appendix & number of simple experiments is described,:
and in the second are set forth tables of angular
distances derived from the published reproductions of
frozen sections. Finally a short summary is given of
the results embodied in the thesis,

In conclusion I desire to thank the Council

of the Royal College of Physicians of Edinburgh for

| the privilege of reading in the Library of the

College, the Librarian of Edinburgh University for a
similar courtesy, and the Librarian of the British :

Medical Association for much kind assistance.

SECTION 1/
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BECTION. T,
. THE PELVIS AND THE PELVIC CANAL,

§1.' The dilated pelvic canal consists of fwo
portions respectivelﬁ superior and inferior.f The
superior portion is roughly cylindrical, straight,
and enclosed for the most part by the walls of the
bony pelvis., The inferior portion leaves the
superior at an obtuse angle which opens upwards

and forwards, is more or less cylindrical, and

follows a curved course of variable radius downwardsJ

forwards, and upwards. It is enclosed by the soft
parts alone.

NAEGELE (1825) appéars to have been the
first to make casts of the form of the pelvic canal.
He did not go so far, however, as FABBRI (1857)
whose conclugions, from & study of his casts, are
that the canal is approximately cylindrical, has
two walls anterior and posterior, both nearly
vertical and meeting-the floor at right angles.
When/ '

*The dilated pelvic canal is an ideal construction:
as BARBOUR (1895) points out, the soft perts are
normally in contact before and after the passage
of the fetus, '




2.

When the canal is dilated, the inferior curved
portion meets the superior nearly at right angles.
Hopar (1864) gives a diagram from a cast of the can-
al and considers it a cylinder, the head making a
straight descent, and then curving forwards to the
outlet. HEg2R (1870) who also made casts regards
the canal as a nearly c¢ylindrical passage with an
anterior opening, alternatively as a short eylinder
ending in a gutter.

SABATIER (1880) considers that the fetal
part descends in a straight line to the floor, and
he contends that the action of the forceps is a
striking proof that the descent is rectilinear.
Boissarn (1884 ) made casts of fifty pelves after
death and gives tracings of all of them. His views
coineide with those of FABRBRI, and he argues from
the use of the forceps in the high operation that
the descent from the brim to the floor of the canal
is rectilinear. BOISSARD states that as early as
1877 PINARD made easts of the pelvie eanal and
arrived at a similar result. Purther, TARNIER in
his lectures was in the habit of giving the canal
this form, and compared it, according toc BOISSARD,

to an aumoniére de bourse. INVERARDI (1887) made

a series of casts after having first distended the

cavity/



cavity with a fetal head. He describes the eanal as
roughly eylindrieal with an opening on its anterior
and inferior aspect, and shows (for the first time)
that the pelvie floor does not lie strictly at right
angles to the walls of the cavity, but is inelined
downwards and forwards. RUTHERFORD (1893) gives a
description whieh is identieal with that of FABBRY ,
while PARvVIN (1894) accepts the views of BOTSSARD
apparently without reserve.

Aceording to prmuFnry (1903) the eanal is
evlindrieal, and consists of two portions united to
one another at a right angle. In 1904 Demelin
describes the cavity as eylindrohemispheriecal, and
as becoming eylindro-conieal, and lastly ceylindrieal
during the passage of the fetus, returning after
that event to ifa original form.

SELLEEIM (1904) regards the initial part
of the eanal to be direet, and followed by an in-
ferior portion having a gentle bend. In 1906,
SELLHEIE oublished a photographie plate of his
easts, which show a remarkable agreement in fom
with the tracings oi HODGE, PINARD, and BOISSARD.

In 1807, he defined the axis of the cavity to be
straight and that of the outlet to be curved.
- BERTHAUT (1908 ) agrees with FABBRI"S con-

clusions/



conclusions, and elaborates BOISSARD'S argument for
the straightness of the superior portion of the
canal from the direction of traction with forceps.
It appears, then, that those who have adopted the
method of investigation by making casts of the
pelvie canal differ very little in their conclusions
as to the form of the canal. Most authors, on the
contrary, asceribe to the eanal a course which is
more or less continuously curved from the brim to
the vulvar outlet, and they apparently do so only
on theoretical grounds. Cliniecally the problem may
only be studied during traction with the forceps
applied at or above the brim, as SABATIER, BOISSARD,
and later BERTHAUT have shown. And particularly
when axis-traction forceps are used, there does not
gseem to be an appreciable error in the conelusion
that the descent of the head from the brim to the
pelvie floor is rectilinear.

£2. #ABBRT considers the superior portion to
extend downwards from the brim as far as the cceeyx,
and its depth to be increased in the last period of
labour to a maximum, resulting in repulsion of the
6oceyx hollowing out of the floor or active portion
of the pelvie eanal, and increasing the height of
the subpubie space, which leaves indefinite the
determination of the boundary between the two
portions. HYERNAUX (1866) also affirmed the

depresﬁion/
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- depression of the ceceyxand the inerease of heipght
in the subpubic space, and 1llke FABBRT thought

there is no increase in the antero-posterior diameter
of the outlet. BOISSARD and INVERARDI corrected
this error and emphasized the importance of the
inerease. The latter divides the superior portion
or excavation into two parts, a superior almost
entirely ossecus and 1little elastie, extending frm
the brim to a plane running from the inferior border
of the symphysis pubis to the anterior wall of the
sgerum, and an inferior ossecus only laterally

and at the inferior part of the sacrum, otherwise
very soft and elastie. The inferior portion of the
eanal is inserted nearly at right angles to the
inferior and anterior margin of the pelvis whiech
constitutes the inferior strait.

ZWEIFEL (1890) divides the canal into two
portions at a level corresponding to th2 second
parallel plane of HODGE and the gubdivision of the
cavity recognised by INVERARDI , the upper portion
having ecually long anterior and posterior walls -
the cavity, and a lower portion - the'"pelvie funnel™.
VEIT (1887) also attaches importance to the second
parallel plane of HODGE which extends from the sub-
pubie iigament to the middle of the second bone of
the sacrum, and is parallel to the inlet.

DEMELT N/



DEMELIN (1903) places the line of separ-
ation at the level of the sacro-coccygeal articul-
ation and the lesser sacro-sclatic ligaments.

éELLHEIM (1907 ) divides the eanal into
three portions - an inlet segment extending from the
level of the upper border of the symphysis., or the
pubie spine, and the promontory down to the so-
called terminal level of von TRORIEP (1881), thus
giving articulate expression to a distinetion ex-
isting between the levels of the conjugate and the
transverse diameters of the brim, of which Winter
(18387) had already recognised the practical import-
ance; the cavity extending from the terminal level
te a level beginning at the lower pubie margin and
extending backwarde to the spinse ischii; where the
inferiox portion begins, and whence it extends to
the outlet oﬁ a level in front of the pubie arch.

The division and subdivision of the pelvie
canal into segments appears to be guided mainly by
the individual outlook whether anatomical or
mechanieal, and in the latter case according to the
views each one holds on the mechanisim of labour.
Perhaps, the main division of INVERARDI is the most
acceptable from the mechanieal point of view, as
it cones in at a level which marks the end of the

greatest /



greatest change in the mechanisi of the ordinary
labour.

The line which, from a mechanieal point of
view, marks the division of the dilated pelvic¢ c¢anal
into two portions, extends from the lowar margin of
thé soft parts under the symphysis pubis, these
parts being commonly as deep as and nearly as resisgi-—
ant as the region of the symphysis before extension
begins, down to the lower margin of the ischio-
pubie ramus, across the internal lower surface of
the ischizl tubdrosity. along the lower margin of
the great sacro-sciatic ligament to the apex of the
sacrum, and round the other side of the pelvie ceanal
in the same manner to the starting point. Within
the canal above this level the mechanism of flex—
ion and internal rotation are ordinarily completed,
and the phenomena of labour are distinetly con-
Joined with the form of the bony and ligamensous
canal; below this level the mechanism of extension
is more especially concerned, and the passenger is
mainiy enveloped in soft parts. W¥Within the superior
portion a subdivision ean be marked off, in addition,
at a level where commonly the first stage ends and
the second hegins. This level corresponds to the

upper surface of the yet undiliated pelvie floor, and

is/



is, as a rule, in the paraliel plane of the ischial
spines and the lower part of the obturator foramen

of either side.®* The vertieal distance from this
level to the lowest point of the line separating the
superior and the inferior portions of the pelvie
ecanal is comparatively short. But its passage is
often the slowest and the most tedious part of

normal labour, and within its boundaries in a

greater proportion of labours the vrocessesc: flexien
and internal rotation are completed.

Though the superior ﬁortion of the pelviec
eanal is regarded as being approximately evlindrical;
variations from the truly eylindrical form can be
observed in a iarge proportion of examples. These
variationéaﬁpewrto have a bearing on the mechanism
of labour.

MEYER (1873) divided the sacrum into pelvie
and perineal portions, the former consisting of
the first and second vertebrae, of which the anterior
surface is straight and is inelined upwards and
forwards, the latter or perineal portion being
curved and directed downwards and forwards; and
INVERARDI (1885) came to the conelusion that the

differences/

# This level corresponds approximately to the third
parallel plane of Hodge, and it is here that rapid
contraction of the canal begins.



i differences between the two portions arise from the
action of pressure in the course of development.

T™he straightness of the pelvie portion was obhserved
by NARGELE (1825), and it forms one of the factors

in his estimation of the axis of the canal.
TRIDONEANI (1901) claims to have proved a constant
relation hetween the length of the conjugata vera

and the altitudinal length of the sacrum, the factors
for both being the general dimensions of the pelvis,
the projection of the promontory, and the inclination
of the pelvis; while PATERSON (1333) considers the
size of the =zaerum to be influenced by its curve.

In the latter instance, however, it is more probable
that both the gize and the curve are to be attributed
to a less evident cause. SCHWEGEL (1861) found the
sharpest bend and greatest depth, measured
perpvendicularly from the "airiine”, at the third
sacral vertebra. JOESSEL and WALDEYER (1899) confirm
this observation, and also that of KMEYER. The
greatest depth of the sacrum from the airline ia
given by SCHVECFIL as 10-14 lines, by BARNES (1885)
as 17 inches, and by CARRIGUES (1202) as 27 mm.

SCHVEGEL records in addition, that the lateral part

of/

. In BRAUN'S section of a male (1874) the depth is

10 mn., in a female 11 mm. The lengthe are 44 mn.
and 45 mm. respectively, so that the sacrum is relat-
ively less deep in the female than in the male.
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of the sacrum on. e«ch side is less bent than ths
middle, and gives 3-6 lines as the lateral depth —
a considerable flattening which is very evident

in the frozen sections made parallel and lateral

to the mesial plane by CHIARI (1878), PINARD and
VARNIER (1892), ZWEIFFL (1893), ALLBUTT and PLAY-
FAIR (1898), LEOPOLD (18°97), and PESTALOZZA

(1897), all these sections cutting through normal
pelves, with the exception of tliat of LEOPOLD.
These sections further show the irregularity of the
lateral anterior surfaces of the sacrum in a
direction from above downwards — an irregularity
which is also present, though to a much less extent
ot the anterior surface of the vertebral

bodies ¢f the sacrum, and which is recorded in the
tracing of the outline in the mesial plane of the
cast made hy HODGE, In compariscen with the relative
roughness or irrepularity of the anterior aspect

of the sacrui, the other walls of the bony canal
are very srooth, a fact to which ALLPORT (19212)

has directed attention. The inference from these
dispositions is that the anterior surface of the
sacmui has not been evelving in a manner to

| correspond with the passage or sliding of a hody
over 1t. According to GRAY (lﬁadj the depth of

curv ature/
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curvature of the sacrum is less in the female than

in the male (see antea relative to Byauntls sections),
while as is well known the sacrum has no cur#tatide

in the lower animals, It is thérafore probable -
that the curwaltitte of the sacrum is & product of the
numerous factors operating through the erect attitude,
and the existence of a causal relationship between
the fetus and the curvstiure of the sacrum has not

been established. Though at a givan moment & portion
of the fetal part may occupy more or less of the sacral
concavity, it has not been proved that the presence
of the concavity is essential to the mechanism of
labour, SBLLHEIM (1904 and again in 1907) has
written vigorously on thislmatter. "The greater
part of the sacrum can indeed be resected without
bringing about a disturbance of the progress of birth?
"The most varied forms of the sacrum remain without
influence on the mechanism of labour," "The posterior
pelvic wall possesses the least importance, because
the extension of the soft parts has its fulerum
essentially on the anterior and lateral pelvic walls,
and on this account presses forwards." These words,
if I understand aright, were written on the strength
of LIHOTSKY's case of labour after a XRASKE operation,
Granting /
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Granting that there is a difference between a sacrum
more or less removed amd a sacrum without a curve, I
hope to show that the hollow of the sacrum does not
constitute itself an essential factor in the mechanism
of birth.

The postero-lateral wall extends from
the margin of the inlet to the inferior border of
the great sacro-sciatic ligament. Above, it is

formed by the postero-lateral surface of the ilium,

~ the sacro-iliac synchondrosis, and a small portion of’

the wing of the sacrum; below, by the surface of the
sacro—sciatic ligaments. Between the upper and lower
portidns there is a wide gap - the sacro-sciatic
foramen which is filled mainly by the belly of the
pyriformis musele, and over vhich the soft wall of the
dilated pelvie canal is stretched. VEIT considers the
pyriformis musels to project into the canal and to be
of importance for rotation - a view which is denied by
SELLHEIM (1901), and by WINTER who believes the
pyriformis is stretched tightly between 1ts extreme
insertions during the passage of the head. In any case
this portion of the pyriformis has no solid backing,

and it seems unlikely on that account that it will be

| excessively thinned from pressure. More probably, it

remains as a substantial pad behind the intermediate

portion/
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portion of the postero-laferal wall, so that this
wall of the dilated canal extends from the inlet
straightly downwards and forwards in & pelvic sense
to the upper margin of the lesser sacro-sciatic
ligaments. Across the sacro-sciatic ligaments the
'projection.forwards is greatly increased, and these
1igamenta form a broad tense band which can usually
be palpated clinically; after the coccygells muscle
which coveia them has been effaced, According to
Lugk (1891), however, the sacro-sciatic ligaments
are very elagtic and yielding.

The lateral wall is & narrow zone extend-
ing downwards from the brim behind the ileo. pect-
ineal eminence, At the brim it is centred by the
extremity of the transverse diameter of the inlet,
Below, it passes behind the obturator foramen and
includes the spine of the ischium,. the ascending
ramus, and the greater part of the $tberosity of the
ischium, The internal surface of the lateral wall
is inclined downwards and inwards, the projection
towards the mesiasl plane becoming steeper on the
internal surface of the ischial #uberosiity, In
addition, the two lateral surfaces are not equally
inclined., An antero-posterior horizontal section
in the plane of the ischial spine shows & consider-

able /



| considerable projection inwards of the spine, as it

ooints towards the lower lateral border of the ¢
gacerum. Oninions have differed as to the amount of

contraction of the lateral walls in a dowvmward

. direction. Earlier writers (DUBOIS 1849, TYLER SMITH

1858, HODGE 1864, TARNIER and CHANTREUL 1882 and
SPIEGELBFRG 1882) allow it to be considerable. GARSON
(1881 ) BARNES (1834) and BRINDEAU (1896) reduce iw the
apparent contraction to some extent. BOISSARD found
the two walls nearly parallel, and with this BERRY
HART (1912) apoears to agree, though he gives a
difference of one inch in the transverse diameters
of the inlet and outlet. On the other hand,
INVERARDI (1887), LUSK (1891), CALDERINI, (1894),
JELLETT (1905), GALABIN and BLACKER (1910), all admit
as great a degree of contraction as the older authori-
ties. Thus the balance of opinions among those cited

favours 2 contraction with descent of about one inch

| o 2-5 em.

The antero-lateral wall ranges at the in-
let from the ileo-pectineal eminence to the symphysis
pubis. It ineludes the obturator foramen, the ischio-

| bubic ramas, the body of the pubis, and the soft parts
underthe'pubie-arch. SABATIER pointed out that the
important height of the antero-lateral wall is the
level of the ramus. KIWISCH (1846) had already stated
the important part taken by the hard border of the

I‘GIHU.S/
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remus In the mechanism. HART (1&&5) admis$s the
guiding 1nfiuance ¢f the puble ramus in reference to.
the mechanism of rotation, but from the Guide te
Midwifery (1912) I have nc note of its mention.
The antere-lsteral wsll is remsrkably smooth; its
general inelination from brim iIs downwards and for-—
wsrds, but the ischig—-pubic margin prejects rather
.sharply inwards In centinuation of the projection
along the lowsr margin of'tha tuberesity.

The soft tissues under tha pubic arch ars
ususlly sufficiently deep and rssistant to affect
the mechanism. They form the lower part of Hart's
pubic segment. These tlssues ars eventuslly drawn
up rin time for the birth of the child.” BERRY HART
gpveare originzlly t¢ hshe velieved that this took
place early in lsbour, but after SYMINGTON (1€€2) had
drawm attention to the appsatance of the segment in
BRAUNES second (1872) section, he limited the
period of oceurrence to the second stags. The esxact
range of time during which the wagment is drawn up
is, however, by no means clesr. Clinieslly its
diminution and disappearance ars not manifest until
extension of the haad has begun. Webster (1890),
in thres casss in preznancy, found this porticn of tha
pubic seguent to be respectively 1# ins, 1l#ins.,

and./



16 .

and %in. deep, and in the two former the depth was
reduced to % in., and 2 in. in the second stage. The
anterior wall of the pubis has a mean depth of 1>
ins.,( GARRIGUES), so that the total depth of the
anterior wall in the mesial plane may be at least

| 22 inches (67 mm.) in pregnaney, and 2; inches

(58 mm.) at some undetermined veriod of the second
stage. This greater depth contains, therefore, a

possibility bearing on the mechanism of descent.

74 The pelvie floor is contained within the
lower subdivision of thé'superior portion of thé
velvie canal as it has been defined. During the
second stage it descends and is distended, until the
greater part of it comes to be below the level of

the outlet, or boundary betwéen the superior and
inferior portions of the pelvie canal. From the
mechanieal point of view of parturition, the group of
muscles known as the pubo-coceygeus ought not to be

' considered as forming part of the velvie floor. They
rest on the bony and ligamentous wall® at,or Jjust
above, the outlet, and have no capacity for what may
be termed up and down movement which is mechanically a
characteristic of the pelvic floor. Further, though
they are found celinically to be prominent structures
in the earlier part of the second stage, they gradually

disappear/
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disapvesr - afface themselvas, as 11t were, as labour
advances. That is to say, thay aia no more part of
the velvie floor mechanieslly than is the cbturstor
internus, The pealviec fleoor, thereafore, consists
mainly of the coccevx, the levatores ani, and the
soft tlissues assoclated with them. As these muscles |
are attachad In part to the walls above the outlat, |
thay cannot wholly descend below the level of the out—
let. A8 labour advances, thae palvie floer descends, is
distended, and lengthened, and it hias a very short
superior wsll(in an antero-postaricr sense) which is
formed in part by the pubie areh, se that as early
58 1834 DUBQOIS ~ightly comparsd the inferior wpertion
of the ecanal to a gutter. HAR? (1878-9) dividss the
floor into right and left halves for mechanieal |
resscns, and ecnsiders 1% %0 be a lsver of the first
order, owing to the recoll helng more appzrent in

the anterior psrt of the flcor, VON ARX (1911) 1

pointe out that the coceyx has a spring-liks action
which aets on the posterior part of the floor, s0

that for a time at leazast, the floor may become more

horizontal than oblique. _INVERARDI (1887) divides the
flocr into two trisngular planes united at an obtuse
angle on the lsvel of the inter—ischiatic diameter,

|
He ccnalders it to be a new canal of which the floor !
|

ﬁﬁ/
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is lowered and lengtlianed, the soft parts of the sub-
pubic arc heing much lengthensed and widened, an in-
cresase of the sub-pubie space to whieh Bolsssrd had
slroudy directed sttention. INVERARDT <¢ivides the
infericr portion of the canal inte & posterior part
directed from behind, dcewnwards and ferwards, and

an anterior par@ leading from behind, upwards and
forwards. Ths latter portion is formed mostly by
the dilated and lengthened vulvsr cansl, snd 1t ends
st the vulvar ocutlst. The cutlet is varishle in
pesition, but always surpasses the altitudinal

plane of the symphysis, which confirms the earlier
views of BOISSARD whe found, in addition, that the
outlet endes at = variable lavel ¢n the anterior wall,
elther higher or lower. In the former case the wpper
margin of the vulvar aperture lies on the antericr
face of the pubis. For INVERARDI, the supericr wsll
of the new canal is nct whelly pubie arch, but is,

in part, formed by distended vulva = VARNIER (1&&8)
attaches great mechaniesl importsnce to the pubg-
coeceygeus musclas (zlready referrsd t¢) which form

a highly resistant *boutonnisre' running in an
antero-posterior dirsction along the pelvie floor.
Thase muscles, és it has been shown, are found

clinically/
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c¢linieslly to disappear under pressure, aﬁd they are
more sllied to the pelvie wall than the pelvie flocor.
Paramoras (190§5 who has dsvoted much attention %o
the subject deseribes the pelvie floor as consist—
ing mainly of the coeeyx, the cocevgeal ligsments,
and the rMuseulatire ¢f the reesss.! The floor be~-
comes a broad gutter 1like a deeclivity, at the lower
end of which is the postericr commissure of the
pubeo-ractalis muscle. The commissurs attains to a
greatest distance of five inches from the fourchette;
sc the perdheuwn bscomes greatiy lengthened and
stretchad. The vulvar aperture hecomes extremsly
¢blique snd approaches the coronal plans, while the
plane of the "pelvic floor aperturet (the cleft in
the pubo-rectalis muscle) is less oblique and
approaches the horizcental plane. Acecording to
Paramore (19095) this is proved by the pesition cof
the posterior commissures of the pubo-rectalis sbove
and behind the anus. These dispositions are prcbably
of significance to the mechsnism of extensicn in so
far as the ultimats stretching of the muscle 1B.con—
cerned, but as is the case with the pubo—-coceygels
museles, the pubo-rectalis under distension from
bressure becomes unifomm with the pelvie floor, and

cannot 1suzlly be distinguished on elinieal examin—.

ation.

$5./
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£5. Just as a kind of plant or animal has often
a salient feature which is its chief distinetion,
and which influences the other characters to be
taken into aceount, so with the pelvis whether 1f is
regarded as a part of the skeleton or as a canal,
the relative height and projection of the promontory
are a valuasble index to its form. Thus von Froriep
distinpuiches twp typese of normal pelvis - the one
with a high standing promontory and a long small
sacrum, the other with a low—levei promontory and a
short-broad sacrum; the former being an infantile
type indicative of easier labour, and the latter a
more developed form associated with more difficult
labour. ZBapanpri (1890) in resuming the work of VEIT
and Zwetpp, dlvides normal pelves into two groups--—
(1) %piov'e type in which the conjugat® vera stands
higher above the transverse diameter of the dlllet,
and the promontory is less projecting; and (2)
“YRITEL"s type where the conjugat® vera is 1little
raised above the transverse diameter, and the
promontory is more projecting, being apt to press
upon the head. Unfortunately, the relative height
of the promontory is not easily determined. The
not dissimilar methods proposed by Krwrsey (1846)
for anatomical preparations, and by Sappown (1898)

for frozen sections have an inherent source of error

| in/
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| in the fixing of the hordzontal plane whish is the
bssis of both methods, while Balandin's procedurs
doss not seem t¢ bs Of aasy applicatiocon In life,
None the less the brezd distinetion drawn by voen
FRORIEP and BALDANDIN is of value whansver the pelvis
is thought of in relation to the mechanism of labour
Referring to the influence ¢of the height of
the promontory and tha symphysis on the comparative
lsngth of the conjugats vers, BARBOUR (1200) con-
cludes that the varisticn in the length of the con-
Jugate is not due to the relstive height of the
promontory, but to a variation of the inelination of
the brim. VON GASzviiskr (1905) on the other hand
states that 1little attantion has been directsd to the
position of the promentery ralative to tho symphysis,
Of the three affective facters for the length of thhe
cenjugata vera the relstive height of the promontory
has the grazatest and the relative height of the
symphyeis the least influence. As 1t regards the
machanism of labour, thers is much 1o be said for
TABRE'® attitude (191D). HWABRE -ccepts two pvlanes
of the inlet and distingulishes tham as transverso-
pubic (Fechisr) and promento-pubie respsctively, ths
former bounded by the supericy border of the pubis,
the Innominate 1lins, and ths second sacral boedy; the
latter by the suwperior body o¢f the publs and by the

promontory/
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promontory. As we shall see, while the latter is
able to cause grave diffieulty in labour the former -
is more intimately connacted with the mechanism.

16 . Summing up the form of the superior
portion of the pelvie canal, SpimcrELBrERe (1882)
writes the pelvis has most roomin the transverse
diameter of the dnlet, in the obligue diameter of
the cavity, and in the antero-posterior dlameter
of the outlet; the convergence of the posterior wals
below 13'5 factor of great importance to internal
rotation. #HyBpr? (1856) and papsrr (1857) describe
two convergent planes based on the bi-ischiatic
diameter, the anterior - the iscehio-pubic, and the
posterior - the ischio-sclatic formed by the sacro-
seiatic ligaments. TYLER SMITH {1858)'names four
inclined planes in the cavity, and noless than five
in the outlsf, while the canal is contracted at the
isehial spines énd tuberosities, and bulged out at
the great sacro-sciatic foramina. HODGE (1854)
recognises two inelined planes on each side of the
pelvis, anterior and posterior divided by a line
extending from a point on the margin of the inlet
three—quarters of an inch before the sacro-lliac
synchondrosis downwards to the end of the ischial
spine, and prolonged so as to eross the saero-

seiatic/



25.

sciétic ligament one and a half inches from the
ischial tuharasltf. The anterior inelined plane lies
in front of the dividing line, and is directed from
above downwards and inwards, and from behind for-
wards; the posterior inelined plane lies behind the
dividing line, and rune mainly dovnwards, backwards,
ami imvards. With the soft tissues in position,

the inclined planes are prolonged to the middle of"
the pelvie floor. LEISHMAN (1876) and PLAYFAIR
(1393) base the anterior and posterior inelined
planes on a line Joining the ilio-pectineal eminence
and the spine of the ischium. These authors to-
gether with TYLER SWITH =2ttach great mechanical
importance to the inward projection of the ischial
spines - a projection which appears to have been
exaggerated. According to TARNIER and CHANTREUIL
(1882), the theory of the inclined planes originated
with BAUDELOCQUE. They will be considered more
fully in the section on internzl rotation.

The increasing recognition of the import-
ance of the soft parts in modifying the forxrm of the
pelvis has lesséned .the value with which these
obstetricians estetmed the inclined planes. As it
has beéen repeatedly pointed out in the text books,
the main objection to the planes is the stersotyped

minuteness of architectural form which is asttributed

to/



to pelves notable for their variations of shape with-
in uncertain 1imits.

VEIT (1837 ) observed a reduction in the
transverse diameter of the inlet by the psoas and
iliacus museles, and in the cavity by the pyrifonnis:
and obturator internus, "there being a contraction 1n?
the postero-lateral region of the cavity and at the |
outliat transversely and posteriorly”. WINTER deniled
the truth of VEIT'S conelusion;, and rather
uncharitably attributed them to the results of - I
anatomical manipulations. TFor WINTER "the musecles

carpet the velvis in suech a way as to be thick whare

the bones are weak". He attaches Importance to ths
coceygaus muscles, the more raised part of the pelvie
floor, and considers they limit a vacant space on

the anterior surface of the sacrum of value for

long rotation. ZWEIFEL (18890) supports VEIT'S |
conelusions. The paraliel BECKENWEITE and BEGKENﬁ
ENGE of ZWEIFEL are long ovals even without the |
soft parts, and with them much mors so. In the
BECKENENGE the soft parts, namely the obturator
internus and levator ani, are very prominent and
mechanically significant. According to BACKER (lSSlﬂ
the greatest rsductions of the diameters by soft
parfs are in the transverse diameter of the inlet

and in the obliaue diameters of the outlet.

SELLHEIY /
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SELLEEIM (1901) in a primipara found that
the obturator intermus pressed on the occiput. but
thn pyriformis and pseas did not do so. In his
later writings, however, *the obturator intarnus is
not mentionad. Thus 1in 1907 he says (fresely trans—
lated) "in large pelvds and in the upver cylindrical
segmant of small paives the musclas clothe the walls
like pads, and remain in their usual positions with-
out producing any special sffact on the mechanism".

Thus opinions differ regarding the precise
mechanical value of the museles lining the pelvie
canal. Clinically, the principal effect of the
muscles is in the first instance to readuce the length
of the pelvie diameters, and thus to ownose a
resistanca which spells delay to the pragenting parﬁf
but under repeated or sustained pressurse of the
presenting head they thin out whersver they aras
backed by bone, and become usually indistinguishabls
from the general wall of the canal. On the other
hand, during the passage of the breech, when it
domas first, the thinning and disaposarance of the
muscles ars not se svident, s0 that it comes to this
that, through the pnressnce of ths miseles and through
their behaviour under prsssure, the bhreech has to

traversa/

Dubois (1849) refars to the "powsrful rssistance of
the pyramidalie and obturator internud, and adds
that Plamant and others considered these muscles to
%%%E?act and thus to inflilusncs the position of the
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traverse a canal of different diameters from that
transmitting the head. Partly for this reason,the
primiparous canal is primarily, and to a certain
axtent ultimately, a smaller canal than that of the
multipara.

f7. Various planes of thes pelvis, horizontal in
a genesral sense, and either parallel or not paralliel
to the plane of the inlet, are deseribed,and have
varying degrees of importance. 'TYLER SMITHh(lasa) '
gives a mid-plane from the middle of the symphyvsis
to the middle of the third sacral vertebra. It
descends on 2ach side across the obhturator foramen,
along th~ spine of the ischium, the lesser sacro-—
sciatic ligaments, and then ascends to its posterior
end. Its section is therefore a curve which is
inclined at an aﬂgle of 30° to the horizon, when

| the inclination of the brim is 60°. HODGE (1864 )
recognises four paraliel planes. The inlet forms
the first: the second extends from the sub—pubic
ligament to the middle of the second sacral vertobra;l
. and 1s the plane of the greatest dimensions; the
third is on the ievel of the spines of the ischisa,
and extends to the lower and most curved part of

the sacrum, and to the rami of the ischia; it marks
the beginning of rapid pelvic contraction (ef WEIDOW
1888 ); the fourth is marked by the extremity of the
coceyx, and 1s the pelvic floor. According to VEIT
(1837) the second parallel plane ( HAUPTEBENE) is the

lsyel/
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|

l
level to which the head descends befors labour ‘
besgins. It is parallsl to, and rather highsr than, |
the l1lsvel of the lower margin of the obhturator |
foramen and the spine of the ischium. ZVEIvzl t1890%
distinguishes three ﬁlanes - 1. Beckenwsite, axtend*i
ing from the middle of ths symphysis to the under ‘
border of the first sacral vertebra; 2. parallel
BROKENYEITE; which corresponds to the sécond'paralleﬂ
vrlane of HODGE; 3. BECKENENGE,

Referance has already been made to tha

positions of the sacond and third planes, and to
the forms which 7wri¥el considers them to have.
According to PEMELIN (1903) a plane sxtending througﬁ
the ischial spines from the last sacral vartsbra is |
the plana of greatest contraction, and that it is i
the fourth non-parallel plane of BALANDIN, the 1owar|
strait of RITeEN and VEIT, and the least passags of
Brinnzay (1896) who however, states that the posterior
level lies near the articulation of thes fourth and
fifth sacral vertebrae, and adde that the plane
cuts the symphysis at the middle of its lower third.
Por JELLEYT (1905), a nearly similar plane forms the
trus outlet of ths pelvis, and at the sams time the
plane of grsateasat contraction. On the other hand,
varNIER (1888) 1ike RamsBorHam (1841), fixes the
position of the outlat at the infsrior margin of the

pubis/
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pubis, the ramus and tubermgity of the ischium, the
sacro-sciatic ligaments and the border and voint of
the cocecyx, which agrees very closely with that, ons
which I have described.

08 . The iniet of the pelvis is ellipsoidal

( CALMERINTI) inelining towards the reniform, accord-
ing to the degree of projection of the upper part

of the sacrum including the promontory. The con-
Jugate is the antero-posterior diameter in the
mesial plane. The plane of engagement is that of
the transverse diameter of the brim, the machanisn
baing modifisd more or less by the relative position
of the promontory. The length of the transverse
diametar 1s reduced primarily by the thicknass of the
psoas muscle on each side, but it can probably he

| inecreased according to the requirements of the

presenting pvart of the fetus., The upper ssgment of

| the cavity to a vertical depth éorrasponding to that
of the first sacral vertebra contains postere-

: laterally a nearly rectilinear spacé which may be of

i importance in securing stability of the head, after

| 1t has descended into the cavity in the normal
position and presentation. Below this level and

‘ down nearly to the plane of the ischial spines, ths
‘ shape of the cavity is primarily a long oval (zwaﬁFﬁﬁb

' with 1ts longer diameter antero-posterior, the

| transverse/
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transverse contraction being due mainly to the
pyriformis and obturateor internus muscles, but under
tha stress of the birth the thickness of the muacles
is 1lassened, and the form of the cavity nhecomes
sacondarily more nearly roundf From tha level of
the ischial spines downwards to the uneven margin orf
the outlet, the cavity is secendarily lozenge-shaved,
and in addaition it is a shallow trough laterally
and posterioriy. It is longer from before hackwards
than from side to side, where strictly the conjugate
lies betwaen the ischjial tuberczitiss. It fomms

tha infarior subdivision of the supsrior portion of
the dilated pelvie canal, and may he readily divided
into anterior and nostarior segments by an imaginary
line Joining the posterior ends of the ischial
tubsrositiss. The anterior segment formed by the
pubic arcade is in a vertical sense approximately
the segment of a eircle. Tha posteridr sagment
shows the outline of a truncated V and is ths more

t rough~-formad portion of the inferiocr suhdivision.
The V form is dus to the absence of bony connection
at this level bhatwsen the ischia and the sacrum. In
its place are the tense and resistant sacro-sciatic

ligaments/

In this upper subdivision of the cavity ths position

of the rectum postericriy and slightly to the laft
of the middle l1line, and the position of the hladdsr
antericrly may influsnce the position of the head
in late ' pregnancy and during the first stage of
labhour.
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ligaments which form, as it were, two chords of the
incomplete hony circle, with as a result a rapid
contraction in a transverse sen<e of the pasterior
segment of the outlet ( SPIE¢ELBERg . The terminal
vortionof the sacrum cuts ¢ff the apex of the V.

The ligaments slope downwards, forwards, and inwards
(TYLER SKITH ). In consequernce of the slope and the
chordal position of the ligaments, the ischial
spines do not lie in the plane of greatest contrac+-
tion, as they certainly do in the hony pelvis. The
lesser sacro-scilatic ligament is shorter than the
greater, and the latter 1s longer along 1its lower
than its higher horder, so that the longer chord

of the greater projects more into the imaginary
circle of the outlet than does the shorter chord of
the lesser, and the degree of projection of the
greater 1s progressive with descent. Thus the nlane
of the greatest contraction in the obstetrical pelvic
canal lies not at the level of the isehial spines,
but at the margin of the outlet, as it has been
defined in close correspondence with the outlet of
VARNIER. Primarily, the outline of the inferior
subdivision or segment of the outlet is ovoid, with
the greater diameter running from before backwards.
This figure is due to the thick encireling roll of

VARNIER'S/
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VARNIER!8 DPubo-coccygeus muscles which, however,
disappear cliniealliy in the regions exposed teo
pressure, and so give to the outlet secondarily a
nearly lozenge-shaped form. These disnesitions of
the superior portionof the dilated pelvice canal
10dify the form which the cervical and vaginal canals
would take, if they existed alone - a forl which is
necessarily that of the object passing through - and
the modifications, as they occur at a given moment, /pve
a greater or lesser value which is dependent princi-
pally on the form, position, and relative size of
the passenger. In the inferior portion of the
dilated pelvic canal the soft parts have freer play,
and the form which they take is controlied mainly

by the form of the pascenger, so that the shape of
the inferlor portionmay he sald to procesd from an
intrinsic cause, whereas the factors modifying the
superior portionof the canal are hoth intrinsic and
extrinsic. A transverse vertical section of the
inferior rortion can rarely be truly cvlindrical;
more often 1t is deeper than it is broad. The
length of the inferior portion tends to vary, hsing
as a rule ionger in primipares than in multiparae, in
whom 1t is shertened when the perineum: has heen
torn. But, in the uninjured condition of the parts
the/
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the outlet appears always, as already stated, to
surpass the plane of the pubic hones. The amcunt of
distension of the inferior portion, in a vertical
sense, is dependent on the form, size, and position
of the passenger, on the strength of the expulsive
powers, and on the form and position of the pubic
arch, a high rounded arch having indirectly a less
distensile effect than a low narrow one (SELLHEIM
1205 and 1907a). PARAWORE: (1909¢) shows that in
the dilated vulvar outlet the distension, and there-
fore the pressure, are twice as great along the
lower margin as the distension and pressure at each
lateral margin, because the lower margin has to
execute a movement of extension at least equal to
that made by the two lateral margins combined. This
circumstance, as Paramore points out, has a practical
pearing on the mechanism of rotation at the vulvar
outlet.

ﬁ?. There 18 a remarkahle want of similarity in
the average measurements reached by different authors
for the diameters of the hony pelvis. The discrep-
ancles are particularly evident in the obliqgue
diameters and in the antero-posterior diameter of
the outlet. To form a basis for further remarks, I
have taken the only course oven to ne of averaging
the average results, and this has been done for the

figures/



figures given by thirty authors. O0f course, I am
aware that the method is indefensible on mathemati-
cal grounds, but when the result .18 reviewed as a
whole, it has every appearance of justifying the

method for the present puwmposse.

TABLE/
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TABLE OF MEASUREMENTS

OF THE DIAMETERS OF

THE BONY AND LIGAMENTOUS PELVIS.
AUTHOR. INLET CAVITY OUTLET.

A<P. 0.. T. A-P @, M. AP, 0. T,

1. Dubols 1849, 110 135. 4 _ 120 130

2. T.Smith 1858, 108 | 121 '5|132. | 127 107.

3. Hodge 1864. 102 | 127 |133'H 114°5/102] 102.

4. Leishman 1875. 123 | 137 |[143. | 143 | 143} 137 137. |130} 130.

5. Caseaux 1876. 114 | 119 (132, (119. |119] 109.
(130.

6. Milne 1879. 112 | 136 [136. | 124 |136| 130! 138 |1368| 112.

7. Garson 1881. 107 1133, 118 118,

8. Tarnier 1882, 110 | 120 {130. [ 120 | 120} 1=20. 110 116.

9. Spiegelberg 1832.| 110|125 |[135. |127°'5/135| 120.] 115 110.

10. Barnes 1884, 107 | 127 (130 |132 |132| 127.](107 |120} 120
(132

11. Schroeder 1836. 110 | 127 |134. | 126 | 124 i 0
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AUTHOR INLET CAVITY OUTLET
A-P 0 T, A-P O ™  A-P 0 T

12. ¥inckel 1837. 110 (125 |135 115 110

13. Grouzat 1887. 110 | 120 |135 (110 |110 110
(130

()
14. Zweifel 1890. 108 |122 |125 | 133| ¥*8|113°5) 1165 hos 110°5
15. Farabeuf and memp
Varfiier. 110 |120 |135 (100 R1o 110

(110

18. Avvard 1894, 1110 |120 [130 |120 |120(120 |(90 110
(110

17. Duhrrsen 1898. 110 (125 |135 115 110

18. Norris and )1sgcs.

Dickinson ) 114 133 |145 121 127 121

19. Schaeffer 1899, 110 125 |135 |125 |135| 120 {100 110
(120

20. Fothergill 1900. (112 |124.5[126 [(124 124/ 134 |18s 124 °5 118

21. Garrigues 1902. (108 27 |133 5 (955 |114-+5 {108
(1145
]
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AUTHOR . INLET QAVITY OUTLET

A-P. 0. 7. A~P. 0. T. A-P, 0. Ty
Mmm. ¥ebster.1903. 121 | 187 |135 129 151,
Wmm. Edgar 1903. 136 131 |127 | 130 130 |117
| 24. Anifeld 1903. 110 | 125 [135 (110 105
| (115
mmm. Jellett 1905. 110 | 125 |130 (95 110 320
| (115
| 26. Fabre 1910. 110 | 120 |135 120 110
| 27. Galabin 1910. 108§ | 120 |[133°'5 (12%2'5 |11a2°5|108
| 28. Eden 1911. 105 | 120 [130 Auwo_ 115 {105
mmm. Hart 1912. 102 | 114°5[127. 127 114°51102
| 30. ¥Williams 1912. 110 {127-57135 115 110




The averages of these figures for the diameters of

tha bony ligamentous pelvis are:-

INLET. Antero—posterior ...e....1l13°3 .....008.29.
Obliqua ....covvevennes. 1283 .....0D5.38.

Transv@rsa "6 v o Eoe s toul3?'7 .-.--01‘)3.29-

QAVITY Antero-posterior ........126°'5 .....0b5.10.
DEIRONIN .« - wivmosinio v oaomim iy 2 s DB T8 (ewne » OB L DE

TT&UBVGI‘SQ o».—-.aantleollz_?:‘g -....obS.ll-

OUTLET Anterc—-posterior ........121 7 .....0hs.28.
(5]t I £72)p . RS MO VG, S 1 s 1 SRS 7 B L %

PTLERBYBTEG ivasivs s ssmos o s FLETE samea0DS505

The dianatars of the bony pelvis are reduced
10 & degree not very well known by the soft parts.
Barbour (1889) from measureomonts of Brauns's second
secticn, Chiara's and Chiarl's sections gives the
following average raductions by the soft parts. (I

have cenvertad them to the metric svstem).

DIAMETERS.
mt-post, ! Transvarse. Oblique.,
Brim 5 mm. 25:5 mn. 6 1.+ post,
Cavityl0 mm, 25.5 ru. 19 m + 12-5
raduced.

zweifel /



ZWEIFEL (1890) includes the outlet in his measure-

mente of the reductions which are as follows::—

DIAMETERS
Ant-post. Transverse. Oblique.
Brim 14 mm. 17 1, 7 I,
Cavity 31 mum. 0 mia. 7 1.
Outlet § ... 33 mui, 17-5 mii.

It will ve noticed that ths two tables do not
agree with one another in a single measursament, and
that the differences are very great.

clinically/
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Clinically, the hardness of the surface and the shazp-
ness of the margins underlying the wall of thé pelvie
canal in the reglons of greatest pressure, namely the
ischio-publc ramus and the sacro-sclatic ligaments
as they are revealed to the exploring fingers,
indicate, that even within the limite o what may bhe
regarded aé a normal labour, the thickness of the
s0ft parte may be and probably is reduced’ to a low
minimum, whenever the pressure on the parts 1s con-
siderable

Zweifel also gives the measurements of the

canal with the soft parts in position.

DIAMETERS .
ANT-POST TRANSVERSE OBLIQUE
Inlet ‘.' 94 ma. 108 mum, 115 mm,
Gavity 102 1un, 113°5 mm. 115 mm.
outlet . Sl 77°5 mm. 87°5 mm.

Garrignas estimated rediuction for tha hrinm

only is much less.

DIAMETERS
ANT-POST TRANSVERSE OBLIAQUR
Inlet 301" 7 120°5 mm, 120 5 mm
o to
127 mm, 127 wm.

For/
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For the plane of the last sacral vertsbra
and the ischial spines , DEMELIN (1903) gives an
antero-postérior diameter of 100 mm., a transverse oq
118 mm., and an intersclatic of 105mm., which
BRINDEAU (1896), howaver, makes to he 108 mm., whils
the latter allows the diameter hetwesn the tubsro-
sitiss to vary between 120 and 130 mm. Some aiffer-
ence of opinion also exists regarding the distance
between the under margin of the symphysis and the tip
of the coccyx during the passage of the featus,
DEVILLIERS (1862) called attention to the variability
of this diameter, and found that it was abls to attaiﬁ
to a maximum of 117 mm. Previously, TABBRI and HYER-!
NAUY, according to BOISSARD (1884), viewed the re-
pulsion of the coceyx in the light only of increasing
the depth of the cavity. and the height of the suh-
pubic space. BOISSARD measured increases of 20 to
25 mm., and gives data from fifty ohservations of the
diamoter in the undilated state, the average suhpubic-
cocecygeal diametsr heing 86+5 mm., the maximum 110 mmn|
and the minimum 63 mm,, and he quotes SCHROEDIR to
show that the diameter measures 87:5 mm., in the
multipara and 91:5 mm. in the gravid. VARNIZR (1888)
who includes the margin;of the coccyx from base to

apex/



apex and apex to hasse within the course of ths outlet
statss that the subpublic-coceygeal diametzsr before
dilation measures 85 mm. and is inc¢reazs=d4 hy re-
pulsion of the cocceyx by 10 to 30 ma, VARNIER appears
to have cansidersd that a widely acceptsd apinion,
previous to ths publication of his thesis, was in
favour of a uniform 110 mm., for all three diameters
of thé outlet, when, presumably, the coccyx is in-
cluded in the outlet. (cf TARNIFR =nd CHAUTRIEUL
1882) VARNIER 2180 gives mean diamsters for the pubo-—
coccygexus muscle in repose, namely 85 mm, antero-
posterior and 45 mm transverss, and directs attention
for mechanical »easons to the great preponderance of
the antsro-posterior over all the other diameters,

It will now be obvious that an attempt to determine
the true ultimats dlamesters of the pelvice canal is
hound to he unsatisfactory. The dlamesters of the
bony and ligamsntous v2lvis are unsettled, and very
1ittie 1s Known as to how far the musceles 1lining the
palvis are capahle of bheing affaced hy pwassurs, At
prasant, the viaws on this matter depend ontthe
eavidinea of a few frozen sections and on a modicum
of psrsonal inelination. Lastly, ths machanism of
the parts fomming the outlat, and its relation to the

general/



gensral mechanism of labour, is metaphcrieally a
quagnire of knowledge. Varniar's halief that the
antero-postarior diameter of the outlst was hefors his
time hald to be only 110 mm is probably wrong in a
historical sense. But in any case 1t is not proven
by the svidsnes of frozen seactions. A measurament of
110 mm for ths outlst makes the antero-postarior

| diamater of tha outlat 1sss than thes conjugate of ths
brim,whereas it is manifest in the frozen ssections
that the former considerably excesds the latter. The
average dimension of the antsro-posterior diametsr
of ths ontlet, derived from ths tabla of maasurenmsnts
- 122 mm, appesars to he tolerahly near ths truth, not
only by the test of comparison with tha ceonjugate
about whoss dimensions most 1s known, but also from
the clinieal avidenee of labhour., Afterwards I shall
have ocecasion to state that in my belisf ths head at
the and of internal rotuation mest frsquently lles on
the floor with the ocecelpito-frontal diameter parallal
to tha floor. That dilamater, as I shall indlicats by
analysis, is commonly sbout 120 mm in lsngth . In
labour at the and of intermal rotation, ths anta;ior
termination of the frons is approximately in the
position of ths apex of tha saerum. It may be a
little short of the avex, or a littla over, but it

1ies/
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lias thersahouts. BOISSARD and VARNIER have hsen the
ehlaf opponents of FABBRISvisw of ths machanism of the
eoeeyx, but I am net at all sure that FABBRI is 1»v:r.wong.E
It would hHo an awkward arrangement which caused an ex—
trama angular dasesant of the cocevx relative to the
lower part of the sacrum — an arrangement aquite out of
Xesping with the édaptation of the parts to the twin

|
ne avi- ;

purpcse of randsring vessiblie the erset attltuds and
tha progress of hirth., Fortunately, there is

dence, 80 far as I e¢an sea althar in the frozen
sections or in labour itself, for this uncomfortable
viaw. During éxpulsion, the coevx remains vsry nsarly
in 1ina with ths lower vertshras of the saerum, and
the meachanism exists partly in virtue of the form of
tha varts and partly, as I shall point out lstar, by
an appropriate rotation of the saerum. In consequence
the head in the movemant of extension does not pass
ths apex of the saerum, but leaves it , and travels
parallsl to the axis of the lower vertebras of tha
saerum, and of the coecyx, A further rasult is that
in normal labour, while ths antewn-bosterior diameter
of ths outlat is probably inersassd, 1t is not sn-
largad to faeilitate the passage of the head through
that/
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that diameter, but in order to increase the depth of
the sub-pubic space, as FABBRI and HYERNAUX have it.
In the next table 1 give in thrac parallel
colums tha avarage dimensions of the bony and
ligamentous pelvis from the pravious tahla; the
average dimsnsions of the same reconstructed from
ZWEIFELE figures; and ZwEifiLts dimensions for the
soft canal, It will he s8en that the average pelvis
from ZWEIFEL, in comparison with my compilad avarages,
is rathar small, axcept in thes transverse dlameter of
the outlet, and that it has a grsater curvature of
the sacerur, The diameters given by ZWEIFEL for the
canal with the soft parts in position might possibly
be accaptad to represent the stage of dilation in ad-
vanca of the head, and where the pressurs siercised
by the head is not ssvere, but they cannot be taken
as a measurs of the uitimate possibilities of the
soft canal. In this dirsction history does not 1sad.
As it seems to me, and I have seen it stated some-
whare, that thes soft parts in complate dilation ars
not more than six to sight millimetres thick whare
prassurs 1s most sevars, 1 will apply that reduction
to the averags diameters of the bony and ligamsntous
pelvis, whenaver 1@ bacomas necesgsary to rafsr t0 the

diametara/
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dismeters in the déscription of the mechanism of

labour.

COMPARATIVE TABLE OF THF AVIRAGE DIAMETERS
OF THE PELVIS AND THE PELVIC CANAL'.

PELVIS. PELVIS FROM CANAL FTROM

IWEITTL ZWEIFTL

Inlet. A-P. 113: % 108 94

0. 128°'2 128 115

e 1277 125 108
cavity A-P. 1256 133 102

0. 1288 122 115

T. 122°9 113'5 1125
outlet A-P, S [5 dd 116°5

0. 115'5 105 B7-5

T. 111°3 110°5 775

The/



48.

e Yo i The study of the axes of the pelvis and of
the pelvig canal is difficult, and it is not surpris-
ing that the results attained are more or less variant
and unsatisfactory. To a certain extent, the Aiff-
erences are dus to the centre line, and the direction
line of the pelvis and eanal, and the course which
the passenger takes not being clearly distinguished
on paper (ef.HEGAR 1870); and also to an insufficient
account being taken, with exceptions, of the differ-
ences which exist between the bony pelvis and the
pelvic eanal. For the pelvis the axis which is due
to NAEGELE (1825) is probably the most popular.
NAEGELE defines the axis aé a line equally distant
from the four walls of the pelvis, and points out
that 1t is neither an arec of a cirels nor two straight
lines. From an examination of numerous normal pslves
he finds that the 1n£erna1 profiles of the first two
sacral vertebrae and the symphysis pubis can be re—
garded as straight, and as this upper portion of the
cavity 1s surroundsd by bony walls a central line is
constant for the esvity, and 1s straight or direct.
But, in the space lying betwsen the three last sacral
vertebrae and the anterior pelvie wall, the line is a

curve/
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curve in accordance with the curvature of the anter-
16r and postericr walls. He further shows that the
anterior and posterior walls near the inlet make
angles 1little more than right angles with the con-
jugata vera, and his conclusion is that the axis of
the inlet coincides with the axis of the uppsr part
of the eavity, but he admits that the result is not
mathematieally exact. NAEGELE'S axis 1s the axis of
the pelvis for the majority of the later authors.

His conception, admirable as it is, is no more than

a projection of the axis of the meslial plane of the
bony pelvis. It takes no aecount of the modifications
induced by the antero-lateral, lateral, and postero-
latersl walls, or of the changes promoted by the

soft parts. KIWIscH. in 1846, broke new ground and
to some extent antieipated the work of later and
better known writers. According to Kiwlsch, the
inelinaticn of the eanal is not necessarily in direct
relation to the ineclination of the eonjugata vera.
The measurs of the inelination of the canal is the
angle which the inner surface of the pelvis makes
with the conjugata vera. This angle, is always grasat-
er than a right angle, is usually about 100°. Then,
he writes at length and with some reason to show that

deductions/



48,
deduecstions basad on tha inelinstion of ths conjugata
vera, and the dirscetlion of pressurs thereto, may
prova srronacus when they are appliad to the palvic
canal. DUNCAN (1868) defines the axis of ths inlet as
a line cutting the mid point of tha plans of the
brim, and extending downwards to ths apax of the
sacrum. It is also his axis of the esvity, as he
: makes the head follow it. So alse TARNIER and
CHANTREUTIL (1882), who define the axis of thé outlst
as a lins cutting the mid point of ths plana ¢f the
outlet at right angles, and extending uwpwards to the
promontory of the sacrum, whils a curved 1lins to
which the axes of inlat and outlet aras tangents
forms the axls of the e-;mal° In both instancas, how-
avar, %thes axes ars obviously true t0 a certain sxtent
only for ths bony valvis, and no Imdication 1s given
of possible modifications by the soft parts. Lahs
(1870) saparates the axis of tha bony pelvis from
that of the valvie canal, and assigns to each the
mechanieal eonditions under which it reprasents the
eoursa of the head., But FABBRI, in 1857, had already
seen the distinetion, and had dsfined it with con-
sidsrable accuracy. FABBRI gives tha axis of thas
eavity as a 1line equidistant from tha walls of the
cavity and ending at or naar tha point of ths cocerx,
and the total axis as a unlow, nearly at a right
angla, 0Ff the rectilinear axis of thes eavity with
the curved axis of thes subpubic space.

Thia/
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This #1aw mesats with the approval of Boissard who has
not much %0 add. A noteworthy addition to our know-
ledge of thes axes of the pelvis and of the pslvic canal
was made by INVERARDI, who east *he canal befora and
after dilation with a fetal head. INVERARDI clearly
recognisead the important distinetion existing batwaeen
the axis of the bony pelvis and the axis of the pelvic
canal. His intensive studiss are therefors of con-
siderable moment; the mors so as, s¢o far as I am aware,
they have never been axcsllad.

INvERARDT (1887) defines the axis of the
inlet as a3 eantre line, descending perpendicularly
from the antsro- posterior diameter of the inlet to
fall on the palvic floor, and on tha coceyx at a little
distance from its end. Ths axis of the inlet only
rarely coincides with ths axis of the cavity which,
according to INVERARDNI, is a line Jjoining at right
angles the mid points of the suverior and inferior
prlanes of the upper subdivision of the cavity, and
prolonged downwards to mast the pelvic floor. Thes
axis of ths inlst coincides with the axis of the
cavity only once in a seriss of 54 cases, in 29 the
axis of the cavity deviates anteriorly, and in 24

posteriorly. /
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'posteriorly. The axis of the inlet in the 54 cases

falls 4 times on the point of the coccyx, 18 timaes in
advanca of the point, and 32 times in rear. This axis
reprasents with tolerable accuracy the axis of the
ébony pelvis, and, as given by INVERARDLI, it agrees
:well with the 1line of the axis of the inlet according
;to the majority of ohstetricians, and in oppbsition
to the teaching of DUNCAN and TARNIER. The axis of
the cavity in the same series falls once on the point
of the cocoyx, 21 times before the point, and 32 timaé
in rsar. The normal axis is that which ends on the
point of the coccyx, or not mors than & mm behind that
point: the abnormal axis is that which sends more than
5 mm before or behind the pecint of the coccyx.
Inverardi gives parcentages for the axes coming within
the 5 mm circle, namely:- 28% on tha point of the
coceyx, 38% behind the point, and 33% in advancs.
INVERARDI thus amplifies FABBRI'S conclusion by show-
ing that the axea of the pelvis and the pelvic canal
even within the limits of the bony segment are not
constant from palvis'to palvis, but fall within or
without a circle of ten millimetres in diameter having
its centre at the tip of the coceyx. And he further
states that they vary with pelvie inclination, the less
ginclinaa being the pelvis the closer come the axes of
itha pelvis and the canal together, and vice-varsa.

Contrary/
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Contrary to FABBRI, INVERARDI finds the

| Pelvic flcoT in repose inclined downwards and forwards
| from behind, in relation to the plane of the brim in
seven—-tenths of the castas. After the floor has been
distended and lengthened, the axis of the inferior
portion cuts the middie point of the outlet at a
right angle, the axis of the pelvic cavity nearly at
a right angle, and, if prolonged strikes the sacrum
between the third and fourth vertebrae. During
dilation of the floor, the straight exit line changes
not gradually, but abruptly to a curved line, and
nearly at a right angle to the axis of the cavity.

It is c¢lear that INVERARDI'S axis of the
cgvitv is in theory a line equidistant from the four
walls, the more so as either he or BOISSARD and
BAYLIN his reviewers ﬁttributes abnormal retro-
deviations of the axis to an excessive curvature of
the sacrum. But though the ideal is good, the pro-
Jection of it on paper inevitably suffers from the
limitations of a piane surface, and it in fact repre-
sents only the axis of the mesial plane of the
dilated pelvie eanal. It takes no account on paper
of the modifications of the form of the cavity with-
out the mesial plane, and, with the important ex-—
ception that it is an axis of the canal and not of
the bony pelvis, it does not go far beyond previous 3
attempts. Further, though BOISBSARD degucsas 2 ,{?ﬁif{

&

T
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Dyne



52,

straight descent of the head from INVERARDI"S con—
clusions regarding the axis, it does not follow that
the head descends in the axis of the cavity unless I
the cavity is regarded as truly ceviindrical. DNone of
the original investigators of the canal appears to
attribute a perfect cylindrieity to .the canal. Most
if not all admit the form to be only approximate.
The problem, therefore, turns on whether or not the
admitted variations from the ceylindrieal form have

a practieal value, in so far as they allow the line

of descent to be separated from the axis of the cavity

Just as this has been clearly separated by INVERARDI
from the axis of the bony pelvis. From the nature of
the parts, the problem is limited to a consideration
of the superior portion of the canal: the course
traversed by the head in the inferior portion is un-
likely ad naturam to be other than coineident with
the curve of this portion of the canal. Most of the
material avallable for a settlement of the matter
applies only to the mesial plane of the pelvie: what |
I have been able to collect for the other diameters
is very meagre. DELORE, in a dlagram reproduced by
TARNIER and BUDIN (1898) gives a mean angle of 95°
between the axis of.the pubis an@ the conjugata vera,
DUHRRSEN (1896) 90—1000, JOESSEL and WALDEYER (1899)
and/
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anc GARRIGUES (1902) make it 100 , PABRE (1910) no
less than 1050, while KIWISCH as already stated giveé
a 1000 as the angle formed by the posterioi surface
of the publs with the conjugate. GALABIN and BLAOCKER
(1910) admit that the inner surface of the pubis
diverges at only a small angle from the sacrum - a
view dating back at least as faras NABGELE/ 1825).
According to SEHWECEL (1861), the anterior surface |
of the sacrum forms with the conjugate an angle
varying from 850; 950, and the lower part of the
sacrum an angle of 900~ 1000 with the plane of the
outlet. For the pelvie canai INVEEABDI; while con-
sidering the anterior and posterior walls nearly ;
rarallel, states more particularly that they are j
divergent in seven-tenths of his cases, nearly !
parallel in two-tenths, and convergent in oné-tenth.i
PABBRI and BOISSARD likewise find the two walls near-
ly parallel, but a study of BOISSARD'S tracings dOBB;
not altogether bear out to tﬁe parallielism. In the |
first twenty-three tracings given by BOISSARD of which
I have copies, and which inelude two tracings of
PINART , I make out six-tenths to be markedly
divergent, three-tenths to he parallel, and one-
tenth to be convergent. One of the parallels and |

one of the convergents are frommultiparae, while

the /
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the other convergent is from a negress. The others
are either from multiparae or the parity is not stat?d.
These figures, as far as they go, support those given
by INVERARDI, and if the divergence in the majority
of INVERARDI'S tracings is as great as that in
BolIssArRp's, then it is in relation to both, more
correct to speak of divergence than of parallelism
for the majority of canals, when they are viewed in

the mesial plane.

In appendix B. I give a number of angular
measurements from twenty-seven frozen sections of thé
end of pfagnancv, the first stage, and the second
stage. The material is not very great, but it may
gserve to give a tolerably approximate idea of the

relations.in the mesial plane. First, as to the

bony velvis, the anterior and posterior walls are
divergent in 24 sections, parallel in 2 sections,
and convergent in one section. The mean angle formed
by theupper part of the anterior surfacg of the

sacrum with the conjugata vera is 10374 , that

between the axis of the pubis' and the conjugate

95°8é, and that between the posterior surface of the |
Pubis , below the anterior end of the obstetric con—!
Jugate, and the conjugata vera 100.40. The two last
figures , it wili be notieed; correspond closely with!
the mean figures of Delore and Kiwiach. The mean

angle/




angle of divergence of the anterior and pesterior
walls above the 180° is 24° approx., the maximum
divergence equalling 180°+50°, Now, in a cavity,
where the value of a few millemetres of space is so
well understood, it does not seem logieal to negleet
s mean divergence raprasented by an angular distanee
of 24°, by regarding the anterior and posterior walls
a8 "nearly parallel',Seccondly, the angular measure-
ments for the soft walls of the ceanal ars tabled for
8 frozen sections from the sscond stage. 0 these
sections, the anterior and postserior walls in or
near the mesial plane are divergent in 7, and nearly
parallel 1in only one. The mean angle formed by the
posterior wall with the conjugata vera is BB.GU!
that by the anterior wall with the conjugate 101°;
the mean angle of divergence above 180° being 14?
approx., the maximum being 28°. Here also, though
the number of seetions given is very small, the
results are worth quotation, as they ﬂhow.divarganea
in the proportion of seven to one. The conelusion
tc be derived from the casts and the frozen sections
is that, in the absence of complete cylindricity of
the eanal, the projeetiocn of the axis, in which the
head descends, as a centre line cutting sll planes
at their middla points ean no longer be a matter for

mere /
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mara statemant, hut must he submittad to proof, be-
fore 1t ean be acecapiad — unlass wa ars to He content
with an axls which has a maan arror of 24°.

So far the mattar» has been locked at only
in the masial plans. As I have alraady pointsd ouh,
the walls of ths canal on 8ithar side of tha mesial
plana may hs capabla of modifying the 1ins of the
- axis t0 some uneartain axtent; and the attempted pro-
Jection of the axis is still fartﬁar complicated bythe
ocecurrence XX of intarnal rotation. Though no
part of the canal may be overlocKed, the antero—
lateral snd postaro-lateral walls would appesr te
have most influence on the direetion of the zxis of
the dsscent of the hesd. These walls descend genar-
ally dcewnwards and forwards, the postero-lateral on
the whole move rspidly than the antero-latersl, the
result being a8 reduction in the oblique diamsters,
and a projection forwsrds of the successive horizon-
ts1l plsnes with descent. Clinieally, the antero-
latersl wall spvesrs to slope forwards, from sbove
dovnwards, to a greater degrse than the inner surface
of the pubis in the mesial plane. EBEut the reprecduc-
tion of the material relating t¢ these walls, and
which I have been able tc see, is so scanty, the wide
angulsy variations reccrded in the mesial plane being

remambored/
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remembered, that they hsrdly serve for determinatiors
¢f even the more or less limited value which must
84111 be placed cn those from the whele tsbled series
of sections. In this connecticn it £alls to be men-—
tioned that Nerris and Dickinson (1896) give, in
diagrsm, a trseing of the inlet superimpossad on one
of the outlet from the bony and ligamentcus pelvis,
and therewith a number of measurements. Apart from
the genersl trend or the wslls from sbove dewnwards
on which ne informstion is given, the diagram shows
the greater projection forwards of the postero-
lateral margin ¢f the outlet beyond that of the in-
let, as compared with the projection delinsated in
the sntero-latersl msrgins. The measurements record
2 reduction in the oblique diameter from 133mm. at
the inlst to 20nim. at the outlet in the same supero-
‘1nfbricr plane, showing that whather 1t takes placs
graduslly or finally asnd abruptly, the reduction is
considerabla, as determined by the authors. The
diminution in the transverse dismeter is even larger,
when ths measurements are tuken in the supsro—infefor
Plane, descending from 143mm. at the inlet to 77mm.
at the ocutlet.

If a point be taken in the middle line cof

the/
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the presenting -vart of the fetus, it descends in an
axis relatively equidistant from the twe cpposite
sntero-latersl and posterc-lateral walls (oblioue
pesition of the head in deécent), or relatively equi-
distsnt from the two anterc-lateral and the two
postero-latersl walls (transverse position of the
hesd in descent), until the lower margin of the
upper subdivision of the superior portion cf the
pelvie eanal is reached. In the lower subdivision,
the axis approaches the mesial plane of the canal,
and at the outlet joins the simple curved axis c¢f
the inferior portion of the esnal, provided that
internal rctation occurs in the lowar subdivision
and not egooner or lster. Owing te the direction of
the antero-lateral and the postero-latersl wsalls,

and to the relative distribution of resistance within
the pelviec cavity as a whole, the presenting part
tends t¢ follow the direction of the anterc—lateral
wall; or rather the antero-lateral and anterior walls
form an approximate guide to the nermel direction of
the line of descent. But, whonever the angulsr
relaticns of these walls diverge much from what is
probably the normsl, the line of descent does not
fellow them, as e.g. in a kvphotie pelvis. This be-
ing 80, the pelvie bones sre not the ultimate deter-

minantﬁ



daterminant of the direction of the axis which should
perhaps, ba sought more deeply in the direction in
which the soft canzl tends to dilste - a dirsction
which is, however, subjeet to disturbing factors

that are litile understecd. '

¢ 1L, The inelination of the brim of the pelvis
is variable among pelves and in the individusl pelvis.
Excessive variations of the inelination are no
hindranca to labour, vrovided the velvis is normal

in othar raspects . NARGELE (1825), from an examin-
ation of 800 subjeets, reccgnisad the varisbility of
the inelination amcng velves, and controverted the
hitherto supposed evil influence of tco great vari-
ations, giving elreumstantial cases in supporting
his contention. However, there is reason to helleve
that the woman in labour is able instinetively to
modify the inclination of the brim to sult her vary-
ing requirements. KIWISCH (1846) points out that,
given wesk abdominal walls, it is susier to adapt the
inelination of the brim tc the axis of the uterus
than to adapt the uterus to the brim, and he goes on
to show that an excessive inelinaticn of the brim,

st far from being a csuse of dystocia, may actually

be produced instinetively by the parturient woeman to
mest the difficulty ©f a pendulous belly; while tho
attitude/
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attitude of gensral flexion of the body raduces
pelvic inclination, as in normal labour.s PARVIN
(1895) quotas LOBSTEIN that a brim which is nearly
vertical to the plane of ths horizon 1s no hindrance
to delivery through a normal pelvis. So also with
pelves in which the brim is nearly horizontal
(taromL® ). The determinations of PROGHOWNIGK (1882)
and ¥EYFR (18681) apply only to varlations of inelin-
ation among pelves in the eract positiocn of the body.
BEven under this limitation the variations observed
are considerabls, and rangs from 20° (PROCHOWNICK )
to 60° (UEYVER)!

BARBOUR/

*Warboff (18132) has reproduced a number of photogravhs
of = woman in the second stage of labour. Taken with
the patient in ths erect attitude, they show an in-
cresasa of pelvie inclination at tha and of the first
stage. The ineresss 1s reduced when the waters coms
sway and the utearus hecomas less desp, but resppears
with the advent of a nain. Throughout, the uterus
avpears to remain station=my relative to the horizon.
The inelination of tiie pelvis, howaver, follows close-
ly the changes which occur in the antsro-postaerior
diameter of the utsrus, becoming mere inclined as the
utsrus despens in ths heginning of a ceontraction,
less inelined as the utsrus flattens in the course of
the contraction. These photographs show in a reamark-
able manner the truth of Kiwisch's views that the
main part of the mutusl adaptation of the uterus to
the pelvic eanal is performad rsflesxly by movements
of the pelvis. The lesson of these photographs has
also an important bearing on our knowlsdge of the
postural changes of ths woman in labour. Thsss
changes. ars refsrred to later In the text. (Werboff:
Die Gabarmutter dss Weibes. 1813.)
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BARBOUR (1900) in a historieal retrospect pronounces
in favour of PROCHOWNQK'S figure.

CALDERINI (1884) traces the inclination of
the pelvis from that of the dorsal horizontal
position to that of the genu-pectoral, the inlet be-
ing referred to the axis of the trunk, or more
precisely to the plane of ths table on which the
body is laid. In the dorsal horizontal posture the
angle is 40°: in the same position, but with the
thighs flexed and the feet on the table, also 40°;
with the thighs vertical and the legs horizontal 36°;
in the lithotomy position the inlet is nearly
parallel to the table. In the ordinary lateral
posture the angle is 25°, and in the genu-pectoral
only 18° with straightening of the lumbar vertebrae.
In consideration of WALCHER'S and KLEIN'S results
(vid. post.), CALDERINI considers the third and
£ifth positions the most favourable for obstetrical
operations, the second position which is the ordinary
obstetrical vosition of the Continent and the United
States of America the least favourable.

g 12, As a general rule, in late pregnaney the
curvatures of the sninal column are reduced, the

lumbar/
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lumbar spine is extended, and pelvie inelination is
reduced ( KUHNOW 1883, BRAUNE 1890). The cause of
these changes is a physical reaction connected with
the position of the centre of gravity (DUNCAN 1868 ).
In the presence of zome degree of pendulous belly,

- the inclination of the brim may, however, be Iin-
creased, together with a greater extension of the
spine to counterbalance the excessive anteversion of
the uterws. In primivarae with strong abdominal

- walls, or with tight-laeing, the column is often
flexed, and the pelvie inelination reduced more es—
vecially after the presenting part sinks into the
brim. The capacity of the lumbar spine for move-
ment in a sagittal direetion was determined by
SCHULTZE ( 1867 ) from researches on the dead. He
examined twenty-five females and eight males, pre—
vious to the onset of rigor mortis. Extension

was produced by placing a holster under the lumbar
region, flexion merely by bending the body. The
abdomen was necessarily opened to admit the measuring
apparatus. The Conjugata vera formed the base of
the measurements, though SCHULTZE admits its varia-
bility. The angles were read to a perpendicular
raised from the base line. SCHULTZE found the
Sagittal/



sagittal capacity for movement in the lumbar verte-—
brae.equal to an angle of as mueh as 35:5°. The
capacity for flexion was small, most of the movement
being in the nature of extension. The movement

of the sacrum by the bending of the lumbar spine

is, according to SCHULTZE, indisputable on the evi-
dence of his measurements, and this is confirmed by
FREUND (1885). In labour, the attitude is, with
rare exceptions, one of flexion whiech is almost,

it ﬁot entirely, an instinetive habit. The spinal
column is flexed, the pelvie inclination is redﬁcea,
and the thighs are slightly flexed on the body,
whether the posture be up-right or horizontal, dorsal)
or lateral (LAHS, 1877). During pains the attitude
mayv be accentuated, or as in other cases the habit
may be more nearly persistent, while towards the end |
of the labour the flexion of the thighs in many

cases 1is gradually or abruptly increased. These
vhenomena will be referred to in greater detail at

a later efage.

£.13, The relative mobility of the sacrum and
innoninate bones was denied and affirmed by different
ancient authors. For the first time, according to

SCHWEGEL /
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SCHWEGTL (1859), ALBINUS in 1762 definitely recog-
nized the sacro—-iliac synchondrosis and the pubie
symphysis to be true Jjoints, and to poscess some
slight power of movement, According to the szme
writer, MOPGAGNI, SANDIFORT, HUMTIR, CHAUSSIER,
RURNS, TENON, BECLARD, RARKOW, KOLLIKFR, ZAGLAS,
HENLE, LUSCHKA, and LENOIR are generally agreed,
following ALBINUS, that the pubic symphysis is a
Joint, having a hollow at least during pregnancy and
1abour, when there are swelling and softening of the
Joint and its ligaments, with as a result a certdin
~agount of mobility. LUSCHKA (1854) descrihes a

true synovial membrene in the sacro-iliac synshio-
dresis, and a Jjoint cavity. The symohyseial joint

is also hollow and contains synoval cells. Thus,

by the middle of the nineteenth century the niobility
of the pelvic Jjoints was accented widely, though not.
universally as an ascertained fa€t, an opinion which
the investigators of the last sixty yesrs, with
certain exceptions, generally suppnort. The ad-
mitted softening and relzy¥etion of the ligaments

and Jjoéints imply a possible mobility of the hones

of the pelvic girdle in relation to one another, a
variebility of the inclination of the inmominate

bone -s/



bones and the sacrum either together or independently,
and a changeability of the roominess of the pelvis,
that is, a eapacity for alteration of the lengths
of the diameters of the bony ligamentous pelvis.
These changes ¢an be impressed oﬁ the pelvis and the |
pelviec eanal by natural apart from artificial means,
though the gains and losses may be less, it is true,
by the former than by the latter. But those are
none the lsse important, for they constitute a large
part of what is known as the accommodation of the
mother to the child. The immediate causes by which
the changes may be brought about are:-
(1) Dilation of the pelvis as a whole by
“internal centrifugal pressure, and
due to giving of the jointse,
periosteal tissues and ligaments.
(2) Elastic strains of the bones.
(3) A pushing of the sacrum or the in-

nominate bones bodily backwards orx
forwards.

>
.

vertical movement of one innominate
one on the other.

(5) A rotation of the innominate bones on
a sagittal axis. §

(8) A rotation of the innominate bhones on
a transverse axis passing through
the sacrun:

{20/
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(7) A rotation of the saerum in a transverse axis
within the innominate bones.

(1) Dilation of the pelvis as a whole.
SCHWEGEL ( 18592 ) experimented on

pelves from the puerperiumn, and found that, as long
as the symphysis is intact, the widening which resulte
from pressure is very slight, the mobility at the
sacro—-iliac synchondrosis being only .egual to one
to two mm. The method of dilating the pelvis
employed by KORSCH (1881) necessarily results in
dilation of the pelvis generally, but the values given
by KORSCH are of too general a nature to allow
of those for dilation, apart from iocal movement,
to be distinguished. .-

According to AUVARD (1894), JACQUEMIER
found a separation in the joints equal to 1-5 cm.
But AUVARD considers the joints merely to act as
breaks in the girdle to give it suppleness. From
the ciinical side HENNIG (1877) ﬁdvanccs the cir-
cumstance that successive labours in the same woman
tend to become easier. HENNIG finds the cause
in a give at the pubic joint. AHLFELD and LEOPOLD
do not so mueh doubt the faect, as its permanence .

They/
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They hold however, that it is not possible to show
a separation in life of more than a millimetre,
({2) Elastic strains of the bones
These have been investigated by KLEIN
(1891) who gives 0-5 mm. as & mean value for the
elagticity of the bones in the non-puerperal pelvis,
and affecting the conjugata vera.
(3) Pushihg of the sacrum, alternatively of the
innominate bones bodily backwards and forwards.
SCHULTZE (1867) finds that flexion of the
lumbar column is accompanied by & backward retreat
of the sacrum and cocecyx with as a result extension
of the pelviec floor. XKLEIN, who fixed the sacrum
and then moved the innominate bones, gives a mean
value of 0«7 mm, for the antero-posterior movement of
the ilis, JELLETT (1905) thinks it is possible
that the sacrum may be pushed bodily backwards to
some extent by pressure exerciged through the child's
head, FREUDENTHAL (1913) believes the sacrum to
be driven backwards, when the parturient woman occu-
ples a position corresponding to the crouching or
squatting attitude,
(4) The vertical movement of one innominate bone
on another,
BUDIN ( 9., by WILLIAMS 1912) observed per
vaginam that pregnant women, in the act of walking

showed/
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.showed. a rocking movement of the innominate bones on
each other. Though indissolubly associated with some
rotation of the iliac bones on-é sagittal axis, mach
of this rocking motion appears to be due to a verti-
cal to and fro sliding of one pvhie bone on the
other at the symphysis. | BONNigRE and BUf (1899)
.examined over 500 women, and give the results for
470 in regard to the matter. In 10 there was no
appreciable mobility in the pubic Joint, in 408 the
vertical movement equalled 1 m.m., and in 52 it
ranged from 1 to 3 m.m. Hobility was thus present
in a large majority, and however slight it mayv be,
owving to the movement on each side being independent
and vertieal, it may be important in easing the
largest circumference of the head past the bony
outlet.

(5) Rotation of the innominate bones on a
sagittal axis.

This rotation implies a capacity for
separation in the joints between the bones. It
may arise through this circumstance alone, i.e. with—
out relative change in the positions of the pelvie

bones, or it may appear in the course of rotation

of/
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of the sacrum and (or) the innominate bones on a
transverse axis.

MEYER was one of the earliest writers
(¥fide SPIEGELBIRG 1858 ) to recoprise the occurrence
of rotation on a sagittal axis. ¥hen the upper
part of the saerum nears the anterior wall of
the pelivis, the saero-iliae liganents are expanded
and they tend to draw the posterior and upper parts
o the iliac bones nearer one another, whereby the
pubie areh and its ligaments are stretched.
BONNAIRE (1898) comes to an identical conelusion,
ad finds that both in a standing and a sitting
vosition the rotation of the iliac bones on a
sagittal axis flattens the conjugate, and enﬁarges
the transverse diameter of the inlet. LABORILI™
(1862) attributes this rotation not to a movement
of the sacrum, but to the pressure of the child's
head on the ischial tuberosities. The pressure is
‘powerful. ensugh to produce nartlal separation in
the symphysial joint, and at the same time an in-
crease of the transverse diameter of the outlet.
No mention is made of movements at the sacro-iliae
Jointe in this conneetion, but it is inconcaivable

that /
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that ssparation may occur at the symphysis without
assoclated changes at the other joints, unless the
mlasticity of the bones is much greatsr than KLEIN
(1891) belisves it to be. LABORIE, however, recog-—
nises clearly the value of movements in all the pel-
vie Jointe, and states distinetly that, while the
movements have little sffact on the dlameters of tﬁa
brim, they are of great lmportance, when the head

is in the cavity or at the outlet. DUﬁGANI(lBSB)
guotes LABORIE with approval, and adds that separ-
ation of the thighs helps to scpérate the pubic
bones, espacially if the internal femoral muscles
are in contraction at the time — an early recognition
of the possibilities of museular action which, in
relation to the whole pelvis, have never been

given their due.

KUTTNER (1398), like KLEIN in 1891, finds
that the transverse diamster of the inlst varies
little through alli the vositions. 80 also with
th® plane of great=st pelvielcontraction, but it
must always bes remembered that KLEIN fixed the
sacrum and KUTTNER came to the conelusion that the
sacrum is immobile. PINZANI (1899) finds the ro—
tation/
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rotation of the iliac bones on a sagittal axis to be
less impoftant than that on a horizontal axis.
Passing from the lithotomy to the WALCHER Dosition
results in a sevaration of the illac cregsta, Cilini-
eally, PINZANI fouﬁd no separation in 24 cases; in 22
the distance betwesn the spines was leassned; and in
81 it was increased to a mean 5 m.m. SCHMIDT
(1897), SAMUEL (1908 ), and FREUDENTHAL ( 1913) found
a c¢linical advantage from the lithotomy and ex-—
aggerated lithotomy vositions respectively, and
attribute it to enlargement of the outlet in both
the antero-posterior and transverse diameters.
JONGES k1903) affirming the value of the lithotomy
position with abBducted thighs for enlarging the
outlst by separation of ths tubesrosities of the
isehium, found as the result of inouiry in twenty-
five pregnant and puerpersl subjects that the exten—
gion of the knees stili further increases the outlet
by the action or the extension of the flexor

muscles running betwesn the tibia and fibula and the
ischial tuberosities. DEVRAIGNE and DESCOMPS ( 1910)
independently confirm the value of the JONGES

vosit ion/



72,

pocition. On the changes at the outlet, they em-
phasise the importance of the valﬁable researches
of BONWAIRE and BUf, and believe them to support
the views of LABORIE and the experimental investi- |
gations of TARNIER and POTOCKI, who applied diver— |
gent traction to the isehia and measured the innreasd
of the bi-ischial dizameter. Aceording to DEVRAIGHNE
and DESCOMPS, the lithotomy position inereasee the
bi-ischatie diameter by a rotation of the sacrum and |
in addition by muscular action. ¥hen the adductors |
which are attached to the rami of the ischium and
puble are put in tension, the rami are pulled out—
wards S0 as to increase the transverse diameter of
the outlet. The movement is clearly a rotation .
of the Innominate bones on a capittal axis. 1In de-
seribing their posture (the JONGES vosition), the
authorsg ~ecommend abduction of the limbs to relax
the gluteus maximus, so as presumably to prevent
the muscle on each side resisting the backward ro-
tation of the apex of the saerum. CORNU (1912)
also wrote in favour of the JCNGES position.

(8) Rotation of the innominate bones on a

transverse axis passing through the
sacrum, and

(7)/
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(7) Rotation of the saerum on a transverse
axis between the innominate bones.

The majority of writers apovear to consider
both rotations to occur in labour. But ilhere are
differences of opinion as to thelr relative values.
The transverse axis is the same for both rotations.
The fixation of its position has not been easy, and |
may not yet be regarded as mathematically exact. |
EA@1,AS (1851) places it in the second vertebra;
SCHWRGEL (1859) in the union of' the seeond and third
sacral vertebrae; KLEIN (1001) one em. behind the
second sacral vertebrn., very close to where MHEYER
(1878), as KLEIN pointse out, places it 1+5 cm. be-

hind the surface of the joint of the first and se—

cond sacral bodies

and differing from the lower position at the level

of the third sacral vertebra assigned to the axis

by INVERARDI (1885) and TRIDONDANY (1901). Prob-—
ably the higher position ig the more correet, as it
agrees better with the evidence derived from the '
measurements of the nelvie diameters in &ifferent
positions of the bones of the pelvis.

According to DUNCAW, ZAGLAS (1851) for the|
first/



|
first time in the human subject described the rotation
of the innominate bones on the sacrum in an antero— |
posterior direction. In the erect position the
promontory is least projecting into the cavity, and
the sacro-seiatie ligaments are relaxed. But,
when the body is bent forwards, the promontory is
displaced into the brim, the sacro-seiatie ligaments |
are stretched, and the outlst of the .elvis is en-
| larged.  DUNGAN (1854 ) believed that the svmphysis
is able to move upwards and downwards. In a latex
view (1868 ) DUNCAN ~dmits the pelvie movements to
occur either as 2 rotation of the ilia on the sacrum,
or as m rotation of the sacrun between the iliae
bones, but does not attach relative values to the
movements. HUBERT and VALFRIUS (1856 ) describe the
rotation of the sacerum and point out that, when the
upper part is projeeted forwards, the conjugata vera
is diminished and the transverse diameter of the In-— |
let is slightly enlarged. SCHWEGEL (1858), in
Duerperal pelves, found the sacrum able to rotate
through an arc of 5° in either direection. In the
dorsal and lateral wostures the promontory turns

backwards and enlarges the conjugate. A similar

mechanism/
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mechanism occurs in late pregnancy. Thus SCHWEGEL
concentrates attention on the nutation of the sacrum,
and appears not 1o have recognissd a movement of
thelinnominate bones. His coneclusions are impor—
tant however, in relation to the extended and hyper—
extended positions. Thev were confirmed at a mueh
iater date by BONNAIRE and others. BALANDIN (1883)
after examining pelves from males and nulliparous
females for eoﬁparative purposes, studied four pel-
ves from > regnaney and thirty-five from the puerpe-—

rium. BALANDIN fixed the sserun and moved the ayvm—

physis up and dowmn, recording the length of the
conjugate and the antero-posterior diameter of the
outlet in eaeh position. All the pelves were mo-—
biie. BALANDIN eoncludes there is softening of the
ligaments in pregnanevy and that, while little fy=- |
oreasef the inlet can be broduced. the enlargement

of the outlet is considerable; nutation of the
gacrum, according to BALANDIN, cxists without doubt,
but he attaches more importance (fide VARNIER) to

the movements of the iliac bones. BALANDIN, by
finding the changes of th2 outlet greater than those |
of the inlet, confirﬁs the elaborate though indiscrim-

inate/ |
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indiseriminate observations of KORSCH (to be referred
to later) but the smallness of the changes with the

sacrum fixed in comparison with those Ffound by

others under different conditions, indicate that,
apart from the affect or extreme variations of the
inelination of the iliae bones, another faetor for
the production of change exists, namely, in the nu-
tation of the sacrum. BALANDIN by neglecting the
effect of macral nutation antieipates the majority
of later observers. But, as of them it eannot be
said .t hat BALANDIN grasped the full possibilities of
pelvie dilation.

In 1383 WALCHER, as the result of studies
in the vears 1886 and 1839, made the fateful |
sanmouncement that the conjugate of a narrow nelvis !
is not invariable, but is capable of enlargement or |
diminution according to the position of the body.
The chief merit of WALCHER'S observation lies in
directing attention to the variable possibilities
of the narrow pelves, =nd in showing the best way
to obtain the greatest inerease of the conjugata
vers. During the next ten vears or more, discussion
ranged around the zmount of increase which can be

obtained/
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obtained in the conjugata vera. Incidentally, howev-—
er, the publication of WALCHER'S vaper 1led to a
great deal of anatomiecal and clinieal researceh into
the effects of changes in the position of the body
and of the pelvis dn all the pelvic diameters, with
as a result, the gradual accumilation of much valu-—
able knowledge. Though no doubt the newly acouired
information refers specially to conditions of pelvie
dvstocia and the operations of pelviec seetion, its
influence iz sbundantly manifest in more recent
conceptione of the mechanism of ordinary labour. !
WALCHER attributes the changes to movements of the ‘
innominate bones on a transverse axis, there being at
the same time with descent of the symphysis a ovro-
jeetion forwards of the promontory and an increase

of lumbar lordosis. KLEIV (1891) who made exten—
sive anatomical researches into the mechanics of

the pelvis, attributes changeability of the conju-—
gata vera to three factors - the rotation of the
innominate are on the sacrum, clastieity of the
bones, and an antero—posterior movement of the ilig
on the sacrum. The two lacst factore have been

examined/
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examined already. To the first KLEIN attaches
grestest importance. Inasmich as KLEIN, like
BALANDIN, fixed the sacrum and lumbar vertebrae for
his experiments, he at least implies a belief in the
immobility of the sacrum. KUTTNER (1893) investi-
gated the pelvis anatomically with special reference
to the outlet in furtherance of SCHMIDT'S (18397)
clinical results. KUTTNER made casts of three
normal pelves in the WALCHER,horizontal and lithotomy
positions. According to KUTTNER the sacrum does not
rotate at all, rotary movement being confined to
the innominate bones, and that the symphysis rotates

| on a transverse axis, by which is presumably meant
gimply an arcuate movement in a vertical direction.
‘This arcuate movement oroduces the changes in the

| conjugata vera and in the antero-posterior diameter

| of the outlet. BAR (18%9) found that, when the
body 1s flsxed in the doreal position, there is a-

movenent of the iliacs on the sacrum which has little
effect on the conjugate, owing to the contemporaneous
| reduction of the lumbar lordosis. (This reduction

- includes retraction of the promontory though not
necessarily rotation of the sacrum). The first

leffeat/
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effect of =xtension ies a reappearance of the convexity

of the lumbar spine, the second a movement of the
ilises whieh comes later than the first =nd is

the main agent in inereasing the conjupate. It
thus appears that for BAR the iliae bones move
eguably with the sacrum, until the latter has
reached the limits of its mobility in either
diresetion, when the iiiacs continue the movement
independently. So that there is no true nutation

of the sacrum, onlv a movement :

i

s vart of the
pelvies as a whole. BONNAIRE and BUf, in a valuable
report to the International Congress of 18359,

state that the diameters of the pslvis can be al-
tered according to the position of the voman in
labour. The changeés are due to softening of the
peristeal tissues and the joints, and a number of

predisposing causes ars mentloned. The result of

1

an examination of the living is uncertain, according

to the authors, as to the sacro-iliac movements.

But they susvect them on acecount of the avpearance
of pain there, and its relief bv loeal pressure in
the 1line of the articulations. Though the authors

are/
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are probably correct in this deduetion, the argument
ig unsound, as the authors did not exelude the re—
lief by local pressure of pain referred to the rump
from the dilating canal. BONVAIRE and BUf
examined twelve puerperals after death. With the
cadaver on the edge of the table and the limbs
hanging down, the sacrum rotates so that the base
moves backwards. Here thev are unaccountably in
opposition to WALCHER'S and BAR'S ~onelusion that
lordosis ie inereased, and the promontorvy moves
forwards. The main result for the present purpose,
of BONNAIRE and BUf'S researches lies, however, in
the distinet recognition, for verhaps the first
time, of the simultaneous and indenendent rotations
of the sacerum and of the innominate bones, and in
this connection thev show also that the lithotomy
position produces ithe rreatest degree of rotation
of the sacrum, the base coming dovnwards and for-
wards, while the apex is driven backwards.
CALDFRINI (1894) had, however, alr2adv shown that
the lithotomy position caused the apex of the
saerum to turn backwards, so as to enlarge the out—

1ot/



outlet. PINZAWI, at the same congress, supported
BAR'S views. Clinically, he took the anterior
superior iliac spines as indices, and observed in
passing from the lithotomy position to fhe WALCHER, |
that they rotateX dovnwards and forwards, while the |
lumbar lordosis incrsases. The movement of the |
spines goes on for a time after the lordosis in-

creases no further, and all movements are eventually

checked by the tension of the ligaments and dises which

|
arrests the movement of the sacrum some time before |

inclination of the brim is eompleted. JELLETT
(1905) attributes nutation of the sacrum to the
pressure of the head of the fetus at different
levels. As it passes the brim, the promontory is
forced backxwards: st the outlet the apex df the
sacrﬁm is pushed backwards and uvpwards, the sof‘tenedl
sacro-sciatie ligaments heing unable to resist the ‘
strain, JAKS (1905) takes a similar view. The .‘
mechanism of the sacrum is a balance of the pressure |

aeting from without and within. The erffect is to

vhen the head descends to this level. The curved

axis which the head follows is thereby straightened

widen the inlet when the head is there, and the outlet
|
|
|
|

to/
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|
to some extent. JAKS further states that the hori- |

zontal turning axis of the sacrum is on a level with |
the middle of the pubis i.e. the second pelvie planeJ
The diameters of this plane remain constant. De— |
pression of the symphysis widens the inlet, but
produces lordosis. Raising the symphysis widens

the outlet to a greater extent. Hence for JELLETT
and JAKS, the movements of the gelvie bonee, and
therewith the alterations of the pelviec diameters,
are due largely to the pressure of the fetal head.
While no doubt such a mechanism may ocecur under con-— |
ditione that approach to dyetoeis, elinieal e{ideﬁcef
hardly supports the view for normal labour, and
SELLHEIYM (1912) though he does not give an opinion
as to cause, puts the matter better, when he savs
"The mutual adaptability of the child's head and the |
maternal pelvls makes use to the uttermost. of the
continual changes of the pelvie diameters and of

the moulding of the head, by measns of the movements
of the pelvie, and can help to overcome 2 disuro—
portion which is not too great." In 1906bSELLHEIk
made casts of contracted pelves before and after
symphyseotomy . He states the effect of the oper-

ation ic *o cause a sirmltaneous rotation of the

sacrum/
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sacyrum on a horizontal axis, and of the hip bones onl
a sagittal axis on the sacrum. The apex of the
sacrum moves forwards and upwards. .The videning is
due both to the result of the operation, and also
to the rotation of the pelvie bones. In 19052 in
order to reconcile the clihicallv observed advantage§
of WALCHER'S position with his views on the unique
mechanieal importance of the soft eanal in normal "
labouyr , SELLHEIM states that the beneficial effect
of the WALCHER position is to extend the soft parts
of the pelvie walls posteriorly from the anterior
on the hip bones, 8o as to make the passage of the
child easier. SELLHFIK attributes this effect,
through the WALCHER position, to the rotation of
the sacrum. Thug, at the hands of at least some I
authors, exverimental and anatomieal researches de—
monstrate the occurrence of seven kinds of relative
movemnent in the pelvic girdle, Gf these, four are
of minor importance while the rémaining three -
nutation of the sacrum, rotation of the innominste
bones on a sagittal axis, and rotation of the same
bones on a transverse axis, have a value which is
probably great even in normal labour. All three,

further, are susceptible of clinical observation,

as/



as I have quoted, already, some observations to show.
Nevertheless among authors of the modern period,
TARNIER and CHANTREUIL (18382), BARNES (1884), who
believes the movements of the sacrum to be more
apparent than real, PARABEUF (cuoted bv VARNIER

1894 ) and SCHICKELE (1901) deny the mobility of

the pelvic bones on one another, or at any rate be—
lieve the nmovements to be so slight as to have an
inestimable value. TARNIFR Finds notable dilation
only en pelvie section, so also FARABIUF who in
addition considers that traetion with the foreesps
lowers the symphysis as mueh as it can be lowered,
whatever the position of the thiﬁhs, and that any in-
¢rease of the brim, if it does occur, lessens the
mid—saaroépubic plane which is the main plane of_
pelvie dystoecia. But if Varniér reports correctly,
the last paragraph is no argument, as the greatest
circumference of the head cannot be in the mid-
sacro—publc plane, when it is at the brim. SCHICKELE
dwells emphatieally on the irregular dovetailed ar—
ticular surfaces of the sacrum and the iliac bones,
and considers these not only to prevent all movement,
but to exist for the speeial purpose of transmitiing

the body weight from the sacrum to the iliac bones -
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a purpoéa to which movement or separation is inimical.

Nothwithstanding these digressive con-
clusions (SCHICKELE), I take it, movements of the
pelvic bonas in labour ars be?ond dispute, at any
rate lunder artificial conditions. It %s still
necessary, however, %0 strengthen the position in
relation to the mechanism of ordinary labour, and
which apply tc the pelvis during life.

Many regard the special attitude of the
woman in labour to be an instinctive habit. We
know from the researches and writings of PLOSS (1872)
FELKIN (1884), PEDLEY (1887), WITKOWSXI (1887),
GLEAVES (1899) and othars that the attitude is comuon
to the whola world of parturiant women, and is, in-
dand, manifast in ths graat majority of labours,
though parhaps the awakaaning of ths habit is delayed
in our ultra-civilized pridrparaa. But avan hars
it is unwise in thaory to assuma that a wrong attituda‘
iz being taken up, and it is worse in practies to

interfars on the strengthn/

* There is a good account of parturition among ths
Australiam aborigines by Gray in the Transactions of
the Glasgow Ohstetrical Socisty. Engslmann's obssr-
vations ara describad by Witkowski.
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strength of the assumption. A woman knows best her—
self the attitude that suits each moment of her i
labour, if one may out it so. For of course, the
pose is more a funetion of the organism than a pro-
duct of the brain. This universally adopted atti-
tude amounts, therefore, almost to a specific charae
tar. . It is very old racially: the meechanism for
ite produetion is probably inherited, and only
awaits the appropriate stimilus to set it in motion.
Here then, we have the factors for a comonound reflex
action, or an instinetive habit (LOEB 1900). That
being so, we are bound to conclude that the habit
has been evolved for the bensfit of the woman in
labour. The purpose cannot be indifferent, '
harmful, or useless. Tor LAHS and SELLHEIK the |
speeial attitude and the movements of the bones, whicﬁ
SELLHFEIM at any rate admits, exist only for the pur—
pose of extending the sort parts in advance of, or
coaval with the desscent of the presenting part, as

in the greater number of normal labours the bones
(except the pubie arch) do not come into contact

with, or influence the passage of the head. There

are cases for which this statement is probably more

or less true, but their number has been exaggerated.
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In these caseeg also, the clinieally observed movements

of the bones are least in evidence. On the other
hand, in the greater number of labours, the c¢lini-
cally observed movements are distinetly in evidence,
and , though the extension of the soft parts forms
part of the result, it is hard to believe that it is
the sole congsequsnce. Indeed, on the prineiple of
Nature% simplieity in the working of cause and
ef'fect, it i= preferable 1o suvvose, in the absence
of most distinc¢tevidence to the contrary, that the
m vements of the bones and the speeial attitude of
the skeleton in labour are direetly connected with
the passage of the normal child through the normal
bonv pnelvis. The evidence to the contrary derived
from frozen sections and from the relations of

the diameters of the child to the diameters of the
bony wnelvis, contain fallacies which deserve ex-—
posure; and the view is attractive vhich regards
the mobility of the bones of the pelvic girdle as
one of the circumstances disposing of the theory of
the soft canal, as the sole maternal passive factor

in the mechanism of labour.

The attitude of general flexion of the body

to whieh I have already brieflyv referred 18 charac—
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characteristie of the second stage df normal labour,

and also of the first stage, at least when the pre-— i
|

senting part has engagsd the pelvis ﬁefore labour

begins, and it has been often and very similarly |

deseribed, as the following aguotations show:—

"When the woman in labour is left to herself,
she instinetively approaches to a cowering
position with the bhody bant forwards" . KIWISCH)

"In effect, these are the results (esrtain |
movements ) of an attitude assumed instinctive—
1y bv the woman in 1labour." (Duncan 1854)

"Indeed the study of the whole subject illus-—-
trates beautifully how nature leads the human
female, in the aect of childbirth, to assume
positions and mare exertions which are necess—
ary for perfecting the mechanism of the pro-
cess." ( DUNCAN 1868).

"Abdominal pressure causes flexion of the
Jumbar spine." toonatantlv there is a con-—
cavity forvards which increases ss the ab—
dominal pressure grows stronger." (LAHS 1877).

" - g position instinetively assumed when lab-
our begins." (BARNES 1834).

"The claseic vosition for the expulsive period
of birth is that in which the woman flexes,
spreads out, and inwardly rotates the legs,
vhile 3t the same time the vertebral column
is bent Fforwards and the arms »ull on a hand-
hold. The crouching position comes nearest
to the ideal." ( JAKS 1905).

VALTORTA (1912) in affirming his belief

that /
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. that with changes of the position of the body the

diameters of the pelvis c¢an be eniarged and that
movements of the sacrum at the level of the sacro-

| iliae articulations and variations of the inclination
! of the pelvie brim ean cceur, writeé}w

"When we asgist at a labour, we are swectators
of the mother's ingtinetive solution of an
extremely interesting and difficult problem.n

Cliniecalily observed, the phenomena con—
sist of 2 reduction of the lumbar lordosis, a re-
tracetion of the upper vart of the saecrum, together
with a vrojection forwards of the apex of the sacrum,
and a small degree of elevation of the symphvseis
pubis. On its external aspecet, the profile of the
lumbar region may even be convex backwards. These
discositions are common in general to the first
stage of labour and the earlier part of the second
stage; and the main agent in theilr producticn
apoears to be the flexors of the lower part of the
gpinal colunn. In effect, they enlarge the conju—
gate of the inlet, or at least prevent it from being
diminished, and aid in extending the soft parts
of the uyper portion of the =soft canal, while they
give a preliminary relaxation to the soft parte
below, espeecially the pelvie rloor, favourable to

their/
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their "active dilationn. The«e arrangemente are
exaggerated during the cccurrence of a pain. not 2s

a rule in the first stage, but often towards its end
and during the earlier part of the second stage.
Women vary, however, in this resoect. Thus FRITSCH
(1875 ) formally reccrds a faet, readily ascertained
on eclinieal examination, that, during a pain, Iumbar
1ordosis is diminished. If the hand is placed
under the lumbar region when the parturient woman

is in the dorsal posture, the hand ip'squeezed hard
during the pains. FRITSCH attributes the dimirnmution
to elevation of the arms, abdominal pressure, and
erection of the uterus. These causes apynear, how-—
ever to be inadeguate, as with all of ﬁhem apparently
in operation the lumbar spine can stilli be moved
backwards and forwards to some extent. fhen it is
moved forwards, the difficulty with regard to the
general-contents pressure of the abdomen 1s over-—
come by vrojection backwards of part of the abdominal
contents lat=srally to the spinal column. Here
again, strong action of the =spinal flekors auonears

to be the main agent in the further reduction of
lumbar 1ofdosis, coincident with the ocsurrence of

a uterine contraction. It is 1o be noted, so in-

herent/
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inherent is this instinctive action, that under deep
anaesthesia it usually disappears only shortly
before the uterine contractions fail. At the same
time and during suecessive pains, the symohysis

pubis in the second =stage is visibly dravm upwards by
the action mainly of the reeti miseles, until it |
remains persistently at a height above which no
further rise is possible. DUNCAN (1854) observed
the acetion of the abdominal muscles on the symphy-—
sieg in the second stage, and believed the nromontory
at the same time to be wrojected forwards, so that -
the outlet is enlarged. This terminal rotation of
the sacrum, to which not only DUNCAN but CALDERINI
and BONNAIRE and BUf have directed attention, is
visibly asqﬁciated with an inereassed flexion of

the thighs on the body. It does not always oceur:
some women sexoperience little difficulty at the out—
let of the bony and ligamentous pelvig. When the
knees are drawn up, the svmphysis may rise a little
further, if it has not already reached 1lts height,
the sacrum rotates, as DUNCAN deseribes, and lumbar
lordosis 1s inereased. The two latter phenomena

are then mainly due to the involuntary action of the

erectores sninag. nt, whenever the flexors of the

'Spine/
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gpine are maintained in vowerful contraction, the
incerease of lumbar lordosis and the projeetion for-
wards of the promontory are resisted to the utmost,
while the sacerum still rotates as before. In effect,
there is some translation forwards of the spine and |
the promontory, but it is retained to the least de-
gree. In the non-vregnant condition the arrange—
ment is diffieult of executlon, but it appears to
be normal for the end of the second stape. Thus,
the outlet is mueh enlargasd, extension and retrac—
tion of the pelvie floor are favoured, and rotation
of the innominate bones on a sagittal axig is in—-
duced, so as to inerease the transverse dlameter of
the outlet, while the conjugate is not materially
lessened - a disposition whieh may often be invalu—
able for the transit of the face and the shoulders
of the ehild, the latter especially, even when not
abnormally large, neesding all the available room at
the brim of the pelvis. Thd yposturalchanges and
the agsoeiated movements of the velvie bonss, usually
so evident under clinieal obssrvation, and corres—
ponding in character and sensitive to each step iﬁ
the progress of the labour, are some of them corro-—
borated by an examination of the traeings of frozen

sections/
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sections. The numbers of these, it is true, are not
great, but the caleulation of the probable errors
of the averages gives some idea of the valus of thei
results. It must also be borne in mind that the
appearances of the sections represent the condit—
lons as thev are after death ( STRATZ 18862 1336D,
BR&UNE 1890). That is to sey, the dispositions
which are the result of museular action cannot be
expected to be preserved in their entirety, if at
all. The movements to be looked for are elevation
of the svmuhysis during lsbour, that is rotation of
the innominate bones on a2 transverse axis, and ro-—
tation of the sacrum also on 2 transverse axis.

I measured the angle formed by the axis oy the

mublis with the conjugata vera in tracings of some

of the sections. The results are set down in
Apvendix B, for the period immediately before labouy
for the firest stage, and the cacond stage of labour.
The figures for each period were arranged and their

probable errore csleculated. Thev are as follow:ss-

Before Labour (7 Seetions)

Mean ruble angle = 987+18° + 1-:55°,

Firet Stage (12 Sections)

Mean Puble angle = 96-50° + 2-06°.

second /



94,

Second Stage (8 Sections)

Mean Fubie Angle = 93-37° 4+ 1-89¢;

A progressive lessening of the mean angle

is found, to put it roughly, from the beginning to

the end of labhour. The differences among the three
| periods, however, do not exceed the sum of the
probable errors and are therefore, untrustworthy.
But, if the firet and the third period are taken, the
total difference of nearly 4° exceeds the sum of

the probable errors by nearly half a degree, which I
take to be 2 real dirfference, hovever many the in-
eluded sections are likely to he. The reduetion
may imply either an elevation of the symphyseie, or
a lowering of the uwromontory, or it may indicate |
both. - A reduction of 1° of arc obtains for each
centimetre of rise of the symphysis, when the ratio
of the conjugata vera is to the radius of rotation
of the symphysig as 3:4, which it approximately is
in Barbour's late second stage section, the centre
of rotation being firxed as a mean point between
MEYER'S and KLEIN'S determinations. Exeluding
very small angles of divergence of the radius and
the conjugate, the angular differencee hold good,

i whether the promontory lies above or below the

| radius/
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radius of rotation. The are whieh the symphveis

1s able to deseribe méasures 2:1 cem long according
to KLEIN. Flsevhere in-the same paper, KLEIN also
gives data for a rise of 3 cm. The latter figure

will, therefore, mean a reduction of 3° of are, as

cotpared with nearly 4° of' the observations. Slight

though the difference is, and scanty the material on

which it is based, it suggests the possibility that,
given the rotation of the symphysis, there may also

be a rotation indevendently of the sacrum. If on

the other hand we assume the svmphyvseis to be immobile

and endeavouy to attribute the angular changes en—
tirely to movements of the saerum, we find that,
under the same conditions as to ratio ete., the re-—
duction of the mean pubic angle for each centimetre
of arcuate descent of thq promontory ought to he no

less than 4° of are. Regarded in this way, the

tendency ig to believe that the promontorv is either

very near the ovrimsry centre of rotation, or its
movements are restricted by muscular action and in
most of the ssctions, by the presence of the head.
The latter view seems the more probable, as the
changes in the pelviec dimensions, which will be re-
ferred to later, go far to confirm the approximate

correctness/
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corractness of KLEIN'S and MEYER'S detsrminations.
Considerad alone thersfors, the obaarvations on the
m2an pubic angla render a riss of ths symphysis pro-
bable during labour, but tha information thay convey
regarding movamsents of thas sacrum is at most oniy a
suggastion.
In the next plaes, ths angls was

measurzd which ths antsrior surface of the upper part
of the sacrum makes with the conjugata vera. This
was done for sach of the 3actions, and tha figures
are tabulat=sd in aprendix B. The avarages for sach
period, as for the mean puhic angies, with thair pro-
abls arrors ars now 33t forth:-

Bafora Lavour (7 Sactions)

Mzan Sacral Angls & 103 00 * 2°41 .

First Stage (12 Sections)

Msan Sacral Angls =956°58 + 2-+41 .

Second Stage ( 7 Seetions)

Mean Saeceral Angle = 117239 4+ 2°60 .

It 1s ohsarved hars that the progression is
not uniform, as it is in the case of the mean pubic
angle. - And indaszd, ths infarencs has t0 be made that
the rotation of the sacrum is reversed in the course
of lahour. To use an inexact though convenioant
mode of expras3sion, we might say that the promontory
movas backwards from 1late pregnancy into

tha/
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the T'irst stage, and forwards again during the second

stage. The differsncesamonsg the periods.aré in

both eases much greater than the probable errors, and |

are therefore, in all likelihood real dirferences.
In passing from 1He first to the second stage, the
difference greatly exceeds the sum of the vrobable
errors. The mean saeral angle necessarily increases
whether the vpromontory descends or the svmohysis
rises, contrary tec what haupens to the mean pubie
angle. Here again, When the total difference of
14%”-1@ econsidered, raising of the symphysis alone,
or rotation of the sacrum alone, secems inadequate

to aceount for its magnitude on the basis of the

4° per centimetre of vertiesl movement. The ob=-
servaed difference for the mean sacral angle tends,
therefore, to confirm rather than otherwise the
suggestion raised from the difference in the mean
pubie angle, that Dboth thé sacrum and the innominate
bones take part in the relative movements of the
varts of the vpelviec girdle. The‘mean gsacral angle
in the first stage shows a large reduetlon in com—
parison with the slight increase vhiech one might be
led to éxyeet from reduetion of the inelination of

the conjugate. In how far it is real it is diffi-

eult to decide, the more go as the mean air-line angles

ghow /



show a nearly uniform progresaive:-— ;

|

Before Labour (7Sections) |
Mean Air-line angle = 72-:86° + 0-:87°
)

Mean Ajr-line angle = 77.18° + 1-30°.

47

|
| Firet Stage (11 Sections
|

' Second Stage (7 Sections)

Mean Air-line Angls = 82.04° i_0-88°.

|

| .

| It 1s possible, of ecourse, that in a series

: of sections the correlation of the anterior surface

of the sacrum with the air-line has a low value.

i In any case, the increase of the mean sacral angle

| in the second stage voints to a strong rotation of

|

I the apex of the sacrum backwards during that neriod.

| A comparison of the progression in the mean cacral
angle with that in the mean mu:bie angle further pro-
motes the view derived from the latier that the ae-

tual translation of the nromontory through space is

restrained. If thie is so, it seems 1ively that .

there are two rotations of the sacrum. One of these

takes bplace around KLEIN'S or MEVER'S approximate

axis, and is funetional before labour, during the

first stage, and in the earlier part of the sécond. '

The other ig characteristic of the late segond stage |
i and is characterised by the bold translation hack-— !
‘ wards of' the apex or the sacrum. Most probably,

the/ '
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the axis of this late rotation lies at a higher
level - in or near the promontory and the base of
the sacrum. At the same time, it is by no means
impossible that the rotation of the saerum in the
late second stage is a simultaneous oeaﬁrrence of
two rotary movements about two separate axes. In
the rasult, the relative movement between the sacrum
and iliae bones will he greater than it.would be, if
there were a common axis, and it will also be
greater between the articular surfaces of the bones
at a lower than at a higher lavel. (In this con-
neetion it is worth noting that the breadth of the
artieular surfaces decreases from above downwards
and with some rapidity towards the lower part of
each surfa@a) In general, it sesms remarkable
that the evidence obtained from 1ife should be go
largely =supoorted by that of the dead, more espec—
ially as all the bodies excepnting one or two were
frozen In the dorsal extended posture. The expec—
ted discrepaney is however, discolimied by the pres—
ence of the fetus which acted as a bloeck nreserving
in part, but I expeet not entirely, the positions
vhich were given to the pelvie hones during life.
fl14. In general terms elevation of the sym—

phyveis diminishes the inlet and enlarges the outlet:

deﬁression/
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depression of the svmphvsis enlarges the inlet and
lessens the outlet. Between the inlet and the out-—
let there is a piane, the dimensione of which searce-—
1y change whatever the position of the svmphyeis.
This plane for KUTTNER (1898 ) and JAKS (1905) is the
plane of the greatest dimensions (BECKFNWEITE), and
in it the radiuse of rotation ought to ie. But,

if it happens that the sacrum has two axes of ro—
tation in life owing to museular action, then the
foregoing statement 1s true only for the dead. Le
a more exaect statement of the general tapms rTelating
to the conjugata vera, it mav be said that, when the
centre of rotation and the radius of rotation lie
'below the level of the conjugata vera, elevation of
the symphysis shortens the conjugata vera, and, ‘
when the centre and the radius 1lis above the level
of the conjugate, elevation of the symphyels lengthens
the conjugata vera. In the former c¢ase the short— |
ening of the conjugate is provortional to the =size

of the original angle between the conjugata vera

and the radius, and also to the ratio of the vera

to the radiue of rotation. The greater the angle

and the shorter the radius, the greater the short-
ening of the conjugata vera with a given rise of

the/
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the svimohyeis.

B8inees 1889, inventigations of the changes
in the lengths of the variouws nelvie diameters have
mainly been oceupied with thoge changes which occur
as the result of movements from one artifiecial
position to another.  From the earlier period,
data relating to the diameters are meagre, but, for
the moet part, thev m2y be held to apoply rather to
such changes as are able to occeur in normal labour.
DUNCAN (1854 ) apparentiv by deduction from ZACLAS'S
results and his own elinical observations, believed
that, by raising the gymuvhysls, the conjugata vera
is diminished one or two lines, while the antero—

posterior dismeter of the outlet is probably in-

ercased twiece as muech,- OOHWEGEL (1859) in puerperal |

pelves Tound the rotation o1 the sacrum ig able to

inerease the conjugata vera by 1-3 m.m, The great— |

e&t increare of the conjugate he found only in the
dorsal posture with the loins raised, as also
LEOPOLD (1849). BALANDIN (1583), after fixing the
saecrum, found that lowering the symphysls with a

weight of 24 Kgryms. nroduceq 2 greatest increase

of the econjugata vera of only 15 m.m. Raising the

-

aymphysis reduced the conjugata by 2 up toc 3 m.m.
with a traction of 12 Kgrms., while the outlet was

increased/
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incereased by 10 to 15 m.m. with the ascent of the
symphvsis. Alraafi._*.r,l CROVZAT (1831 ) had made re—
searches of a similar nature. According to VARNIER
(1894 ) CROUZAT Tound a variation of 8 m.m. in the
conjugats vera hetween the fliexed and the extended
positions. Ag regards the transverse diameter of
the outlet LABORIE (1862) found algreatost increase
in the bi-ischial diameter of 2 em. bYy the vressure |
of the head alone, while BALANDIN by applying di-
vergent tracetion to the obturator foramina obtained
an increase o7 the bi-seiatic diameter amounting to |
4 m.m. and of the transverse diameter of the outlet

amownting to 4-5 m.m., the figures being averages.

0of all the inouiries of the pre-Walcherian
period, however, not ons, so far as I am aware, |
approaches within measurable distance of the Labor-
ious and comprehensive observations made by KORSCH
(1831). -From the point o view oF the ordinaryv |
labour his results have 2 speeial value not only |
because of the method he employved, but also on
aceount of his apparent ignorance of the exaggerated
movements vhich can be forced on the uelvie bones
by the special positions of operative obstetries.
And, perhaps, it is not going too far to write that

the figures which KORSCH gives reprssent as nearly

as/
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| as possible the living possibilities of the pelvis
in the ordinary labour, when it is borne in mind
| that the pelves were cut out of the dead, and that
ymuseular action was necessarily absent. The pelves
were widened with dilators, and the diameters were
measured before and after dilation. KOTiSCH ex—
amined 45 velves. In 34 of these taken after
abortion, in late pregnancy, during birth, soon
after birth, and where there were large tigmours of
the uterus or other pelvie organs, KORSCH obtained
inereases of the diameters of the inlet and the
outiet. These I have ageprapgsd for the whole group.
Inlet - Conjugata vera = 4°41 m.m.
Transavy. Diam. = 2°:84 m.m.
futlet — Ant. post. Diam. = 5°07 m.m.
Transv. Diam. = 3+52 m.m,
That excessive force was not used is shown
by the figures of increas? in eleven pelves from

men and non-pregnant women, Tor which the averages

are:—
Inlat - gonjugata vera = 0°45 m.m.
Transv. Diam. = nil.
outlet - Ant-post Diam. = 0.18 m.m.
Transv. Disam. = 0.45 m.m.

KORSCH by his ressarches demonstrates the

changes/
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changes which are associated with unusual activities
of the generative organs, and especially with the
occurrence of pregnancy. These changes are manifest
in a yielding of the joints, and in a widening of
the pelvis - of the inlet and to a greater degree,

of the outlet. According to KORSCH the conjugata
vera is more susceptible of increase than the trans-—
verse of the inlet; the transverse of the outlet

more than the antero—posterior diameter of the
outlet. The widening of the transverse of the in-
let leads to a shortening of' the conjugate: the widen—
ing of the oonjugéte does not alter the transverse
of the inlet. The greatest enlargement of the
transverse allows a further lengthening of the con-
jugatei in the greatest widening of the conjugate
the transverse diameter ean not in most cases, be
enlarged further: the widening of outlet always
lessens the conjugate and usually leaves unchanged
the transverse diameter of the inlet. A similaxr
effeet is produeced on the outlet by widening the
inlet. In many cases, the greatest mobility lies
in the sacro-iliae joints. Where movement is great-
est, there is the greatest guantity of synovial
fluid. The lengthening of the conjugate depends

on the mobility of the sacrum: the vielding of the

symphysis/
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symohysis affecte especially the transverse diamster
of the outlet. The greatsr the eircumference of the
hollow in the pubie joint, the greater the mobility
of the Joint. The number of births has no visible
effect on the mobility of the joints of the pelvis.
These conclusions given by KORSCH appear to be an

|

sminently moderate summing up of the changes which

can be produced in the ovelvis of the cadaver by the
acetion of centrifugal oressure, without the aid of
exageerated obeotetrice positions. But, for the
living subjeet thers are reasons which I have al-
ready given for belisving that the effeet of museular
action still falls to be added to these results

for the dead, and it would appear that the work of
the museles produces the greatest effeet on the
antero;goeterior diameter of the outlet, and the
least effect, though by no means to 2 negligible
extent, on the conjugate of the inlet, while the
transverse diameter of the outlet occupies, in effect
an intermediate position. To gain an idea in |
figures of the great~-=st pogsible inereases and dim-
inutions of the velvie diameters produced by all
means short of pelvie seetion, cne rmust refer to

the/
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the inguiries which WALCHFR set in train. WALCHER
(1882 ) referring especially to narrow pelves, Tound
an inerease of the diagonal conjugate in the living
amounting to 1 em., 2nd a vaidation of 8 mm. in the
conjugata vera of the cadaver, from the flexed to
the hyper-etended position of the body. KLEIN
(1891), ior normal non-pusrpersl female pelves,
states a variability of 53 mm. in the conjugata
vera, and of 5°6 mm. in the diagonal conjugate
under similar postural conditions. The greatest
inerease in the conjugata vera, is 1 em., and the
least 3 mm, In contraeted pelves the values are
slightly greater. KLEIN finds the weight of the
legs acting on the innominate are to egual 24-30
Kgrms. which is mueh as it was found by BALANDIN.
According to KLEIN, this weight is less than that
which ¢an be produced bv traetion with the hands, and
as KLEIN'S figures are derived from oelves moved by
this mesans, the changes . roduced by the WALCHER

pogition will be still less than in the expsriments.

| WALCHFR (1899), in affirming the correctness of his

pogition, believes that KLEIN undsr-estimated the
weight of the lower limbs, and verv naturally points

out the invalidity of KLEIN'S elaim to have dispro?ad

' the value of the WATCHER position on aeccount of the

different/
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difterent nature of KLEIN'S material. According to
KLEIN, a rise of the symuhysis of 3 em. shortens the
conjugata vera by 9 mm., while a rise of 1 cm. eff-
ects a reduction of 3 mm. KLEIN here confirms
BALANDIN that a rise of the gsymphyels has a greater
effeect on the conjugate than an equal fall.

KUTTNER (1893) in the three pelvee which he examined.
found an inerease as great as that opostulated by
WALCHER, while thelantero—posterior diameter of the
plane of gregtest pelvie contraetion shows an in-—
créase from the WALCHER to the Lithotomy oosition,
nsarly, though not quite, double that of the conjugata
vera, thus confirming DUNCAN'S inference made thirty
vears before. For the three pelves the mean in-
erease of the conjugata vera is 1-1 em., of the
antero-posterior diameter of the "BECKENWEITE"

017 em., of that of the "BECKENENGE" 1-74 em.
DUHRRSEN (1893), WRHLF (1894), FOTHERGILL (1896),
and HUPPERT (1898 ) all obtained inereases within a
millimetre either way of that claimed by WALCHER.
DEVRAIGNE and D#SCOMPS (1910) eite, in addition
LECPOLD, KUSTER, KALT, CURRIER, MANGIAGALLI, LA
TORRE, and CALDERINI in supQOft of WALCHER. They
also range PINZANI on the same side of the contro-
versy, but a reference to PINZANI'S report of 1899

dOBS/
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does not seem to support the authors. PINZANI ex-
amined 82 puerperal women in the lithotomy and WeLOH-
er positions. In 17, the conjugata diagonalis |
showed no variation, in 45, there were increases of |
1 to 8 mm., in favour of the WALCHER nosition. In
five eadavers PINZANI appears to have obtained no
greater inereases. On this other =side to whieh
PINZANI belongs on the strength of the revort just
guoted, VARNITR (1884) endesvours, in polemic fashion
to show that the enlargement of the conjugata vera
"is less than WALCHER makes out, and in eonclusion
states that post-mortem examination ehows the con-
Jjugata vera unable to vary, on the average, nore
than 6 mm. in labour and 5 mm. in the puerperium.
For VARNIER it has not been shown that the WALCHTR
position inereases the conjugata vera to the extent
of 1 om. In a later and more violent communieation
(in 1899 I think), VARNIER reasserts his view with-
out any new faet to bear on the problem.

Trom the lithotomy to the WALCHER position
BONNAIRE and BUf (1829) obtained 2 mean increase
of 64 mm. in the conjugata vera in twelve cadavers.,
By glving data for the increase from the horizontal

position to thes WALCHER vosition, the authors made
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a useful contribution, as this transition is the on=
most 1likely to oceur in a case of difficulty at the
brim, unless the high assliecation of forecens with
the body in the lithotomy oosition is a eommon prae—
tice. The mean increase thev found amounted to only
3¢5 mm. Also, LEBEDETF and BARTOSZEWIGZ of ST.
Petersburg (1899), from measurements of 25 female
(and 2 juvenile) cadavers, arrived.at mean in-
creases of only 0 to 1l¢1 mm. from the horizontal
to the WALCHER position, and to the latter from the
lithotomy posgsition of 1 to 7 mm. DEVRAIGNE and '
DESCOMPS also found the increases by the WALCHER
position to be mueh less than 1 em., while GOENNER
(1901) in 74 pelves in the dead obtained a mean in-
crease, by the =ame position, of approximately 2-1 .
mn. in the conjugata vera. In 20 of thess pelves
there was no change: in one only, the inerease rose
to 1 em.

For the antero-posterior diameter of the
outlet LEBEDEFF and BARTOSZEWIQJZ give an inerease
of 1-7 mm. in passing from the WALCHER vosition to
the horizontal, and of 6-4 to 10 mm.'from the WALCHER
to the lithotomy position. KUTTNER'S figure, as

already aquoted, is 17-4 mm. NEUMANN (19802) revorts

on/
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on the enlargement of the outlet which he observed
in nine abnormal pelves. The inereases occurred
from natural causes, when th2 head, in each case, vas
fully in the ecavity. In six of the cases, there
wag an increase of the antero-posterior diameter
rising to a maxirum of 2 cm. According to JAKS
(1905), raising the symhysis widens the outlet to
as much as 1 em.

The transverse diameters of the pelvis,
which vary mainly as a result of the rotation of
the innominate bones on a sagittal axls, show little
change at the inlet, and a very distinet, though
variable change at the outlet. KORSCH'S figure for
the inlet is 2;84 mm. that for the outlet 8:52 mm.
LABORIE (1882) believed the latter to reach no less
than 2 em. in some eases. BALANDIN, on the other
hand, limited the increase of the outlet to 4-5 mm.
KLEIN found a variation in ihe transverse diamester
of the inlet of only O-lem, and, in general, con-
sidasrs the variability to be one-seventh that of the
conjugata vera. KUTTNER confirms the results, and
also believed the transverse diameter of the plane
of greatest pelvie contraction to be nearly invari-
able. His mean increase (in three pelves) for the
transverse dlameter of the inlet is only 0:07 em.

According/
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According to BONNAIRE 2nd BUf, the inereases of the
transverse diameter of the outlet prove very vari-
able. They are given only for four bodies, the
mean being 15 mm. from the WALCHER to the lithotomy
position: in three casés, the mean increase from the
WALCHER to a position in which the knees were pressed
against the shoulders was 17¢3 mm. while the mean
difference in the samne number of cases, between ab-—
duction and adduetion of the knees, was 3.7 mm. in
favour of the former, the figures varving from 0 to
11 mm. In five cadawers, PINZAKI found a mean
enlargement of the tranaverse diameter of the inlet

eaqual to 3°2 mm. In NRUMANN'S contracted pelves

" the widening of the transverse diameter of the outlet

reached a maximum of 25 em., enlargement oceurring
in all cases. JONGES (1908), by his position, got
an inerease of_s mm. in the transverse diameter of
the outlet, as compared with the effect of the |
lithotomy position.  WILLINK (1810), in a contracted
funnel-shaped pelvis, found only 5 mm. of Increase.
VAﬂ Ro0Y (1910) ehanging the vatient froin the ob-
stetriecal to the sguatting position obtained an
inerease of 3°5 mm., and of 8 mm. in the JCNGES
pogition.

Anvone reviewing these results, espeecially

where/
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where they relate tire history of the W/LCHER posit-—
ion, e¢an scarcely fail te be im.ressed bv the con—
fusion of the terms emploved, of the different me-—
thods applied to the pelvis, of the varied kinds of
material examined, and of the distinctionsbetween
1ife and death. The pitfalls whieh incuirers have
not always eseaped have vroved to bhe the distinet-—-
iong between the econjugata vera and the conjugata
diagonalis, between normal and abnormal pelves, be-—
tween the conditions of elinical and of anatomieal
researeh. Indeed, few mechaniceal subjeets in
obstetrics have been the aim or so mueh research,
and vet have been the centre of so much misunder-
standing, and have been left in «uch a state of gross
econfusion, ag the effeet of the WALCHER position
on the diameters of the pelvis. The material used
and the results hitherto reecrded are so various
that it seems impos=ible, at the oresent time, to
co—-ordinate the data with any degrse of satisfaetion.
From the figures here recorded the great-
est increase of the eonjugata vera is seen to be 11
mm. (KUTTNER); of the transverse diameter of the in-
let 32 nm. ( PINZANI); of the antero-vosterior

diameter of the outlet 1%#.4 mm. (KU"TNFR), or 20
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mm. ( HEUMANN, for contracted pelves); and of the
transverse diameter of the outlet 20 mm. ( LABORIE),
or 25 mm. (NEUMANN). But there seems little deubt
that the averages will fall considerably short of
these figures. Whét they are in the dead and the
living may be said to be unknown in the exact sense:
that is, their determination for normal labour leaves
mach to be desired. I believe the figures given by
KORSCH to be the most llkely to represent in the

dead changee at all comparable to the greatest
changes of the ordinarv labour, and if 2 mm. be added
to the inerease in the 2onjugata vera, and 4-5 mm.,

to each of the inereases in the diameters or the out-—
let, the resultant figures ﬁav be inferred to

strike tolerabls averages for the greatest possible
changes in the diametefs which are the result of

the movements of the pelvie bones by dilation, by
change of posture, and by museular action in the

living. Tha figures will then read as followr+-

INLET Conjugate vera = 641 mn.
Transv. Diam = 284 mm,
OUTLET Ant- post Diam. = 957 mm,

Transv. Diam. = 13-02 1m.
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SEOTION II
UTERINE and ABDOMINAL PRESSURE,

15 The normal action of the uterus in labour
is automatic, intermittent, and peristalftie. There

is no fundamental difference between the action of
the uterus in the first stage and the action in the
second stage. According to LEISHMAN (1878), the peri—
staltic or ganglionic motor action of the uterus waa.
noted by HARVEY and W. HUNTER and has since been con-
firmed by most physiologists. The tracings of SCHATZ
(1886), and also those of POLAILLON (1880), show well
the peristaltie character of uterine contraetions.
WIGAND elaimed that the wave of contraction begins

in the neck of the uterus and spreads upwards to the
fundus, whence 1t returns to the cervix. Hence
LRISHMAN considers the uterine action to be 'partly
diastaltie and partly peristaltier. Modern opinion,
howaver, accepts the view of SCHATZ as the more
eorrsct, that the wave of contraction begins in the
tubes whence 1t gpreads over the body of the utarua.;
(WINOKEL 1887).

The automaticity of the uterus is in the

i
striet sense an inaccurate expression. But the term

1a/
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is convenient for a funetion which 1is not necessarily
connected with the vitality of the spinal cord. Con-
tractility of the uterus may persist for some time
after death. = (AVELING 1872, REIMANN 1877). HICKS
obsarved contractions in a prolapsed uterus after
death: BAUDELOCQUE and HECKER (1886) observed them
during a post-mortem Caesarean section (REIMANN 1877)
Contractions of the uterus occur in paraplegilc
patients. 1In three of the cases collected by ROUTH
(1897 ) delivery took place unaided and unobhserved.

In SCANZONI'S, BRACHET'S and ROUTH'S cases the
mechanisms were normal, and only in BRACHET'S was
aaaiétance given. Manv other eases have besn noted.

Spontaneous labour occurred in NASSE'S patient who

 had a fracture in the third and fourth cerviecal verte—

brae; 1n CHAUSSIER'S patient, in whom an echinococcus
compressad the cord near the first dorsal vertebra;
and in VON RENZ'S case where a neoplasm had grown in
the dorsal regilon so'aa to compress or destroy the
cord (VARNIER 1900). More recently, spontaneous
labour has haen recorded by JAKUB (1911), and by
OOMMANDEUR and. BERTOYE (1913).
Qontractions of the uterus, 1like those

occurring in normal parturition, occur in animals
after the spinal cord has heen cut, or destroved

FOSTER/
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(FOSTER 1879). GOLTZ (1874") found that in tha dog
saction of the spinal cord in the thoracicragion

1eft infact the reflexes of the ractum and the bhladder,
and (1874h) under similar conditions of saction
pregnancy and labhour nrocesdad normally. REIMANN
(1877) records that SIMPSON cut the spinal cord of a
pig balow tha first dorsal vartsebra, ., labour
occurring three days later. REIMANN repeated the
axparinent in a cat, destroying the cord from the
third dorsal vertebra bhackwards. A fetus was bhorn
gheortly hefora tha dsath of the cat two days latexr.
COHNSTEIN parformed a similar expsrimsnt on the wolf;
MASIUS and HEIDENH#IN divided the cord in ths region
of the last dorsal vertebra in dogs with similar
rasults (VARNIER 1900). Henee, as REIMANN says, the
impulse to birth doss not depsnd on the lower cord.
It has beasn supggssted that the sympathetic nexrvous
system is responsgible. According to VARNIER}

REIN separated the uterus from the infarior mesentar-
ic ganglion without impairing the powsr of the con-
tractions. GOLTZ, in further experiments with EWALD
(1898), rendered the action of the sympathetic
system improbable. KRUEGER and OFFERGELD (1907)
separated the uterus in animals from all the ex-

trinsic/
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axtringic nexves, and at the same time thev cut
through tha spinal cord. Labour set in at the usual
time and preoceasded normally, the only visible affact
being that the labour was painless. dartain othex
experimaenta make 1t clsar that no portion of the
central or sympathetic nervous system is essential
to the due occurrence of uterine contractions.
REIMANN (1877) suspended a uterus in a glass vessel
containing air at blood-heat. Rhythmical and peri-
staltic contractions ware obssarved independently of
any stimulation to last for about an hour, and were
sufficiently powesrful to sxpsl a fetus through the
vagina. KURDINOWSKY (1904) ohsarvad ths activities
of uter! in isolation, and kept alive hy the circu-
lation of LOCKE'S fluid through thelr bloocd-vessels. |
He dsscrihas the waves of psristalsis as haing
automatie, and he found the organ o raspond readily
I to thermal and mechanical stimull, and but 1little

to the electric current. KURDINOWSKY, therafors,
eoncludes that the muscular action of the utarus
depends little on the eentral nervous systsm, and

he suggests the prohability of a local iannsrvation.
Kigrpr (1907)kept excised portions of the uterd
of animals and of women alive for savaeral hours in

oxygenated /
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oxygenated Ringer's fluld, and he recorded graphically
their contractions. Hence, we may conclude that the
brain is not essential to uterine action, though
clinical evidence shows readily enough that the brain
possesses the power of inhibiting the contractions
of the uterus, while VARNIER (1800) says that stimu-
lation of the brain causes contractions. The utcrus,l
also, acts well enough without the intervention of
the spinal cord and the sympathatic system. But,

ag FOSTER points out, the uterus is largeiy influ-
enced by the spinal cord, and it may be that the
influence lies in the direction of maintaining inter
alia the reflex tonus of the uterus, as the experi-
ments of CLEMENTI (1913) and others appear to in-
dicate. Thus, the experimental evidence points to-
wards the automatiecity of the uterine body, and to
the possible presence of a local innervation. From
the anatomical eide LEE (1342) apvears to have been
the first to point out the existence of a large
eervical ganglion. HART (1212) who believes in the
automaticity of the uterus auotes BRAUN to show that
a ganglion is present in the uterus about the level
of the os internum. SCHAEFFER (1399) and PISSEMSKI
(1903), however, consider the ganglion to be really

a large plexus of nerves, grouped on either side

of the cervix and composed of fibres derived from

tﬂe /
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the secord, thirxd, and fourth sacral nerves, from

the hypogastric plexue, and from the sympathetic
nervoys system. HERFF (1892) and CAWRONSKY (1894) i
found ganglioniec celis in the muecle, and KEIFFER !
(1e08) in the course of the nerves. HOOGKAMER (1913)
eoneiders the uterus very rich in nerves, with an
abundance of ganglionic c¢ells in the muecles, nerves, .
and in the rucosa. 4spparently these nervous struct-
ures develop along with the other parte of the
uterus during pregnaney. According to VARNIER (1900)
many observers, beglmning with W. HUNTER (1802),
have recognised this development, and WILLIAMS

gquotes FRANKENBIUSER that the anparent cervical

ganglionic mass doubles its size during the enlarge--

nent of the womb. Whatever he the naiure and cormpos+

ition of the gangiionic mass and of the nerves
ranifying through the body of the uterus matters
1itﬁle in orie way. The essential point is that it
has been demonstrated anatonically that there are

abundant sﬁecially conducitilve protoplasmis

eonnections among the nuscle fibres, and it has been

shown axperimentaliy thet tliese connections are ablel
to aet effieciently in the absence of all corymumni- '
cation with the central nervous and the sympathetic

8ystems. In this way the rapldity and rhythm of the

peristaltic/




peristaltic wavas can be explained, though not the
cause of thes psristalsis (LOEB 1901). In short, then,
given the 1nitial stimilus which may bhs chamiesl,

the uterus is able to aet, and probably does act
efficisntly apart from extrinsic nervous slsments,

and dirsctly in response to a loeal stimulus which

is quieXly repsatad through ths uterine hodv by the
loeal innarvation; while, at the sawme time, resctiv-
itiss of the utsrus yhich can be rscognised distindtly
as raflax in naturs, and which will be refsrred to
later, ares accessory and not assentlial to the progress
of lsbour.

g 2. Most writers ragard the action of the ab-
doninal muselas in the second stage as mainly of the
raflsx tvps. Some, howavar, notably TARNIER and
CHANTREIPL (1882), NVHOPF (1886), and VARNIER (1900)|
belisve the'actinn te bhe partly voluntary and partly
reflsax. AUVARD (1894) states contractions depend

on ths will, hut"the need is so imperious that re-
straint is impossible®. DUNCAN (1875) sxprasses the
opinion that, if tha ahdonminal muselas wera the maln
expulsive vowar, birth would ha a voluntary act,

Tha prohlam can ba stidiasd by elinieal ohssrvation.
If, in the absanes of a utarine contraction,the
parturient woman bs mads to contract the'abdonminal
muselss, or 1f she deoes so of har o accord in

anxiety /



anxiaty to snd ths labour, the contraction which.ié

produced is suddsn, Jjerky, and of short duration. If
mors than ona contraction oceurs, tha sucesssive move-
mants ars Irrvagular in tine and force. On tha othar |

hand, tha contractions which are assoeistad with

utsrins asction have rhvthm, thay incraase gradually
in foreca, they may be long sustainad, and thay waar
off gradually. Thesa ars tha charactsrs of raflex
magscular action., Supsrliaposad on thesa contractions
ara thoss of tha racti abdonminis witich do net, as a
rals, act until ths Hroad abdominsl miscleas ars !
rongly conﬁractad, and tha shaaths of ths ractl
éra axtandad (LAVRENTJIEFFlEe5H). Tlé‘rﬁcti ADP3AY L0
bes most under tha eontrol of volunhary action. O0f
the abdominal rmisclss, tha racti, in ths absenes of '
uterine contractions, ars %o main contractors in
rasponss to the will, Thelr action is ths first 10 |
waaken and disaopsar undsar anassthesia. Thair action,
howavar, whan it is associatad with a utsrins con- |
traction is of the refisx t?pn; vt 1t appsars %o hei
capablas of greaat reinforcsment by an atfort of the
will - a8 »amark which doss not apply with ths sane
fores, 1€ at all, to thn bhroad abdominal musclas.
In scma cases the voluntary achtion of ths recti may |
oceur at the haglnning of an abdaminal contraction, |
and 1t asv thsn hHe obsarvad gradually to morge into

the I,/ !
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the combined raflsx and voluntary contraetion which
is characterietiq cf the fully developed sction of
the rectil ahdominis during a nain. Similar phenom—
ena are expsrienced 1n connaction with urinstion and
defascation. To repeat.the reflex action of the
broad abdominal miselss, and the partly reflsx and
partly voluntary action of the racti are associated
with contractions of the uterus. More particularliy,
the begimiing of an abdominal contraction is not
precisely syvnchronous with the beginning of a uteriné
contraction. A gradual hardening of the uterus 1s
falt before abdominal action begins. This cirecun-
stance, after allowance is mads for the appsarance
of an initial and relatively inefficient voluintary
effort, is in itself evidence for ths dspendence of
natural abdominal effort on the action of.the uterus,
One of the wall-known distinetions betwsen ths so-
called first and second stages 1s the ahsance of
abdoninal centractions in the one, and its presence
in the other. As no recognisahle difference 1s ob-
served in the action of the uterus in the two stages,
it 18 clear that ahdominal action does not depend

on uterine contraction alons. As long agoe as 1858,

TYLER SMITH stated his bhelief that abdominal action

is/



is excited by the pressure of the uterine contents

on the vaginal wall, a view which i1s repsated by

FOSTER (1879) with a saving clause referring to

uterine contractions.

It 18 noticeable that, as long

as the eervix 1s not wholly dilated, the pressure

exercised on the vaginal wall is slight, and is,

mereover, not a mohile pressurs. When, however, the

0s is so far dilated that the uterus csn protrude its

contents bodlly, abdominal contraetions set in,

whether the membranes are ruptured or not. It is,

therefors, vrohables that the Intensity of pressure

in the vagina must he melatively high, before the

stimilus 1s aeffective.

Not’ only the wvagina, bhut tha

vulvar cansl as well, appears.to bhe ahle reflexly to |

arouss ahdominal contrsetions. Traction with a

finger on the perinsum is a more effective stimnlus

to the abdominal muscles than rubhbing the wall of

the abdomen, and it 1s also an effective mesans by

which ean be nroduced an action of ths uterus, which .

is appsrently a true reflex, and through which, of

ccurse, abdominal action is excited.

f 3. Little is known regarding the relative

values of uterine and ahdeminal action in the second

stage./
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stage. SCHATZ, according to AHLFELD (1903), held the
two powers to be equal. Most observers, however, have
come to the conclusion that the one or the other is
greater in effect. Oranted an inequality, which is
the greater or the more essential? At present the
answer is largely a matter of opinion. HAUgHTON (1870)
believed the abdominal muscles to be the main ex—
vpulsive power — a conclusion which rests on the ex-
traordinary results which he obtained from his exper-
imental and mathematical inquiry. According to DUN- |
CAN, SCHATZ and HALLER held the same view. SCANZONI
and LAHS appear to have considered abdominai pressure
ﬁroportional to the uterine contractions, while
KEHRFR (1867 ) looked upon abdominal pressure as being
subordinate to uterine. (LAVRENTJEFF 1885). In |
1872, LAHS believed that the uterus cannot expel its
Eontants without the assistance of the ligaments and
the abdominal wall. In a detailed study of the
problem, DUNGAN (1375) considers the uterus the chief
expulsive force on the grounds of:-

1. The pressure experisnced by the hand

within the contracting uterus. (ef,
AHLFELD 1803).
2. The uterus being sufficient, when the

voluntary muscles are weak or re—
strained (cf. LEISHUAN 1878).

3./_
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3. - The regulating inflﬁenee of the uterine
pains on the second stage.

4., The important expulesive action of the
uterus after albour.

5. The arrest of progress by uterine inertia.

8. The insufficiency of violent down-bearing
pains in casee of uterine inertia.

7. The birth a voluntary act, if the abdom-
inal miscles were the chief agent.

8. The asserted completeness of birth in ani-
mals with the abdomen opened. (HARVEY
and DE GRAAF:fide VARNIER 1900).

It is not necessary to review these conclus—
ione in detail. With the exception of the seventh
which is capable of controversion, and the last which
need not be held to apply to the hunan female, the
conclusions of DUNCAN appear to be correct as'étate—
ments of fact. But I think that DUNCAN has not proved
his case that the utéfuh is the chief expulsive force.
All that has been done is tp bring forward satisféct—
ory evidence that the uterus alone is able to expel |
{ 1ts contents. Similar evidence might have been used

to brove the sufficiency of the abdominal rmuscles

alone/



alone. It has to he remamharad that tha same muscles
are ables to expel hard Taedal masses, In tha'absence
of roctal psristalsis. SCHROEDER and STRATZ (188&86)
| defend thes opposite viow that abdominal pressure 1s
all important. Uterins pressurs & wsaker towards
the end of the bhirth, and 1s unahle 1tself to expsl
ths child . Abdomih&l prassure is stronger under
g8light anaesthesia than it is without, but it falls
under deep anaesthesia. Abdominal pressure could
smpty the utamis without the assistance of uterine
contractions. SCHROEDER and STRATZ consider ths last
conclusion is provsd by the ocecurrence of post—
mortem birth which 1s due tc the pressure of guses
in the abdoman.

The failure of abdominal pressure under
anaesthesia dcoes not necsssarlly mean that dslivery
1s impossihle, As a matter of ohservation, delivery
can still.také place, though the time required for
its completion may he greatly prolonged. Tha occur—
Pancs of vost-mortem bhirth by the pressure of gases
in the ahdomen is not a good argument for ths sole
sufficieney of the abdominal muscle during 1lifs. In
death, the soft parts of the passages bacome S0 great—
1y rolaxad; and the fstus losss so much of ths fimm-

ness/
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firmness and form which are characteristic of $he liv-
ing object, that ths rosistance to delivery is reducsad
to a very low grade. In one of the casas collactsd by
AVELING (1872) delivaery ocourrad on the seaffold (GROSS),
and ROUTH, in the discussicn which followed the raad-—

ing of AVELING!'S paper, statad his belisf that gravity

was the csuse of dalivery in this case. SCHROEDER
and STRATZ admit, howaver, that good uterine pains
;raisa ahdominal pressure and that traetion with the
forceps increases beth, +this effaect, 1iKke that of
traction with » finger on the perinsum . appsaring to
act directly or reflexly on the uterus, and reflexly
:on the abdominal walls. HART (1893) follows SCHROEDER
in considering the intrasbdominal pressurs, 2cting on
the contracted uterus, to he the main sxpulsive powsr,
but theres is here n qualification which elouds thes
issue to some extent. AHLFELD (1$03) analyses the ex—

pariments of various authors to determine this matter,

but he doss not avuasar to have discovered facts of any

great importance for his assured statement that abdom-
iinal pressurs is the main sxpulsive agent, a visw
which he expressead as early as 1881-2. AHLFELD, how-
ever, admits that the uterus 1s tha primary powsr,

as 1t lesds to thes production of abdominal pressure.

For/




For SELLHEIK 1904 it is the genesral rise of inter—
uterine pressure, but gravity is unimportant. In
1906a three expelling vowers are defined - the weight
of the contents, the undifferentiated gen=ral-con-—
tents pressurs vhich is the chief force, and the con-
centrated vressure of the fatus on the girdie of re-
gistance. (cf LAHS 1870-1877). 1In 1912, however,
SELLHEIM declares his belief that the contraction of
the uterus is "the source of power, and the essential
to the progresce of birth", thus reiterating the clear-
ly expressed opinion of LEISHMAN (1876) that the uter-
ué is the prime force. WERBOFF (1913) considers the
uterus the main agent in the second stage, abdominal'
Pressure being subordinate, though weighty and necesa-
ary. He states that, if the uterus is inert, abdom-
inal pressure is incapable of expelling the fetus.
Abdominal activity is aroused reflexly by pressure,

on the stomach and intestines, or the uterus which
becomes longer in the second stage of labour. At

the same time, WERBOFF follows TYLER SMITH (1858 )

and RIBEMONT in recording that DESSAIGNES (18541),
expulsive action does not appear, $iil the head presses

on the vagina/
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vagina.

In the present state of knowledge, 1t is
obvious the prohlem of the relative and absolute
efficiency of the various admitted powers depends
on the point of view. Restricting the problem to the
lowest 1limit, we mist admit that neither uterine
pressure nor abdominal pressure 1s essential to deliv-
ery. The action of gravity mary be sufficient under
very easy conditions. In a second group of eaaéa
where the resistance 1s rather more, either the
uterine pressure or the abdominal pressure may be
sufficient to secure delivery, alone and unaided,
within a reasonable time. 1In a third group which in-
cludes all cases ranging from those placed con-
veniently umder the term of normal labour up to
those presenting varving degrees of abnormal 4diffi-
culty, the one power or the other may possibly be
sufficient to bring abhout delivery, providsd the
available time is unlimited and exhaustion does not
oceur. But thesa considerations dlffer from those
which épply to the everyvdsy event. Both uterine and

abdominal pressure are then actlve, and the unsolved

' Problem has come to be, which is the more efficient?

SCHROEDER 'S/
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SOHROEDER'S argiment that the utsrine powsr dimin-
ishes with 1ts cuble content, is witiated by ths
cirenmstance that the utearine powér can only he
estimated with tolsrabls ecertainty, when the ahdom—
inal misecles are quiaescant, and the msans emflovad
towards this and necessarily injure the uterine con-
tractions as well, Apart from this defect, the view
is at the hest 4an exprassion of dubicus mechanics,
and, 1f corrset, 1t ought 40 avply with equal con-—
vietion to the abdominal musclss. Morsover, was can—
net compars the indspendent actions of the uterus
and the avdominal muselss, 4s the latter when aeting
alones, bshava in a relatively Inafficient mannsr,
different in every way from the activity which arisas

in the coursa of the normal aveant. During the

seacond stags, the two powsrs are inter-relatsd and

mitually devondent In a remarisble way, and it is
impossibla, at vresent, to define thes cne from the
other. The powers sra also ceonnscted intimately
with tha state of ths lower canal, as raé&rds Ailat—
ion and other fsectors., We know, however, that the
utarine effort is the prinary foree, and that 1t

possessas the property of reinforeing the action

of/
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of the abdoninal miscles to a'great axtent, while,

on the other hand, there 1s no distinct svidence

that the abdominal prassure affects the uterine powsn
t0o a similar degree. Wa are, tharefore, in a vosition
t0 say that ths uterins effort 1s primary and relat--
ively essantial, while the abdominal pressure is
sacondary and relatively non-sssontial; bhut which of
these two powsrs is the nmore afficisnt is s+ill un-
knpwn, and wa then fall hack c¢n psrsonsl predilection
in attributing the supearicrity to the ons or the
othar., The matter, at present, has little practiesal
importance, but it does not follow that it will al--

ways be 80,

s TILLIAMS (1912), resuming the work of
LUSCHKA, HENLE, HALIE, and others on the misculature
of the utsrins hody, adverts with caution to the
ineonclusivs natura of the data which havea so far
been gatheared togsther, Following HELIE for the mosﬁ
part, WILLIAMS recognises three lavenrs cf misela in
the utsruas, san external, an internal, and an inter-
mediate lavar. These lavens ars not 1o ba looked
-pon as dsfilnite and separate stirata of muscular siub-—

stance /
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substance, hut more after the manner in whieh syeciles
are rogardad by bhioleoglsts, as fairly marked con-
curraneas in a pertsct gradation orsequence of inter—
lacing fibres. The external laver, composed mainly
of fibres ruming In the long axis of the uterus, is
comparativaly unimporﬁant. The internsl layver sn—
braces the cavity for the mest psrt eireularly, and
forms a strong annmilary laver around the internal os.
The Intermediate laver 1% seens l1nmpossible to reduce
t¢ a deseriptive order. Its mest remarkabhle ccl-
ponents are the Tihres ﬁhich are loovsed arcund the
uterus in fisures of eight. OFf racent writers,

IVANOFF (1911) dirsects attention to the Way in which |

the ligaments are spraad out over iths utsrus., LAHS

(1872) had, however, alrsady raferrad to this featurs,
|

and attached conslderabls importance to it, whils

BAYER (Cids WINCKEL 1887) allowed the ligaments s

Place 1In assisting to empty the uterus. IVANOFF, 1like
|

AHLFELD (1903), considears the transverse or circular |

fibres to ha most imvertant, and states that they
lossen the size of the cavity, by acting in s direct-
lon perpendicular t¢ its axis, LA TORRE (1913) denies
the existence of lavers in the uterina misenlaturs
aven for convenience of descripticn, and insists on

thaj



t he mitual Interdavandence ¢f the muscle
fibres. Acéordinﬁ to WERBOFF (1913), GRUSDEW gives

a deseription 1ike that of IVANOFF, but 4racas the
innammost laver back into ths tiuhes. WERBOFF himself
recognisas the praciical affaet only of the eirculsry i
and longitudinal fibres. It is evident, howsver,
that the musenlar flbraes interlace with sach other

in a highly ecomplex manner; the chvious sdvantage of |
the arrangement heing thst frqction ean he applied iﬁ
avery hearing, and that the strength and cohsrsnce

of the nterus c¢an he egually maintained.

|
labour into sn aective and upper portion, snd & passive

BANDL (1875 and 1877) divides the uterus in

er lower portion, ssparated from sach other hy the
so-called contraction oy reirsction ring whieh apears
to have h=en recognised first, in this ccuntry st alx
events, by MILNE (1€66). The part ahove the ring is
composed of the malin ﬁuseular substance of tha uterus
and in the eourse of labhour it thickens and shortnnsJ
while the vart below the »ing, Known approximately

a8 the lowsr uterine segment, undergoes thinning and
extension. In s rocent vaver (1¢13), BARBEOUR makes
it ecleax tﬁat the constitution of the segment varies
among labonrs, whils HOLLAND (1913) points out that

1t/



it may consist in vart of vaginal wall. Most ob—
stetricians avpear to accent BANDL'S main discovery.
IVANOFF (1911), howsvar, ragards the whole of the
uterus as aetlive in labour, and, follewing ROSSA
(1900), directs attention to the abundance and size
of the cireulsxy fibres in the vieinity of the re-
traction ring. At an earlier date (18&6), HOFMEIER
had shown that the upver portion of the lower utarina
gegment, consists of miseulsr £ibres which hold
nearly cilrenlar cocurss round the csnal. D'ERCHIA
(1804) voints ont that the cireular and oblinue fibres
far outwaigh the longitudinagl in thickness and
strength in the same ragion - an anatonmicsl view of
some importance, ﬁhan the physiologieal action of

the nterus has to he considerad, D'ERGHIA also found
& graat de;alepmant of onlastiec €ihres in ths pregnanty
utermis, so that it avvsars Lo he probable that some
elastic fores is developad, possibly in the way of
resisting sxesssive distension, but not in ths way

of assisting contraction; mnmore espacially as the
cervieal portion of ths canal is particularly rich

in slastic fibres (HOFMEIER 1888).

£ 5, In general, the machanical funetion of

ths/
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the uterus is a phenoménou of musenlar activitv -
the activity of plain, or unstriped musecle €ibra,
And, i€ thas fibrss wars arranged around an oval
cavity occupiad by a plastic object, in such a way
that all the fibres had an squal affect, an squali-
gsation of all the diametars of the uterus would
oceur. Such is not the eusa with the uterus.
SCHROZDER and STRATZ (18&6) showed that the fundus
is highear late In the saecond stage than 1t 1s at an
earlisr veriod. HOFPFHEINZ (1&&&) states the fundus
is as high, whan the hsad 1s horn, as 1t 1s bafors
angagemesnt, and tha distanes of tha fundus o the
sumnit ¢f the head iInereasas in tha eoursa of labhour
as 28 : 40 5. FOTHERGILL (1895) confirms thase
visws from cliniecal svidenes aund from frozen sections.
It is not ﬁntil the shouldars ara haing born that
the Tindus hegins to apvreach the lavel of ths pubis,
WERBOFF'S maasuraments indicate a sinilar changs in
the courses of lahonr (1913). At ths snd of the
firat stags, the fundnus 1s35-4fingerbroadths halew
the ansiform eartilage: in tha seacond stage, the
fundus risas to the lavel of tha frae bordsrs of the
rivs, - It is, tharafors, avparont that ths utsrus

does/
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deas pessass tha powar o shorten, i.e., to raduce'
proporticnately all its diametesrs, but that the
cceurronca of sonme avent, or svants 18 s nacassary
pralinminamr.,

Miring the gradtar part of ths sacond stage
and to a cartain sextent in the fivst stages, the
uteris is obsarved during a valn te langthean, stiffen,
despan, and narrecow, (PARVIN 1895)., Sinilar words
are usad by KUNZOKR (1869), SPIEGELBERG (1883),

RUNGE (1881), DESSAIGNLS (1894), GALABIN (1¢10),
WERBOFF (1913), and others, Undar abdominal prassura,
the antaro-vostarior diamaster of the uterus is avent-
ually €lattanad (TARNIER 1882, ZVEIFREL 1893). With
aach pain thera is a reduction of all ths transvarsas
diansters of the ntsrus, and, as the utsrus nevar
returns complatsaly to its original form in a4ach paussa,
. the raduction is prograssivs up 40 a eartain point
(HART 1893). Whan this limit is reachad (ths factors
which dstarnine it wili bHa considarad), ths utsrus
can then hezin to shorten, and it doss so, providad
dystocia doss not arisa. Tha active portlon of the
utermis doss not, marsly act in this mannar; it under-
£008 an actual shortening of the msenlar body, and
in doing so yulls upon its attachmants, mailnly

tir ough /
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through the medium of the lower uterins segment which
is attached "ringwise to the pelvis" ( SELLHEIM 1912),
and becomss thinned and greatly extended. The
occurrence of this extension, togetﬁer with the re-
lative displacement upwards of the active portion

of the uterus, renders it difficult to determine the
"actual amount of shortening of the muscular body,

but it probably occurs. In extreme cases the short—
ening of ﬁhe active portion and the extension of the
ﬁahnive portion may lead to the retraction ring
being displaced upwards nearly to the level of ths
umbilicus ( WILLIAMS 1912). This function of the
active portion of the uterus is, as HART (1893) ob-—
serves, more a retraction than a contraction. To
put: the vhole matter succinetly, we may describe

the active portion of ths uterus és‘a constrictor and
a retractor, and eventually as a detractor.

The ut=arus sque=zes its contents into a more slender
form, pulls on ite attachments through the medium

of the passive portion, and eventually, shortens
itself and approaches its éttaehments, wvhen the
contents have attained the gresatsst possible degree
of constriction. The capacity to constriet is,
Perhaps, the most importdnt function of the active

portion/
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portion of the nuterus, and, judzsd hy exparisnces in
1nternal varsion, 1% 1s nost strongly devaloped in
the vieinity of thes ratraction ring, and wharas

anatomieal invaegtigations appsar to sccord ths graat-

ast dsvelopmant of cilrenlur fibras, Parsdoxiecal

though it seens, this disposition is in asccordancs
with the modes and affaect of peristaltic aetion ob-

served alsawhara, that the most vigorous acetion is

davalovad on that vart of ths moving objeet nearer

the dirsection of motion. The retraction, or shorten-
ing of the masenlsr hody of the uterus argues strong—
1y for the vassivity of thes lower uterine segment.

By puliing on its attachments, the aetive portion
rsndsrs the vassive portion tense and suffielently
resistant to lateral displacemsnt, 1let us say, in thes
absenea of ahdeoninal contractions, and such is the
sensation conveved to the axploring hand unds»
anasstheasia of the patisnt, thera bhaing littla %o
choosa hatwasn the palbvable condltion of the lowar
utsrine segment and the vagina. Both exsreiss an un-—
eoartain amount of tansion which is emploved in the
dirsetion of resisting mwndus dilation rather than of
preducing activa contraction. Ths nssential shorten—

Ing and avproximation of ths utarus is not so claarly

due /



due to muscular action as the other Punctions of the

‘uterus, and the slender imjortsnce which is attached

~anatomically to the longitudinal lamelise of the
uterus makes it possible that a large part of the
shortening is due to the same-causa or conditions
which produce shortening and narrowing in the lower
uterine segment and vagina. The foregoing account
places in the Porefront the view that the prolonged
maintainarice of the elongated condition of the uterus
is due essentially to the uterus being a constrictor
rathsr than a contractor aox@éLsestgx’. The circular
and, to some extent, the oblique bundles of muscle
fibres outweigh in active pdwer the longitudinal,
and, as a conssquence, constriction becomes inevi-
table, and continues paramount, until such time as
further constriction becomes impossible. The reduct-—
ion of the transverse diameters of an absolutely in-
compressible body is possible only in the presence

of elongation which takes place at both poles, for
the simple reason that the longitudinal muscle fibres
are relatively ineffeetuél, and bacause, for a time
at least, the resist=ance is as great, or as small

at the one pole as at the other. Gradually, however,
the resistance diminishes at the lower pole (or '

should/



‘Bhould diminish normally), and the object tends to
move in this direction, while further elongation of
the uterus at the supsrior pole, under the altered
conditions, is able to be restrained by the uterine
body; the ultimate control being, under natural
conditions, the ligaments of the uterus, the dia-
phragm, and more gernerally intra-abdominal pressure.
The principal alternative explanation of the elongat-
ion of the uterus resides in the Ffetus, and is
identified with the name of SCHATZ, its discoverer.
Not a few, notably TARNIER (1882), DESSAIGNES (1894),
and GALABIN(1910) has written in favour of this view,
but the general trend of opinion, especially in
'later times, daﬁiaa its probabilyty. SUKATZ (18722,
18?2b) postulates'a psrsistent tendency of the uterus
to assume a spherical form, and a continual effort

on the part of the flexed fetus to extend. The
former is the Form-restitution-power of the uterus;
the latter the Fform-restitution-power of the fstus,
the whole being calied simply the form-restitution-
foree. In the contest which must be suprosed to
oceur betwsen the fstus and the uterus, the fetus is
the winner, unless there is an excess of liquor

amnfg or the fetus is macerated; while it ceases t0
exist/
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exist, when the head has completely passed through

| the og uteri, that is, when the Fetus is fully

| straightened, but it reappears on the fetus entering

the curved portion of the canal, and it is then due

to over—sxtension on the convex side of the fetus.

By means of this forcee SCHATZ accounts for the elong-—

ation and narrowing of the uterus in the second staza{

Many obJjections can be raised to the theory. LAHS

(1872) has alrsady stated some of them. The prineipal
|

difficulty, however, consists in the presence of the

fetus not being necessary for the development of

- uterine phenomena identical to those of the second

stage. This aspect of the problem has been examined
by FABRE (1910) and hy RGBS&MEN (1913), and, as it
has a direct bearing on the uterine mechanism of the
second stage, it may here be repeated. FABRE, by
means of careful measurements in the third stage,
proved that the uterus lengthens and narrows in the
course of its contractions, and in spite of the fact
that it contains the soft and relatively formless
Placenta. The inerease in length and the diminution
of breadth are considerable, as the table appended
shows. I have already suggested that the active
portion of the uterus actually shortens by its

activity./



activity. Measurements which I made on FABRE'S draw-
ings do not immediately bear out this view, but it
haé to be remembered that the lengthening by dimin—
ution of breadth tends to obscure real shortening.
The figures for the active portion are given in the
third column of the table.

TABLE of MEASUREMENTS of the UTFRIUS in the THIRD
STAGE of LABOUR (from FABRE.)

Period, FPundus Transy.Diam. Length of
to Pubis, Active Portion
(FABRE ) (FPABRE) (SELF)
I. Reposa after 20 em. o AR, 16 om,
child horn. :
I1.After first 26 cm. 12 cm. 17 om.
contractions.
III.Complets _
' gseparation. 26 cm. 9 am. 17 anm.
IV.After 19 am. 9 cm. . A% om.
expulsion.

These figures show that the saat of elong-
ation is the lower uterine segment, and, proving
the existence, a8 they do, of lengthening and nafrow-
ing, they Ffurther show that lengthening and narrowing
are innerent to uterine activity and indeperndent of
the nature of the contents. The results obtained
by RGBSAMEN confirm those of Fabre on all the essent-
131/
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esaential points.

WERBOFF (1913) brings forward some novel
considerations relative to uterine action.  Starting
from analogiss with the invertebrates and with all
oaviﬁios or tubss enclosed by plain muscle fibres,
he reach=s the conclusion that the longitudinal fibres
of the uterus are alone active in the first stage, .
and the cirecular flbres in the second. In the re—
sult, the uterus shortens, despens, and broadens in
the first stage, lengthens and narrews in the second.

The pressure of the abdominal walls gives support to

| the ¢ircular muscles of the uterus which, otherwise,

would have accerding to WERBOFF, no fixed point
from which to develop their power. At the same time
the abdominal muscles resist excessive elongation

of the uterus, and they also straigten it. WERBOFF

applies the same'théorv to the peried of the after-

birth. And here he arrives at a possibly important
point. The placenta must bs separated before it can |
be expelled, whence hq argues that the circular muscles
are unable to act until the contents ar§ able to

move. Thus, the expulsion of twins is explained by

| saying that the upper twin is not loosened, and so

it i& merely compressed, while the lower twin, being
loosened, is expelled by the action of the lower

eireular/
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eircular muscles in the same way as is the placenta.
In trying to strengthen his views about the separate
action of the two groups of mumcle fibres, WERBOFF
refers to the known actions of various drugs, and
also to the sffect of section of certain nerves on
the functions of the rectum. He admits, howsver,
that a double nerve suvply to the uterus, though
probable, has not been demonstrated.

There is iuch in WERBOFF'S views that is
attractive, the more so as they are daveloped from
the biological standpoint. If, howsver, Werboff had
been so situated geographically as t0 bs able to
include sea-sanemones in his studies of invertebrates,
he might not have gone so far as he haé dons. T®ach
ariemcrie is a miniatﬁre uterus, and the analogy is
completed by the circumstance that much of the activ-
ity of the anemone depends on a ganerai—contants—
frassure. An examination of the animals shows that
the two groups of muscles, the longitudinal and the
circular or radiate, can act independently, or
simultaneously, and that the form which the anemone
assumes depends largely on theses facts. On the
uterine side, the vast comploxity of the arrange-—
ments of the muscle fibres is against WERBOFF, and it

is by no means clear that the circular fibres nesed

a/
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a fixed point of the kind indicated. The contents
must be sufficient, otherwise ne contractions would
be observed in the isolated organ. Of tre whole, it
seems mofe probable that all the fibres of the
uterus are active throughout labour, the longitudin-
al taking a predominating part in the first stage,
and the circular in the second. |

Inferance derived from the muscular structure

l of the uterus, and analegy taken from other engines of

Peristaltic motion lead one to believe that the

'| uterus psrforms its work by squeezing its contents,

. and by retracting over its contents. This mode of

motion is essentially preservative and, trerefore, in

adcordance with the natural lawe. It implies elon—

1 gation of the uterus, and it does not demand the

transmission of power, or of resistance through a
special part of the contents, or from one part of the
contents to anether. Rather, it gives the impression

of the conversion of force into movement throughout

- the contents as a whole.

g6./
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£6. The abdominal walls formi a ruscular tube
which is maintained in a nore or less externded state
between the thorax and the pelvis, by the spinal
column and the erectores spina®, and which embraces
the body of the uterus. The tube is closed ahove by
the diaphrégm, and helow hy pelvic fleoor which is
eventually made 1¢ yleld. The acticn of the muscular
tube is mainly constrictive, that is to say the tube
1ntemnit1.eritly and progressively reduces all ité
horizontal diameters. (Lesshaft @.by Lawrent jeff
1885). The analyses of abdominal action is., however,
complicated by the preserice Of thé spinal column, by
thé inequality in the strength of the several muscles
which form the abdominal walls, and by the successive
periaods at which the A4ifferent groups of muscles come
into contraction. A supplementary though unessential
action 1s to support the body of the uterus. SCHAT7Z
(1870) regards the abdominal wall as an apparatus to
reduce the size of the abdominal cavity and divides |
it into two par.t.s; (1) the diaphragm, and (2) the
abdominal and lumbar ruscles, based on the spinal
column. SAPPEY (1876) attributes two forces to the

~ abdominal miscles, an upper and a lower. The upper
reduces the size of the cavity, and the lower furnish-
s a resistance. TARNIERand CHANTREUIL (1882) con-
sider/
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consider the abdominal muscles to exercise antero-
posterior pressure on the uterus. They point out
that abdominal pressure cannot force the uterus
downwards, owing to the diaphragm being fixed when-
ever the glottis is closed.

It was not until LAWRENTJEFF published the
results of his unigue researches in 1885 that much
was Known of the nature of abdominal action. LAW-
RENTJEFF emulerates sixteen muséles in the abdominal
complex, and separates them into two groups. (1) :
those which lessen the size of the abdominal cavity,
and (2) those which act as a suprort ( - the erectores
trunci communes). He finds, in general, that the
right and left sides are equal in power (so also
SGHATZ ); the antericr wall is four times more power-
ful than the posterior wall; and the upper twice as
strong as the lower, which last is the locus minoris
resistentiae of KFHRER (1864). More in detail, the
upper half of fhe anterior wall is more powsrful than
the lower in the proportions of 23; 21, the posterior
portion of the diaphragn Lore so than the anterior
( SCHATZ regarde them as equal). LAWRENTJEFF draws
attention to the large aponeurotic areas and surfaces
of origin and insertion of the abdominal muscles,
both being factors leading 1o a great increase of the

power/



power of the muscles, according to the researches of
LESSHAFT. LESSHAFT showed that the muscles can work
longer and more powerfully the greater the extent of
their insertions, and the smaller their relative
physiological cross-sections. For LA‘ERENTJEFF3 the
pelvis is fixed by the lower limbs, the rima glotti-
dis is closed, the dlaphragm is fixed in one position
and the erectors of the spine are stretched. These
arrangementg form the pasis, stable for the time
ﬁeing, for the contraction of the abdominal muscles.
Both side groups of muscles contract simultaneousliy.
They flatten the curve of the abdomen and increase
the attachments of the recti abdominis so as to
favour their action. The middle wall is flatiened

| gradvally. In the arder of the beginningof thelr action
we have, first, the diaphragm which contfacta and is
 lowered into the abdominal cavity; secondly, the
broad abdominal muscles which contract and extend the
| sheath of the recti, and, thirdly, the contraction of
- the direct abdominal muscles.

In the course ¢f a "pain" the sequence of
ieventa occur quickly, but not so quickly as to leave
any doubt as to the correctness of LAWRENTJEFF'S
observations which have met with the approval of

SCHROEDER and STRATZ and c¢thers. They seem, however,

to/



to be deficlient in one respect, in that they do not
give a more prominent pluace in the scheme to the
spinal column and the lumbar muscles. The former,
being tewporarily fixed, disturbs the contraction of
the abdominal muscles towarde the central axis and
it would appear that, in practice, the central line .
must approach the spine during an abdominal contrac-—
tion. It can readlily be shown, however, that the
spine is not an essential factor in the compression
or contraction ¢of the nterus. During the earlier
part of an abdominal contraction, the lumbar region
on both sides of the spine is distinetly, though
slightly bulged. Thereafter, it remains firm, hard,
and resistant, and in the result it must play its
vart in the development of abdominal pressure, and
also in determining the ultimate direction of that
Pressure. The view that the diaphragm resists un-
due elongation of the uterus is unsatisfactory,
though I have already admitted it in cataloguing the
resistances. A special as opposed to a general re-
sistance in this region might concelvably be in-
Jurious to the liver and other organs which would
experience a special compression between the dia-
Phragm and the utermis, The apparent strength of the
diaphragm does not seem adeguate for the purpose,
while/



while LAWRENTJEFF'S finding that the diarhragm is
twice as strong as the pelvic floor is rather start-—
1ing. The special resistant function of the dia—
ﬁhragm appears unnecessary, when the unterus is felt
in the powerful grasp of the broad abdominal rmscles,
and when the recti abdominis muscles come into
action with a strength which is greater above than

below. In the meantime, it 1s not easy to avoid the

conclusion that,in the midst of the complicated

stresses and strains of abdominal action, the dia-
phragm is not called on to develon: any speclalised
or active resistance, but only to assist in maintain-
ing the general state of intra-abdominal pressure,
The main differentiation of the abdominal stresses
1s_$roduced by the ultimate ¥Oluhtary contraction of
the recti abdominis, and especially of their upper
portions. It results in a marked shortening of the
antero-posterior diameter of the abdominal cavity
and, to a less extent probsbly, of the uterine
hollow. This may result in increased strain of the
lateral walls, at least as long as organs intervene
between the uterus and the spine, but in the event
of the uterus coming to press directly on the 1umbaf
column the whole of the force will then be absorbed
by the spine without injury, and without additional
stress being brought to bear on the diaphragm, and

the organs lying beneath it.
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g7 In the preceding section proofs have been
addvuced of the essentially similar actions cf tne
uterus and the abdominal walls. DBoth are gbhove all |
congtrictors, seceking to reduce the moveahle content:
to its most siender form. Vhen this state ieg reach-
ed, the constrictive effort is maintained and, underI
certain corditions, is gradually increased. lean-—
while, the movement of the moveable content becormes
inevitable towards end through the area of least
resistance. The effect of uterine and abkdorinal
action, therefore, becomes a single problem in re-
lation teo the second stage of labour. The gereral
history of this paft of the mechanism is eclipsed
by the outstanding contribution vhich was made by |
LARS in the year lﬂbvf At that time LAHS intro- .
duced his conception of uterine and sbdominal

pressure as a general-contents pressuvre, and his

original/
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The theory of LAHE was anticipated in a remarkable
way by RITCHIE in 1865. From the presence of fiuid
in the cavity of the uterus during the first stage
the iate Dr.RITCHIL irferzed thatl ibe internal pres-
ure rust be equalliy distributed all cver the inslde
O0f the uterus. He extendsd his view to the second |
stage by assuming that the head then acted as a ball-
valve, preventing the escape of waters. for this |
reason he dénied emphaticaliy the pessibility of |
fetal-axis-pressure, and declared his belief that’ |
the resultant of uterine pressure acted in the line
Of the axis of the uterus. Still earlier, HUBERT
(1858 ), as LAHS admits, had applied the hydrostatic |
theory to explain uterine action in the first stags.
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original hypothasie no# ranks as the only poesible
theory of the action of the dilating and expulsive
forces. BY general-contents pressure it is reant
that, when a force im applied to any part of the in4|
ternal wall, the pressure is distributed equally in |
all directions throughout the contents of the cavity.
The theory impiles that the contents are of a liguid
nature, or that they bshave as if they were mainly
liquid, and that, when the uterus and the sbdominal
musicles contract, the pressure ig equalised oOver tle
whele of tbe internél wall of the uterus. and also
over the area of least resistance. In the second

stage, LAHS considered the general-contents pressure

to act es far dAown as the "glrdle of resistance"
around the rraéenting part of the fetus. For the
first stage, with the membranes intact, the theory
met with ready acceptance, but its application to

the aeccéﬁ gtage has been recognised more glowly, for
here the problem is not cuite so simple, and probably
because gome confusicn may have arisen between the
immediate and the ultimate effscts of intra-Unterine
pressure. Even in the first stage the general-con=
tents pressure is not a complete explanatlion of the
observed phenomena. LAHS himself admltted as much.

In 1877, he repeated that gravity due tc the greater
apecific/



aﬁaeific gravity of the fetus, and, for a limited
time, fetal-axis pressure due to the shortening of
the uterus have a plara in the mechanism in Kkeeping
the head against the cervix, and in the second stags,
acting along with the elasticity of the uterine walls
in foreing the head as a ball-valve agsainst the
girdle of resistance. But even this is not enough.
When the head presents in the occipito-anterior
position, the membranes are more likely to be pre—
served in an unbroken condition until dilation of
the cervical eanal is complete, than when the head
ig in the occipito-posterior vosition, or when the
breech is presenting. The explanation of this
difference appesars to be that, with the head in the
occipito—-anterior position, scme of the force of the
general-contents pressure is sbsorbed at the great-—
est circumference of the head; and, as the cervix
must necessarily grasp the head as effectually in
the occipito-posterior as in the ocecipito-anterior
position, and the breech as effectuslly as the head,
the difference must ultimately be due to the suit-
abilitvlor otherwiss, of the presenting part to the
Pelvie eanal which, in the cceipito anterior posidion
of the he2d, must considerably sabsorb the general
shock/



shoek, and resist comunication between the genersl
contents of the uterus and the forewaters. At the
same time, as long as the membranes sre intact, the
. pressure in bofh regions is necessarily a general-
eontents or hydrostatic pressure: only, with the
favourasble position of the head, there is a differ-
ence in the strength of the pressure between the two
regions. Also, the distribution of the rate of
absorptién of the pressure around the greatest circum-
ference of the vresenting part will depend on the
physical nature of the presenting part. This
problem naturally hecomes more prominent in the
second stage, and when the membranes are ruptured:
1f leads, as a maﬁ%er of course, to a disceussion of
the physiecs of.tha fetus., The mode of transmission
. of the uterine and abdominal power in the second
stage has bheen and 1s the subject of diverse opin-
ions, much of the difference turning on the real or
supposed eapacity of the fetal spine svecially to
direct pressurs on the presenting part, this mode
of transmission being hitherto known obstetrically
as fetal-axis-pressurs. Before the publication of
tﬁa views of LAHS on the second stage, the fetal
8pine was considered to be the sole medium by which

the/
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the powers were conveyed to the presenting part. No
douht the fetal spine was there; it gave the irmpres—
glon of rigidlity and incompreseibility: and it led
to a ready and comfortable explanation of the mechan-—
ism of flexion. So strongly was fetal-axis-pressure
favoured to the exelusion of 2ll other ideas that
LAHS was induced to handle the subject with great
eare, d at a length wvhich seems unnecessary to

the modern reader. In 1870, he quotes from the

"Z2ur Mechanismus der Geburt" (1862), and argues
further that general-contents-pressure is the true
theory and not fetal-axis-pressure. Me returns to
the subjeet in 1872 and again in 1877, dealing in a
lively fashion with the eriticisms of his opponents,
and seeking always to strengthen the poeition of

the theory.

Subsequent to the issue of the "Zur Mechan-—
lemuse dér cexburt”, the theory of LAHS has been ably
supported by HAUGHTON (1870), SIMPSON (1878),* HaART
(1879 A.b.) SCHROEDIR and STRATZ (1886), ZWEIFEL
(1890), vho firmly denies the existence of fetal-axis

Pressure /

*
Prof. Simpson believed in fetal-axis-Dressure when-—

éver the breech came into contact with the fundus
(in 1878).



pressure, BARBOUR (1895) and SALLHEIM (1904); and it
is worthy of note as a tribute to the theory of the
general-contents pressurs that no well-known writer
in the last forty years, so far as I am aware, has
relied on fetal-axis pressure alone in the second
stage of all labours. Several authoritiss have how-
evar, advocated the combined acticon of the general-
contents and the fetal-axis pressures, and under
cartain conditions of fetal-sxis pressurae alone.
SPINCELBERG (1882) considered the general-contents
pressure to be the more important, and the fetal-
axis pressure by the fundus to act only in thosacond-
stage. OLSHAUSEN holding hoth the genersl-contents
pressure of LiHS and the Form-restitution force of
SCHATZ inadequate %0 explain the powers (1&70),
returned to the subject in 1201, when he pointed out
the frequent contact of the breech with the fundus
in both stages of labour, and he argued frem the
disposition of the psrts for the direct pressure of
the fundus on the fetal spine, especially in the
second stage. WINOKEL (1887) observed the same
clreumstance in two of the sections but does not
seem to have been led to infer therefrom a fetal-
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axie pressure. Again in 1906,0LSHAUSEN refers to
the special ease of a delayed breech wher the waters
have drained away, and in i* he helieved general—
contents pressure to be Ineffectual without the
addition of fetal-axis pressure. D'ERCHIA (190i)
found the breech in contact with the fundus in four
eaées of Caesarean section, and further refers to
sections and quotes OLSHAUSEN for its frequent though
not invariable oeccurrence in the first as well as
the second stage. 'D'ERCHIA does not actually name
fetal-axis pressure, but he assumes from the fore—
'going observations that the fundus is zble to exer-
| else direct pressure on the fetal spine. JELLETT
(1905) believed both to act in the second stage, the
fetal-axis prescsure acting as part of SCHATZ'S form-— |
restitution-force. In the 1910 edition of GALABIN
and BLACKEFR, the older theory with its later im-
‘Provements is still advanced, Briefly, the authors.
state that, where the uterine walls touch the fetus
the fbree is transmitted through the spine io the
eondyvles of the skull. This direct pressure on the
fetus is the form-restitution-force, because, when
the uterus éontracts, it tends to assume a certain
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definite form, dependent on its natural shape and
the relative strength of its muscular fibres. The
uterus is lengthenad in spits of the pressure on the

fundus. This explains how the fundus can transmit a

-forca to tha head through the spine in spite of the

latter's pliability, because it is supported all
round and pravented from bending. DAKIN (1900) had
already advocated a simllar mechanism. In a delayed
1gbour as waters drain away, the general-contents
pressure becomes less and the fetasl-axls-pressure
more important. GALABIN c¢alls them genersl intra-
uterine vressurs and direct uterine pressure respect-—
ively. I have extracted GALATIN'S views rather fully,
and I hope faiily, because they contain the prineiple
argument against the validity of fetal-axis pressure
a8 1t has been conventionally defined. Neglecting
the cervical spine which need not have anything to

de with the transmission of power we have the spinal
eolumn of the dorsal and lumbar regions - a plisble

segnented rod, incapable of resisting lateral stress-

@8, and of transmitting pressure in its long axis

without bending so considerably as to waste a large
part of the force. The inefficiancy of this way of

applying/



gpplying prassurs can he cautiously expsrisnesd in
the unsupvorted body of the nsw horn. GALABIN
attemptad to overcome this diffieulty of trans-
mission by stating what is perfactly true that, whan
the uterus contracts, the soft perts of the contents
are placed undsr pressure and ccmpletely supvort the
spinal column, so that it bhacomes a rigid rod snd,

as such, efflciant in the transmission of pressurs
in the long axis of the fatal bhody and of the uterus.
Now, In order that this srrangsment may come ahout,
the genaral praessurs mast be as grest in the soft
parts Oof the uterine contents as in the spinal
celumn, bacausa, whenavar the pressure in the spinal
celumn becomes greater than it is in the surrounding
soft parts, the spinal coluwm of the fetus will at
onee bagin to hand and will no longsr remain
efficient in the forwarding of longitudinal prsssurs,
Seeing, thersfors, that the pressure must bs the same
in the soft parts as in ths spinal cclumn of the
fatus, and that the soft parts are virtuslly incom-
pressibls it follows that tha soft parts undesr the
Intreuterine conditions ars as afficisnt trans-
mitters of pressure in the longitudinal axis of the
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fetus as 18 the spinal cclumn itself and that in so
far as the condueticn of the foree of the uterus is
concernad the mechanism would be Jjust as sfficilent
as 1t now is 1f the spinal column of the fatus wars
absent. The supporters of the theory of fatal-axis
pressure as sn auxiliary or a principsl expulsive
force, rely on a longitudinslly directed pressure
from the fundus through the spinal column of the
fetus. The existence of a pressure transmitted in
this manner» does not appesr t0 have been satisfactor-
ily proven. Necr has it been shown that the fundus
is extended by straightening of the fetus, to which
GALABIN resorts for the producticn of longitudinsl
pressure. Anstomieal and other considerations,
already referresd to, rather voint t¢ the cause cof
alongation of the fundus being an inherent property
of the uterus itself, which woculd be cverstive, aven

supposing the uterus ware to contrsct on a cavity

filled with air. And, seeing thst the sbdominal

museles cannct force the fundus downwards (T ARNIER

1882), we resch the ccnelusion that the fundus is
no more than a maintainer of intra-uterine press-
ure like the diaphragm, and eventually a follow-
through/
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through as the contents of the uterur are expelled
(WINCKEL 1887). I have quoted FABRE on the aetion

0of the uterus in the extrusion of the plsecentsa.

'Hara, thare is no fetal svine and nc avidence of

spacial longitudinal sxpulsive pressure exercised by
the fundus. Tho SUCCOSEIVA axpilsion of twins 1s also

better sccounted for by the constriction and retrac—

- ticn of the uterus acting by a gensral-contents

pressure, than by a fetal-zxis prsssure longltudin-
ally directed from the fundus, especially if
WERBOFF'S views on the effsct of the vloosening" of
the twins are taken into scecunt. S¢ it is also with
the circumstsncs, to which DUNCAN (1&75) has referrsd
that a part more movesble than the rest of the fetus
may be provalled alone oy more auieckly. Morecver,
the thecry of fatal-axis-pressure is gravely injured
by the discovery from frozen sections that the spinal
eolumn, as well as the trus axis of the fetus, does
not always coineide with the axis of the uterus. (De
SEIGNEUX 1901 ).

As long as any quantity of liquor ammii
remains in the uterins eavity, the theory of the

ganersl-contents—prassurs applied to uterine and
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abdominal setion is »92dily comprehended. But it
has not been clearly shown that the gensrsl-contents
pressure, thus develcpsd and applied, is transmitted
purely as & general-contents pressure through the
fatus, and that, in the complete absence of amniotic
fluld, the fetus re-acts &s if 1t were a fluid, by
manifesting a generasl-contents pressure at its lower
pole. In other wcrds, the pewers are potentislly
end optims=lly hydrsulic or hydrostatice in aetion,
while it has not been shown bevond doubt that the
fatus under oressure re-acts as the optimum passenger
which recent views demand of the mechanism. In the
course of time opinions have varied regarding the
physical properties of the fetus. One uses the term
vopinions" advisedly, as owing to the complex nature
of the object, the mastter has been and 1s incapsble
of exparimental study, and can still only be approach-
ed by direct observation and by speculaticn. Here
again the valid history of the subject is limited to
the period subsequent to the vear 1870, and of
genersl views thers are not many to rscord. DUNCAN
(1875) regards the fetus as a pecullarly modifisd
viscous 19ss. When it is propelled, 1its parts are

all squeezed togethar and compresssd, and as the head
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is born fluid 1s pressed out of the mouth and nostils.
There is a want of uniformity in the composition of
the fetus; 1t ccontains an elastic beam the spine near
ite posterior surface; snd it causes varving degrees

of resistance in the canal. BARNES (1885) dwells

| upon two propartias of the fetus - elastieity and

duetility, Thae fetus is very eslastlic whan alive.

The slasticity ccmpensates for the state of ineom-
pressibhility. A 1littls absoluts compression cecurs
through loss of fluld from the head and the sxpulsion
of maconiuwm from the bowel. Ductility, the other

provarty of the fatus, 1s asceording to BARNES a form

of plastieity. ZWEIFEL (1€80) finds tha fatus

' neither s fowmlass nor an indefinitely conformable

mass. On the other side, BARBOUR (1895) holds "The
0ld ides of the fatus azs a more or less rigld body
has been displaced by oﬁa which emphasizes the
plasticity of the fatal mass, the non-rigidity of
its spine, und the mobility of the head on the
shoulders." In 1899, BARBOUR dascribes the head as
being vplastic within certain limits so that 1% can
be moulded, but its sizs and shape are imporiant

factors in the second stage." SELLHEIM defines the
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fetus (1904) as 2 s0ft pliant eylindrieal body, (1905)

as incompressible but conformahle. In 1907, he
stastes "the head is the largest, hardest, and most
unyielding part of the fetus: yet it has =z ceertain
plasticity." The body offers s not insignificent
degree of resistance. "The fetus is accordingly a
firm-soft (festweicher) body which offers moderstely
great resisgtance to the expulsive forees." In 1912,
SELLHEIM gives more details. The uterine contents
are in genersal, plastic to a certain extent, although
they inelude very uneaqually plastic parts, namely,
the fully plastie waters, the moderstely conformable
80ft parts of the fetus, and the as good as uncon-
formeble skeleton. In pieturesque phrase " the
mother models and modifies the fetus, the fetus the
mother"., "Mother and child struggle with one another
in mutual size.and form-conformability." In the
event, the greatest volumse is lodged under the smsll-
est superficial aresa of the "slender ¢ireular
eylinder." HART (1912) describes the fetus shortly
a8 "g sluggishly plastie fluid." A4s in the ex-
pulsion of the urine and the faeces, the mass is
fluid or semi-solid, and is capable of elongation

and expulsion.

In;’l
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In its physieal properties, the fetus has
to be considered in all the gradations of state rang-
_ing from that of the living object to that of advanc-
f ed decomposition. At the two ends of the series the
physieal problems sare widely different. During life,
and to a lesser degres baefore decomposition sets in
after death, the fetus, like other animals, has a
form which is definite and characteristie for the
moment and for the individusl. (Into the causes of
the distinetive form it is not necessary here to in-
quire.) Further, it is s matter for common obser-
vation'that, if from any ocause the fetus is deformed,
it tends to return in all its parts gradually and
perhaps completely to its original form. If, how-
avér, the deformation is produced beyond a limit, a
breaking or a bending of the body oeccurs, and the
return to the original form is partial or incomplete.
It 18 apparent, therefore, that the fatus possesses
the specisl property of elasticity, and that it has
elasticity ¢f shape, though not of bulk. According
to SIR JAMES THOMSON (1877), = body which possesses
elasticity of shape in any degree is a solid; if it
has no elasticity of shape, it is a fluid. And, e
tha.daformation of the solid is pushed, so as %o
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cause a break, the body is a brittle solid; if =
bend, then the body is a plastic or ductile solid.
Both of these avents may occur within the body of

the fetus, o that in parts it is a brittls, and

in parts a plastic solid; the former parts being the
bony, and the latter the ceartilaginous and imperfect-
ly ossified membranaceous portions of the skeleton.
The soft parts contain a large percentsge
of water, and are of a more or less fluid nature.
They show the property of elasticity, or a return
after deformation to their original form, only so
long as the hard parts are intact. Hence the
skeleton of the fetus exercises a perman'ent inflvence
over the soft parts, and causes them to behave, in
some respects, as if they were solid. Evan where
the hard parts are most abundantly covered by soft
parts, there is a slow but certain return to the
original shape after the exercisse of a pressure
which has not ruptured the hard parts. Hence, what-
aver may be the molecular constitution of the fetus,
as a whole, during life and after death before de-
composition has set in, the fetus reacts physiecally

as an elastic solid. It is not strietly correct to
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speak of the fetus in any of its parts as a plastiec
or viscous solid or fluid, unless reference is being
made to the effects of excessive applieations of
force sufficient to eause injury. Again quoting
THOMPSON, we find "The word Viscosity..... when
solids or heterogeneous semi—soiid semi-fluid masses
are referred to, .... has rather been emploved to
daeignate a property of slow continual yielding
through very great, or altogether unlimited extent
of change of shape, under the action of continued
. s8tress. It is in this sense that FORBES, for in-
stance, has used the word in stating that 'viscous .
theory of glaeial motion',... ... ... he and many
other writers after him have used the words plastic-
ity and plastic, both with reference to homogeneous
__aolida (sueh as wax or piteh even though also
brittle, soft metals, etc.) and to heterogeneous
semi-solid semi-fluid masses (as mud, moist earth,
mortar, glacial ice, etc), to desipgnate the property
common to all these cases of experiencing, under
continued stress, either quite unlimited change of
shape, or gradually very great change at a diminish-
ing rate through infinite time.

In this carefully expressed opinion the

essential/
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essential point, for us, about plasticity or viscos-

ity is the capacity for unlimited deformation, how-

. ever slowly produced. In relation to the mechanism

of labour we observe that the limit to deformation
vithout injury is reached comparatively early. Hence
for practieal purposes, we return to the aefinitioh
of the living fetus as an elastic solid; there being
implied in the use of the word elasticity both a
limited degree of deformation without injury and a
capacity to return to the original form, when the
atrésa is removed, and in the use of the word

plasticity an unlimited degree of deformation with-

out injury, and no capacity to recover the original
form. The resistance of a solid to change of form
is measured by its rigidity, and the resulting de-
formity is called a atfain. If the body is peftact-
ly elastic, the rigidity is measured by the ratio of

. the deforming stress to the resulting strain, the

value bhaing the modulus of elasticity. Usually, an
appropriate modulus comprehends both rigidity snd
compressibility. That is to say, a strain consists,
88 a rule, both of change of volume and of dis-
tortion. In & strain with change of volume (com-
pressibility) the associated pressure is of the
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hydrostatic type, while in a strain with distortion
(which contains no change of volume) the associated
pressure is a shearing stress. In the former the
pressure is distributed equally all over the applied
surface; in the latter it is loeally differentiated
| in a special way. Now, the absclute and the relative
compressibility of the fetus is vouched for by sever-
al observers (PRHLING 1874, DUNCAW 1875, PERLIS 1879,
and SELLHEIM 1907, among others). Pluid may be trans-—
ferred from the head to the body, and possibly vice-
| versa, and from the thorax to the abdomen and back
, again. And the escape of fluid from the mouth and
nestrils, and of meconium from the bowel may readily
be ochgerved under appropriate and well known con-
| ditions. On the other hand, the distortions of all
parts of the fetus in the birth are still more

| evident, on account of their magnitude, and are gen-
| erally admitted to be the principle mechanieal
changes which the faﬁug undergoes in the course of
labour.

Thus we are led to infer that, while the
:Drasaura exercised by the uterus on the upper pols
of the fetus is hydrostatic as long as any quantity
of liquor amnii remains in the uterine eavity, the
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tranasmission of the pressure through the fetus is

different partly in degree and partly in order; that

_1t gontinues to a small extent hydrostatic and be-

cames to a much greater extent a distorting or sheszr—
ing strass with differential reaults; and that, after

the total escape of the amniotic fluid, the pressure

of the uterus (and of the abdomen) is conveyed

directly to the fetus, and is then, both immediately
and ultimately, hydrostatic in the least degree, and
for the most part a shesaring stress.

The preceding sentences refer properly to
the living fetus and to the fetus after death and
before decomposition has begun, or advanced far.

The appesarance of decomposition signifies ;he end of
somatic life, and with the advance of corruption the
épeoific, or characteristic form of the individusal
dissppears. For the mechanism of labour, it is not
necessary to go bevond the penultimate stage in the
Process, when the fetus has been converted into =
bag of fluid containing disjointed bones. Obviously,
in passing from the living fetus to a body in this
advanced state of dsc&ﬁﬁosition, we would-have to

record a gradusl loss of rigidity, that is of re-

sistance to change of form; of elastieity, that is

the/
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the capacity to recover the original form; and, there
with, a gradual increase of the mobility of the body,
that is of the capscity for chsnge of volume. 1In
short, we would observe a change from sn object hav-—
ing in the main the characters of a solid to an
objeet having chiefly the att;ibutas of a fluid. And
in the transmission of the utefine and abdominal

powers to the fetus, during the process of decom-

' position we would be led to infer a gradual loss of

the shearing or differential stress, and a gradusl
gain in hydrostatic pressure, until ultimately the
pressure was wholly of the hydrostatic type, and
similsr to that produced in the amniotie sac.

‘The assumed greatness of a shearing stress,
as compared with a pressure of the hydrostatic type
in the transmission of pressure through the fetus,
does not necessitate return to the direct longitud-
inal fetal-axis pressure of former days. Ever since
AHLFPELD showed that the fetus at the end 6f pregnancy
measured only half the length it has when it is
straightened (1871), it has been known that the
second stage progresses as far as the birth of the
head by a straightening and elongation of the fetus

within the birth canal, with only a small movement
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of the fetus, as a whole, relative to the mother.
And, as the delivery of the head constitutes, in

' most cases, by far the hardest and longest part of
the labour, it so happens that the most important
part of the labour takes place without the necessity
of any pressure being exercised through the fundus,
other thasn that of maintaining a general resistancs.
The exercise of a special pressure is the more un—
likely in view of the observation of SCHROIDER and
STRATZ (1886) that, when the head is born, a distance
. of nine centimetres, as a rule, separates the breech
from the fundus, and water and feet are found where
the breach was before. HART (1893) accounts for this
phenomenocrn as being due to a displacement of liquor .
amnii and feet taking place, when the intra-uterine
pressure falls, and states that expulsion is com-

| Pleted by pressure exarcised by the powsers through
the water and feet on the fetus. If this explan-
ation is correct, it may bs taken to imply during
relaxation of the uterus, either a relative increase
of pressure in the body of the uterus or a relative
diminution of pressure in the fundal region. (The
one is a necessary consequence of the ofhar, but each

may arise independently). If the internal pressure

18/



is raised in a rigid tube closed at both ends, the

tube contracts radially snd extends longitudinally,
and the revarse occurs whenever the pressure is re-

duoed. (Harmsworth Encyclopedia 1906). An analogy

may be traced here batween the behaviour of the tube

and the action of the uterus. And the conclusion td
be drawn seems to be that, though the fundus is
hardened during a pain, it is not moving towards the
sontents as strongly as it might be supposed to do,
and though it softens during a rolaiation, it is

not moving away as quiekly as thﬁ explanation demands
The result is that in relation to the rest of the
uterus the fundal pressure may be relatively, though
not sbsolutely, grester during a relaxation than
during a pain. o0linical observation, so far as it
goes, suggests the validity of this impression. In
the result, the tendsney would be rather for the
mobile fluid to be transferred to the fundal region

during a pain, and to the surroundings of the fetus

during a relaxétion. This is borne out in thosa

cases where the radial expansion of tha uterus dur-
ing an interval is eonsiderable, and where the fetus
reassumes more of less its primitive curved form.
When this happaﬁs, thers is no option but to believe

that/



that the fluid returns partially or completely
around the body of the fatus. Another probable
factor in the displacement upwards of the liquor
amnii is the gradual retraction upwards of the re—
traction ring. ROSSA (1900) belisves the ring to be
a sphincter, and the ordinary sequence of events
which come under cliniesal observation lend the view
support. When the membfanaa rupture, there is
usually a gush of water. Water thersafter escapes
repeatedly in smaller quantity during saveral pains
(SMELLIE 1752) and then ceases altogether, until-the
child is born when, as SMELLIE observed, there is a
final rush of amniotice fluid, unless, as sometimes
happens, it is retained until efforts are made to
express the placenta. If, after the early discharges
have ceased, the hand is intrﬁducad into the uterus,
an escape of water usually occurs, as the hand enters
into the cavity of the =2c¢tive portion of the uterus.
The opinion of SMELLIE (1752), RITCHIE (1865), LAHS |
(1877), NORRIS and DICKINSON (1886), JELLETT (1905),
and others that the head acts as a ball-valve is
difficult to confirm, after the cervix is fully
dilated and the head has descendsd below the plane
of engagement. It was long ago recorded that, in

tha/
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the vagina, there is a space readily admitting the
fingers on each lateral aspect of the head (SWAYNE
1893), while BARBOUR'S statement that the observed
space in the vagina is @reated by the fingers does
not speak well for the efficiency of the vaginal
eanal as a hindrance to leakages of fluid. These
circumstances, therefore, indicate the presence of
a close aphincter-ét 3 higher level, and the most
1ikely gituatibn'ia'Where the retraction ring en-
c‘.i__.rolqa.l"-th-o body of the fetus. If that be so, then
thgfgrédual retraction upwards of the ring will in-
eﬁitaﬁly favour a displscement of the liquor amnii
towards the fundsl pole of the uterus. The preced-
ing paragraph extends the mechanism suggested for

the independent displacement of small parts of the

| uterine contents to explain the displaeament of the

liquor amnii. This displacement is due mainly to
the constrictive action of the uterus, and possibly
to the retractive action of the uterus in a lesser
degree. In all probability, the displacement pro-

ceeds by degrees with the successive pains, the

return movements in the intervals never being com-

. pleted to the previous conditions.

A futher item in connection with the action
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of the fundus I have deferred till now, as it is en-
tirely spveculative in origin. If thé fundus were

the eause of the expulsion of the fetus, it would be
| necessary to suppose that the fundus is then strong-
er than the lateral walls of the uterus. 1In thie
event it is conceivable that a tendency would develop
towards partial inversion of the uterus, and also to-
vards a return of the fetus more or less to its
primitive curved attitude. The fomer possibility
would be injurious, the latter wasteful of power; and
as any organie mechaniam which contains obvious dis-
advantages to the individual is a priori improbable,
the theory of fundal action stands in need of the
strongest voasible vroof, before it can meet with
acceptance.

Under the conairietive and retractive
aetion of the utsrus assisted, it may be, but not
neén==arily, by the eonstrictive action of the abdom-
inal muscles, tha fetus is straightened, "stiffened
partly through its bones", and elongated, until ulti-
mately it is converted into a slender eylinder of
whieh the bulk is contained under the smallest suver—
ficial area ( SELLHEIX 1212). Meanwhile and perhaps
partly in consequence, any remaining liquor amii

together/



together with the lower limbs is removed to the
fundal region of the uterus. By tha.time these dis-
positions are reached, the head is born and the hard-
est part of the labour is over. It is just possible
that the head is born without a movement of the fetus
a8 8 whole, in relation to the mother. 1In the ab-
sence of further evidence, it is unwise for reasons

already given, to assume that the presence of amniot-

" 1e fluid in the fundsl region is associated with a

movement of the fetus, as a whole. Whenever the
uterine contents are reduced toc the most slender
eylindrical form, several things may happen, if
pressure is maintained continuously, or intermittent-
ly. I. The uterus msy rupture. When the presenting
part is resisted permanently or unduly at any level
in the pelvic canal, the contents continue to be
elongated and radislly contracted, to an extent
depending on the height of the obstruction, the
bulk of the contents, and the available room within
the abdomen. The process of retraction of the active
portion of the uterus may then proceed 10 such an
extent that the passive lower uterine segment thins
8xcessively and tears.

2. The presentation may be changed by the
80-called spontaneous evolution of the fetus, as in

transverse/
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transverse presentations and in cases, where in long-

itudinal presentations, the head and possibly ﬁha

Ibreeoh are arrested at the brim. In these cases it

is probable on mechaniecal grounds that the evolution
is set in motion long hefore the maximum radial con-
traction has occurred, that is, when the fetus is
8till more or less curved and before it is gresatly
compressed. And it is possible the equal or nearly
equal elongation of both ends of the cecylinder forms
an essential part of the normal process of radial
econtraction and polar extension of the uterine con-
tents. Where the rasistsnce to one pole of the fatus
is excessive or unyielding, the tendency is for the
one pole to be substituted for the other in the
uterine effort to produce radial contraction and bi-
polar extension. As in the case of twins already
cited, the constrictive and retractive action of the
uterus seems a more feasible cause or explsnation of
spontaneous evolution than fetal-axis pressure from
the fundus. In a complete and unmodified cross-—
birth the theory of fatal-axis pressure from the
fundus breaks down altogether.

%, Movement in the direction of least

‘Tresistance may be initiated and completed. This is

the course of events in the majority of births, and,

as/
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as already noted, it either does not begin or, at any
rate, is not greatly developed, until after the birth
of the head or the brench, when the gresater resist—
ance to delivery has been remcved. On first thoughts,
it may seem impossible that a purely constrictive
action should be capable of producing longitudinal

' movement in a given direction. In a closed tube
equally strong at both ends no such movement is

. Possible. The birth canal is, however, open at one
end and closed at the other, and LAWRENTJEF? found,
a8 already noted, that the upper end (the disphragm
strietly speaking) has twice the resistant power of
the 1ower,'whila SELLHEIM (1912) has emphasisad the
progressive disparity develoved in the strong and
the weak ends in the course of the birth. When the
contents of the uterus have been converted into the
utmost eylindricity of form, the uterus, and also
the sbdominal tube, have by no means resched the
greatest degree of radial contraction. FOTHERGILL
(1895) showed that the radial contraction of the
uterus is approximately four times its degree of
elongation as measured at the fundus alone. During
the expulsion of the last portions of the fetal
contents, the uterus continues to act by constriction

and/
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and retraction, as it was doing befors. The fundus

sinks then, but the sinking does not appear to be

.due to a shortening of the aetiva vortion of the

uterus relative to its transverse diameters. More
probably it is due to the rapid shortening of the
passive lower uterine segment. There is, of courss,
an actusl decrease of all the diameters of the uterus
but the longitudinal diameter is not reduced propor-
tionately to the transverse diameters. When, there-
fore, the contents have reached their maximum degree

of constrietion, no further elongation can take place,

. and, as the uterus and in most cases the abdominal

museles go on constrieting, the radial pressure which

. up to this time was developing its longitudinal re-

- sultants in both directions now finds one of these

avenues closed, and it tends inevitably to davelop

a single resultant in the direction of least resist-
ance — the lower pole. The mechsnieal conditions

at this time do not imply a severe strain on the
maintensnce pressure of the fundus snd on that of
the diaphragm, as the resistance at the lower end of
the eanal is already low. Probably, the accommod-
ation of the remaining liquor amnii at the fundus,

when it is present, favours the development of this
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resultant, as being fluid it permits of greater con-
‘striction of the uterus behind the fetus, mmd in

ecases where the fluid is absent, the strength of the
résultant progresses ravldly, once the uterus is able
to obliterate its cavity by constrietion behind the
fetus. In practice, at this stage the voluntary
action of the recti abdominis is most effiecient in
haatening the final expulsion of the fetus, partly by
eontraction in their whole length and partly by iheir_
upper parts being stronger than the lower (LAWRENTJIFF)
And vhen the head is the presenting part, the radial
maasﬁres of the fetal body diminish from below up-—
-war@s, and possibly assist expulsion by a wedge—-like
action. And as the radlal diameters of the fetal

body diminish from the shoulders to the breech, the
final expulsion of the body in a case of head present-
ation may be assisted by the wedge-like reaction of

the body of the fetus. In breech presentations the

frequent slowness of ﬁhe labour has been attributed
to 2 relative inefficiency of the breech as a dila—
tor. In addition, however, the delay may be due to
the wedée—fbrm of the body being reversed, so as to
present diameters that grow successively larger.
‘ Frozan'seetiﬁnS, provided they are ad-

mitted to repvresent the conditions of life, as I

expect /
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expect here they do, confirm rather than otherwise
the views developed in this section on the importance
of the constrictive action of the utsrus, as opposed
to a special fundal action. In BRAUNE'S second
stage section, in which rotation is not ended, the
active portion of the uterus has approximately the
same length as the active portion of the uterus in
BENCKISER'S section from the end of the third stage.
The positionsrelative to the maternal hody in each
case, however, are different. In BRAUNE'S section
the asctive portion extends from the promontory to
the top of the third lumbar vertebra; in BENCKISER'S
the active portion is nearly the depth of a vertebral
body lower down. In the section by ZWEIFEL, and in
which the head is born, the active portion ¢f the
uterﬁa is father longer than is that of BRAUNT'S.
It extends over three and a half vertebrae, namely,
the fourth, third, and second vertebrae, and half of
the first vertebra, so that it lies at a still higher
level. In this section the fetus appesrs to have
reached its greatest degree of elongation, and the
feet are ;xtendsd above the breech. Above the feet
the fundal portion of the uterus, as seen in mesial
section, is triangular in shape, produced to a sharp

point/



195.

point, and solid throughout for a distance equal to
that from the middle of the third vertebral body .to
the middle of the first. The antero-posterior dia-
meters of the cavity of the uterus diminish quickly
from the level of the retraction ring to the topmost
limit, that is, throughout the active portion of the
uterus. In BENCKISER'S section, already refarrad to,
the cavity as seaen mesially is represented by a
narrow longitudinal slit, extending nearly the whole
length of the active portion of the uterus. 1In a
section made by WEBSTER from a woman immediately
after delivery, the length of the sctive portion of
the uterus is nearly the same as that in BENCKISER'S
gection. So also is the length of the eavity, but
it is more open than in the latter section. In both
WEBSTER'S and BEUCKISER'S sections the thickness of
the fundal wall, between the topmost limit of the
eavity and the external surface, is only about half

that of either the anterior or the posterior wall.

- These data, then, speak for the constrictive and re-

tractive action of the uterus, and not for the
special activity of the fundus. They indicate that

the fundus is weaker than the lateral walls, and

that the sctual shortening of the active portion of

the/
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the uterus on the final expulsion of the contents is
mueh less than might be supposed, and indeed is so
anall as to rendsr a speclsl expulsive aet of the

fundus improbable.

8/



197,

.8, Seeing that the uterus in a state of con-
traction aporoaches to tha cylindrical form, that it
has an upper strong end and a lowsr weax and, and
that the intrauterine pressure is, at least, potént—-
ially hydrostatic, it follows that a 1lins drawn along
the central axis of the uterine cavity will represent
with considerabls accuracy the position and diraction
of the sum of all the pressureswithin the uterus.
This l1line, if prolonged, will intersect the cirecle

of the mora or 1leass dilated os, and 2120 more general-
1y the cirecle of the girdle of resist=ance, in sach
case through its centre. This centrd point is con-
veniently known as the centrs of pressure. If, now,
it ean he shown that the centre of pressure is also
situatsd, in all cases and at all times, at the
centre of the greatsst circle of the presenting part,
then the study of the direction of ulerine pressure
reiativa t0o the pelvie canal becomes a matter of no
practical importance for the theery of intasmal »ro-
tation. If, on ths other hand, the centrs of press-
ure is found to be sometimes, even if not always,
placed mecentrically in the greatest circle of ths
Presenting part, then the direction of uterine press-
ure in those éases, in which the centre of prassurs
is asymmesrically placed in the greatest cilrcle of
the/
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the presenting part, will influence the direction of
internal rotation in a determinate way, and its
astimation, »elativa to the pelvie canal, baecomes a

necessity for tha theory of intsmal rotation. The

proof of tha variable position of the centre of

pressure in the greatsst circle of the presenting
part will be given in the next ssection. At present

I anticipate the conclusions of that section by stat-
ing that the centre of pressure not only nesd not be
concentric in the pressenting part, but is fraquently
ecceantric and this eceantricity, so far from bsing
irregular, is a part of the essential conditions of
normal labour. From these primary considerations we
turn to the determination of the dirsction of uterine
pressure, or uterine-axis pressure as it is often
callaed.

The direction of uterine—axis pressure has
been, and is still, assumed by the majority of
obstetricians to he at right angles to tha plane of
the.inlet, by whienh I think they mean the plane of
the conjugata vera, though in many pelves the plane
of the true conjugate and the plane of the brim,
Properly so called, are not ceincident. It stands
as an acceptable probability en the assumption that

the uppsr portion of the I)B].Viﬂ canal 1is approximatﬂ—
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approximately cyiindrical, and that the axig of the
- upper portion of the canal intersects tha plane of
the inlet at a »right angle. These views necessitats
a strict adherence to the heliaf that the axis of
- uterine pressure, must invariably coineide with a
perpendicular let fall on the plane of the inlet and
| with the axis of the upver portion of the canal, for,
| given a deviation of the uterine axis from the pelvic
axis, the delay to advance 1is then proporticnal to
the cosine of the angle of deviation, and the amount
of additional force wasted on the walls of the canal
is equal to the product of the foree and the sine of
the same angls (GALABIN and BLACKER 1910). The state-
ment, when taken by itself, is without doubt corrsct.
It is in the application of the two fundamental pro—-
pogitions to the human body that doubts arise. It
has not baen shown that the upper portion of the
peivie canal may he regarded as cylindrical for prac—
tical purposes,and evenif this suppesition is correct,
. 4t has not heen proved that the axis of the upper
portion ~f the canal cuts the plans of the brim at a
right angle.

The prohlem in the present thesis 1s con-

fined 40 the determination of the direction of uter—

ine/
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uterine pressure in the expulsive stage, which occurs
normally when the presenting part is in that portion
of the pelvice canal extending from the lower margin
of the upper part of the superior moiety of the

canal to the vulvar outlst, for, as a rule, the
upper part of the superior portion is traversed by
the presenting part during pregnancy, or in the first
atage of labour. In those cases in which engagsment
is delayed until the expulsive stage has begun it
does not appear that the mechanism of entry, includ-
ing the direction of uterine pressure, has any per-
manént effect on the position of the presenting part,
' except possibly in cases of antero-posterior presen-
' tations. In ths section on Internal Rotation 1t will
be argued that the direction of rotation is finally

- determined by the direction of uterine pressure,when
the presenting part is below the upper part of the
superior portion of the canal, 80 that in all cases

- with the possible exception Just mentioned we are

l goneerned with the relation of the direction of pres-
gsure to the lower part of the pelvic canal. TFor a
comparative’ standard to which to refer the direction
of uterine pressure, the pelvie floor or the outlet
of the bony and 1ligamentous canal would be the most
aperfect. But thers are great difficulties in the
way/
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way of defining the mechanically operative parts,
and'of determining their inclination to the horizon.
Hence 1t 1is still moat convenient to rafer the
dirsction of uterine pressure to the conjugata vera,
even though during the most critical period of the
labour the conjugata vera is not concerned in the
mechanism.

I. ©M2LLIE (1752) states that ‘the os uteri
is usually to be found in a straight line with the
fundus and a point midway between the umbilicus and
the ensiform cartilage. (I. 304). (Cf. also I. 69,
bn DEVENTER'S views). This remark seems t0 be the
foundation for the assertion of SCHATZ (1870) and
DUNCAN (1875) that SUELLIE held the dirsction of
uterine pressure to be inclined behind the axis of
the inlet, though DESSAIGNES (1894) and VARNIER (1900)
hold that SMSLLIE (with the aid of CAMPER) figured
a posterior ineclination of the axis. It would appear
howaver, that SMILLIE'S idea was that in this position
the axis of the uterus, if prolonged, would fall
through the middle of the pelvis. He seems to have
had only vague notions about the inclination of the
brim, or the direction of a pelvic axis, and could
not bs expected to attempt an exact estimation of the
relations of the uterihe-axis pressure to the pslvie,

even/
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even if he had realised the possibility, or the
value of doing a0 with the exactness now demanded.
A perusal of the history of the subject given by
VARNIER rather supports this opinion. Some of the
older writers did not troubls to make their pictures
tally with their desecriptions, and those of their
drawings which VARNIER reproduces are so¢ crude, that
they can hardly bhe handad in at the present day as
evidence of the direction of uterine pressure.
GUILLEMOT (1837), KIVISCH (1846), and
SPEIGELBERG (1867) consider the expulsive powers to
drive the head against the anterior wall of the
pelvis, and hence to act downwards and forwaxrds.
KIWISCH gives aa factors the force of gravity, the
| vosition of the anterior abdominal wall, the direct-
| ion of the axpulsive powers egpeclally the abdominal,
the position of the child's body, and the projection
of tha promontory. In accepting the forward as well
as downward dirsction of the expulsive powars,
. KIVISCH is only agting consistently with his anatomi-
| cal view of the pslvic canal, in which the mest
important item is the want of coinecidence of the
axis of the inlet with the axis of the upper pcrtion
of the canal, the latter baing inclined downwards
and forwards relative to the brim, and being more
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important mechanically than the former. KIWISCH'S
description of the pelvic canal has already been
detailad. (vide Section I.).

II. SCHULTZE (1858) sustained tha view that
uterine axis pressure is normally inclined obliquely
to the plane of the inlet, s0 that the axis falls in
the raegion of the anus, and he bhelisvsd perhaps with-
out sufficiant reason that, whenever the ineclination
of the canal is greater than the normal, the axis of
uterine pressure falls anteriorly to the anus.
STHULTZE Wwas aecibe anough to see that the direction
of a force cannot he changed, a fact which DUNCAN
(1238) emphasised in another connesction, and SCHULTZE
sought a cause for the observed change of dirsction
of the hsad in the bend forwards of the sacrum and
ligaments, the corollafy being that the more the head
is directed forwards the further back is uterine
.pressuxe applied to it. He further inferred that the
more obliquely uterine pressure strikes the pelvic
floor, the less the floor is strained, — an ohserva-
tion, the truth of which my experimentis seem to con-
firm. In 1867 and again in 1908, SCHULTZE repeated

his visws on the direction of uterine axis pressurse,
and detailed his experiments in the @ead body to
' determine the affect of extending the lumbar spine

:on/
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on the direction of pressure. His concliusions are
that extension of the spine favours obliqus action
of the uterus, ths mors oblique is the 1ine of action
the less pressure is lost in any part of the canal,
and more generally the direction of pressure changes
with the posture of the woman in labour. The last
remark was made in reply to BUMK (1905) whom SCHULTZE
quoteslthat the direction of pressure iz not affect-
ed by the position of the woman, but always tends to-
wards the area of least resistance. SAMURL (1908)
takes a similar view to SCHULTZE that the direction
of pressure 1s obliquely inclined when the lumbar
spine is extended.
III. Ancther method smployed by SCHULTZE

was to take profils drawings of the woman in late
pregnancy and early labour. The posibion of the
pubo~-spinal level was determined, as well as its
angular distance from the brim of the pelvis, and
marked on each chart, together with the position of
the fundus. ¥From the charts conclusions were drawn
regarding the relation of the axis of the uterus to
the plane of the brim, Obviously, these conclusions
cannot he parmittad +o apply to the condition of
affairs in the second stage. KﬁSTNER'S (1885) and
ide> SEIGNEUX'S (1901) expsriments which wers similar
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in principle and differed only in detail need hot be
referred to more fully for a similar reason. DUNCAN
(1875) in raising objections to the obliquity of
uterine-axis pressure, argued against SCHULTZE that
the fetus fully occupies the canal, 1t has a nearly
uniform consistence (which in view of his other
statements is a trifle sophistical), and therefore a
change in the direction of uterine vpressure can have
no effact on the mechanism. The main objection to
SCHULTZE®'S visws appears, however, tc¢ be that he
boldly transferred the results of experiments in the
dead and in late pragnancy or early labour to the
second atage. KUSTHER and de SEIGNEUX did not go
beyond their data, and therefore do not come under
eriticism. But if the profile methed is to yield
further results, the difficulties of its application
to the second stage must be overcome, and its techni-
cal details must be improved. OLSHAUSEN (1870) also
determined the direction of uterine-—axis pressure in
late pregnancy, and sppears to have taken ths view
that the uterine axis is normally inclined forwards
from the axis of the brim, in direct opposition to the
opinions Jjust recorded. &0 far as 1t goes, this
does not matter. But, OLSHAUSEN goes on to say that

the appearances of the child's head after birth ars
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a strong argument for the anterior inclination of
the uterine axis which he, tharafore, evidently
belisved to continue so in the second stage. De
SEIZNEUX (1901) quotes the results of gimilar invest-—
igations made by MARTIN and XREIS, and apparently
till then unpublished. Tha sources of error in-
separabls from this mode of deduction will be
enumerated in Section 4. They appesr to me of suffi-
cient importance to render the methed of little or
no value.

IV. A study of the exact mode of presenta-
tion of the head has been used to fix the direction
of uterine axis pressure, the griteria: heing the
pesition of the sagittal suture relative tc the
successive planes of the pelvis, and in practice
the relative degrese of advance of one or other par-
detal eminencs. So far as I am aware, avidence has
bern led only on the disposition of the parts during
the mechanism of engagement, and confusion has
arisen through attempts bheing made to compare the
observations taken from normal pelves with those
from contracted pelves. Ih the former engagement is
generally a phencmenon of late pregnancy, or the
first stage, in the latter entry is usually though
not always effected during the expulsive period.
The/
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The complexes of factors in the two groups are thus
more or less different. 1In the first or normal
groups the investigations have bean made chiefly by
de SEIGNEUX in 1896 and again in 1901, by FARABREUF
(1888) who showed by experiment that the head angaged
more easily with a posterior obliquity, and ﬁv
PINARD and VARNIER (1892). The last authors state
that §MELLIE described a posterior parietal entry
which i8 corrected on engagement. While SMELLIE gives
a description of what is to all appsarances NAEGELE
obliquity. I have been unable to discover anything
which will bear the interpretation which PINARD and
VARNIER give. These authors postulate a posterior
obliquity of the liead only during engagement. They
distinctly state that at the end of engagement %the
deviation is corrected, and does not exist during
the axpulsive stage. De SEIGNEUX appears to take a
similar view. |
In the smcond or abnormal groups, MICHAELIS
(1851), LITZMANN (1870, 1871, 1872), VEIT (1879),
GOENNER (1894), FARABRUF (1894), PAZZI (1895), and
many othere have described the lateral obliguities
occurring during engagement, but it does not appear
that any one of them was led thereby to infer the

direction of uterine pressures, as others have tried

to/
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to do. The remarks made in connection with OLSHAUS-
EN'S deductions apvly equally well here and in
addition, the disposition of the parts may be, and
often 1s, complicated by the occurrence of flexions
of the uterus and independent lateral flexions of the
. fetus to an extent, sufficient to render the evidence
derived from this mode of enquiry of no value at all
for the determination of the dirgection of uterine
prassure, morse especially in the second or expulsive
stagse.

V. KUNECKE (1869) based his coneiusions on a
foundation composed of assumptions. He assumed the
normal inclination of the brim to be 60°, and the
normal inclination of the uterins axis to the horizoen
' 10 be 300. He projected lines to represent the brim
and the uterine axis, and then proceeded to show that,
1ﬁ}tha lower and anterior end of the former is jjoined
to the lower and posterior end of the latter by a
line drawn to represent the horizon, a triangle is
formed, of which the two lowsr angles togather form a
right angle. The third angle must then bs rectangar
and it is the angle which the uterine axis makes with
the plane of the brim, hence the direction of uterine

pPressure is perpendicular to the plane of the inlet.
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It cannot ha sald that K%HEGKE'S determination is a
valuable contribution to the problem. But, in fair-
ness to tha author it must be said that, in 1869,thea
variations of pelvic inclination, and of the uterine
axis were not so ﬁall grounded as they were a few
years later. Possibly, KﬁNEGKE intended only an
ideal conttriction, in which case it ought not to
have served as the basis of a wide generalisation.

Vi. The value of evidenca, derived from
post-mortem examinations and from frozen sections,
depends chiefly on the extent to which these prepar-
ations represent the conditions of 1ife. This
problem has occasioned much controversy. In the
earlier days of frozen sections, there was a tenden-
ey to balieve that they reproduced the living state
with no material alterations, in spite of the warn-
ings of anatomiste and others who had no theories
ralative to the direction of uterine pressure. The
anatomical platas of HUNTER (1773) and of SMELLIE
(1764 ) (VARNIER (1900) and the reproductions of
frozen sectiong from late pregnancy and from labour
show the uteras inclined backwards from the inlet,
that is in a condition of retroversion. And on
these appeararnces, PINARD and VARNIER (1892) based
their chief argument for posterior parietal entry,
though already SCHROEDER (1886) STRATZ (1886) and
BRAUNE /
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BRAUNE (1890) had maintained that the retroverted
appearance of the uterus was a condition or a con-
saquences of death, while BARBOUR proved that 1t is
not due entirely to the circumstance of the body
being manipulated in the dorsal herizontal position,
for in a body frozen in the erect attitude retro-
version was present. The writers just quoted, held
that in }1fe the uterus is in a position of ralative
anteveraion, if not all the tims, at least certain-
ly during a uterine contraction; and I think the
majority of later authors have agreed with their
conclusions whie¢h, of course, are necessarily found-
ed on genaral sevidence. As t0 the cauvse of the an-
‘t&varsion thers is still however, room for doubt.
Like PINARD and VARNIER, BARNES in 1883 advocated
the ratroversion of the uterus on sectional evidence
in primiparae, though he admitted that anteversion
probably occurred in multiparas. In 1885, BARNES
developad his mechanism of a lumbo—sacral curve in
conjuniction with the curve of CARVS, on the evidence
of froaen sections. DOORMAN (1895) appears to have
accepted the ssctional appearances as valid before
the pains begin, the uterus being bent and moulded
on the spine during the engagement of the head. De

SEIGNEUX (1901) has summed up some of these views
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and others as well. And in spite of the fact that
frozen sactions appear strongly to support his views
on posterior deviation of the uterine axis during
| engagement,, de SEIGNEUX considers the sections of no
| value for his purpose, chiefly on the grounds that
: the mobility of the utérus is quickly recognised
| elinically during life, and similar movements cannot
safely be axcluded from occurrence either during the
. process of death, or during the freezing of the body-
| an argument which appears to0 be squally valid for the
second stage.

VII. RITGEN (1855) obsarved that the dia-
| phragm is fixed in position during the time of a
uterine contraction by the holding of the breath, and
-he infarred that intra-abdominal pressure is directed
at right angles to the perinsum, so as to hinder ro-
tation, hut the curve of the canal trending forwards
helps to overcome this difficulty. TYLER SKITH (1858)
who balisvaed uterine pressurs to be most efficient
during the first stage, when it is directed at right
angles to the plane of the inlet, states that during
the second stage the dirsction of pressure is changed
by the addition of abdominal pressure, and is then
inelined downwards and forwards towards the outlet of
the canal. After veferring to excessive anteversion

and/
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and retroversion of the uterus as causes of delay, he
remarks that the woman in lahour moves herself in-
gtinctively %"so as to throw the axis of the uterus
into the axis of the canal". HODGE (1864) took
rather a one-sided view of ths resultant of abdominal
action. When the uterus contracts, it is driven for-
| ward by the abdominal muscles and by the diaphragnm
acting through the liver, this special pressure being
increased by the woman in labour bending forwards.

In affect, the axis of uterine pressurs is brought
into the axis of the inlet, this implying a pre-
existing condition of retroversion of the uterus.
And, when the head is in the outlet of the vagina,
the intra-abdominal pressure 18 still acting in the
axis of the inlet. KEHRER (1854) who, as already

5 observed, attached most importance to the action of

' the direct ahdominal muscles gave the outlst as the
direction of the resultant force. According to
SCHATZ (1870) the axis of uterine pressure is per-
pendicular to the inlet at the beginning of labouw,
but it moves back later, owing mainly %o thes action
of the abdominal mﬁsclaa. The uterus appears to bhe
regarded as a rigid system during contraction and its
axis as being intrinsically constant, while its
direction/
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dire¢tion can be modifisd by the action of the ab-
dominal museles and the dlaphragm. The lateral ab-
‘dominal museles act equally in opposition and are
tharefore ruled out, the diaphragm acts parallel to
the spinal column, while the anterior muscles act
horizontally backwards. The resultant is inclined

at 45° to the horizon and at 100° to the plane of the
inlet, the latter being evidently taken as a constant
at 550 to the horizon. Hence, the axis of uterine
pressure 1is inclined'loo behind the axis of the in-
let in the second stage. This view of abdominal
action is incomplete in several ways, and it by no
means warranted the assurance with which SEHATZ put
forward the resultant. LESSHAFT had already expressed
a different opinion on the action of the diaphragm-

| that 1t acts downwards and ferwards (LAWRENTJEFF 1885)
and as regards the comhined abdominal action latexr
writeras arrived at a different coneclusion. SAPPEY
(1876) drew the resultant from the navel to the sacro-
coceygeal articulaticn, a line corresponding in most
eases to the axis of the inlet. LAVRENTJEFF {1835)

. frum his eareful analysis of the individual nuscles
making up the abdominal combination, arrived at a
similar resultant, that is one perpendicular to: the
plane /
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plane of the inlst. The diaphragm acts downwards
and forwards at an angle of 47° to the vertical line
passing through the centre of the diaphragm. The

- anterior wall of the ahdomen acts downwards and back-
wards because the upper portion is stronger than the .
lower — at an angle of 84° to the vertical. The
final resultant is then directed at an angle of 89°
to the plane of the brim. The lateral walls of the
abdomen act in direct opposition to one another and
their force is exploited in the horizontal diameter
of the abdominal cavity and ultimately expénd=d in
ite long diameter, thus reinforcing the rasultiant

of the direct muscles. SCHMIDT (1893) eriticises
the resultant of LAWRENTJEFF, on the ground that
there 18 no true antagonism betwean the anterior and
posterior groups of abdominal muscles, owing to the
presence of ths spinal column. Contraction of the
muscles, according to SCHMIDT, raises the general.
eontents pressure in the line of the long axis of
the abdomen and forces the uterus and its contents
backwards, the movement heing greatest at the fundus.
LAVRENTJEFF in determining his resultants, if I take
his meaning corresctly, did not divide the broad
musclss inte antsrior and postsrior groups, but into
lateral groups, a right and a left, and he placed
the/
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the resultant in the horizontal diameter of the
ecavity. Thefa is, however, a difference in the
activities of the anterior and posterior portions of
sach lateral group, and the difference ought to be

taken into account for the resultant. The posterior

| portion, being close to and intimately connected

with the spine, has a limited range of movemsnt. In
the beginning of an aﬁdominal ceontraction, it is
foreed hackwards to some extent, and then exerclses
a kind of passive resistance during the remainder of
the gensral contraction. The anterior portion has

a greater range of movement, and moves strongly back-
wards, along with the rscti muselss, during the earl-
jer! part of an ahdominal contraction, and then main-
tains itselt in a state of tonic contraction during
the rast of thes "pain®. Hence, the resultant of the
lateral groups of muscles extending on eaceh side

from the margin of the recti in front to the margin
of the spine behind appears not simply to be dirsct-
ed inwards in the horizontal diamster of the cavity,
but to he also inelined backwards, with an ultimate
regultant in a 1line running downwards and forwards
towards the axis of the inlet, which would be main-
tained so during the parsistence of ths tonie con-

traction/



contraction of the abdominal muscles. Even if the
calculation of the directions of the individual
resultants be reasonably possibhle, tharas still re-
maina the problem of the dirsction of the ultimate
resultant compounded of the others, the greatest
difficulty in the detsrmination of which bheing to
make reasonably accurate allowances for the relative
strengths of the several groups of musclas. LAWRENT-
JEFF made an allowance, in the calculation of his
resultant, for the unsqual powers of the diaphragm
and the anterior wall of the abdomen, hut, even in
this simple form and where an error of say 5° may
alter our conception of the mechanism, it cannot be
sald that the mathod of making the allowance is
sufficeiently precise. Addition of the cther primary
resultanta, with allowances for rslative strength

by the same method, will not make the final result-
ant anyway nearer the truth. Lastly, we reach that
Banaral source of erronsous conclusions — the
assumption of a constant angular ineclination of the
plane of the brim. It will thus be seen that the
determination of the rssultant of abdominal pressure
promiging though it looks at first, holds out no
mere hope of fixing the direction of uterine—axis

pressure than the methods which have been described

already/
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already.

VIII.

In the course of time many opinions have

been founded on clinical observation and have been

. given expression, Necessarily they are vague, being

mostly confiined to general estimations in such terms
as retroversion, anteversion, and coincidence of the
uterine axis with the axis of the brim. Most have
accepted the view that uterine-axis pressure is co-
incident with the axis of the brim, VELPEAU (1835)
held the uterus to erect itself, during a pain, into
the axis of the brim. WEST (1857), LEISHMAN (1864),
TARNIER (1865), DUNCAN (1868, 1875), HEGAR (1870),
LAHS (1870) OLSHAUSEN and VEIT (1893) SCHMIDT (1893)
BARBOUR (1895) de SEIGNEUX (1901), and others argued
in favour of coincidence of the uterine axis with the
axis of the inlet, while TYLER SMITH (1858) PARVIN
(1895) and BARBOUR (1899) conclude the uterine

axis coincides with the axis of the upper pelvic
cavity, or with the axig of the bony pelvis, Ante-
version was held to be normai by FARABEUF and VARNIER
(1891), by OLSHAUSEN (1870), and, at least in the
first stage, by FRITSCH (1894). Retroversion was

| defended by TYLER SMITH (1858), BARNES (1885),

DEMELIN ( 1903, 1904), BERTHAUT (1908), and GALABIN

ey
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and BLACKER (1910). DEMELIN and BERTHAUT baliavad
the fatus to be propslled downwards and forwards,
eeprcially when the parturisnt woman 1ies in the
dorsal position; and CALABIN ends with the con-
clusion that utarine axis pressure is, on the whoils,
inelined behind the axis of the inlet. Changeability
in the dirsction of uterine pressure is considered
by CASEAUX (1868) and by FRITSCH (1875) to render
pxact estimation of the dirscetion impossibls, though
CASEAUX considsrs the dirsction to bascome more
obligua and more active, as the labour procesds.
FRITSCH finds the endless variety of uterine direct-
ion to bhe due largely to variations of pelvie in-
elination, and to variations in the position of the
vertebral column and of the lower limbs, but he
decided in 1894 feor anteversion. GARRIGUES (1903)
and FABRE (1910) belisve retroversion to be normal
in primiparas and antsversion in multiparas.

As might be expacted, the clinical mathod
has given rise to a diversity of views amongst
obstetricians, and in the cose of some observers at
least their opinions have fiuctuated in the course
of time. (linical observation, then, has little or
no vaiue, except to reveal the trend of ovinion. It

has not even been able to say definitely antaverasion

-retroversion/
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retroversion, or coincidence.
IX.

The use of the Rosngten rave to obtain a
profile photograpn of the parturient woman has also
to be considersd, more perhaps with rafarsncs to the
futurs than the preasnt. De.SEIGNEUX (1901) states
that the rays have not given satisfactory results
during pregnancy. In labour a serious difficulty
remains for the present in the length of exposure
which i8 required, and it seems that a distinect
shadow of the pelvic hones cannot ba obtained, ex—
cept when the woman is laid in the prone position.
(FABRE 1910). These are imperfactions which will

no doubt bs overcoms,

#9. ' While it is impossible with the methods
80 far employad to determine with precision, at any
ﬁeriod of labour, the dirsction of uterine pressure,
"1t 1s important, nevertheless, to sxamine the
evidence relating to the phsnomena which take place
during a "pain®, and morelespaoiallv as to the
axial changes which are bslieved by many to occur
during a uterine contraction. The problem is the
manner in which the uterus operates relative to the
Pelvis and the pelvic floor. And as the sequance

of events from the correction of an extreme example

of/
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of anteveraion, such as MICHAELIS remarked in 1851,

to the complete engagement of the lower pole (1in the

~ genss of VARNIER) may be delayesd till the expulsive

stage, it is necessary to 1Include as well the machan-
ism of engagement mnder the expulsive powsrs. For
practical purposes, we may rank the phenomsna in two
grades of the same state ~ the corrsction of patho-
logical anteversion, and the modes and direction of
action of the powsrs after engagement is complste.
The uterus is anchored "ringwise" within
the palvis, partly by the vagina and surrounding
tissues, and partly by ligaments of which the most
important are thes pailred round and broad ligaments.
HOMBURGER (1885) states the former to hypertrophy
during pregnancy and to begin contracting weeks be-
fore labour pains are manifest. Most writers con-
sider the round ligaments 40 pull the fundus for-
wards, and the broad ligaments to pull the cervix
backwards during a contraction. TARNIER (1882)
records that the srsction of the uterus by the actim
of the round ligaments haz heen varified in animals.
Vhether the action of the round ligaments in the
human subject can be safely inferred from the obssrv-
8d facts in the lower animals is not avident.
AHLFEID (190%), in discussing the data derived from
inspection/ I
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inspaction at CAESAREAN sections, atates that the
round ligaments contract and puli the uterus down-
wards and forwards, but it doss not follow from this
that they are able to do so, when the ahdominal
walls ars activa. Notwithstanding the visws ants-
cedent to his time, HOMBURGER considersd the anta-
parturition contraction of the round ligaments to
effect the angagement of the lower pole of the
uterus within the pelvic canal before labour. It
would appear, howevar, that the unresisted action of

the large and the round ligaments while tending to

.approach thes uterine body to its attachments, would

more quickly produce a condition of anteversion.
Hence it becomes necessany 10 seek another factor or
other factors, and the most apparent factor is the
tenperate resistance of the abdominl walls, when it
is present. The combination of the resultants of

the actions of the ligaments and of the resistance

of the abdominal walls may favour an nltimate dirset—
ion ooinéiding with that of the uppaer portion of the
velvie canal. But, it is necessary to think of ths

abgence of abdominal resistance, and also of less

| avident possible factors contributing towards the

resultant angagement. One of these ia the forees of
gravity. In the presence of normal abdominal re—

sistance, it may operate, as do the round ligaments

ang,/
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and regardless of the position of the body, provided
it is more or lass upright. 0n tha other hand, want-
ing abdominal resistance and in the aract attitude,
gravity would obviously favour anteversion, but the
difficulty may be, and probhably i3, ovarcoms hy the
excassively erect attitude of multiparae, and by the
flexed or cowering attitude of primiparas, both
being dependent, to a great extent, on ths position
of the centre of gravity (DUNCAN 1868); that i3 on
the relative situation of the uterus anterior to the
appsarance of effective contractions in the ligamants
and anterior to the "active dilation" of the pelvie
canal ( TARNIER 1882). The possibility of the action
of gravity in the process of engagement is, I suppose
. beyond question; the measure of its effect however,
is open to discussion. Perhaps it 1s alone capable
of producing engagement, when it is associated with

a condition of extreme esutocia; hut, so long as the
gravid woman is going ahout, its fores will always

ba added to that of the otner factors. In passing,

I have mentioned one of the secondary factors - the
active dilation of the pelvie canal, on which

TARNIER has insisted. There can be no doubt that
this possibly reflex dilation does vreceds the
descent of the uterus and the presenting part, at

leagt as far as the floor of the palvis, and hy

diminishing/
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diminishing resistance 1% must favour the operation
of the comparatively light forces of engagement.
Given a greater or lesser degree of pendulous hally,
the factors just mentioned may be sufficient to pro-
cure engagement, in spite of the great stratching to
which the attachments of the uterus have been sub-
Jected. There is implied, 3bove all, a certain
amount of resistance remaining in the abdominal walls
otherwisse, it 18 difficult 4o escape ths visw that
the contraction of the ligaments, 1in the ahsence of
abdominal resistance, will increass rather than
diminish the excaessive ants-varsion. The diffieculty
of engagement may be overcome in still another way -
by axcesaivaly inelining the pelvis, until the plane
of the brim approachss mors or lass nearly to the
vertical (LOBSTEIN (q. by PARVIN 1895) showed it to
be possible). This was KIWISCH'S view. KIWISCH
(1846) held it easier to adapt the inclination of
the brim than that of the uterus in a case of pean—
dulous belly. In dwarfs, in whom ths vertical depth
of the abdomen is not sufficient to accommodate the
uterus, excessive inclination of ths pelvis i1s a
necessary preliminary to the production of engage—
ment (PYLER S1ITH 1858). In the opposite condition
of excessive retroversion, with arrest of the pre-
senting part on the upper border of the pubis, PARVIN

(1895)/
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(1895) has shown that posturing of thae pragnant
woman, 80 as 10 make the inclination of the brim
more horizontal than 1t 1is normally, may causes the
lower pole of the fetus and the uterus to slip off
the pubis, and enter the pelvie canal., If these
naturally aroused measurss fail during pregnancy,
then engagement is delayed until the first, or even
the second stage, and, as will be shown in the
gequel, the mechanism of sngagement during labour
differs in many raspects from that which is supvosaed
to occur during pregnancy.

If the lower pole of the uterus and the nre-
genting vart are engaged in the pelvis and labour is
in progress, we have to consider how the uterus
directs itsslf during a pain, more esprcially during
the second stage. Most writers (VELPEAH'1835, HODCE
1864, HEGAR 1870, OLSHAUSEN 1870, TARNIER 1882,
WINCKREL 1887, ZWEIFEL 1893, DESSAIGNES and LEPACE
1894, PARVIN 1895, BARBOUR 1398 and 1299, VARNIER
1900, AHLFELD 1903, JELLETT 1905, GALABIN and BLACKER
1910 and others) have sxprsasad the opinion that the
uterus comes forwards during a pain, as compared
with its position during an intsrval, but they differ

as o the cause. Most regard it as due to the con-

traction of the round ligamsnts alone, or to the

eontraction/
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eontraction of both the large and round ligaments.
But HODGE, as 1t has been alrsady noted, attributes

it to the pressure of the abdominal walis and. of the

. diaphragm, acting through the 1liver, while GALARIN

finds the cause in the combinad action of the dia-
phragm and the round ligaments; and de SETHNEUX (1901)
though hs considers ths various poétures and pressures
to change the direction of the axis, lsaves the final
control to the contraction of ths abdominal muscles.

This aspect of the problem leads insensibly to the

opposing views of older authors. SCHATZ (1870) held

the abdominal muscles to bs far more powerful than

the ligaments and to foree back the uterus against

the spine, in spite of thns contraction of the round
ligaments. This is also the mechanism SCHATZ finds
for the correction of pandulous belly. According to
BARNES (1885) anda SCHMIDT (1893), ths uterus is
carried forwards during a pain, and is then forced
backwards against the spine by the contraction of the
abdominal muscles. Tor PINARD and VARNIER (1892),

the uterus rests on the enine all the time and cannot

' eome forward, unless the abdominal walls are weak.

After reviewing these varied opinions, I vanture to
suggest that, out of the group of complex actions
which occur during a pain, each writer has seized

that /
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that constituent which seemed to him the most strik-
ing, ot the most important, and in one or two
instances the bias of preconceived notions has besn
at work, whila in 6thers the 1ine of least resistance
has not failed in attractiveness.

During the second stapge 1t is certain that
in the majority of instances the uterus does appear
to come forwards in the beginning of a pain, and it
doss appear to be pressed hackwaiuls during the acme
of a pain, when the abdominal muscles are developing
their greatest sffect. But it is a problsm of a
higher order to determine in how far these appear-

ances have a reality. In this connection it is

. worthy of note that at one time doubts appear to

have attacked Dr BARBOUR. In 1895 he states 1t is
an open quastion whether the uterine axis éver
changes during a "pain! but unfortunately nothing,
80 far as I am aware, has come of the query, and in-
deed afterwards BARBOUR reprasents the generally
acespted view.

In the state of reposs ths utsrus forms a

goft, thin-wallad, malleaabls body which is mouldsd

' in the spinal column in the dorsal posture of the

individual, and in the arsct attitude when the ab-—-

dominal walls are sufficiently tense. Whenever these

last /
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last are relaxed, the uterus in the standing position
tends to decline limply on the abdominal walls. In
rapose, the transverss diameters of the uterus
greatly sxcecd the antero-postarior, and a central
line, drawn longitudinally through the uterine
cavity from the fundus to the lower pole, is mora or
1sss curved, whether the uterus is in retroversion
or in anteversion. At the same time, the uterus
during 1ife probably never approachss the d=gres=

of softness and want of resistance which 1s evident
post—-mortem and in the raproduction of frozen
gsections. Ths difference can be traced to several
factors ( SCHROTDER 1886, STRATZ 1886, BRAUNE 1890),
such as the displacement upwards of the diaphragn,
the sinking of the pelviec floor, and the ralaxation
of the uterine ligaments which appear in 1life
exerciss some pearsistent quantity of tension on the
uterine hody. Also the researches of HIS (1878) can-
not be overlooked in this connection, for they may

apply quite well to the gravid uterus. HIS showaed

-that the non-pregnant uterus becomes retrovertad

aftsr dsath, and he attributed the change from the
normal anteversion of 1life to a loss of the blood-

pressure—content, as he found that, when the arteries

| and veins are injected after death, the uterus

occupies a position of anteversion gimilar to that

observed/
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observed, or palpated during life.

In contraction, the active portion of the
uterus, as a part of its functional activity, pulls
upon 1ts attachments to the pslvis, as I have already
collated evidance to show. The whole uterine body
thus becomes a hard "rigid system or body", and a
central line, drawn through its eavity from the
fundus to the lower pole, will be, if abnormal dis-
turbances are neglected for the moment, a nearly or
an absolutely straight lins which will take & dir-
ection more or less at right angles to the mean plans
of the velviec attachments, wherever that mean vlane
may be determined. At the same tims, the transverse
diameters of the uterus sre graatly raduced, while
the antero-posterior diameters sare inecresased, espac-
ially towards the fundus. Also, the round ligaments
are contracting and can be valpated in contraction
through abdominal paristes which are not over-fat,

If now we consider the relative disposition of the

parts independently of the influence of the abdominal

museless, we admit an apparent .projesction forwards of

the uterus in contraction, and we also recognise
ceirecumastsances which are ceapable of disposing of the
reality of the projection, or at least which are

able/



229 L]

able greatly to modify its degree. Thes uterine axis
has been straightened, snd as in reposs the curve of
the axis, in the most frequent arrangement of the

. parts whether of anteversion or of ratroversion, is

. most develoved in the upper vart of the uterus, and
is directed postericrly from below, the straighten-—
ing of the axis results in a projsction forwards of
the fundus uteri without thers being nsecessarily any
inelination forwards of the axis as a whole. Second-
ly, the increase of the antero-posterior dilameters
~must distance the anterior wall of the uterus from

| the central axis and creste an appearance of pro-

. Jection, ﬁut it does not necessarily imply a pro-
Jection forwards of the uterus as a whole, or an in-
elination of the axis in the same direction. PFor,
though the distance of the posterior wall from the
central axis may, and probably does, increase as
much as that of the anterior wsll, it appears Invari-
| able to0 be compenssted for, in the beginning of a
pPain, by the reflex or instinctive hollowing out of
the lumbar region of the spine to which, following
FRITSCH, I have directed attention in Section I. Ths
assertad espacity of the r»ound ligaments to pull tha'
fundus forwards I have not been able to observe be-
yond doubt at this stage., and 1 prefer to believe in
greater/
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graatar consonance with the anatomical appearances
that the tractive effort of the active portion of
the uterus from 1ts attachments greatly outweighs

any deviating pull which the round and large liga-

- ments are able to ﬁroduee. This view does not de-

tract from the recognised action of the ligaments
befora the uterus itself has begun to contract with
vigour, nor does it minimise the beneficial restrain-
ing influence which the round ligaments are pre-
sumably able to exercise in resisting undue extension
and thinning of the lowsr uterine segment and vagina.
If now abdominal contractions are added to uterine
contractions (the phenomena, as already ohssrved, are
nearly simultaneous), the utserus has every apbearance
of being fbreed backwards against the spine, mors
espaclally whenever the rscti abdomini contract with _
vigour. Here ag-in I Dbelileve appaa;nncss are mostly
decaptive. The goeneral sffect of abdominal pressure
and of the selective action of the rsctl 1is to reduce
onee more the anterc-posterior diameters of the
uterus - an affect which is still further enhanced
by the continued contraetion of the uterus itself, as
it proceeds from the mera or less globular to the
more or 1eés eylindrical form. In thls case also the
reduction of the antero-posterior diameters of the

uterus /



uterus may take place without any alteration in the
direction of the uterins axis, and there is probably
no such change in the normal event, partly because
there 1is no evidence that the rstraction of the
lumbar column is progressive throughout a pain, and
partly because of the nature of intra-abdominal
pressure. If the theory of a genaral-contents press—
ure, as extended t0 apply to ntra-shdominal pressure,
is true, snd there is no valid reascon for doubting
that 1t is true, then 1t makes n¢ difference whether
the uterus rasts cn the svine or on the contents of
the sbdomen. 1In nelther case is it possible to

forea the uterus backwards, in tha first absclutely
owing to the complats resistance of tha apiné; in the
gsacond so0 long as the lateral walls do not yield
which they show no sdans of deing, and so long as
nene of the fluid contents of the abdomen is express-
ed which cannot often be observed in a quantity,
sufficient to effect the general result. The third
possibility is the pressnce of a‘large auantity of
gas 1in the bowel which, by its comprsssion, may
allow the uterus to be forced backwards. Such a
contingency must ba rare in the second stage of
labour. In these last passagses 1t will be oObserved
the argument has returned to the dictum of KIWISCH
that; during a pain, it is impossible to alter the

position of the uterus by pressurs dlrected against

1t/
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| 1t. Further, as I bellisve thas uterus to bhe supvarior
to the round ligaments in controlling the direction
of the axis, s8¢ also I follow scHATZ.(lavo) to the
conelusion that tha power of the normzl abdominal
muscles greatly excesds thust of the round ligaments.
And indeed the sbdominal muscles would need to be
weakened to a very grave degree hefore they give way
to the round ligaments; in any case the contrscting
uterus as "the primasry and throughout the essential
power in the birthr is always in placa to control
the direction of uterine pressurs indapendently of
abdoeminal pressurs and other circumstances. Henecs,
the pressnt argument which has bean advanced as far
as'tha availabla means permit is that, once the lowsr
pole of the uterus and the presenting part ars en-
gaged in the velvie eanal, and thereaftor during the
course of the labour, the obsarved apparent changes
in the direction of uterine praessure during a valn
ars unreal. This view seems most in accordance with
the anatomy and physiology of the parts, and in my
opinion it is a great advantage to the desvelopment
of tha normal mechanism of labour, and especially of
internal rotuation. There are, howsver, at least two
adverse factors which have to be taken into consider-
ation. It is conceivabls that the lower uterine

segmant /
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segnent and the vagina may be unequally resistant to
extension throughout their circumfersnce. Ons
meridian may give way more rapldly snd more easily
than another, and if the relatively weak portion
were confined to one half, or even to ons quadrant
of tha tube, a distortion of the uterine svstem
might be supposed to arise, with, as g conaequanée,

a diaturﬁance of the direction of uterine pressure.

A graater retractility of one portion of the uterine
body than that of another might have a similar effect.
There is more certainty sbout the second possible
adverse factor; 1t has been Investigsated by PINARD
(1887). 1f the presenting vart, together with the
lower pole of the uterus, does not closely fit the
superior vortion of the pelvie eanal, the uterine
system tends to incline forwards even during con-
tractions, and disturbances cf the position of the
presenting part about its vertieal axis and eventual-
ly of internal rotaticn are apt to arise. It appears
as if the optimal »relation of the lower pole to the
pelviec eanal has a staniising, eontrolling, or modlify
ing effect on the action of the uterus and 1ts dir-
action of pressurs. Possibly the clossness of the
fit acts, as SOHAEFFER (1899) suggests, by fixing or
holding the cervix and vagina in ons position in the

Mechanically/



mechanlically important dismeters of the easnal. In
practice, thass adverse fictors area cheeked by in-
stinetive posturing and by tha pressuras of the ab-
dominsl museclas - generally a slow and gradual pro-
cess which is exercised in the former during a pain.
and in the latter during an interval., It is, how-
sver, 1most important to recognise that ths relstion
of the prasenting part to the pelvie eanal has no-
thing whatsosver to do fundamentally with the mods
of uterina action. This is rendered certain by
the investigations of RUBSAMEN (1913) and others who
havae shown that the utermis during the third stage
behaves in a precisely similar fashion in this
| respect to that observed during labour. It is thus
evident that the contracting uterus itself is able
properly to determinas the direction of uterine prese—
ure by pulling upon its attachments to the pelvic
ceanal, and that bthar-prcvisians ars merely adjuvant
. $0 hasten the mechanism, when from any cause (s.g.
pendulous belly ) ths utarus has grown in a disadvan-
tagaous position during prsgnancy. |
In the avent of engagement being delayed
until aftey the onset of lsbour, we have gensrally
to deal with a marked exampls of peﬁdulous belly. 1In
sueh a ease, the uterus obviously is acting at a

narked /
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marked disadvantage, owing to the necessarily greater
extension and weaksening of the posterior wall of the
lower uterine segment and the vagina. And, perhaps,
the result of uterine contractions, together with

' the direction of action of the round and broad liga-
ments, that is during the first stage. were it not
for a latent factor of which there will be oeceasion
to speak later, would he to inerease rather than
diminish the state of antevsrsion. Actually, however,
the uterus as a rule slowly approaches towards a
peosition, in ﬁhich its axis is aligned more cr less
corractly psrpendicular to the msan plane of the
attachments, in spite of the direction cf action of

| the ligaments which under uterine control tend to
recoveyr their tons, and gradually draw the lower pole
of the uterus into the pelvie canal. Instinetive
posturing is able to hasten the event which may, how-
ever, be delsyved by the resistance, offered t¢ the
lower pole of the uterus and its contents, by the
lumbar cclwn and the promeontory, and finally by a
eontracted brim which is the most common assoelate

Of an exaggerated vendulous Eelly. If, on the other
hand, engagement doces not occur during the first
stagas of labour, events taks place during the second
stage which, perhaps, render its occurrence in the

strict/




236.

strict sense unlikely. BExpulsion then begins, and
therewlth usually the action of the abdominal museles.
The uterus continues to sct in the usual wav and
slowly to aerect itself; tha abhdominal museles cannot
alter tha position during a pain, but they may gain

a little at the beginning of each pain hy uterine
effort starting a little earlier, as it normally
dces, and before abdominal genaral-contents pressurs
is effective. It 1s probable that the further
restitution is produced, the more effective is the
resistance of the abdominal muscles in the intervals,
it being diffucult to feollow in its sentirety
LAWRENTJEFF'S ceonclusion that the greater extensiocn
of the abdominal muscles is the mores favourable 10
their efficient action (SCHATZ (1&72) was evidently

| not of this opinion). Here also Instinctive vostur-
ing aida.by adapting the inclination of the pelvis

to the axia.of the uterus. It is only necessary %o
recall the frequency with which women of psndulous
belly try in this eountry to turn on to thelr backs
during the sacond stags, and at all stages in_tha
primitive stéte the habltual use of ths erouching
position may favour.the corrseticn of pendulous bally
by the pressurs exercised by the thighs on the ab-
domen, as also it is beliasved by some to favour the

corraction/



correction of Injurious presentations. (s.g.King
1913). . Though the uterus umay succead more or less
in coming into preper line with the pelvis at scme
time during the second stage, it 1s Just possible
that engagement, in the strict sense of the lower
pole of tha utarus, never actuslly takes place. I
am not aware, howaver, of any exact ohservatiocns cn
this matter. But it does not seem a prierd Luposs-
ible that, whenever extrusiocn of the centents begins,
the process of extrusion may be substituted for the
descent of the cervix uteri which may then remain
above the brim of the pelvis, and connected with it
by the grestly extended vagina and uterine ligaments.
Such an avent will be most likely to occur in assoc-
iation with a contracted pelvls, and the difficultiss
will not be lessened by the friecticnal resistance
developad by the prasenting part 2gainst the lumbar
gpine; the mecdifications to which the presenting part
has then teo submit forming a ecnsiderables part of
the corrective mechanism, the condition from one
poeint of view being reccognised clinically as
LITZMANN'S obliquity with bending of the fetsl
erlinder, a collatiocn of circnmstahceﬁ long since

denoted as unfavourshle. Lastly, lsbours cccur in

which/



j which the misdirection of the uterire sxis in never

properly or ccmplestely corrected, snd it ie in these
cases that ancmalies msy be expected in the position,
the presentstion, and the dynsmic processes of lsbour
But so refined sre the mesns of correction that
persistent deviations sre tolersbly rsre.

g 10. An esrly notice of the occurrence of later-
al obliquities of the gravid uterus wess made by
DEVENTER (1701). Acecrding to SMELLIE, DEVENTER
described lateral in asddition to anteroc-posterior
ebliquities, snd though the latter overshadecwed the
former in DEVENTER'S mind to both were attributed
various difficulties snd dsngers in lsbour. These
views were vigerously contested by OULD (1742) (fide
MeOT,INTOCK 187€) and LEISHMAN (18€4). But the ex-
rlanstion given by SMFLIIE (1752) seems fairer to
DEVENTFR whe, no decubt, correctly desceribed what he
saw, snd only committed =n error cf judgement in
attributing to sbricrmsl cbligquities of the uterus
faulte of the mechanism which were more prcbsbly due
to contrsctions of the pelvis. In the reproductions
of plates of the gravid uterus} given by VARNIER
(1900) from the works of W.HUNTER, SMELLIE snd
CAMPER, snd MOREAU and JACQUEMIER, lateral obliquity

of the ﬁterus is celesrly evident. The reprcductions

by/
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by HUNTER, moreover, were msde from prepsrstions in
which the blood vessels had been injected, previous
te alssection (ef. HIS 1878). Most, if not all,
later writers have admitted the existence of latersl
obliquities of the gravid uterus. They differ only
on the nature, frequency of directiocn, and cause of
the obliquity, and in = lesser degree on the course
of events during a psin. On the freguency cof dir-
ection s number of observsticns of a more or less
exact nature have been msde, =nd those, te which I
have had access,'are given in the form c¢f a table

ae fellows.
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TABLE .

AUTHOR AND DATE. NUMBER OF CASES. OBLIQUITY PER (ENT. REMARKS.
RY.Lat. Nil. Lft.Lat. |

Dubeis 2 100 76 20 4 Pregnancy

and

Pajot*

Wineckler 18588 800 50 43 7 Labour ﬂmpﬁ_

Sviegelberg 18487 900 98 0 4 Labouy

Parisot 1893 30 57" 37 3 #

Auvard 1894 100 55 40 5

Fabre 1910 ? 50 20 30

* Quoted by Tarnier and Chantreuil (1882).

+ Five of these had only appyarent right lateral obliquity.

# One of Parisot's examples was "irregular”.
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ixeluding tha figures given by Fabra, of ;
tha total munher of whoess qases I have noe note, and :
averaging the »emaining criginal figures, ws obtain |
spprexinate pereentages for 192¢ observations.
Theea are:-

Right latersl obliquity = 73%

No obligquity = 22%

Left lateral obliaouity = 5%.

WINCKLER dstermined the direetion of lat-
eral oblinuity by observing, during a eontraction, |
the relative positions of the places of insertion cri
the round ligaments into the uterus. I have ne note
of the method, o¢r methcds, employed by the remaining
Observers. And, though the deteminsaticn of lateral'
cbliguity would apyear to be easier than that of ‘
anterc-posterior obligquity, it eannct be more easy,
whenever axtreme exazctness is required. At any rate,

in the absence of further and mcre precise ocbserva— \

tions 14 is safer to attribute the diserepancies

Observed in the tszhle to faults of method ratﬁ%r

than to an exeessive varishility of the uterins exis,
such as FRITSCH (1875) nostulates, Even in their
imperfect state, however, the chservations are suf-
fieisnt to show a grest prepondersnce of right lat-

aral /
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latersl obliquity over all other positions in ths
coronal plans. DUNCAN (1875), who admits the re-

1stive frequency of right laterzl ohliguity, has

determined the angular values of the latersl oblimity

in & numher of cases. The method adopted was to
ecmpure the apparent centre axis of the uterus with
a medisn line Jjoining the symphyreis pubis to the
sternum . The angles glven are &, 10, 11, 14, and
15, and DUNCAN regards 10° a8 the probzble average
value of right lateral obliguity. Of generzl ex-
pressions of opinion there have been muny. AmCng
others, LEVRET (1751), DESORMEAUX( ? )} . BOIVIN
(1824'). MARTEI: (1879), PLAYFAIR (18&£0), TARNIER
(1882), BARNES (1885), SCHROEDER and STRATZ (1&&6),
BRAUNE (1890), DESSAIGNES and LEPAGE (1894), VARNIER
(1800 ), and GALABIN (1910) reecrd right lateral
Obliguity sas the most frequently observed condition.
On the other side, SCHMIDT (1853 ) favours left
lateral obliquity. For HOMBURGER (1885), 1t may be
noted in psssing, tﬁa left ligament is stronger than
the right. According to AUVARD (1894), BOERNER and

HALLIDAY CROOM beliaved the medlan position of the

uterus to be the moset commen. So far the authers

quoted have written, I believe, of lateral obliquity

as/
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‘ne a real eondition. Attempts have been made, how-

ever, to show that the cbssrved obliquity is apvare:t
and not resl. HERRGOTT (1&39) vointed out the in-
equality iIn the develcpment of the fundus. The right
half, being usuzlly occupiad by the breech, is 1argeﬁ
and more ralsed. This view is reinfeoreed in a re- i
markable manner by the appvearance of the anstomical
plates, t0o which I have already referred. The plataﬁ
all show a greater development, latersally and antero-
posteriorly, of the right helf of the uterus which
appears to project mors to the right than the left,
without there being, at the ssme time, evidence cf
true lateral cobhlinuity. Further, one of BARBOUR'S
tranqurse secticns shows the uterus in that instance
to be divided into two unequal meitiss, the larger
right porticn being occcupied by the limhs and mest

0f the liquer samnii, and the smsllsr laft part by

the bedy and very little amniotic fluid. At the i
same time, in all these plates the insertion c¢f the
left round ligsment is higher than that of the right.
80 that evidence of trus lateral cbliquity derived
from the ligemantous insertions is unsatisfactory.
LASAREWITCH (1885) ecnsiders the cbearved latsral
obliquity to bes dues to rélative shortness of the

vaginal/
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vaginal wall on the oné side, and to the greater
action of oné of the round ligaments. But the axis
of the uterus is preserved in parslilelism to the axis
of the brim, as the obliquity is not uterina and,
therefere, nct real. According to BOURRUS (1&91)
lateral obliquity is appsrent and not rezl, and is
due to asymmetryy in the growth of the uterus. When
a resl inelinaticn sppears, it is secondarv to the
apparent inelination, the uterus tending to drsg to-
wards the more developed side. AUVARD (1894) appsars
to accent this explanstion in its entirety. KUSTNER
(1212) maintains that lateral obliquity is appsrent,
and is really a lateral displacement ¢f the uterus in
toto, tcgether with torsion.

In the face of the clinical evidence on
the one hand, and of the anatomical on the other., it
seems wise to assume in the meantime that apparent
and true lateral obliquitiss may cccur in the same
person, either alcns or together; and in the event
of both bheing present, the one msy be sacondary to
the other, or essch may have sn indevendent origin.

Various reascns have bean advanced %o
account for lateral obliguities, but it is obvicus

that., in the shsence of exact knowledge ¢f the nature

of/
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of lateral chbliquitles, none of them ean be very
satisfactory. LEVRET (1751) attributed them to +he
position of the placenta; DESORMEAUX ( 2 ) +o the
slgmeid; MADAME BOIVIN (1824) to habitusl 1lying on
the right side, the use ¢f the right arm, and to
relstive shortness of the round ligement of the ssme
side; WINCKLER (1&68) to the bowels being on the
left slde,; and verhaps also to the 1lie of the child:
MARTEL (18792) to the vresence of the spinal column
in the middle line and the lateral pressurs of the
vault of the diaphragd; PLAVFAIR (1&80) to the
frequent distension of the reetum; SCHMIDT (1893°)
to the pressure of the lateral walls of the abdomen;
while TARNIER (1&&2) sought a cause in ths mesentery.
and at the same time pointed out that velvie tumcurs,
when they become sbdominagl, alsco show signs of right
lateral obliquity. Possibly. the views of BOURRUS
(1891) are nearsr the truth than any, unless it
happens thzt TARNIER is correect in his observations
of pelvie tumours.

The eourse of events during a vain, and
with refersnce to lateral chliquity, does not appear
to have been the ohject of much research. DUNCAN
(1875) found usually a slight smount of lateral

obliquity /
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obliquity during a pain, nﬁd considers a little gen-
erally to persist. According to DESSAIGNES (1&94),
lstersl obliquity diminishes during contrscticn.

But the uterus comes tc¢ the middle line according to
SPIEGELBERG (1€67), TARNIER (1882), BARNES (18&5),
and GALABIN (1910). The general view is then that’
latersl obhliquity, if nct abolished during a pain,
is reduced to ths vanishing point. Littla APDOATS
t0 be Knewn resgarding the mechanical effects of
lateral obliquity. Referance has already hseen made
to the views of DEVENTER. GALABIN (1510) states
that lateral obliquity is of no consequence nless
it persists into the second stage, when 1t may be

a cause of delay. =Excesslive lateral obligquity. in
the second stage at least, must be very rare. Much
the same masns are available for 1ts correction as
for the eorrsction of antero-posterior obliquities,
but eircumst&ncés gaem favourable to the more rapid
eorrection of the former. The problem turns $0 a
largas extent on how long spparsnt lateral obliquity,
dve to asymmetry of growth, versists during labour.
This is a factor about which nething seems to he
known. And as hoth an apvarant and a true obliquity
will affect the directiocn of the uterine axis, its

daterminationf



determination is necessary for a complete understand-
ing of the nechanism of labour. In so far as ny
experiments go, lateral obliquity, when it does not
axeaaed an angular deviation of 10°. has ne apparent
affect on the mechanism, sand, if 1t exeseds that
degrea, injuriouslresults are obssrved more in ths
form of delay than in any speseial selsctive affect
on the meehanism. An angular deviation of 10°
probably covers all the lateral erw»or in the major-
ity of lasbours during the second staga. At the same
time slight deviations eannot be without Bdma.effect;
if the postural treatment of delaved. intermal rota-
tion is dus to this eause. These slightar devia-
tions correspond in degree to the asymmetry of the
pelvis notad hy JURGENS (1&91), and exhibited in
BARBOUR'S coronal aectionﬁf and. may versist partly
in eonsequenca of these slight velvie sbhnormaltiss.
and partly as a result of the asymmetry of the
uterus, if it is really persistent.

Torsion of ths uterus about its vartieal
axis in WINCKLER'S series of €00 cases wss diraected
to the left in 38%, to the »ight in 18% and absent

in the remaindsr. According to SPIEGELBERG, in the

- 865 easss of right lataral obliquity which he ohssrw-

ed torsion was present in 163 and absent in 703.

The /
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Especially Plate VI, rig ¥. (1889).
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The torsion was directed to the right. Similar views
to the last hsve been expresgnd, more generally by
TARNIER (1882), DESSAIGNES (1894), VARNIER (1900),
FABRE (1910) and GAMBIN (1910). VARNIER ststes that
torsion from right to left is exceptional and points
out that it is shown in the plate of MOREAU and
JACQUEMIER which he reproduces. The eausation is
obscure. VELPEAU, afterwards confirmed by PINARD as
DESSAIGNES and LEPAGE point out, found that torsion

is usually inverse to lateral obliquity. WINCKLER

. believed torsicn to be unaffected by the vesition of

the ehild, but SPIEGLEBERG states that the frequency
and direction of torsion correspond to the frequency
of entry of the fetus in the first oblique dismeter.
According to SCHATZ (1904), torsion is inereased by
the pressure of the abdominal wall; while SPIRGELBERG

and DESSAIGNES believe it to be rectified in the

| birth. It is possible that here, as in the case of

| lateral obliquity, there is both a resl =nd an

apparent torsion. In connection with the causation of
the: flormer. the views of FISCHER (1887) sre undeniably
attractive. No effect on the machanism of labour

has, so far as I amawars, been attributed to torsion

of the uterus.

To resume the contents of this section

1n/
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in as far as they concern the direction of uterine
pressure, I have endeavoured to show that the dir-
ection of uterine pressure is in the striect éensa,
unknown, and that the generally éccepted view of
pressure at right angles to the plane of the brim is
based on an assumption which I have brought forward
evidence to show is erronéous. Further, once engage—
ment is complete, the direction of uterine pressure
is remarkably constant during a uterine contraction,
as I believe in spite of ascertions to the contrary.
The constaney of direction has an important influence
on the mechanism of labour, and its determination
ought not to be so difficult a matter, once means
have been discovered of eliminating the effects of
apparent variations. The.proof of the primary im-

| portance of the direction of uterine pressure will

be given in the next section. That importance being
granted, it becomes necessary, in the face of present
ignorance of the true direction of uterine pressure,
to consider the developkment of the mechanism of the
second stage under every direction of uterine press—
ure. As it was pointed out, it would be most natural
to refer the direction of uterins pressure to the
Plane of rotation, but for several reasons the pro-

ceeding/
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proeeeding ls inecnvenient. And as the plsne of the

brim (strictly the true eonjugate) has long heen I

employed for this purpese, and is the rost familiasry
te obstetricians, the direetion ¢f uterine pressurs
will st411 be referred to it. In order to simplify
mstters as mich ss vossible, I think it best to :
segregate the posasible directions of wterine vress—
ure into three inelinations, nsmely, dowmwards snd !
forwards, at right sngles, and downwards =nd back—
wards tc the eonjugate, the nere so as these three
directions are espable of produeing, or are ahle 10
be assoeiated with, three distinctive tyves of the
machsnism of the second stuge.

At the same time though direet proof of |
tha direetion of uterine nressure is awanting, it
is possible, =nd indeed legitimzte. to infer frem s
econeideration of the varlied factors connacted with
the mechanism the most probable direetion of utnrine|
pressure, 1€ 1t is slwsys bhorne in mind that the
result is only infarrsd and not ascertained. I £ind|
by experiment with & moedel con & plane ™Mibber-sheat
and in a canal formed so as to represent the velvie
eenal (the details of these experiments are given in|
an: avvendix), that less welght ls required to pre-
duee. advance (or descent) snd internal rotation,

vhen the vressure is inelined at an angle of 109-15"

to/
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te the plane of the rubber-sheet, or to the plane of
the Inlet ¢f the eensl than st =sny cther anglé, and
alse that, whenever the prassure is directed st
right angles to the plane of the brim, or to the
plane of the rubber-sheet, the most pressure is re—
quired t¢ produce advance (or descent ) and internal
retation, and in the latter case repesated exverimeits
proved so Injurlous as raplidly te weur out and rup-
ture the sheet of elsstic., In additiocn as will bhe
showm more fully lzter, the proper direetion of
internal rotation and the least dangsrous mechanisnm
of extensicn are favoured, if not asctuslly produced,
by an dnelinstion of the direetion of pressure dowm-
wsrds snd forwards at the ssme angle elther to the
plane of the brim, or to the plane of the rubbar-
sheet.

Seecndly, in the first secticn of this
vever I have gliven in considerable detail that whieh
apvesrs to me to be the mest vrobable form of the
dilated noermsl ecansal. The madin essentlials for the
- bresent purpese are that the superlor porticn of the
velvie esnsl is not eylindriesl strietly speaking;
the pesterior surface of the symphysis laaves the
eonjugate at an angle of 100%; the anterc-lateral

walls/
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.
walls leave the plane of 4he brim at the same or sn
even graater angle; the bostaro—lﬁtsral walls trend
forwards at o greaster rate than do the anterc-liateral
walls; and the axis of descent is rapressented by &
line which is elosely reluted t¢ the antero-lstersl
snd the peosterc-latersl walls, whatever may be the
position ¢of the presenting purt, whather ohliqus or
transverse. These conditions. then, point tc¢ the
probability that the normal line of descent in the
nermal dilated eanal 1s inelined downwards and for-
wards from tha plane of the coenjugate and towsrds

the plane of the floor, and the aspproximste asngle of
inelinsticn is once mere 10° from the reetilinesr
line. With tha eccineidence of the diracticn cf
uterine pressure with this axis of descent thore

nesd then be nc lose of poewer sueh as DELCRE (1&65)
asserts 10 be the easa, when trscticn with foreeps

18 not made at right sngles to the plane of the brim.
Hence, if this view of the pelvie csnal ba ihe righ{
one, then the mzin cbjeetion to the 10° devisticn of |
the directicn of uterine pressure fzlls %0 the groundL
While the nowmsl line of descent follows the normal
eontour of the snterior pelvie wsll it is net necess-

arily determined by it. although any devarture from
it/
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it in the normal velvie eanal 1s svidence of sn srror
lying somewhere in the mechanism. There 1s resason,
hewaver, to bellsve that the form of the normal
pelvic canal is merely an asscelstion with or adapt-
ation to the mechanism of lasbonr, it being remember-
ed that the predominating adaptstions cf the velvis
and its soft varte are connaétad with the mechanical |
requirements cf the ersct attitude, snd énly in a
minor, though none the less Important, degree with
the demsnds of parturition. This belng admitted,

wa have to lock further than the pelvis for the ulti-
mate determinant of the directicn of uterine vressurs
(I have not thought 1t necessury hare to reveat the
ressons for belisving that abdominal pressure has no
essentisl besring on tha direction of uterine press—
ure ), and here we come to grief sc far es observaticn
gnd experiment are imvlied. A1l that 1t lies pessible
to ssy 1is the directicn of uterine pressure 1is prob-
ably determined by the inelinsticn of the vlanes of
rotaticn, the direction in which the vagina ftende to
dilate, snd the relstive pesition of the exit of the
cansl, that 1s to gay, the "locus minoris resist-
entise" of KEHRER (1864 ); the mechanical adjustrients

being produced by the active bedy ¢f the uterus pull-

ing/
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v .

;agulling againat its attachmsnta. But why the uterns
!

"nr indeed any mohile expulsive machine, should seek
:-%gatrain_ita pressure on the weakest area is an un-

| solved problem of physics.
e LGt
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268.

FLEXION.

f1. Flexion denotes a process vhereby the present-
ing part ie adapted to the pelvic canal. The pro-
cess, in a comprehensive sense, consists partly of
change of form and partly of movement about an axis
which 18 nearly horisontal in relation to the pelvis.
The breech, the shoulders, and the head severally
undergo changes which are included within the term.

| But, the extent of the modifications is least in the
breech and greatest in the head, while the shoulders
occupy an Iintermediate position. These differences
in degree are correlated with the relative dimen—
sions of the several parts, for, though in late
pregnancy, with a head presentation, the breech of
the fetus forms the larger end of the ovoid, such
is not the case as the parts are presented to the
pelviec canal. Then the head has the largest, and
the breech the least dimensions. The amount of
change in the parts is, therefore, roughly propor—
tional to the horizontal diameters of the parts, the

~ greatest alterations taking place where the dimen—

! sions are greatest. Further, the quantity of dhangei

| in the breech, the shoulders, or the head 1s pro-

portional to the relations existing between the hori-

zontal diameters of the individual parts and the

horizontal/




horizontal dlameters of the velvic canal, but,se
long as the relative proportions of the three parts
are normal, the changes will always he greatest in
the head and least in the brsech. = So far, we have

. been cunsidering the changes or modifications ¢i° the
parts, as 1f they were purely the result of the
centripetal pressure of the pelvic canal, hut we find
that anatomlical and physielogical provisions exist
for congucing towards the changes and that they are
also y»roportional to the dimensions ¢f the several
parts, being most elaborate in the head and least

| developed in the breech, that in point of fact the

| breech has one kind of provision, and the shoulders

. two, while the head has no 1less than three. Further
' when we inquire into the nature of these orovisions,
we observe the sole modification submitted 16 by the

. breech, is such as might bhe produced by concéntiric

| pressure alone, whereas the changes impressed on the
head are such as could not possibly be reachsd only
by oressure, that is, without the existence of
specialised mechanical arrangements, and in the case
of the head we note that the effect of the mechaniecal

arrangements far exceeds in value that of the simple

concentriq/
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concentric pressure, while for the shoulders, where
two provisions exist, it is difficult to determine
a superior value for either'the one or the other.
We thus see that the anatomical and physiological pro-—
visions are most elaborate where they are most re—
gquired, and most simple where the least difficulty
is to be expected. And as the general outline of
the parts and the mechanieal arrangements for the
production of flexion persist throughout life, we
may regard them as adaptations to the pelvic canal,
as the acquired and inherited produets of evolution
towards that end. (MUELLER 1907)
Flexion, then, may be produced in three
different ways:i-
) By moulding,
2. By a rotation of the parts about a hori-
zontal axis, and
3% By a peculiar radial movement of the parts
about a centre which lies outside the
parts.
1. Is the only kind of flexion experienced
by the breech,
3%. Belongs both to the shoulders and the
head;
1X./
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2%, Is confined to the head alone, xat<Raewest

Following up the previous line of argument
we regard moulding as the oldest and the most primi-
tive form of flexional change, axial rotation as
younger and less primitive, and radial rotation as
the most recent and the most elaborate form. Though

it is vossible that moulding may appear at a toler—

| ably early stage of the descent, it ig most natural

| when proceeding to describe the nature and mechanism

of the different forms of flexion, to begin with

. the axial rotation, follow with the radial rotation,

and take the phenomena of moulding last of all, con— |
sidering each mode for the head, the shoulders, and
the breech in turn. And in order to distinguish,
if possible more clearly, the forms of flexion I
propose to e¢all them movements, and to separate

the three forms axial rotation, radial rotation, and
moulding from one another as the first, second and
third movements of flexion.

flz. First movement of flexion. Axial ro-
tation of the head. Appearance of true flexion.

Primary/



Primary flexion of Dorland (1907). Rotation of the
nead about a horizontal axis (flexion of most obser-
vers) is the means whereby the chin of the fetus is
approximated to the sternyp.. Most of the older
obstetricians regarded flexion as a movement which
occurred during the descent of the head through

the cavity of the pelvis. They were no doubt led
to do so by frequent palpation of the more or less
marked diopping of the occiput which occurs during
each pain about that time, and this, the most readily
evident flexional movement, they were probably led
to explain as a rotation of the head about a hori-
zontal axis, so as to approximate the chin to the
sternum.,. At the =same time, so far as I can find
out, thev had no diréet evidence that the chin
previously was apart from the sternum,. or that the
movement actually applied the chin to that region.
And T fully believe that, whenever these older ob-—
servers wrote of flexion as occurring when the os
was fully dilated, or when the waters broke, they
were really referring to another kind of movement
(of which the dipping of the occiput is the evidence
and to which I shall afterwards have occasion to re-
ter), although they themselves believed they were

the/
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the witnesses of a true movement of flexion in the
sense of directing the chin on to the breast of the
fetus. Thus the great difficulty in collating the
history of flexion lies in discovering what kind of
movement each observer was describing, and whether
the result' which he attributed to the movement was
ascertained, or inferred, and as it is, I am able
to understand the situation only by assuming that
the general body of observers described several
movements under one name, ~nd inferred the results
only from the nature of these movements. From this
aspect of matters it is aprarent that for many
years after the foundations of the mechanism were
laid the general belief in the absence of flexion
at the end of pregnancy,.and ite production during
labour was an inferential conclusion and not an as-—
certained fact. And this in spite of Smellie's
knowledge that the normal fetus is flexed all over,
and Velpesu's emphatic assertion that flexion is
ecomplete long before labour begins, that the fetus
is rolled up on itself; and has the chin applied to
the sternym (1835). Later in the century a sue-—
cession of observations made it clear that flexion
was complete before labour, and this view met with

fairly/
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i fairly general acceptance for a %ime. Among others,
| HALAHAN (1862) held flexion to be complete before.
labour, SCHROEDER (1875) believed the chin to be
avplied to the sternum during pregnancy; TARN TER
(1888) considered it generally the case, while HART
' (1887) asserted that the chin never leaves the ster-
num in normal labour. BARBOUR (1895) in reviewing
23 frozen sections from before labour, states that
the chin is applied to the breast in all except -
one, in whicech the head is in the occipito—pbsterior
position, and the separation of the e¢hin from the
sternum amounts to one and a quarter inches. From
' these considerations BARBOUR concludes that flexion
| is an attitude and not a movement in normal preg—
| naney and labour, but it may become a movement, if
the attitude of flexion has been undone. There can
be 1little doubt that this summing up forms one of
the strongest reasons ever advanced for the com—
pleteness of flexion before labour, the more so as
it is difficult to see how, in this particular matter,
the oeculiar disabilities of the method can affect
the dispogition of the parts. This important con-
- tribution apparently settled the problem for some
time after, in fact until SELLHEIM revived the dis-—
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discussion by returning to the opinion advanced es—
peeially prior to 1895 by many observers, notably in-
France, that before labour the head presents in

an attitude midway between flexion and extension.
DEPAUL (1878) ORouzAT (1887), FTARABEUF and VARNIER
(1891), DESSAIGNES and LEPAGE (1894), AUV:IRD (1894),
DEMELIN (1903) snd in Germany,UUELLER (1885) and
WUELLER (1898) have been of this opinion. On the
other hand VARNIER,in 1900, states that the chin is
on the breast before labour and has been observed

in this position as early as the fifth month of
pregnancy. In 1904, SELLHEIM states that moderate
flexion is vresent before labour; in 1907,_he de—
seribes his elaborate experiments on the produection
of flexion, and from these he makes the deduction
that, though the attitude of the fetus in general

is one of flexion, yet the head lies midway between
flexion and extension, and that flexion is completed
on descent by reason of the conical formation of

the cavity into which it descends, but the flexion
is undone in the interval between everv two pains,
:_and when there is much amniotie fluid, the head hav-
ing in faet, according to SELLHEIK, a natural ten-—

denecy to extend, to such an extent indeed that, if

sufficient /
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sufficient room exists, the attitude will be conver—
ted into a face presentation. Though much of what

| SELLHEIﬁ here records is probably true, it is im-—

| possible to avoid the belief that the extensibility
of the child's neck has become exaggerated in the
mind of the author, and that the attitude of the
head, described by SELLHEIM 2s the normal, is bv no
ﬁeans universal, or even the most frequent, though
it does occur under certain conditions. AHLFELD
(1903) had however ilready deduced complete flexion
from the emical form of the uterine cavity, while
FABRE (1910) who devoted considerable attention

to this subject considers that the head normally
presents in an attitude midway between flexion and
extension. ' There can be little doubt that the
general desire to regard the head in a position

| midway between flexion and exténsion before labour
arose, as I have said before, from the difficulty of
explaining the intra-pelvie movements, if flexion

is already regarded as complete, and that such a
difficulty existed is shown by the vague explanations
given by those who postulated complete flexion at
the brim for the movements which usually occur during
descent. Thus VFLPEAU (1835) says merely that

flexion is increased during labour, SCHROEDER (1875)
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holds a movement of rotation to bring down the ocei-
put during descent, PARVIN (1895 ) is not anv clearer
than VELPEAl, BARBOUR (1899) suggests a rotation of
the fetus, as a whole, round its axis to account

for the dipning of the occiput, DORLAND writes of -an
exaggeration of true flexion and calls it secondary,
HART (1912) considers the more rapid descent of

the Occiput an appearance only which may be called
flexion, and suggests that the sineiput descends to
a greater extent than was formerly believed.

The normal arrangement of the parts is
such that the chin of the fetus is applied to the
sternum during the late months of pregnancy, if not
earlier, and throughout the wrole course of labour.
Clinical exﬁerience and the evidence derived from
frozen sections determine that conclusion, while the
removal of the chin from the breast is the sign of
some abnormality, however transient and ineffective
it may be in result. The normal attitude of com—
plete flexion is dependent primarily and essentially
on the healthy vigour of the living fetus, and is,
as BARBUUR puts it, an attitude and not a movement.
That is to say, the attitude of complete flexion
is a simple reflex, and it can be shown to be Kevoked
by an appropriate stimulus, if for any reason the
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. attitude is undone. Secondly, the normal attitude

depends secondarily and non-essentially on those con—
ditions, for which PAJOT'S law is the succinet ex—

pression, and of which SELIHEIM'S investigations

| are the experimental proof. That such is probably

the case 1s the impression derived from a labour
which I had under observation. The head was still
in the upoer part of the pelvie canal, in the mosf
frequent position and presentation, and the relative

proportions of head and c¢anal were easy. Fxpulsive

. efforte were in progress and were associated in the

. intervals with an excessive "drawback", if I may

so term 1t, during which the uterus greatly expan-

ded, and the head receded, as if the fetus on the

. whole was rsturning, -more or less, to its original

state of curvature. These drawbacks undid flexion.
The sincipital region of the head began its retreat
later than the oceciput, and the retraction of the
former never equalled that of the latter. Matters
ware uncomplicated by the second flexional movement

(dipping of the oceiput of observers) which had not

as yet appeared even during a pain. When the ex—

cessive drawback ceased, there was a slight recoil,
like that of a train when it comes to rest, and

this/



279.

this was followed immediateily by an active movement
of the head, whereby the sinciput retreated rapidly
and nearly beyond reach, while the occiput moved

to a comparatively slight extent, and not to the

| degree which is required, a2s I shall later point

.out, by the second movement of flexion. The active

movement of the head ended abruptly with the convey-
ance to the fingers of the appearance of an un-
yielding resistance, not in the region of the sineci-
put, but at a higher level and apparently in the
region of the chin. The feeling of a slight im-
pact and of a sudden arrest of motion was succeeded
by an impression of, literally, the grinding
apparently of the chin on the breast of the fetus.
The grinding sensation wore off gradually, and ga#e
place after 2 slight recoil to a feeling of gentle
contact, in the continuation of which no vertical
movement could be impressed-on the sinciput, without
at least disturbing the position of the whole head.
When the next pain arrived, thers was no impression
of retardation of the sinciput, as compared with the
rest of the head. The feeling was, however, that

the chin then pressed heavily on the sternum, but

' without that grinding or boring sensation which had
been/
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been noticed before. Now, these impressions were
conveyed to the fingers not on the cyele of a single
pain, but during a considerable succession of pains,
and the observations, in fact, ended only when the
second movement of flexion began to appear, and
rendered Turther inquiry inadvisable. In this case
the behaviour of the child's head invited comparison
with the mode of action of .the sthineter ani.

There was oresent in the case just recorded, and
there 18 present in the action of the sphincter

anl the same gradual rise to an acme of contraction,
in which the muscles were and are tremulous in their
fervour of action, and this was and is followed by
a gradual relaxation, with finally a slight recoil
to the position of repose, that is a state of light
tonic contraction. In the one 2 stimulus is known
to be required to evoke contraction: in the other a
stimilus was forward in the recoil of the child's
head, and which was to all appearances the factor
determining the movement of flexion. Looking baek
over this interesting ex-mple of parallelism, I have
no doubt that the movement of the child's head was

a purely reflex act, 2s much as is the contraction
of the sphineter ani; and seeing that everything
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that was reasonably possible was done to exclude
deception, I fully believe that the movement wasg a
true movement of flexion in the sense of approaching
the chin to the sternum from a previous position

in whiceh they were apart. . FPurther, the second event
which gave the impression of the chin being applied
more firmly to the sternum without, however, an
actual movement of the chin towards the sternum, be—
cause to 2ll appearances the chin was aslready cn the
sternum, was, if not the actual produetion of fliexion,
even in potentia,at any rate the preservation of
flexion together with an increase of the pressure
existing between the head and the body of the fetus.
This second event supervened upon the arrival of a
uterine contraction, was indubitably connected with
it, and was indeed an example of the operation of
Pajot's Law of accommodation. Thus at one period

of a single case of labour, owing to the happy com—
bination of an excessive "drawback" and a fairly
roomy pelvis, the two chief methods of producing
true flexion, as I understand it, were demonstrated
almost simultaneousiy and vet separately. The
inference to be made from these observations, and

it is generally confirmed by the evidence of frozen
sections, is that the healthy vigorous fetus presents
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above the brim with the head in a state of complete
flexion, independently of all extrinsiec conditions,
while the dead or weakly infant presents with thé
head between flexion and extension, in the absence
of all extrinsic conditions. But as a rule, in the
latter case circumstances arise which complete flex—
ion independently of the fetus, and before it has
prassed the brim. The most important of these is
the growth of the fetus to an extent completing

its occupation of the uterine cavity, provided the
walls of the lower ;ole of the uterus are sufficient-
ly tense to exercise pressure on the fetal head,

and the quantitv of amniotic fluild is not so great
a8 to buoy the fetus off the uterine walls. The
mechanism of these arrangments will be discussed
later, but it mav be as well to point out now that
all mechanical hindrances to complete flexion in—
trinsic to the fetus, though they may absolutely pre-
vent flexion, do not evade the probability of the
movement of flexion, as is the normal occurrence,
from being, at least, attempted. There thus re-—
main, as factors for the presentation of the head
above the brim in an attitude of demi-flexion, death
or debility of the fetus assoclated with weakness

of the walls of the lower uterine cavity, or with
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an excessive quantity of liguor amnii. And it is
tolerably certain that this combination of factors
is of rarer occurrence than its alternative. At
the same time, whenever labour sets in with the head
in a staté of demi-flexion, it is probable that in
many of these cases extrinsic conditions favouring
complete flexion do not arise until a comparatively
late stage of the labour, that is to say, it is
quite possible for uterine pressure to be exercised
on the head, over a long period, without flexion
being oroduced.

£3. The second movement of flexion. Radial
flexion of the head. Appearance of ROEDFRER'S obli-
quity. Secondary flexion of DORLAND (1907).

The second movement of flexion (the dip-—
ping of the occiput of most observers) is recog—
nized clinically by the descent of the oceiput into
the axis of descent within the pelvis. It is the
most easily observed, as it is the most extensive
movement of flexion to which the head and it may be
repeated the head alone is submitted. I feel sure
this necond movement is that which alone was denoted
as flexion, though it was regarded as true flexion
by, among others, BAIMELOCQUE (1783) GARDIEN (1824)
STOLTZ (1826), DUBOIS (1834) VELPEAU (1835), GUILLBE-
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GUILLEMOT (1837) for occipito-posterior positions,
KIWISCH (1846), HYERNAUX (1866), DUNCAN (1368), LAHS

(1870), DEPAUL (1872), SCHROEDER (1875) who came

' nearer the truth than any of his predecessors,

CROTIZAT (1887), SCHATZ (1890), LUSK (1891), PINARD
and VARNIER (1892), PARVIN (1895), DESSAIGNES and
LEPAGE (1894), AUVARD (1894), HIRST (1900), WEBSTER
(1903), DEMELIN (1903), AHLFELD (1903), SELLHEIM
(1904, 1907), JELLETT (1905), OLSHAUSEN (1906),
DORLAND (1907), FABRE (1910), and GALABIN =and
BLACKER (1910), and in greater part by FABBRI (1857
et seq.), HUBERT (1858), RITCHIE (1865), and MARX
(1892) . Most of these observers stipulated a
marked increase of flexion when the cervix was fully

dilated, when the waters broke, or when the head

. reached the pelvic floor. Others have written in

similar terms, but their views are expressed rather

. vaguely.

The second movement of flexioﬁ consists
of a rotation or sliding of the whole head around
the summit of the trunk, and about a centre of ro-—
tation which is situated somewhere within the body
of the child. It is strictly speaking the appear-—
ance of ROEDERER'S obliquity. ROEDERER appears

to have described the movement correctly, but I am
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ignorant of what it was ROEDERER understood exactly
by his movement. It is entirely independent in
mechanism of the first movement of true flexion,
though it is readily understood that the two move-
ments may occur in variable -=mounts of admixture

in a series of labours. In the normal event, when
true flexion is complete in the sense of the c¢hin
being applied to the sternum, the neck of the fetus
is s8till hyperextended, and the supervention of the
second moverent of flexion is marked by a straight-—
ening, or even bv a slight flexing of the. cerviecal
spine, together with a sliding of the chin forwards
and downwards (in the sense of the fetus) over the
breast, and a marked diooning of the oceiput so that
within the vpelvic canal the last approaches more

or less nearly to the centre of the pelvis. It 1s
clear that this movement can take place without the
chin ever réaahing the sternum, and that in the re-
verse movement the chin need not leave the breast,
or need not become more distant from it, if they are
already apart, until the maximum degree of movement
in the horizontal sense has been reached. There-
after a continued movement of hyperextension neces-
sarily‘implies an increasing separation of the chin
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from the breast, which reaches its limit, when the
oceiput is applied to the dorsum of the trunk. But,
here it is observed that, so far as the chin is a
gulde, the vertical element has developed disprorvor-
tionally at the expense of the horizontal element

of the hyperextending movement. And indéed, using

the chin as an index, we might condense or summarise

' the differences existing between the first and msecond

movements of flexion by stating that in the formsry
the principal movement of the chin.lies normally in
the are of a cirele whose chord is placed verti-
cally, and in the latter the principal movement lies
in an are whose chord is placed horizontally, in
relation to the long axis of the fetus. It is ob=—-
vious, however, that these distinetions are not so
real as they appear to be, if the movements are
earried to extremes, for the chin can reach its
position of greatest extension, either directly by

a movement of true extension, or by sliding up the
chest, until movement is limited in that wav, and the
chin has, perforce, to be elevated from contact .

with the breast. In both instances, a cirecle is

| described, but it is noteworthy that in the former

the cenire of rotation lies within the head,and
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antero-posterior movement of the head, as a whole,
is at a minimum, while in the latter the centre of
?ﬁtation lies within the body of the child, and

the antero-vosterior displacement of the head reaches
a maximum, though it is partly ccrracted as the face
presentation appears. In the greater number of
labours, however, that is in the normal event, true
flexion and true deflexion do not betray an angle
much in excess of 40°, and the second movement of
flexion ranges about 90° more or less,. Within these
limits which may be regarded as the normal and most
frequent, the distinection a¢ regards the chin be-
twveen movement through a vertical and movement
through a horizontal segment of a circle holds good
and is valid for descrivtive purposes. (SELLHEIM
(1907) allows an angular distance of 160° for the
antero-posgterior movement of the ceivical snine,

45° being flexional and the difference, namely 115°,
of the nature of extension. ' KALTENBAGH (1891)
limits the total movement to 120° or 130°. But
SELLHRIM'S figures are more probably correct. The
angular distances I have given are those I believe
to oceur in the normal labour in the left ocecipit®
anterior vosition, and they are derived from the
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measurement of a corresponding movement of the child's

head after birth. It represents the movement
which takes place from a position of revose to a
vosltion of the head like that seen in BRAUNE'S se-
cond section).

The second movement of flexion is usually
absent in pregnancy and during the first stage,
though it may make its avouearance, when there is
some degree of relative disproportion petween the
head and the canal, and in the first étageWhen the
eervix is well dilated, especially if the waters
under the head are little in quantity. But; as a
rule, the resisténce of the cervieal canal and the
upper part of the pelvie cavity is not so great,
and it is then only during uterine contractions, that
a variable degree of the second movement arises as
the head 1s foreced down, though it disappears onée
more 1s the head rises up at the end of s2ach paine.
After the waters break, the second movement is
produced to an extent increasing with every pain,
and after the successive pains the disappearance of
the radial flexion becomes less and less marked,
until a time comes when the second movement becomes
an attitude of a more or less marked character.
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This condition 1s reached normally in the lower part
of the superior portion of the pelvie canal, and it
precedes the movement of internal rotstion in the
most freauent relation of iha parte. IUnder» clini-
cal examination, 1t 1s customary to £find the two
fontanelles nearlyv on a level with one another before
engagement 1s completed (STOLTZ 1826, DUBOIS 1834,
SCHROEDER 1875, NAEGELE and GRENSER 1880), that

is, until thea lower vole of the uterus reaches the
boundary hetween the two divisions of the superior
portion of the pelvic eanal. After that time, until
the cer#ix 1s fully dilated, the relative positions
of the fontanslles often do not change, though in
many instances some dagree of the second movemant
is produced, slther permanently or temporarily,
during & pain, and is characterised by the large
fontanalle raaching a higher lavel than the small,
and bv the head being disylaced as a whole, 80 that
the occiput approachas towards the centre of the
¢anal, On rupture of the membhranes no immediate
change may be apvarent (JACQUEMIER 1846. PARISOT
1893), but generally sooner than later a more ex—
tensive approach of the occiput to the centre of the
eanal becomes apparent, and this approximation may
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elther be progressive and permanent, or for a time
it may be temporarily obliterated in the intervals
of the pains, depending on the relative nroportions
of the parts, but in the latter case the swinging
of the head in each cyéla of contraction and pause
diminishes with the descent of the head, and, so
far as I am aware, is alwavs completely eXcluded

in the lower part of the superior portion of the
canal. The effect of the second movement is to
place in the centre of the canal a point on the
surface of the head which lies midwav more or less
between what is strietly the vertex and the little
fontanelle, and it necessarily results in a smaller
circumference of the head coming into correspon-
dence with the successive horizontal planes of the
pelvic canal. Contrary to what we find in the
case of true flexion, it is not advisable in the in-
stance of the second movement to speak of radial
flexion being complete, because in the normal case
of labour, when that voint on the surface of the
head of which I have just written reaches the centre
of the pelvis, the second movement has not reached

its extreme 1imit, though it has avproximately

. arrived at its optimum limit. For, the head is
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still able to carry on its sliding movement to a
8till greater extent, until, in faet, the 1little
fontanelle reaches the centre of the pelvis. Pro-—
bably this degree of"forced flexion" is more than can
be oroduced by a bending of the neck spine along,

and it appears alwavs to be associated with more or

legs flexion of the dorsal spine.,. Presentation

| of the little fontanelle has long been known as a

sign of disprovortion existing between the head

and the pelvis, usually owing to general contraction,
but it has recently been demonstrated that the en—
forced flexion of the head may be a cause of diffi-
culty in itself. The flexion and descent of the
upper portion of the body of the fetus leads to a
diameter of the fetus engaging in the pelvis - a

diameter which is in itself apt to be diapropor-

tionate, as it extends from the middle line of the

back to the forehead ( FABRE 1910). The dystocia

vhich may then arise from the attitude of forced

| flexion parallels the betteor known obstruction which

may apvear from a similar, though a reversed arrange—

ment of the parts present under forced extension,

| such a2s may occur in a face presentation.

04, The third movement of flexion. Deformation
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of the head.

The third movement of flexion (the moulding
of most observers)is not a movement of the head as
a whole, but rather a movement of one part relative
to another. Moulding is divided conveniently into
deformations of the soft parts and deformations of
the hard parts (OLSHAUSEN 1870, AUVARD 1894). On
any other grounds, however, the distinection can
hardly be justified, as to quote an instance it is
obvious that the moulding of the bones must be
assoclated with more or less deformation of the
brain which is a soft part, and it is not usual to
inelude the latter, about which I have been able to
find very little information, within what is ordinar-—
i1y termed thé deformation of the soft parts.
These consist mainly and ordinarily in the production
of the eaput succadaneum. So far.as one ¢an judge,
the caput has little or no effeet in the mechanism
of labour, and as Matthers Duncal dsarved it cannot
furnish the information, which it otherwise mircht be
expected indirectly to do, regarding detvatable qgues—
tions like the direction of uterine pressure, and
the orientation of the head within the pelvie eanal,

It is not necessary therefore to enter here into its
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;nature, cause, and node of production. But it is
:necossary to refer in passing to the researches
of Budin and Martellidre who, according to Auvird
(1894) state a formation of the caput after death and
maceration of the fetus, and also before the mem—
branes are ruptured; while VARNITR (1900) records
the presence of a2 caput in three frozen sections
with unruptured membranes. Probably, the caput
would be found clinieally to be more freauent in
the first stage than it is supposed to be, if special
attention was directed to the matter. The impor-—
| tance of the observation lies in the indiecation
‘which it gives of the difference of pressure nor—
mally existing between the general contents of the
uterus and the bag of waters below the head, and
| to whieh I have already referred.
| Much research has been devoted to the de-—
formations of the hard parts and with good reason,
as however ooinions may differ in a dasual connec—
tion of moulding with the mechanism of labour, the
view mesets with general acceptance that moulding
plays =n important part in the developmant of the
' mechanism.

! FEHLING (1874) divides moulding into absol-
ute/
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absolute and compensatory deformations. Thehformer
is represented by a real reduction in the ~ubiec
capacity of the head, by an extgﬁéion of fluid from
the skull, and is of small conséquence, as Fehling's
experiments proved: the latter implies no change of
bulk, consists solelyv of change of shape, and com-
prises‘the more important deformity. The dis—
tinction of absolute and compensatory deformaticns
is confirmed by the researches of PERLIS (1879).*
VARNIER (1900) divides the total phenomena into 1.
overriding of the bones, 2. formation of the caput,
and 3. deformation of the head. As 1t is clear
that the moulding of the head is not entirely due
to overriding of the bones, it is convenient to di-
vide compensatory deformations under the first and
third headings of VARNIER.

STADFELDT (1861) showed that the right

| parietal bone, that is the anterior, is usually

pushed over its neighbour. In 1870, OLSHAUSEN
published some elaborate observations on the subject.

He states that the frontal and occipital bones are

| pushed under the parietals, and that in a prevon—

derance of examples the anterior parietal is pushed

| over the vosterior, while the frontal bones ex—

perience a greater degree of flattening than does

the /
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the occipital bone. In 112 head presentations the
frontal bones passed under the parietals in 105:

one frontal was pushed over and the other under.the
parietals in 6: and both frontals overrode the parie-—
tal bones in only one. In 156 head presentations
the posterior parietal bone lay deeper in 79, the
anterior in 36, and no difference was found in 41.
In 42 cases the anterior frontal bone lav deeper

in one half, and the posterior in the other half.
MUELLER (1898 ) especially confirms OLSHAUSEN'S main
conclusgions for the occipito-posterior positions-

of the head. MKURRAY (1888), accounts for the de-
formation of the head by a sliding of the occipital
and frontal bones under the parietals. DF SFICNFUX
(19015\, in observations which were made during en-—
gagement of the head, found in 110 cases the anteriox
parietal over the posterior in 39, the reverse in
27, and nc overriding in 34. DE SEIGNEUX, further,
quotes KHEIS (ex 1itt.) who found under eimilar con—
ditione ihe anterior parietal overriding the pos—
terior 43 times, the posterior over the anterior 31
times, and an abeence of overriding 26 times, in 100
eases, TFABRE (1910) considers it normal for the

oceinital and frontal hones to be pushed under the
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parietals, and for one parietal to override the
other. From these observations it is clear that
by far the most frequent arrangement is the retreat
of the frontal and occipital bones under the parie—
tals, the anterior of which usually overrides the
posterior.

Turning next to the general change of
shape which the head undergoes in labour, it is nee-
essgry first of all to refer to the findings of
STADFELDT (1861) and RUNGE (1890)7 Both obstet-—
ricians have stated an innate asymmetry of the skull:
to be present prior to labour. STADFZLDT describes
the asymnetry as a greater prominence and rotﬁndity
of the left side of the head as compared with the
right, which is confirmed by RUNGE who adds that
the distance from the occipital ovrotuberance to the
parietal tuberosity is less on the left side than
it is on the right. STADFELDT says that this
#physiological asymmetry" is observed as early as
the sixth month of pregnancy, and is independent
of the processes of labour. The physiologiecal
agsymmetry, as it is desecribed by these authors, is
precisely contrary to the asymmetry which is the
associate of labour. The greater development of
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the left side of the head in the former is apparently
correlated with the greater frequeney of right-hand-
edness. I am not aware of any extended observations
in the extent of innate asymmetry before labour, and
it is therefore imvossible here to détermine its
counteracting effect on parturient asymmetry.

DOHRN (1884 ) carefully investigated the
general results of the deformation of the head in
labour. He showed that the anterior lying side
| of the head is deepened and rounded, while the pos—
terior is flattened, and that, in addition, there
. is a lateral "shoving" of the head, so as to give it
' an obliauely distorted avpearance, when it is viewed
from behind or before. This oblique distortion
which DUNCAN (1868) called a "shear" was found by
DOHRN in 38 out of 40 heads examined after birth.

In the left occipito-anterior position the lateral
displacement amounted to 53 mm., and in the right

| occipito-posterior to a greater amount — 6:6 mm.
BARNES (1865) emphasised what he called the screw-.
distortion of the head, and divided the deformity

. into threg components - elongation, asymmetrical
flattening, and twisting of the conified portion of
| the head around its axis. OLSHAUSEN (1870) also
describes the torsion of the head, and states that
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the posterior surface of the occiput and the entire
frontal region become flattened, the latter to a
more or less extreme degree, which generally confirms
STADFELDT'S view, expressed in 1881, that the occi-
pito-frontal diameter is much reduced by moulding,
while a lesser reduction occurs in the posterior
bi-parietal region. LABAT (1881) holds views
which in some ways contradicet the preceding. The
anterior parietal bone is displaced backwards to-—
wards the middle 1lin= of the pelvis, while the pos-
terior parietal scarcely changes its position.

There 1is also a movement of the parietal in an antero-—
posterior direction relative to the head, the anter—
lor varietal being disvlaced towards the ocecipital.
But LABAT adds that the flattening and displacement
of the anterior parietal bone which he describes
occurs during internal rotation. It is therefore
rather different in its nature and origin from the
deformity described bv most observers. BERTHAUT
(1907 ) has made similar researches, and is in com—
plete agreement with LABAT. BRRTHAUT sums up the
changes as a rounding, flattening, and bulging of
the head, and he considers the greatest deformities
to appear in the obligque positions of the head, es—
pecially in the long rotation of the occiﬁito—pos—

terior/
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vosterior positions and to be absent in the primitive
occipito-sacral position. It is apparent that in
this instance BERTHAUT is referring more particularly
to the deformities described by IARBAT, and not en-
tirely to those especially associated with the name
of DOHRN. MURRAY (1888) practically investigated
the pvotential deformations of the head in conneetion
with his theory of the axis-traction forceps. The
author found the head most compressible antero-
posteriorly. The reduection of the long diameter

of the head was compensated for not by an increase

of the transverse diameter, but by an elongation

of the skull approXimately in the axis of the pelvie

canal. Tneidentally the late Dr. Milne Murray

- was, perhaps, the earliest obstetrician to grasp

the significant value of moulding, and to describe

tersely and clearly the mechanically important aspect

| of FEHLING'S "compensatory deformation". In the

. elegant phrasing of FABRE (1910), "the head is

malleable and reducible ecccecee The ceonalic mass

. is nearly incompressible and, as a general rule, the

diameters perpendieular to those compressed extend".
From OLSHAUSEN (1870) to MUELLER (1907) the specifie

character of the moulding for each position and

‘presentation of the head has been recognised, and
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its diagnostie 1mportance is admitted. In a vertex
presentation the forehead is depressed, and com— |
pressed, the bosterior surface of the occiput is
flattened, the right and anterior parietal is bulged
~and projJected towards the occiput, the posterior
parietal is flattened, while the head as a whole

is elongated towards the vertex, and obliocuely dis-—
torted from left to right and from base to apex.

In the occipito-posterior position, with vertex
oresentation and after short rotation, the moulding,
Jjust described and characteristic of the oceipito-
anterior osition, is greatly exa@erated along the
same lines, the elongation of the head bveing espec—
ially notable. In the same position, with a presen-—
tation of the anterior fontanelle and after short
rotation, the ffontal and anterior parietal regions
are bulged, while the posterior parietal and ocei-
nital parts are depressed and compressed. The

' moulding otherwise is similar to that first described.
| In forehead presentations, whether in the occipito-
anterior or occipito-posterior positions, the frons
is the centre of the presentation, and is the area
of greatest protrusion, the head and face sloping

. away from the frons and being compressed and de-
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depressed roughly in proportion to their distance
from the forehead. In face presentations, the
frontal bones are projected forwards, while the
occlpital bone is recurved on itself and thrown be-
hind. At the same time the parietal region is de-
pressed medially and bulged laterally, with as a
result - the "sugar-loaf head" ( FABRE 1910). The
aftercoming head is on the whole dome-like. The
greatest circumference of the head is constricted
to proportions corresponding more or less with those
of the cenhalic base, while the vertical diameters
are lengthened over a much greater area than is the
case in a vertex presentation, or, in other words,
the head is round rather than eunéiiorm. These
descriptions are taken partly from personal obser-
vation, and partly from descriptions and figures of
which many have been published in periodicals and
textbooks. But it cannot be too strongly affirmed
thev are descriptions of the appearances after birth,
and 1t bv no means follows that the forms of moulﬁing
are, in all respects, similar prior to the occurrence
of internal rotation.

Taough it is convenient, and to a limited
extent proper, to regard moulding as the third move-
ment of flexion, it may appear at an early stage,

even/
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even when the relative proportions of head and canal
are easy. According to POLOSSON (1892), VARNIER
(1900), HIRST (1900), and AHLFELD (1903), who have
referréd distinetly to the matter, moulding of the
head may begin at the brim of the pelvis even under
normal relations. DOHRN (1864) and BARNES (1865)
were of the same oplinion; and though they were pro-—
bably correct in their observations, it is certain
that their premises were wrong. There is no reason
however, why moulding should not occur at an earlier
period, if we suppose descent into the pelvis to be
delayed till the last moment, and the head to be
large enough to distend the lower uterine segment.
And of course, when the brim is contracted - the
commonest form of pelvie dystocia - the normal

head must necessarily be moulded, and often very
severely compressed in order to pass. But, when
the proportions of head and pelvis are normal,
moulding is very slight until the head descends into
the lower part of the canal, that is to say, gener-—
ally in the second stage. Lt some obscure level

of that part of the canal moulding reaches its maxi-
mum development. For RUNGE (1890) and HART (1912)
it is the pelvie floor - which is too indefinite.
LABAT and BERTHAUT consider it to take place before

the /
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the outlet is reached and during the period of in=-
ternal rotation. POLOSSON (1892) fixes the level
at the bony outlet. Others have favoured a still
lower level, but as that appears to me normally

to be includad_in the phenomena of extension, I
shall consider it separately. If RITCHIE'S views
on flexion are held to include moulding, and I think
they probably did, then his dicetum that flexion in-
creases up to the moment at whieh internal rotation
beging apoears to me to be incontestdble, as the
most frequently occurring esvent and =ss a piece of
well—found clinical evidence. I shall hope to

show that internal rotation occurs most often in the
lower division of the superior portion of the pelvic
canal, and it is there that, in my experience, the
gfaatest develoonent of moulding - as a flexional
movement - is most often observed. This level in
the pelvie canal corresponds very closely to that
given by OLSHAUSEN (1870) for the same effect. The
first movement of 7"lexion persists propefly until
the birth of the forehead: withiﬁ the lower part

of the superior vnortion of the pelvic canal the
second and third movements reach their greatest
development and begin to resolve themselves into the

movements /



movements of extension. As a rule, the change coin-
cides with the beginning of internal rotation, and

in that event is seen in its purest form. But,

in some cases internal rotation is delayed to a

lower level, and we then find the mechanism, in thie
respect, comovlicated by a variable admixture of per—
sistent flexional and newly arisen extensional move-
ments. It is then impossible to gay that moulding -
strictly flexional moulding - attains its greatest
development just previous to internal rotation, but
it disappears at a more rapid rate after rotation

is completed than it was doing before. ¥ore rarely,
internal rotation is carried out at a higher level
within the pelvi~ c¢anal. Flexional moulding then
rapldly diminishes with internal rotation, but the
second movement of flexion 1s preserved, and may
continue to increase until the outlet of the

superior moiety of the canal is passed. In primi-
tive oceipito-pubic and oceipito-sacral positions

the moulding appears to correspond closely in charac-
. ter to that observed in normal extension, with the
exception that, so far as I can gather, the com-
pression and depression of the sineiput and of the

' posterior surface of the occiput are much more severe.
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It will thus be seen that the mast signifieant char-
acters of the third movement of flexion, ¥hen the
position of the head within the pelvis is oblique,
are the oblique distortion of the head and the
apvarent twisting of the elongated head around its
axis. When these phenomena disapopear, there re-—
mains little or nothing to distinguish the form of
the head from that usually observed during the move-—
ments of extension which will be considered at a

later stage.

95, When we proceed to consider the several
theories of the mechanism of flexion, we are immed-
iately faced by the circumstances that the historie
authors regarded flexion as a unique phenomenon,
and did not alwavs,so it would appear, educe correct-—
ly the true nature of their experiences. Thus it
happeng, as I have already suggested, two authors
may asaign two different natures and origing to two
entirely similar events, or the same authors may
ascribe the same nature and origin to a pair of
movements that are essentially unlike, though of
ecourse the movements readily group themselves under
the one term - flexion. Hence a review of the

various/
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various explanations must evidently be of s genaral
character, and indeed it is possible only here and
there to assort the pheromerna, and post hoe to remit

|

to each the appropriate causs. |

In the very beginning of all considerations
relative to flexion stands PAJOT'S T.aw of accome—
dation whigh, though it does nct amount to sn ex- i
planation, is vet the most complete and pracise :
account of the phernomena that we have. "When a solid
"body 1is contained in another, if the container |
"is the seat of alternate movement and repose, if
"the surfaces are slippery, then the contained will
"tend without cesse to accommodate its form and its
"dimensions to the form and capacity of the container!
(TARNIER and CHANTREUIL 1852). It is surely obvious,
however, that PAJOT'S Law is notexplanation of
flexion, and far less is it the definition of a csusm.
So'also, the teridency of an "ellipsoid", or a "pro-
lsts spheroid" (SCHATZ 1890, GALABIN 1875) to become
synaxorial with the canal is not sn explanation, but
merely a description of the most probsbls event. It
would not have been necessary to mention theéa pre— |
liminary considerations, had noct some chstetricians |
axpresséa the view that the discovery of the fact, or

rather the probability of accormodation is, in this
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connection, the legitimate end of scientific en-
quiry. We desire to find out the means to an end,
and the mode of its action, whereby the changes, of
which the law of accommodation is the expression,
become accomplished facts.

Some fTorm of the so—called lever-theory
seems to have been the earliest explanation offered
to account for flexion. The lever-theory dates
back to the latter half of the eighteenth century.
It is noteworthy fhat SUMELLIE (1752-1764), so far
as I can find out, exvressed no opinion on the
production of flexion. SOLAYRES (1771), apparently
for the first time, stated the lever theory.
According to SCHROEDER (1886 ), however, WIGAND ori-
ginated the idea. But WIGAND lived on the whole
at a later period than SOLAYﬁfS, and the GEBURT
DES HENSCHEﬁ did not appear till 1820, VALTORTA
(1912) attributes the theory to ASDRUBALI who is
stated in the Dictionary of International Bilography
to have been "a flourishing vhysician in the middle
of the eighteenth century", and who, therefore,
possibly preceded SOLAYRES in the discovery. The
views of SOLAYRES, according to PLAYFAIR (1880)
were that pressure is transmitted through the fetal
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spine to the head at a point which is nearer the
oceipital than the sincipital vole. In conse-
duence? the relative lengths of the skull before
and behind the articulation of the skull are un—
equal, and, the resistance below the skull being
everywhere the same, the effect of pressure, exer-
cised from below on the anterior vart (fetal) of
the skull, will be greater than that on the pos-
terior. As a result the oceiput deseends and the
gineiput is pressed upwards. As long as the
validity of fetal-axis pressure was not questioned
the lever theory of flexion was generally accepted
as an adeduate explanation of the phenomendn.
Various obsgtetricians modifigd the theory more or
less, but thev did not do away with its essential
prineiple. CAPURON (1816 ) does not seem to have
recognised the lever theory as such, and values
especlally the concentration of uterine vressure on
one end of the head. DUBOIS(1834)dwells on the
influence of the walls of the cavity, especially
the form of the uterine orifice in causing flexion,

and therein he is entitled to the ceredit of antici-

pating the views of the following years.— JACQUEMIIER

(1846)/
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(1846) attributes flexion mostly to the resistance
offered by the cavity of the velvis. GUILLEMOT
(1837) advocates a theory of flexion which in strue—
ture, if not in time, is more primitive. The in-
clined plane of the cervix posteriorly causes flexion
by 1its resistance to the sineiput, in the oceipito-
anteiior position of the head; and extension in the
oceipito posterior position, by a restraining effect
exercised on the oceiput. This result is partially
attained during pregnaney, and the uterine contrac-—
tions make the flexion more complete, for then the
rounded occiput receives all the force of the uterus.
In the oceipito-nosterior positions flexion is at
first nof present, but it is eventually produced

and advanced to an exaggerated degree, owing to the
uterine pressure foreing the forehead forwards and
upwards, and allowing the oceciput to descend towards
the centre of the pelvis. Thus, GUILLEMOT clearly
distinguishes a mechanism operative in pregnancy
from one acting in labour, and in his account of the
occipito-posteriors, he not only accurately describes
the usual clinical course of events, but seems to
have arrived very near to the truth regarding its
origin, though of course an adherence to fetal-

axis pressure and a mistaken substitutionofthe second-
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secondary for the real primary effect mars the com—
plete effectiveness of the explanation. DOHRN (1864)
describes a mechanism of flexion - if I understand
corrsctly, as the normal mode - which to all appear—-
ances is that ., really of flat pelvis, and is, after
all, rather a descriptive account than the discovery
of a cause. DOHRN considered the head to be arres-—
ted on and marked by the promontory; and that, if
this yportion of the head is puched fofwards, the
occiput descends and flaxion aooears, while, in the
event of it being directed backwards, the forehead
descends aﬁd extension is produced. Apart from the
eircumstance that no explanation is given why the
direction of movement is sometimes one way and some-
times the other, it was long since agreed that the
conditions which DOHRN attributed to the promontory
are really due to other causes, and that his descrip-
tion does not apply to the ordinary passage of the
brim ( DUNCAN 1&6& and others). RITCHIE (1885)

made an important advance by denving the truth of
the lever theory, and at the same time he fore-—
shadowed LAHS'S theory of the general-contents pres-—
sure. RITCHIE states that, before the waters break,
the intrauterine pressure is developed equally all

over/
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over the head, and, after the waters break, the head
acts as a plug preventing the escape of the amniotie
fluid, so that the pressure continues to be general
all over the head. Hence, according to RITCHIE
uterine pressure, is applied not in the axis of the
fetus, but in the axis of the uterus. These views,
if correct, amount to the denial of one of the fac-
tors of the lever theory - fetal-axis pressure -

and theyv have been abundantly confirmed by the re—
gearches of LAHS and other investigators. The
abolition of the lever-theory, however, led RITCHIE
into an impasse from which he retreated rather
lamely bv supposing the fact that the sum of the
pressures on the child's head in front of the spine
is greater than it is behind, is a sufficient cause
or explanation of the mechanism of flexion. The
next contributor to the theory of flexion was LAHS
(1870-1877), the originality of whose views, to-
gether with the fullness and skill with which they
were explained, sbon led to a special recognition
of their later form as the wedge or tangential
theory of flexion, though these names by no means
inelude all the factors that LAHS postulated. In

passing, it is worth noting that one of LAHS'S fac-

tors/



factors for the production of flexion was antici-
pated by HUBERT (1858). HUBERT states that "if a
propulsive force is exercised centrally on a mobile,
and there be resisting forces not direetly opposite
each other but at different levels, rotation occurs®
( PARVIN 1894). This is apparently the mechanism of
flexion for HUBERT, and it corresponds in prineiple
to that given by LAHS for his third factoz, (1870)

and it is subject to a similar criticism.

g6. LAHS begins by reaffirming his belief, ex-
pressed for the first time in 1869, in the theory
of the general~contents pressure, and therewith in
the relative inefficiency of fetal-axis pressure.
LAHS then gives, as the first of the three known
factors of flexion, the lever theory — in a form
s1llghtly modified from that of SOLAYRES, for he
writes, in efféct, that in the upright position of
the mother the body of the fetus owing to its

higher specific gravity, the greater shortness of

the occipital lever, and the equal resistance acting

on/
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According to VALTORTA (1912) INVERARDI advocated

a theory of flexion which is identical to HUBERT'S

but I am unable to say when this was donse.



on the frontal and occipital poles of the head,
causes a deeper descent of the oceciput and the appii-
cation of the chin to the breast. This, the first
factor, acts all through the sscond stage as long

as the weight of the body of the fetus acts on the
skull.

When the occiput is deever than the sineci-
put, the girdle of resistance is no longer at right
angles to the axis of the eanal, but is inelined to=-
wards the occipital side. Hence, the weight of
the uterine contents is greater on the occiput
than on the sinciput. This constitutes the second
factor of flexion.

The resistance of the elastic walls of the
ecanal forms the third factor, and it is able to op-—
erate, because in most cases the direction of the
gifdle of resistance is obliaue.

A levelling movement occurs as the
ocelput comes under the pubie arch, and is due to
pressure being then concentrated more upon the sin-
eiput. henever this movement occurs the first
factor alone operates to maintain flexion.

In the dorsal position, the forshead comes
deeper because the greatest weight of the fetus
acts on the parietal tuberosities which meet with

increased/



314.

increased friction on the pelvie floor. This point
becomes the fulcrum of a one-armed lever, and the
welght of the fetus causes the forehead to descend.
"he general-contents pressure acting pervendicular
to the girdle also bringe down the forehead... The
descent of the fofehead is then due to the voint
of contact with the floor being equidistént from
the two voles of the head. In the erect position,
on the other hand, the occiput usually descends
more because of the greater column of fluid pressure
it has to bear.

In the flat pelvis with transverse entry,
NAEGELE obliquity, and the fontanelles level, or the
great deeper than the small fontanelle, general-con-
tents .ressure is heavier anteriorly. The two

lever (Pig.I1)

Pig. I. (LAHS).
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arms a ¢ and a é are unequal and & sinks, while o
moves away from the inlet. The movement begins,
when the generalucontsnis pressure is higher than
the pressure of the head against its resistances,
and 1s devendent on the form of the head and on
the vogition of the girdle.

In anterior parietal and forehead presen—
tations, the anterior parts of the parietal region
and the forehead tend to flatten, and to lessen
the surface angles: in face presentations, the postero

lateral wall pushee the chin forwards to the middle

of the eanal, and the event is hastened by the vaginal

canal widening from inlet to outlet.

In 1872, LAHS discusses the influence of
gravity on the pressure at the lower end of the
column of fluid, and addueces a2 reason why it must
be of less immortance than the general-contents
pressure.

In 1877, he published that theory of flex=—
ion whieh is best known. In the lateral posture
the first factor of 1870 does not act so as to
cause flexion. In the left lateral posture and
the left occipito-—-anterior position, the weight of

the contents drives the occiput against the left

lateral/



lateral wall of the canal. The oceciput is exposed
to greater frietion as a result, hence the sinciput
tends to oomé down. Secondly, the resistance
offered to the trunk of the fetus inside the uterus
acts through the neck and holds back the oceciput,
the retentive power acting on the sinciput being
to that aecting on the oceiput as one to two. In
the right lateral posture with the head as before,
both the occiput and the sinciput are held back
egually. With the addition of the effeet of the
slope of the girdle, the result is that in the left
lateral vosture the oceiput comes deeper, in the
right lateral the forehead comes deeper.
Fetal-water-pressure + frictional resis-
tance = more pressure on the occiput in the left
lateral posture and the left occipito-anterior
position. Fetal-water-nressure + frictional resis-—
tance = more pressure on the sinciput in the right
lateral posture and the left occipito-anterior
‘position. In the pains the general-contents pres-—
sure has to be added. But, as it acts eqﬁally all
over the head, its addition makes no difference to
the nature of the result which is flexion, if the

head 1s round. The head, however, 1s always an

oval/
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oval, and its shape constitutes the fourth factor

(1877) of flexion. In the diagram (Fig. By

Bigh %

the head ig represented in transverse entrv with
the fontanelles level, the os being about 6 cm. in
diameter. The general—-contents pressure acts.
The head is a wsdge whose surfaces are found through
the tangents which are dfawn to the surfaces of the
head lying immediately over the os. The tangents
are a @ and b 1. The pressure acts in the di-
rection of the parallels a ¢ and b f pervendicular
to the surface of the os. The surface b 1 presses
downward proportionately, as the angle L b f is
ﬁmaller fhan tre angle ¢ a d, that is, the occiput
descends.

LAHS also illustrates the mechanism as

the os opens wider. In Fig. 3. the os is widened

to/
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to ¢ d from a b and drawn baer.

Fig. 3. (LAHS)

The widening results in a descent of the

| head on the side a to e, on the side b to f. On

the side b the descent of the occiput is greater,
which LAHS attributes to the wedge-shape of the head.
LAHS directly transfers the effect of the angles to
the general-contents oressure, Raviné that, if the
angles are as 1:2, then the general-contents pressure
will be as 1:2 on the sinciput and oceciput, and he
sums uo the total effeect of body frietional resis-
tance, head frictional resistance, fetal-water-pres—
sure, general-contents vressure, and the effect on

the latter of the tangential angles, as being in the

 left-lateral position as 10:5 on oceiput and sinei-

put/



319.

sineivut, and in the right 1lateral vosture as 10:6.
LAHS further holds that the tangential theory makes
the ocourrence of flexion independent of the lie of
the Darturient_womqn. .

In the knee-elbow position, the greater
_svecific gravity of the fetus restrains the oceciput.
Its action, however, is never great, and becomes
less as labour advances. The effect of fetal-
water pressure is present as long as the girdle of
resistance is oblioue, and is greatest at the level

marked II in Fig. 4.

In the knee—elbow vosition, tho weight of

the contents is vassive and the pains are weaker.
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37. In 1870 LAHS depends for the initial pro-
duction of flexion on the preater svecific gravity
of the fetus, that is when the mother is in the more
or less erect vosture. Aceording to LAHS 1877,

the nﬁecifjc gravity of the fetus is 1030, while
that of the liouor amnii is 1015; and it is on these
figures that the author builds his suverstructure.
It does not appear, however, that the rétio of the
svecific gravities is bv anv means constant. Cer-
tain preparations make this clear. The figures
reproduced bv VARNIER (1900) from the earlier months
of vregnancy show the fetus floating in the upper
part of the uterine cavity - a circumstance to which
VARNITR draws attention. WILLIAMS (1912) gives a
photograph of a frozen section from the first stage.
It shows the amniotie fluid in the lower part of

the canal, 2and the fetus as high up as it could go.
While this section does not necessarily indieate

an inversion of LAHS'S idea of ratio of the svecifiec
gravities, it shows that eirecumstances, more powerful
than the specifie gravity, rust have acted to raise
the fetus from the position it occupied under pres—
sure, dﬁring 1ife, It has not been shown, even if

LAHS 1ia right about the specific gravities, that the
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difference which he racords is sufficient to bring
about flexion under intra-uterine conditions. The
resultant from the greater svecifiec gravity is so
glight, and the ovpportunities for recoil are so great,
that it does not appear certain that the greater
specific grovity of the fetus could exercise suffi-
ciently continued vpressure to produce and maintain
the first movement of flexion. The first factor
for the nroduction of flexion is therefore deficient
in some respects, and, as it is atiovulated bv LAHS
(1870) to be vprimarilv e=sential to the operation of
the other factors, its defects are sufficient to
open the whole 1870 theory to suspicion.

If, however, we suppose the first movement
of flexion to be completed, we can think of the mech-
anism of the second factor. This is due solely to
the Adifferent weights of the column of fluid on
the fore and hind parts of the head. The difference
derends on the amount of inclination of the girdle
of resistance. of the nossible efficliency of the
second factor, we have direct evidence. Fven in
multivarae, in whom the resistances are often slight,
it ecannot be said that the normal head descends to
anv appreciable evtent between two vpains (in the

sguatting ’
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squatting position). A1l that the force of gravity
mav then do is to maintain the head in that vosition
to whieh it had advanced in the preceding pain. So
limited a capacity is not alwavs evident: indeed,
it is frequently annulled by other circumstances.
Hence, so long as the head is stationary or re-
troerading, an inerease of flexion is hardly vossible
bv the action of gravity. nd as the evidence of
this action is difficult to find in the intervals,
it is unlikelv to have much value-during the pains.
If however, the effectiveness of the fetal-
water oressure acting on the ineclined plane of the
girdle is admitted, it can easilv be showﬁ that the
efficiency of the mechanism is vroportional to its
uselessness, The weight of the column of fluid
acting on the nlane of the girdle of contact cannot
be unequably distributed over that plane as a con-
stant phenomenon (This is admitted indirectly by
LAHS). In the nrimitive deflexion of the head,
aceespted bv manv authors, an absolute horizontality
of the eontast girdle to the long axis of the uterus
must arise, at least sometimess. . Vhen this condition
appmars, the weight of the uterine contents must be
equally distributed over the whole of the plane of
the girdle, and as the resistances acting from below

are
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are evervwhere eouzl (one of the vostulates of LAHS)
it 1s difficult to =ee how flexion can arise. If
the welght of the column bears more heavilvy near

the sinciput than it does near the oceciput, extension
in some degree is slready oresent, but the distri-
bution of the weight is such as inevitably to in-
crease rather than to diminish the deflexion. If,
on the other hand, the weight of the ecolumn is less
on the anterior part of the plane of the girdle than
1tlig on the posterior, then an element of flexion

is already Dreﬂent.. "hen the degree of flexion is
verv slight, the differences in the weight of the
colummn are verv gliaht; and their effeect in producing
flexion correspondinglv small. "hen, however,
flexion is alreadyvy well advanced, the differences

of weight are greater, and the production of increased
flexion more easv. Thus, we are led to belleve
that, in the firet and second exampnles, the second
factor of LAHS will fail where the need for the pro-—-
duction of flexion is greatest: in the third ex-
ample, the need is still great, but the means are
small: while in the fourth example, the demand for
inereased flexion is nearlv exhausted, though the
mechanism is theoretically at least, at its very

best.



best. The deduction to be made from theae obser—
vations ia that, in the second factor of flexion,

the apvearances to which LAHS attached @0 mich im—
portance are incidental and not vprimarily escential
to the mechanism. T™ough unable to initiate flexion,
a8 LAHS freely admits, the conditions sicnified by
the dipoing of the girdle of resistance cannot in all
probability make flexion greater.

The third factor, according to LAHS,
overates in the increased production of flexion,.
onlv when the girdle of resistance is inelined.

The walle exercice a pressure which is perpendicular
to the axis of the eanal, as long as the direetion
of the apvosed surfaces is parallel to the axis of
the canal. In most cagses, however, that is when
the stipulated flexion voroduced by the first faetor
is present, the surfaces in contact are directed
obliauely to the axis of the canal, and the direc—
tion of the linee of resistance is correspondingly
inelined. Rotatinn of the head about a horizontal
axis follows. To this portion of the theorv, either
a8 enunciated bv LAHS or bv HUBERT, no objection can
be raised, sollong ag the theorv is confined to the
veriods of uterine contractions, after the first

movement
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movement of flexion has been produced. When, however,
due regard is paid to the slinieal signs of the
veriods of uterine inactivitv, the third factor of
LAHS loses mu~h of its importance. Txcepting pose—
ibly when the resistance of the soft parts is of
great severitv, flexion does not go on inereasing,

in the interval after a pain, at.the same rate as
that at whieh it mav have been inereasing during the
pain, and in a verv large number of instancéﬁ flexion
actually diminishes after the forces which consti-
tute 2 pain are withdrawn, while, in the first men-
tioned group of cases with verv resistant soft parts,
I am inelined to expect that the amount of flexion
remaing stationarv in the interval following a pain.
The reaqnﬁ of these signe in the majority of labours
is the partial withdrawal of the head from the level,
to whiech it was Foreed bvlthe preceding pain, to a
region of the canal which has already been dilsted

to a degree in evcess of the requireﬁents of the
horizontal nlanes of the head which now occupy it.
ﬁevel for level, and plane for plane, there ias a
general reduction of resistance, and the reduction

ia manifested clinically bv the rising of the ocecl-

pital vole further awav from the axis of the pelvis,

I
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a decrease in fact of the cecond movement of flexion..
The easing of the pressure and resistance is more
than suffieient to nullify the contractile and elas-
tic effects of the pelvie walls. In other cases
where retraction does not oceur, and in all cases,
where the head has deseended'jnto the lower Darf

of the superior portion of the pelvie canal, the

disposition of the parts remains either in statu aquo,

or changes slightly in the direction of reducing the
degree of the second movement. In labours under
observation, T have not been able to detert an in-
erease of flexion during the intervals such as
LAHS'S third factor demands. tnother argument
against the real effectiveness of the third factor
is derived from the comparison of primivarae and
multiparae. How often in the former flexion in

the sense of the second snd third movements =

" imperfect until far on in the second stage! In

many multiparae flexion is freouently verfected
when the second stage hegins: in the remainder the
phenomena resemble those of the primivara. Yet the
resistance of the soft parts is mainly greatest in
the primipara, and least in the second group of mul-

tiparae. The third factor mav explain the elinical

aigne ’/
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signs of the last group, but it entirely fails in
primiparae and in the firat grouon of multinarae.

That the third factor, as announced bv LAHS, though
it operates bevond doubt during uterine contractions,
is in other resnects unsatisfactory, is evident from
the differences observed betweeﬁ primiparae and mil=
tivarae.

In 1877, LAHS again grapples with the dif-
ficultv of the initial movement of flexion, and here
he seems to be slightlv inconseguent, for, after
nroﬁiding the most elaborate arrangements for the
production of the first movement, he discovers the
tangential theory, and makes it retrosovective in
apelication. As the head is alwavs oval in shape,
the tangential theorv explains the production of
flexion from its beginning, not onlv in the lateral
vosture, but also prosumably in other vositions of
the parturient woman. of the four factors of 1877,
the first, or feta14wate£ pressure, £oes back to
1870 and has been examined: the second composed of
the frictional resistances of the head and the body
is new: the thiri, or the general-contents pressure,
is also old, but it apnpears under a new form as LAHS

assumes a dip of the girdle of resistance ab origine:

the fourth is the tangential theorv. As regards

i
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the second, LAHS apoears to arrive at the auantities
of frietional resistance in the head and the trunk
br a comparison of thelr resvective suosrficial
areas. If this be so, then the second faetor
standg condemned, for the frietional resistance is
not nrovortional to the area exvosed, but to the
vresasure applied. Otherwise LAHS comes perilously
near to SCHATZ'S negative Form-Restitution-Force in
the second factor which, if true, would seriouslv
impair the rotative effeect of the head on the shoul=-
dera, bv acting in the intervals so as to sevarate
the one from the other, and bv relatively retarding
the body durine the pains, 2o as to diminish the
mitually raised frictional resistance between the
head and the bodv. It muét-be admitted, however,
that here thHere 2are problems which have never been
oroperly investigated. |

As to the tangential theory we have, in
addition, to the explanation given by LAHS, very full
acrounts of the theory written bv SiMPSON (1878) and
HART (1879), thouch DR. HART subseaquently denied
the correctness of LAHS'S conception. (1887 and
1912), SIMPSON showed that the theorv applies to the
head in BRAUNE'S second section, while HART exveri-

mentally demonstrated the truth of the theory (in
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itself) with an asvmmetriecal wedge placed between
two movable “locks of wood, and giving the angles
of the head in BRAUNE'S section. HART considers
1t necessary to explain the descent of the sinci-
put under two vertical and opnosite forces, the
dovnward force acting on the sineciput being less
powerful than the downwafd force acting on the oceci-
put, though he goes on to voint out that the greatest
velvie resistance is offered bv the nosterior wall
of the canal. HART then extends the theory to ex-—
plain a varietv of conditions.

The dipping of the forehead at the brim of
a flat pelvis is due to the head forming a steep
side at the promontory. In a mal-rotated occipito-
vosterior nosition the asvmmetry of the wedge is in-
creased at the occipital oole. Turing descent, the
nosterior resistance ~ounteracts the tendeney of the
onciput to 4ip. mhe head becomes impacted and is
compressed antero-nosteriorlv, therebv obliterating
the asvmmetrical wedge—shape of the head, so that
neither the occiput nor the forehead tends to come
down more rapidlv. In 2 mal-rotated occipito-
nosterior vosition =xcessive flexion in the sense of
all three movements has to be produced, and the more

flexion is advanced in ~uch a case, the more 4iffi-
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difficult does its further production become, vet Dr.
HART states - and ouite corrsetly - that the asymmet—

riecal wedge form disanvears during the process.

.The forehead in a frontal presentation is a nearly

symmetrical wedpe (HART). For HART the wedge
theory applies to face nresentations and to the
aftercoming head, and he includes the shoulders

and th: oncoming breech as being wedge-formed. By
subseaquentlv denving in toto the views contained

in his paper, as I have alreadv observed, DR. HART
disarms criticism. It is still necess-ry, howsver,
to point out the defects of the wedge theory, in
order to ~lear the wav for other views. CROOM
(1881) was inelined to doudbt the efficacy of LAHS'S
theory from the sinal formations which he had ob-
aserved in delaved o~cipito-posterior vositions.
BAT,TANTYNE (1890) gives the impression of scepnticism
regardine the primary relations of the wedge-—shape
of the head to the occurrence of flexion, and he
points out that tHe movement of flexion increases
the wedge-shape of the head, both bv the change in
the form and vosition of the head. and as well by

the growth of the caput succedaneum. BALLANTYNE

thus prepares the wav for the view that the wedge-

shape of the head is a conseauence and not a cause

of I
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of flexlon, or, as I prefer to put it, as a possible
or transient conseauence of the necessity for flexion.
"hen the two fontanelles are in one horizontal plane
there 1s no satisfactorv evidence to show that one

end of the head i¢ in all cases steeper ithan the
other. In one Ef BARBOUR'S coronal sections in
which the head is in this position, there is no

apvreciable difference between the tangential angles

| of the two ends of the head. In this case the wedge

theory avvears to be inoperative. Were the theorv
of LAHS the cauce of flexion, we should expect all
prrsistent oceipito-nosteriors to be born by exten—
sion, whereas we know that moat are born bv flexion.
The shoulders and the breech form even clearer ob-—

jectlions to the theory. Both are symmetrically

formed.. There is no primitive wedge-ghape. on

. the contrary, the asvmmetrical wedge—-shape apoears

secondarily in the course of the mechanism of labour.
Yet, both behave mechanieally in 1abour very simi-
larlv to the head. The fact, moreover, that the
asymmetrical wedge-shave, while flexion is being
produced, inereases in some cases and diminishes

in others, is nresumptive evidence againet the wedge

theory as an efficient cause of flexion.
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' no one-minded advoecates of the theory of LAHS appear

to have been forthcoming with the excention of the
two authors I have named, and the theory itself

fell more or less into oblivion. But the effect
remained, and can be felt as an undercurrent through
many of the later views. No doubt, to some extent,
this curious state of affairs is due to 2 partial

or apparentlv complete aceceptance of the theory of
the general-contents oressure, for whenever the
latter theorv is admitted, the explanation of flexion
becomes a matter of difficulty. The history of

the struegegle which followed between the theories

of the general-contents nressure and the fetal-axis-—
pressure brings out how difficult it is to be done
with the o0ld and to begin with the new. "here the
former theorv was denied or but little believ&d,

the lever theorv remained good enough to exnlain
flexion: where the theorv of the general-contents
pressure was more or less fully admitted, the lever
éheorv was adhered to almosf pathetically and was
modified, sometimes oguite unintelligibly, to suit
the altered circumstances. SOLAYRES I believe

snd LAHS certainly considered the resistances to be
uniform in character - a uniformity which was an sss—~

ential/
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essential part of tneir respactive theorics of flax—
ion - and thay sought the primary cause of flexion
in the fatus. Tha theory of ths formar became inapt
owing to ths racognition of ths 4ruth of the gensral-
contenta pressure, ths thiory of ths latter mainly
owing to the outspoken variability of the fatus.
Attantion thus camsz to be concentrated on tha naturs
of the rasistances, in which FOTHERGILL (1900)

finds "the true cause" of fisxion, although as I
have partly shown similar views were expressed long
before 1870. Since that time, aimost every variety
of opinion has been recorded. The upholders of
fatal-axis-praszsure, as might bs sxpected, attribute
flaxion to ths lewvar theory, and thesy form the
majority of tnosé of whoss writings I have notes.
They include LEICHMAN (1876), BARNES (1885), BAYER
(1885), CROUZAT (1887), LUSK (1891), MARX (1892),
DESSAICNES (1894) DUHRRSEN (1896), JEWETT (1888),
HENKEL (1903), GARRIGUES (1902), OLSHAUSEN (1908),
and VALTORTA (1912).  SPIEGELBERG (1882) and

TWEEDY and WRENCH (1910) add to ths lever—theory

the shape of 4lhe chiid's head that is the wedge
thaory of LAHS. TARNIER 1882 and SCHAEFFER (1899)
combine the isvaer-thaory with the tnird factor of

LaHg/
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LAHS (1870). GALABIN and BLACKER (1910) add to these
the resistances in the canal. Tor SCHATZ (18S0)

and SELLHEIM (1904), the third factor of LAHS (1870)
.1s the cause of flexion together with the ellipsoidal
form of the head. PLAYFAIR (1880 and 1886) be—
lieved the general-contents pressure to overate

a modified form of the lever principle in tﬁe first
stage, and the lever theory to apply to the second,
under both the general-contents pfeasure and the
pressure in the axis of ths fetus. JELLETT (1905)
states flexion to be produced either by the general-—
contents pressure acting againét the regsistances,

or by fetal-axis pressure and the lever theory.

HODGE (1870), CASEAUX (1876), PARVIN (1894), NORRIS .
and DICKINSON (1896), AHLFELD (1903), and FABRE (1910)
'postulate the lever-theory and the resistances of

ithe canal. Lastly, the special nature of the re—
sistances is the princivle factor for STEPHENSON
'(1881), FRY (1888), ZWEIFEL (1830), POLOSSON (1892),
TPARISOT (1893), FOTHERGILL (1900), WEBSTER (1903),
'and SELLHEIM (1207). The last cited view perhaps
!comes nearest to the truth, but there are other con-
aiderations which have to be taken into account,

as they appear to be intimately connected with the

'production/
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production ot flexion. SELLHEIM, in 1904, showed
experimentally that a head, when it is placed in a
glass cvlinder, is flexed according to the degree
of tightness of the fit, and that the pressure of an
elastic canal presses both poles of the head towards
the centre of the cavity.The author's views are set
forth more fully in 1907. If the head is supported
bv a plane nurfade, the head comes to a medium
position between flexion and extension, or at any
rate to a position, where the apposed surface of the
head is horizontal when the pnlane is horizontal.
And, if the head is inserted into a conical cavity,
the head sinks in such a way that the oceiput moves
towards the middle of the cavity, thus producing

the flexion and the dipping of the occiput of most
observers, and my first and second movements.
SELLHEIM further shows that this attitude is one of
constraint, and that, if the fetus has nlenty of
room, the head presentation is easily converted
(under SELLHEIM'S exverimental conditions) into a
face presentation in the cavity. As factors in
pregnaney, SELLHEIM (1807) postulates the position
of the woman, the lie of the fetus, and the form

of the surfaces lving below and applied to the

head of the fetus. Theae cause the head to take

up /
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up a medium position between flexion and extension,
the intra-uterine attitude being; however, unstable.
With descent during labour, flexion is imoroved and
ultimately completed bv factors which, to the best
of my belief, are the ellipsoidal form of the head
and the conieal form of the cavity.

Against the sufficiency of these views for
the veriod of labour it mav do to state two objee—
tions. Before the cervical canal is fully dilated
the cervix is moulded by the head, and ordinarily
is not coniecal in form. Purther, so long as the
two fontanelles remain nearly on a level with each
other, the cervix retains a form which comes nearer
to that of a plane surface than a cone. | And it
is only when circumstances (such as relative dispro-
portion of the head and pelvis, early rupture of
the membranes, or a deficiency of the liquor amnii)
. favour the descent of the oceipital pole through
the os externum, that the cervix assumes an evident
eonieal form. After the cervix is fully dilated,
the head escapes from it either in the primitive

position of the first movement, or else it returns
| to the primitive position for a time. During the
descent continued in the second stage, the second

movement/
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movement 1s usually not well developed until the out-—
let of the sup~rior portion of the pelvic canal is
nearly reached, and, before this happens, the soft
parts of the vagina, more or less according to their
degree of "active dilation", are moulded on the head
and follow the changes of its position, being more
planiform at first and more coniform at léngth.
Thus it seems more probable on elinical evidence
alone that the ultimate conicity of the cervix and
ﬁagina follows and does not precede the better
flexion of the head, and therefore cannot be a cause
of flexion in the sense of the second movement.
SELLHEIM'S experiments and éxplﬂnations
do not give an adequate view of the differences
which are observed between the mechanisms of descent
of the head in the ocecipito-anterior, and of the
head in the occioito-posterior vositions. A charac-—
teristic feature of the mechanism of the latter
position is the delay arising in the production of
flexion. Were the conic form and the elasticity
of the passage a sufficient cause, flexion (or indeed -
for that matter extension) ought to be produced as
readily and as quiekly as it is in the mechanism of
the ocecinito—anterior positions. As it is, the

observed /
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observed differences bLetween the two positions afford

a clue to a better understanding of the movements

of flexion.

g9. For the pnroduction af cepndic Flexioh, as
it is observed, three fetal nrovisions are essential,
namely, the ability of the head to rotate about an
internal horizontal axis, a capacitylto revolve

about a horizontal axis which is external to the
head, and a submissiveness to compensatory defor-
mation. These are the intrinsiec factors: the others
are extrinsic, and thev are different in pregnancy
and in labour.

During nregnancy, the factors apoear to

be -

i S5 The reflex activity of the living and
healthvy fetus, whereby the chin is applied
to the sternum at an earlv stage of the
pregnancy, and maintained there to_the
last .

2. The contact of the forehead with

a resistance, whenever and wherever it may
be brought about. Usually, the movement
takes nlace during the engagement of the
head in the pelvie canal, "hen the head 1s

exposed/
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exposed to pressure from above reésulting
from the action of the forces impelling the
lower pole of the uterus into the canal,
and to the resistances acting from below
and within the canal. There being a
partial solution of continuity between the
head and the body of the fetus, the resul-
tant is the application of the chin to the
sternum, provided that the uterine walls
are in contaet with the body of the fetus
without the intervention of the amniotie
filuid.

These two factors are probably able to pro-
duce the first movement of flexion only. Engagement
during vregnancy seldom takes place except when the
lower resistances are slight, that is, when the pel-—-
vie ie normal and the soft parts are dilating active-
ly, the forces which produce engagement being re- |
latively weak. In econsequence, the head enters the
pelvie without being submitted to excessive pressures,
and is able to rétain ite position of repose, in .
which the ligaments and muscles lyving behind the
cervical spine are not etretched and the oceiput
projects posteriorly.

During/
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During labour the following factors have to be con—
sidered:-

sy the position of the centre of pressure

In relation to the presenting part e.g. the
head.

2. The excentric position within the
pelvie canal of the opening, or foramen in the
partially dilated cervix and vagina.

3. The total resistances of the soft
parts of the eanal.

4. The total resistances of the bones

and. 1igaments of the pelvise.

oy

The influence of adaptive moulding
(the third movement of flexion) in modifving
the distribution of pressure over the presen—
ting part e.g. the head, and in favouring the
production of a delayed. second movement of
flexion.

If in the second stage the sum of the
uterine and abdominal pressures is transmitted
through the column of the fetal body to the head,
in sueh a way that the centre of pressure is truly
centred in the head and is equidistant from all

points in the greatest circumference of the head,

then/



then no mechanism of lexion can take place. Descent
usually proceeds with the head in the ocecionito-
transverse nosition, either primitively or second—
arily, and if the relations of the head to the pelvis
are easy, delivery may occur (and has been observed)
with the head still in this position_and without
flexion having been produced. On the other hand
when the pelvis is smalier, or when the head is
larger, the head mav become impacted in the trans—
verse position. Then, one of two events may happen.
Either the progress of delivery ceases, or with the
continuance of energetic and sufficient pains, the
difficeulty is overcome by means of adaptive moulding
and the mechanism of internal rotation, but still
without the development of flexion as a orimary
ohenomenon, though it may supervene on the occurrence
of internal :f'c:t‘l:a'bi_on.mt In most cases however,
labour in the second stage, and also as a rule in
the first stage, is associated with an excentric
position of the eentre of pressure, the first move-—
ment of flexion having already been completed, or

else a definite am-unt of true extension being pres—

ent/
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It is possible that the asymmetry of the normal
pelvis which JURGENS (1891) found in more than fifty
per cent of pelves, and which is evident in one of
BARRBOUR'S foronal cections mav promote the occurr-
ence of flexion in these impacted cases.
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present. © That is to sav, in the greatest number
the centre of vressure is definitely nearer to one
ole of the head than the other, when labour is be—
ginning. At the same time, when the relations of
the head and the pelvis are normal, the deviation is
slight, but the imoortance of the deviation lies

in it being more or less lateral within tre pelvis,
and more or less mesial within the head. In case
of misunderstanding, I repeat here that pressure is
distributed over the whole sectional area of the
greatest circumference of the head in the‘first
stage, and during the second stage as long as the
head cohtiﬁues to aet as a bali-valve, and that,
after the water has been evacuated from the canal
up to some higher level, pressure is conveyed to
the whole of the head by the column of the fetal
body as long as the first movement of flexion is
complete, and even when true extension is present
comparatively little of the head can be admitted

as free from pressure. Further, though the pres- ,
sure is distributed equably over the whole area

of the girdle of resistance and the superjacent
parallel greatest circle of the head, it is not the

case that the oressure is applied evenly over the

whole/
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whole area of the greatest circumference of the
"head, excenting when that plane is strietly parallel
to the girdle of resistance. In the presence of
true flexion (the first movement) or of true exten-
sion, however slight it may be, oressure is unequall?
balanced in the area of the greatest circumference
of the head. Such is evident clinieally during the
expulsgive period, whenever the forces required to
restrain the sineiput and the ocecivut in a vertex
presentation are compared. Thus it happens that,
while the centre of pressure is nearly true to the
centre of the plane of the girdle of resistance

and to the centre of the superjacent greatest paral-—
lel plane of the head, it can oﬁlv be true to the
centre of the greatest circumference of the head,
vhen that cirecumference is parallel to the girdle of
registance, and this condition there are good reasons
for believing to be uncommon.

The theory which underlies these statements

is due to LILIENTHAL who, it is said,discovered

the existence of a tangential force acting on a
curved surface. Long afterwards, when LILIENTHAL'S
views had barelv survived the controversy which they
had exeited, the theory was confirmed‘bv the ex—
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experiments of WILBUR and ORVILLE WRIGHT (1901).

If a square plate is exposed to a uniform pressure,
say that of moving air, at right angles, the sum of
all the pressures acting on the plate coincides with
the true centre of the plate which is also the centre
of pressure. Moreover, however much or little the
pressure may be inclined, or which c¢-mes to the

same thing however much or little the plate mav be
inelined, the centre of pressure always coincides
with the true centre of the plate. Then a curved
surface is used, the pressure is normal to the chord
of the surface of contact only so long as the pres-—
sure is directed at right angles to the chord.
Whenever the pressure is inelined to the chord, the
pressure does not remain normal to the chord, but

is inclined in the direetion in which resistance is
being overcome. That is to say, the centre of
pressure on a curved surface is excentric to the

true centre of the surface of contact whenever the
pressure is inelined to the surface, or equally when-
ever the chord of the surface is inelined to the
pressure. The effect of a uniform pressure on a
eurved surface is then an explanation of the suoverior

adaptability of a curved surface, as compared with

| a/
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a flat surface, to overcome a resistance. It is th
tangentlal force of LILIENTHAL and, as I believe, a
more ultimate explanation of the tangential theory of
LAHS. It is the cauee of the consequence which is
the theory of LAHS. '

Vhenever the first movement of flexion, or
of extension, is present, there is a slight relative
descent of the apovropriate pole of the head — suffi-
clent to produce a slight deviation of the centre of
pressure bv the inelination of the uniform general -
contents pressure to the chord of the surface of
contaet. The deviation, though =slight to begin
with, tends to progress with descent, and it also

| tends to persist in that portion of the head, towards

| which the first deviation was directed. inciden—
tally'the second movement of flexion (or of exten—
sion) is produced, and the more resistance is over—
come the further the centre of nressure deviates
towards the margin of the surface of nontéct, the

- more the second movement is advanced.

The centre of pressure may even be dis-—
. placed bavond the chord of the surface of contact
! and be stili effective in promoting the secénd move-—

ment, as in the marked flexion of the well glexed

‘ persistent/



346,

persistent occipito-posterior vosition of the head.

f10. The slight deviation of the centre of pres—
sure, to which I have referred, would probably be
suffleient in the presence of equally distributed

and. superable resistances to produce the relative
descent of whichever pole of the head the centre

of pressure was nearer, the capacity of the head to
rotate around the upver end of the fetal trunk being
granted. The slight excentrieity whiceh it is
neceasary to nostulate for the centre of pressure

and in the normal conditions of the first part of
the deseent into the pelvis, msy safely be assumed

to render the oroduction of what ies really the second
movement of flexion intolerably slow against eocual
resistances. As it haovens, however, we cén point
ﬁith certainty to a second factor of great imvortance.
The axis of pressure tends ‘vDersistently to seek the
area of least resistance ( KEHRER 1864), 2nd in doing
80 I believe it perseveringly endeavours to coincide
with or approximate to the mesial plane of the pel-
vis, and that ultimately, if not irmediately, it
reaches that ooeition ia th2 anterior molety of the
pelvie canal. Purther, and this is a matter of

. great/
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great importance in the mechanism of ocecipito-
posterior and occipito—trangvereé positions, the
axis of pressure tends to carry along with it which-
ever vortion of the head contains the centre of
pressure, that is, towards the mesial plane and the
anterior moiety of the canal.- (In one of BARBOUR'S
sectione (1889) the head is in the transverse
position and the fontanelles are nesrly level. But
the oceciput, on close inspection, is seen to be
dipoing slightly. The frons 1s pressing against
one lateral wall of the pelvis, while the oceciput
lies a3t a con~iderable distance away from the corres-
pording wall. The lateral excentricity of the head
in this section ie noteworthy in the present
connection). The second factor which is the tan—
gible cause of this tendency of the axls of oreasure
we find in the direetion in which the ecervix and the
vagina dilate within the bony pelvis. Then the cer—
vix and vagina are fully opened, their circumfer-
ences are approximately ~oncentric with the circum-
ference of the bony canal, and henee have no special
influence in the direction of pressure. S0 also,
when the ovening is verv small, its effect may for

the present bhe disregarded. But, during the middle
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astage of dilation when the possibility exists of

- extrusion of the presenting part through the girdle

of resistance, the bosition of the girdle is decidedly
excentric, 1lving, as it does, in the anterior part

of the canal. As dllation vroceeds the opening

moves Corwards il.transit across the bony pelvis,

andi the antarior circumference of the girdle coin-
cides with the anterior wall of the pelvis some con-
slderable time before the posterior and postero-
lateral margine coineide with the corresponding oelvie
walls, when the girdle becomes concentric with the
velvis and ceases as such to exist, The excentric

vposition of ‘the cervieal opening can be felt clini-

' eally, when the os 1s three-quarters dilated. Then,

the anterior margin of theAGervix forms the "anterior
lip" and is free from the head, while the posterior
margin extends below the head to a breadth of at
least an ineh. At this time, also, the anterior
margin virtually coineides with.the anterior wall of
the pelvis. A similar, though not quite so dis-

tinet, excentricity cean be recognised as far back

'as 9 time when the og is the size of a five-shilling

piece, if not indeed earlier, and with rare excep-
tions the trend of the centre of the os is gooner or
later forwards from the true centre of the pelvis.

Within/
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Within the vaginal canal, the phenomenon of excen—
tricity is even more evident. Vhen the head is
ready to escape from the lower pole of the uterus,
"active dilation" has alreadv rendered the anterior
and antero-lateral walls of the vagina concentric,

to a degree which inereases from behind forwards,
with the anterior segment of the pelvis. Poster—
iorly and vnostero-laterally the =oft parts oppose

to the descent of the head a voluminous fold or

mass which is later added to by the bony and liga-
mentous resistances of the lower part of the superior
vortion of the opeslvie eénal, and by the often bulky
commissure of the oubo-coceygeal muscles at the

same level. Tus, the excentricity of the girdle

of resistance in the vaginal portion of the descent
is present from the beginning of the descent, and
‘the excentricity is anterior, not posterior. This
arrangerment is of «peclal importance here, as it con-
tinues during the second stage, until the head passes
the outlet of the pelvis. Further, continuous
observation of the relations of the head to the ad-
vaneing girdle of resistance, and especially of the
course of events in occipito-posterior positions,

maks one believe that the excentricity of the girdle
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of resistance is the primary condition and not the
anterior excentrie direction of pressure, though ac—
tual oroof would be difficult, if it is not imposs—
ible. Ve have then the rnovn tendency of the axis
of pressure to seek the area of least resistance,
the position of this area mesially and anteriorly
within the pelvis, the deviation of the centre of
pressure to however slight a degree within the cirecle
of the greatest circumference of the head and due
to the existence of some amount of flexion (first
movement ) or of extension (first movemsnt), and the
tendency of the centre of pressure i.e. the axis
of pressure to carrv along with it whichever portion
of the head it occupiles. These clrcumstances,
acting in combination, result in the transit 6f the
area of the centre of pressure towards, or its per—
aistent occupation of the anterior moiety of the pel-
vie canal, together with a relative advance of the
area containing the centre of pressure and a r=latlvs
retardation of the area of the head which is not
concentric with the centre of pressure. In other
words, when the first movement of flexion is complete
the oceiput contains the centre of pressure; is car-
ried forwards by a transit, but not by a rotation,
Iwithin the pelvis; and is foreed downwards through the
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girdle. of resistance, whetnsr it is Pormed by the
cervix or the vaginal walls, while the sineiput is
relatively though riot absolutsly retarded by the re-
gistances to which it is exposed; and thus the second
movement of flexion is rendered more or less complets
Wnen a degres of true extension is pressent, the

centre of preasure is on the sineipital side of tne

wards by a transit, but nct by =2 rotation within the
pelvis, and is forced downwards through the girdle of
resistance, while the oeeiput is retsrded, =s was the
gineiput in the preceding example, thus rendsring tre
sacond movement of extersion more or less complats.
Such nmight be the mechaniam of a head in the oceipito
posterior position with some degree of primitive
extension. When, on the other hand, primitive
flexion is more or less pressnt, or at any rate

the cerntre of pressure lies on the cecipital side

of the true centrs of the head, the mechanism is
more laborious, though it is essentizlly the sams.
Thertandancv in these cases is for the completion
of fha first movement of Plexion, or the production
of the second to be delayed. The slovmess is due

to the fact that the sineipital region of the
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head lies over the area of the girdle of resistance,
and the occipital portion which contains the centre
of pressure is exposed to the vosterior or postero-—
lateral resistances, which I have 2lready described.
Under normal conditions, the axis of pressure still
seeks the area of least resistance, and notwithstand-
ing the disadvantagéous’pcsition the axis of pressure
carries with it the centre of pressure and the occi-
put towards the anterior moiety of the pelvic eanal.
In the absence of pelvie walls, the s8ineiput would
simplv be pushed forward out of the way. But,
within the pelvis the sineciput is resisted by the
antero-lateral wall, =2nd it i=s pushed upwards, com—

. pressed, and depressed, as the first, second, and
third movements of flexion are developed. The pro-
ceas continues until theee movements aré as fully
develoved as the conditions of the oceipito-posterior
poattion allow. The subsequent phenomena form part
of the mechanism of internal rotation, but not as

a rule, before flexion has reached a high grade.

In those relatively rare examples, where it 1s pos—
gible to noint td-a persistent misdireetion of pres—
sure downwards and backwards towards the plane of

the brim, or maybe at right angles to the plane of
the brim, the axis of pressure does not direetly
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seek the area of least resistance, and whenever the
upper structures fail to ovroduce the necessary cor—
rectlion the duty devolves on the soft parts of the
pelvie eansl and indeed mainly on the pelvie.floor.
The succeseful issue of the balance of force and
resistance arising here devends mainly on the per—
sigtoney with which the centre of preséure tends to
remain within one segment of the head, whensver its
vosition becomes excentrie, and partly on the ten—
dency of the centre of pressure to be inelined to
the chord of the surface of the head. Were that
not the case, the mere interaction of prasssure and
resistance would inevitably convert true flexion
into true extension and vice versa. I find, by
experiment, that flexion cannot be produced verv far
with a misdirection of preesure, without a readjuet—
ment of the head within the pelvis in the sense of
internal rotation. Thereafter, though flexion

is enormously increased, the phenomena belong ratherxr
to the mechanism of extension and the lower portion

of the pelvie eanal than to the mechanism of Tlexion.

)55 B i Before the os externum is fully dilated

and the membranes are ruotured, the second movement

of/



of flexlon freguently hapvens as a passing event,
but it seldom becomes versistent. The bag of waters
prevents the extiuwslon of the occiput or the sinciput,
as the case may be. Thev do not avoid, but rather
encourage a temovorary dipoving of the presenting
part into the centre of the girdle. huring a
uterine contraction in the first stage, the fetus, if
it is suffieiently mobile, is first slightly with-
dravn from the os; secondly, pressed downwards,
with an associated dipping of the vresenting part;
and thirdly, withdrawn again to a position of repose.
These movements ssem Inexplicable without cealling in
a preliminary widening and a subsegquent shortening
of the uterus, along with some degree of fundal
pressura on the upper vole of the fetus. And the
explanation would indeed be necessary, if no change
took plaece in the lower pole of the uterus.’ As it
is, however, the essence of progress at this stage

ig an uncertain amount of'give" at the lower pole
of the uterus, with a greater or lesser protrusion
of the bag of waters through the os externum which
becomes further dilated. The "give" entails an
area of least resistance, even though the intra-
uterine pressure remains everywhere equally distri-

buted. In acecordance with the theory of the general-
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contents pressure, the view that the fetus alone moves
is untenable, and it is more probable that the fetus
and the liquor amnii move as one bhody. In the be-
ginning of a uterine contraction, the uterus becomes
more globular bv an inerease of its horizontal
diameters. ™e greater space, thus formed, draws
up the ligquor amnii, along with the fetus. Then
follows the eonstriction of the uterine body, and

the displacément of the amniotic fluid and the

fetus downwards towards the lower uterine pole, where
the axis of pressure tends to force the oceiput or
the sinciput, accordingly as flexion or extension is
present, in the direction_of the "give" of the bag
of waters. The third movement is a lesser edition
of the first, and the restoration of the head to a
pogition of renose, in vhich the fontanelles are
nearlv level, depends on the resistance which the
nuchal muscles and ligaments offer to being stretched.
When the membranss remain intact until the os is
fully dilated, the head generally passes into the
vagina with the first movement of flexion alone
develooed, or at anv rate versistent in the inter-
vals of the.pains. On the other hand, when the
membranes rupture early, the head passes through the
og with the second movement more or less well ad-
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advanced, but the second movement usually disappears
when the head entirely escapes from the cervix.

It re=2ppears at the bottom of the excavqtion.-

g13. Closely connected with the excentricity of
the opening in the soft parts as a factor in nro-
dueing or marring flexion is the rapidity of dilation,
and the size of the area of the girdle formed in
advance of the head, largely by .a process of "active
dilation". Thus, in primiparae in whom the area
of the opening is usually small we have often a
deficient and a delaved second movement of flexion:
in pluriparae in wvhom the area is larger we have
an early and a well developed second movement while
it often happens in multiparae that "active dilation®
opens the whole ¢anzal in advance of the head which
in such cases descends with the two fontanelles
nearly level (LUSK 1891) and without any second
movement of flexion until the floor is being
aporoached .

It is scarcely vogeible to sevarate much

of the foregoing paragraph from apnlication to the

1 third factor of the total resistances of the soft

parts. These, as I have already oointed out, are
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incapable of vprodueing flexion when the greatest
clrcumference of the head coincides with any parallel
plane of the canal, but whenever the axis of the
cephalic ellipsoid becomes in any degree oblique
within the canal, the general resistances of the
soft parts act, as FUBERT and LAHS have shown,
durihgfthe paine (but probably not in the intervals
as LAHS believed) bv developing centripetal forces
on ooposite nwoles of the head at different levels.
The good or bad effeets of the constrietion exer-
cised by the soft parts cannot be measured for the
soft parts alone. When tha rigidity, want of
dilatability, and therefore the centripetal pressure
of the soft parts, are greatest flexion in the
gensge of the second and third movements is often
leant developed, and this is due, as I have. just
shown, to a closely connected defect of the girdle
of resistance. Such a deficiency is compensated
for whenever the child is sm2ll and soft! very
narrow,.soft parts and a small girdle of resistance
may be asesociated with extreme second and third
movements. In SIMPSON'S (1878) case of premature
labour, however, the extremely flexed attitude of
the head appears to have been due to a combination
of moderately resistant soft parta with a large
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girdle of reeistance, and therefore to have been
comparable to the state of affairs normal for a

pluripara with a full-time child of average size.

f13. The féurth factor is the total resis-
tancea of the bones and ligaments of the pelvis.
The transverse and oblique diameters of thes pel-
vis contraet from above downwards, the latter more
rapidly in the lower than in the uover part of the
superior vortion of the canal. Hence it follows
that a head which passes the brim comfortably

with only the first movement of flexion developed,
wlll have the second produced in the ceourse of the
descent bv a mechanism of opnosing forces overating
at different levels, like those of the soft parts.
It is the fashion to state that the bones =nd liga-
ments exert no effective pressure on the head, ex-—
cept in cases of serious disvroportion ( STADFELDT
1861, LAHS 1870, and later aWthors). The assertion
appears to be based on the apoearance and attitude
of the head at the vulvar outlet, it being assumed
thaﬁ the suboccipito-bregmatic diameter, which is
then the mechanieally important diameter, has a

similar value within the cavity of the pelvis; and
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ag this dlameter is smaller than anv of the diam-—
eters of the pelvis, the bones and ligaments can
have no effective influence on the head. The
assumption is, however, unsuooorted by clinical
examination, and by the appearances in BRAUNE'S
second section and in BARBOUR'S late second stage
section. It is true that, when the head is fully
flexed, the sub-occipito-bregmatic diameter is en-
gaged in the sense oflbeing nearly parallel to the
parallel planes of the excavation. But it does
not follow that this diameter is mechanieally en-
gaged in the pelvis. T™e appearances to which I
have just alluded and to which I shall return moke
it clear that the effective diameter is one which
corresovonds in magnitude to the ocelpito-frontal
diameter of the head. It is effective in every
part of the descent through the excavation, and it
is larger than either the oblique, or the trans-—-
'verse diameters of the lower part of the bony pelvis.
The changes in the form of the bony velvis are re-—
sponeible, under the normal relations of the head
and. the pelvis, for the fixing or the rendering
permanent of the second movement of flexion, bpre—
vious to internal rotation. Thevy are also concerned
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undar normal conditions, in the broduction of the
third movement of flexion. But in neither instance
is 1t necessarv for the bony pelvis to act. The
second and third movements ce¢an be produced, through
the instrumentality of the first factor, bv the.
third - the total resistances=s of the soft varts -
and in the absence of the third by the second. In—-
deed, the only common factor is the position of the
centre of pressure in relation.to the head. That
alone, under uterine and abdominal pressure, may
poasibly produce flexion against uniform resistances,
but it acts normally and with tolerable rapidity in
combination with anyone, or with more than one of
the subseauent factors. Purther, it is gquite
conceivable that flexion in the sense of the

second and third movements need never occur at all,
even after the first movement has been completed,
the head descending in an oblique diameter of the
pelvis and rotating without aﬁy ¢hange in the re-
lative vosition of the two fbntanelleql (of. PAJOT
q. by TARNIER and CHANTREUIL 1882). Such I have
obzerved in a less comvletely .negative form in mul-—
tiparae, while the fact may here be recalled that
delivery without flexion in the sense of any of

the/
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the three movements has been known to occur.

fia. Adaptive moulding (the third movement of
flexion) is able to modify the distribution of pres—
sure over the presenting ocart e.g. the head, and
under certaln circumctances to favour the production
of delayed first and second movements of flexion.

It is in itself, an increase in the totally flexed
appearance of the head. The factors concerned in
the production of moulding are fetal and maternal.
The bones of the eranial vault are malleable and
elastic; the ceranial contents are able to be dis-
vlaced and re-arranged in a form different to that
vhich is primitive, the degree of absolute com—
pression and extension of the contents being how-
ever, very small. The ultimate 1imit of moulding
is deterhined by the breadth of the base of the
skull. The base is relatively incompressible

( BALLANTYNE 1830), and probably cannot be com-
pressed to anv extent without entailing serioué in-
jury to the child. As FABRE (1910) observes, the
diameters perpendicular to those compressed extend,
while the diminution of the antero-posterior diam-—
eter is not compensated by an increase in the trans—
verse diameter ( BAUNELOCQUE, PETREQUIN, auoted by
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DELORE 1865), but by an elongation of the vertical
diameter (LABAT 1881, MURRAY 1838). The maternal
factors are the same as those for the firast and
second movements, namely:- the tendency of the axis
of uterine pressure to seek the area of least re-
sistance, the phenomena of the action of a uniform
pressure on a curved surface, the srcentric oosition
of the girdle of resistance, the total resistances
of the soft parts, and the total resistances of
the bones and ligaments of the pelvis. If the
forms of moulding in the various positions and
presentations are recalled, it will be obaerved
that protrusion and elongation occur in the parts
which are concentrice with the area of the girdle

of resistance, compression and depréssion in the
parté vhich are erxcentriec to the girdle of resis-
tance. POLLOSSON (1892) h-2s sxpressed the opinion
that moulding is effected by the resistance of the
aoft parts at first, and only by the bones and
ligaments when the head is in the lower part of the
excavation. Apart from the direction of pressure
and the excentric position of the girdle which I
regard as paramount, POLLOSSON'S view seems to be

correct, and is at anv rate in keeping with the most
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commonly observed fact«. The bones and ligaments
play an important part, at an early stage, in mould—
ing the head in the occipito-posterior positions,

in oceipito-transverse with and without the first
movement of flexion, in occipito-pubie and oceipito-—
gacral nositions, and in face and forehead vresen-
tations. As I shall quote FABRE to show,moulding
effects a comparatively small change in the diameters
of the head, and is indeed more intimately connected
with the production of internal rotation. The
importance of moulding for the mechanism of flexion
lies in its capacity to alter the curvature of the
eranial vault without there being at the same time
necessarily anv change in the orientation of the
head . Incidentally, the vosition of the centre of
pressure is altered by the changed curvature of the
head without the head having moved as a whole. End
though the moulding merely hastens the excentriec
displacement of the centre of pressure in the or-—
dinary labour, where true flexion or true exten-—
sion i8 present from the beginning, 1t becomes of
the greatest importance in those cases where no
flexion or extension is present, where the general
contents pressure is normal to the chord of the

surface of contact. I have already mentioned one
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example in vhich pressure is at right angles to the
chord, and in which the position of the head is
ocelpito-transverse within the pelvis. In this
case moulding, so far as I can see, never favours
flexion, for the moulding in adaptation to the dis-—
tribution of the resistances itself as a uniform
bulging of one lateral half of the head (anterior
within the pelvis) and a.uniform flattening of the
other lateral half (posterior within the pelvis).
"hen, however, the head is in the.occipito—trans—
verse position and the first movement of flexion

is primitive, the centre of pressure lies in the
oceipital side of the true centre of the head, and
tends to be carried towards the mesial plane of the
pelvis and forwards within the canal. Descent

is greatly alded by the moulding- which, as well as
the second movement of flexion, i~ apt to be excess-
ive. Here, as in the normal event the moulding
aids in earrving the centre of pressure towards

a more excentric position. In other and rare
labours, where the pressure is directed at right
angles to the chord of the surface of contact, but
where the head lies in the oblique diameter of the
pelvis, the moulding which then corresponds in tyvpe

to that obeerved in an ordinary summit presentation,
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may be the sole originator of an excentric position
of the centre of pressure, the protrusion or elon-—
gation of the oceiput altering the curvature of the
surface of the head and producing in that wav a
form which would otherwise have to be attained by an
impossible second movement of flexion. In such
labours it is to be observed that the moulding pre-
cedes the movement of the head as a whole, and there-—
fore 1s primarily concerned in the produetion of
flexion, by altering the vposition of the centre of
pressure. At first, the pressure acts uniformly at
right anzles to the chord of the lower surface.
When, however, the oceipital region of the head is
elongated by the repeated application of pressure

to the head over an area which is mostly resistant
poateriorly and non-resistsnt anteriorly, the lower
surface of the head becomes inclined away from the
parallel plane of the pelvie in which it once lay.
Therewith the chord is disvlaced and in fact diops
towards the oceipifal pole. ™e pressure is now

no longer at right angles to the chord of the sur—
face and ean no longer be normal to the chord. It
becomes unevenly distributed in such a way that the.
qentre of pressure, reovresenting the average of all
the pressures, moves towards the occipital poie, and
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takes up a position whieh is excentrie within the
head. In conseauence, the foree of the general-
contents pressure is develoved more on the occiput
than the sineiput, and this circumstance, when
counled with the other Tactors and especially with
the exeentric nosition of the area of the girdile
of resistance, results in the production of the
first and second movements of flexion of a head
which prinitively showed neither flexion nor ex-

tension.

f15. As regards the relative conditions which
determine the onset and Fhe development of the three
movements of flexion and the perlods of time which
witness them, it is not possible at present to re-—
view the subjeet in a comprehensive manner. Pro-
bably the methods employed up to a certain degree
of intensiveness by PARISOT (1893) and by VALTORTA
(1912) lead the way to a general and inclusive account
of this part of the problem. The chief present
difficulty of the method is to measure the diameters
of the pelvic canal in the living subjeet, in whom
it must be done if a sufficiently large number of

useful reports is to be gathered together. PARISOT
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and VALTORTA measured the weight of the fetus after
birth, during which thev noted the degree, the periods,
and the levels of the various stages of flexion.

The former author also took measuremnents of the

fetal head, and instituted é comparison in a series
of labours between the above group of fetal factors
and the dimensions of the corresﬁonding pelviec canals,
which were indirectly measured. The well-known un—
certainty of this @ode of mensuration constitutes a
serious defect in PARISCT'S laborious and carefully
executed work. Another obiection mav'justlv be
raised to the measurement of the head after birth.

In 2 large proportion of labours, perhavs in the
greater number, the form and dimensions of the head
at the vulvar outlet differ radically from those of

+ the head when it is within the superior portion

of the pelvie canal, and the difference works in a
sencse adveree to a true conception of flexion and
internal rotation. At the same time PARISOT'S con-—
cluesions seem truthful in a general way and may there-—
fore be quoted. In the subjoined table I have con-
densed PARISOT'S results for the two more freauent
noeitions - the left oceipito—-anterior and the right
occeipito-vosterior. The data are grouved in the

order/
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order of the freauency of their occurrences (the
author's arrangement ), beginning with the commonest
and ending with the rarest. The second column

of figuree gives the sauare roots of the products
of the average ocecipito-frontal and bi-parietal
diameters in each group, the third coluunn the sauare
roots of the antero-posterior external and inter-
eristal diameters of the pelvis. The quotients of
the roots in both groups are given in the fourth
eolumn: in the last column of figures are the re-
sulte of dividing the sauare roots of the weights
vy the quotients of the other roots. Each figuré
is then a measure of the three factors used by
PARISOT, and the figures for the successive groups
of labours should étand in some sort of relation to
the clinical findings which are given in the last
column, the lateness of the occurrence of flexion

being proportionsl to the smallness of the figure.
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LEFT O0CCIPITO-ANTERIOR POSITION.

Fetal Head Pelvis Ratio JIWeight Flexion
weight loFxBP  APXIC of = occurred
in
Grammes Roots  Ratio on or in
A. 3325  10-16  21-30  2-00  27-58 floor
brim
B. 3850 . 2-98 21-93 2°19 27 538 >floor
B 3271 10-16 7 ? ? brim.
D. 2383 945 2070 2°19 24°52 cavity
E. 3300 1025 2000 195 2959 brim
F. 3283 ? 21-40 ? ? cavity.
G¢. 2980 10-39 2L-060 2083 2703 cavity
H. 2730 . 987 20440 2-11 2476 none.
RIGHT 0CCIPITO-POSTERIOR POSITION.
A. 3149 10-16 21°30 2:09 2682 floor
B. 3320 9-95 2078 2:08 2755 brim
C. 3244 1045 2172 2:07 2750 cavity.
D. 3683 ? ? ) ? cavity.
E. 2320 1048 ? ¥ 'y cavity.
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The figures given in the second last column
= the aquotients of the square root of the weight
divided by the ratios of the square roots of the
head and the velvis - show a wonderfully close
agreement with the clinieal findings. In the ocei-
plto-posterior poeition the agreement seems perfect.
But in the ocecipito-anterior, though the highest
figure 1 associated with flexion at the brim and
the second lowest with no flexion at ail, the dis-
crevanciss otherwise seen greater than can be
accéunted for by PARISOT'S methods. Thev suggest
that in addition to the three factors measured by
PARISCT — the welght, the heasd and the pelvis — thers
are others. Looking to the differences known to
exist between primiparae and pluripvarae, and between
these and multiparae, and to the most obvious
cause of the differences, namely, the relative rate
of dilation of the =oft parts, and the extent of
the primitive "active dilation" of the soft parts,
we are ijustified in insisting on the addition of
these last as a fourth factor, to be taken into
account, while a comoarison of the behaviour of the
head in the ocecipito—-anterior and oceipito-posterior
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positions is inadeauate, ﬁnless it takes note of the
effect of the excentric vosgition of the area of the
glrdle of resistance within the canal. Methods of
accurately determining the relative prosortions of
the fourth facetor and of making allowance for the
excentric position of the girdle do not readily

. oceur to the mind, and it may well be long bhefore
anvoﬂe improves on PARISOT'S work.

VALTORTA (1912) gives data for the right
and left occipito-posterior vositions only, and com—
. pares the weight alone with his clinical findings.
In the next table I give in vparallel Columns the
views of VALTORTA and PARISOT on the time of occur-
rence of flexion relative to the weight of the fetus.

Taken on the whole the results agree fairly well.

Right /
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RIGHT OCCIPITO-POSTERIOR POSITION.

Fetal
weight

in Grammes.

Level at which TFlexion occurs.

VALTORTA (1912) PARISOT (1893).

Below 3000.
2000-3500

Above 3500

At 4000

Brim, inereased in cavity.

Brim, inereased in cavity.

(very great).

Cavity
Brim

Brim, cavity,
cavity,floon
(4 groups).

Cavity.

" LEFT OCCIPITO-POSTERIOR POSITION.

Up to 3000

3000-3500

Abvove 3500.

Brim, increased in ecavity.

cavity increased on floor:
No Flexion (4 out of 7 cases).

Brim, increased in cavity.

(entry transverse).
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In the left oceivito-anterior position, according to
PARISOT, flexion takes place most commonly on the
floor of the velvis. Less often there is a first
flexion at the brim. Third in order of freauenecy
ls the production of flexion in the cavity of the
pelvis, and the fourth is flexion at the brim.

In the right ocecipvito—posterior vosition, according
to the same writer, the order is first flexion on
the floor, and secondly flexion at the brim. In
the third form, rotation begins first and flexion

ig fully developed vhen the head is in the trans-—
verse position. For the latter position, VALTORTA
admits flexion to occur either at the brim or on

the floor, but ususlly with diffieculty, owing to a
tendency of the head to extend. He represents the
older authors (BOIVIN, NAEGELE, STOLTZ, DUBOIS,
VELPEAU, GUILLEMOT, CASEAUX, LOCHARD) as beliieving
flexion to be contemporaneous with the descent of
the head; "ABBRI and JACQUELIER as stating flexion
t0. occur on the floor; TARNIER, CUZZI, NESSAIGNES
and LEPAGE, and FABRE as nostulating a minor flexion
at the brim in addition, as in the left occiplito-an-
terior vosition. In the left occipvito-posterior
vosition, PARISOT considers flexion to be very dif-

fioult /



difficult. out of seven labours under his obser—
vation onlv three developed flexion of the head,

and then only after the head in each case had ro-—
tated to the transverse position. PARISOT further
dlstinguishes a left transverse position'of whiéh he
records four cases. In these flexion at the brim
was the more common event.

For the present ourpose the observations
of PARTSOT and VALTORTA need analysis into the three
separate ﬁovements of flexion. But an attempt to
do so did not prove very satisfactory, though it is
obvious in places that the authors are writing
first of one movement and then of another.

QUILLEMOT (1837 ) believed flexion to be
completed when the cervix is well dilated. TARNIER
and CHANTREUIL (1882), CHARLES (1887) placed the
level of flexion at the brim, while DESSAIGNES
and LEPAGE (1894) point out that flexion is often
completed at the brim in primiparae. PESTALOZZA
(a. by BARBOUR 1899 ) adverts to the occurrence of I
marked flexion before laboﬁr and believes that it
eannot be due to the walls of the cavity, but must
result from the resistance of the lower uterine
segment . DUBOIS (1834 ) considers the uterine
orifice to have most effect, and secondarily the

walls/
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walls of the cavity act. NORRIS and DICKINSON
(1896) state that flexion ocours in first part of
the descent: GALABIN and BLACKER (1910) when the
membranes runture. DEPAUL (1872) favours the brim
first, and then the cavity; while PINARD and VARNIER
(1892) regard flexion to be produced slightlv in the
brim and afterwards increased with descent. FRY
(1888 ) asserts that flexion is most developed on
the pvelvie floor, where I belleve the movement of
which the author writes is more concerned with the
mechanism of extension, under which it will be con-
sidered later. MARX (1892) gives a list of cir-
cumstances unfavourable to flexion. Some are hy-
pothetiecal; of the others, GOITRE 1s known not_to
prevent flexion (KAMANN 1913), and the effect of
dolicocephaly is I think disoroved by PARISOT'S
figures.

By far thé moat freauent course of events
to mv belief, is as follows:-~ The first moveﬁent
of flexion is an attitude formed in nregnancy, or
it is comnleted whenever the head grows into con-
taect with the lower vole of the uterus, or as soon as
a "give" begins to appear at the os externum (in
the first stage). The head is able to and does pass
the brim with the first movement of flexion alone.
( DUNCAN 1868, LABAT 1881, BARBOUR 1899 ). No fur-
ther/
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further development takes place until after engage-
ment is complete. At this level in one of BARBOUR'S
sections the head shows no more than the first move-
ment of flexion. The second movement of flexion

is made as complete as ias necescary in the lower
part of the superior portion of the canal, after
many transient manifestations of the second movement
during successive pains. The thifd movement of
flexion is produced very slightly during &ngagement,
and is fully developed as a flexional movement when
the head is in the lower part of the Superior po.rtionI
of the pelvic canal. At this moment and at this
level the appearance of the.head is very much what
it is in BARBOIUR'S late second stage section. That
s to say, the oceipito-nuchal aspect of the head is
. paraliel to and in contact throughout its whole
length with the anterolateral pelvic wall. The
appearance depends mainly on the extent to which the
second movement is produced. An exaggeration of
this movement tends to bring the little fontanelle
into the axis of descent and is normal for the gener-
ally contracted pelvis. It brings with it, however,
as FABRE (1210) points out the risk of an engagement
of the dorso-frontal diameter of 12°5 ;m., in a

higher/
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higher level of the canal, just as forced extension
of the head may cause an engagement of the presterno-
gincipital diameter of 13°5 cm. Hence, FABRE con-
siders moderate flexion better than forced flexion

and similarly with extension.

f16. Yhen we turn to the task of describing
departures irom the most frequent course of events,
and of assigning these departures to the ahomaliles
-to which thev are no doubt due, we meet with an under-—
taking of some magnitude, and one which is impossible
in the sense of complation, @0 long as the mechanism
of flexion is understood onlv in general terms.
PARISOT was unable to come to a conclusion regarding
the effect on flexion of obliquities and other ir-
regularities of the uterus. He found, if I read
aright, increased flexion more frequently associated
with an excess of liquor amnii than otherwise. But,
SELLHEIM( 1907)and ~ALABIN(1910 are of a contrary
opinion. In twenty labours the effect of the rup-
ture of the membranes was noted by PARISOT. In
four, no change was obrerved, and the head was not
flexed (? second movement ); in four, the anterior
fontanelle lowered; in eignht, flexion was already

present/
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present and no change happened; in one, flexion was
inereased; in another, flexion occurred simultaneously
with the escape of waters; and in the remaining two,
flexion was produced after «ome pains followed the
rupture; Unfortunately, I omitted to note vhether
or not PARISOT mentioned, or took into account the
state of the cervix at the time of rupture. If the
cervix is fully dilated, there is no a priorl reason
whv flexion stould be inereassed on the escape of

the waters (cef. JACQUEMIER 1846). On the other
hand, if the cervix is not .fully dilated, the second
movemant is produced gdonér or later to a considerable
degree, as I have already deccribed, but it passes

off as the cervix aporoaches the state of complete
diiation (HODGE 1864, PLAYFAIR iBBO, GALABIN 1210).

In a general way it mayv be said that the second and
third movements mayv be prédueed at the brim, if severe
relative disproportion exists, and that neither the
one nor the other need occur at all. In the occi-
oito-poastarior vositions, the second and third move-—
ments often do not occur until the head 1s in the
gecond division of the straight portion of the canal.
Thev may, however, be vroduced extremely from the

brim downwards, and cases in which it occurs are

the/
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the hardest to diagnose in time as of one or the
other of these positions. To occipito-transverse
positions I have already referrsd. In the direct
ocelipito—-sacral gnd pubie positions, the second and
third movements seem alwavs to be grossl? exaggeraﬁod
during the passage of the brim, and to ease off a
little during the subsequent descent.

Extension when it comes in the superior
portion of the pelvic c¢anal manifests the same three
movements aa those of flexion, but in a reverse di-
rection, and thev are subject to the same factors
of produetion, always excepting the initial circum-
stance favouring the first or true movement of ex—
tension. Whether it be an extended occipito-pos-
terior, a forehead, or a face oresentation, the head
epes through the same movements in the same order,
aa those which it does go through when flexed, but
of course in the opvosite direction. In general, it
may,lhowever, be said that the level at which a given
event occurg is rather higher in the extended group
than it is in the flexed. And it is noteworthy that
whenever the relative prooortions of head and pelvis
are what may be regarded as normal, it is imoossible
for a flexed head to become extended, or an extended
head to flex, once it has entered the velvis until it

reaches/



380.

'reaches the outlet. It is probable, however, no ef-—
forts are wasted in this direction as the persistent
tendency of the centre of pressure, once it has be-—
come excentric within the head, is to vpreserve and
increase its excentricity in whichever part of the
head it first arrived. There is an apoarent excep—
tion to this rule. It will be considered along
with the mechanism of kyphotic pelves in which it
most freouently appears ( Section V). The mechanism
of descent in face and forehead vpresentations, em-—
bracing as it does phenomena sometimes of flexion
and sometimes of extension, is more conveniently
described under extension ( Section VI).

In flat pelves, according to JARDINE (1903),
the bi-parietal diameter stands in the conjugate of
the brim, while the anterior and posterior fontan—
elles are nearly level. A movement then occurs
which substitutes the bl-temporal for the bi-parie-
tal diameter, and entry takes place. JARDINE attri-
buﬁes the movement to the wedge-shape of the head.
But, supvosing the conjugate to coincide exactly with
the bi-parietal diameter, we have no explanation here
why the ocecipital pole is not substituted instead.
GALABIN and BLACKER (1910) give two vossible mechan-
iems /
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mechani dms , namely:-—

1. The bi-parietal diameter coincides
with the conjugate, and descent takes place
with extension, ( SCHROEDER, GOODFLL 1876 );

e The bi-parietal diameter lies to oﬁe
gide of the oonjugate,'and entry occurs
with flexion (LITZMANN, PLAYFAIR, SPIEGFEL-
BERG, LUSK). '

With the latter opinion GALABIN aporears to
agree, as he says that the head must either flex or
impact . Once the head is even partly within the
canal, it must be admitted that flexion and impae-
tion are the only alternatives. As the occipito-
frontal diameter averages 12 em., and the tranéverse
diameter of the brim equals some 15 em., it is hardly
vossible for the bi-parietal diameter to coincide
with the conjugate so long as the two fontanelles are
nearly level. And the true position seems to be
much as it is deseribed by GALABIN. The bi-parietal
diameter lies on one side of the conjugate, while the
centre of pressure which occupies verv nearly the
centré of the head lies mesially in the conjugate.
The bi-temporal diameter is in the conjugate from

the beginning. It is, as LABAT (1881) has shown,

more/
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more compressible than the bi-parietal diameter.
The mechanism of flexion does not appear to differ
from that of a versistent transverse position which
hags already been described.

The three movements of flexion are devel-
oped in the aftercoming head in the same way and from
the same causes or faetors, as in head-first labours.
The third movement however, is more or less modified
bv the circumstance that the head.is descending into
a canal which is already dilated. As a result, the
appearance of the cranium is more dome-like and less
elongate than it i1s in the ordinary labour. But
the head is always incompletely domed and always
partially lengthened, owing to the fact that the
segments of the fetus which precede the head in the .
pascage of the canal are not so large as the head it-—
self and hence do not dilate the canal as fully as
the head demands for its descent.

According to my expariments, misdirectioh
of uterine pressure tends to produce a movement of
the éncoming head towards extension instead of flexion.
But, unless the misdirection of uterine vressure is
altogather excescsive, the ultimate effect is not
serious. On the other hand, the aftercoming head
at least experimentally, is remarkably sensitive to

the/
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the direetion of traction. A variation of so little
as + 10° is able to affect the production and main-
tenance of flexion. 50 long as traction is made
parallel to, or downwards and forwards from the an-
terior wall of the model canal, flexion is, if neces-
sary, increased, and is maintained without any ten-—
dency being manifest towards flexion coming undone.
When, however, traction is made downwards and back-
wards from the anterior wall, to an extent even as

" small as that reoresented by 10° of are, a movement
towards extension arises with eventual impaetion

of the head within the canal.

1 iy 8 Uniform force acting on a plane surface
develops it is =said, the maximum effect when the
surface 1s inelined to the force at'an angle of 35°,
According to a reviewer in Nature (1913), the obser-
vation has been confirmed by experiments made at the
Kartehino Laboratory in the vears 1910 to 1912.

In my experiments which do not pretend to the accu-
racy obtained by the Russian workers, the maximum
effect is obtained on a curved surface when its
chord is inclined to the pressure at an angle of

2 In anv case these figures indicate the range

of/



of flexion which is best adapted, in relation to the
pressure alone, to bring out the best results of a
given pressure. And whenever flexion is greater

or less than that suggested by the figures, the force
employed is not developing its best work, though of
course the greater or less degree of flsxion may

be demanded by intra-pelvie conditions, and may in-
deed b~ absolutely essential to the progress of the
labour. Tere 1s thus evidence for a compromise
between the pelviec demands for flexion (or extension)
and the renuirements of the uterine and abdominal

pressures for their most efficient action.

f18. As I have alreadyv pointed out, the measure-—
ment of the diameters of the head immediately after
birth is no safe criterion of the dimensions of the
head before rotation occurs, and still less so of

the head before ite entry into the pelvis. I happen-
to have notes of énlv two series taken anterior to
rotation. FARABEUF and VARNIER (1891) give as aver—,
ages for the head not moulded 0.¥. 13°5, 0.F. 13,
S.0.B. 95, Bi.-P. 9¢25, and Bi-T. 7°5 cm. BARBOUR
(1899 ) has measured the head in nis coronal sections
when engagement is complete, but the head i< not

moulded /



moulded. The ap®roximate figures are 0.M. 126,
O.F. 114, and S.0.B 10-8 em. BARNES (1865), on
¥hat data I am unable to say, concludes that the
head before labour has the following dimeneiong:—
O.M.-13°3 - 14, O.F. 11+4 - 127, Bi—p. 95 - 10°1,
and Bi-T 8-9 cm.

Heasurements have frecuently been made of
the head after birth and in some cases extended
series were taken. The results are, of course, in-
dicative of the effects of the process of labour.
But, when taken in conjunction with the previous
figures, thev measure the changes which go on
oceurring until the head is born. VALLOIS (1903)
gives the detailed measurements of forty heads taken
Jjuset after birth. His averages are:— O0.F, 11°3,
S.0.B 9:6, Bi-P. 89, and Bi-T 79 em. Compgred
with these are the averages given by PERRET (1399)
for twelve heads:- 0.F. 113, S.0.B. 9°3, Bi-P. 8°+6,
and Bi-T. 7+4 cm. T™e averages for the combined
geries of 52 heads I find to be O.FP 11-3, S.0.B. 9°5,
Bi-P. 88 and Bi-T, 7+8 cm. It is thérefore ap-
parent that FARABEUF and VARNIER'S average is too
large at the one end and too small at the other,
while BARNES'S average ls too great all over. BUDIN

(1886 ) and VARNIFER (1900) averaged their measurements
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in groups by weight, the latter measuring 300 heads
at birth, while PARISOT (1893) averaged the measure—
ments and weights in groups separated according to
the period at whieh flexion and rotation were ob—

served to occur.

1. BUDIN.

FETUS.

2000-2500g. 2500-3000g. 3000-3500g. 3500-4000g. 4000g. |

Average meacsurements in Cm.

O.M. 11-5. 12. 12+5. 12°5. 14.
0.FP. 10+5. 1l. 11°5. L =5 1154
12°5.
S.0.B. 8+5. 9. 9°5. 9°5. 10,
Bi-P. 8-7. 9. 9. \ 9-5. 10.
BT, 725, 8. 3. 8. 8+5.
2. VARNIER.
FETUS.

2500-3000g. 3000-3500g. 3500-4000g. 4000-4500¢. 4500-5000g.

Average measurements in cm.

S.0.F. 10-2. 10+5. 10+9. 11-2. 11-7.
8.0.B. 9-3. 9:5. 9.8, 10-1. 10+3.
Bi-P. 9. 9.3, 9.6, 9-7. 9.9,

=7 | BRNEs
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3. PARISOT.
FETUS (L.0.A. POSITION ONLY).

2730g. 2883g. 2980g. 3271g. 3283g. 3300g. 3325g. 3650g.

Average measurements in em.

e I T 1 S AR R T T e T PR el |

O.F. 10°4. 10°5: 183, 11%5. 11l-3. 11. 115, 951

8.0.B. 9. 85, 9. 10. 10. 9. 9. 9.5,
Bi-P. 9. 8+5. 9. 9. = 9.5, 9. 9.5,
Bi-T. 77. A 8. 75, 8. 8. 8.

The arrangement of the average measurements
according to the total weights in an ascending series
forms a useful contrivution but_is no£ a conclusive
method.  VARNIFR'S weights begin and end higher than
do those of BUDIN. Weight for weight VARNIFR allows
a larger hea@ than does BUDIN, as mav be seen from
the tables bv comparing the measurements of the sub-

' occipito bregmatic diameters. PARISOT'S table is
valuable, for it records in print what had been long
previously known in a general way that the size of

the head is not alwavs provortionate to the total

weight/
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weilght of the fetus. Further even the averages in
PARISOT'S table bring out the facts that the size
of the head does not necessarily rise in an orderly
progression with a rising weight and that individual
groups show surprising loesl varlations among the
diameters.

With PARISOT'S L.0.A. table may be con-
trasted the one the same author gives for the right
oceipito—-posterior vosition.

4. PARISOT,.

FETUS (R.0.P. POSITION ONLY).

3149g. 3244g. 3320g. 3320g. 3683g.

Average measuremente in em.

0.M. 12. 12. 12-5. 12°5. 12-5.

0.F.  11¢5. 11-5. 11, 13 oy
S.0.B. 9. 9.5, 95, - 10.
Bi-P. 9. 95, 9. 10. 10.
Bi-T. 8. 8+5. 775, 8. 8+5.

Comparing the R.0.P. table with the L.0O.A.
table we do not find such differences as might be ex—
pected. On the whole, perhaps, the size of the

heads/
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| heads in the R.0.P. position 1s greater weight for
weight than in the L.0.A. position. But there is
no evidence here of the greater.deformity of the
R.0.P. posltion. This I believe is due to the
occurrence of long rotation, and to the measure-—
ments having been taken after birth when they more
correctly represent the changes which are associated
with the mechanism of extension. BARNES (1365)
gives a number of measuréments of the less usual

positions. The following are derived from his

| 1iat.
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5. BARNES.
FETUS.
Average measurement in cm.
0.u. 14-7. - 16-6. H*.Q._ 1728. 186+5 165, 1I7. 16+5. Hﬂ.m.h 15+3,
0.¥F. 12, 12 13-4. 13:9, 1329, 13947 13-5. 123°7. 15+3. 15+3. 13.
Bi=PJ 96 — 10-2 8+2. 9. - 9. 86 10~23 9. -
Bi-~T | 8, 9. = - - - - - = = by
Aftercoming head. Forceps. L.0.A R.0.Fls R.OP
to to
Contracted Pelves. Contracted. Forceps. 0.A. 0.P.

These measurements represent on the whole larger heads than those
of the previous tables.
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Perhaps, the largeness of the heads is connected
with the pelviec contraction. In anv case the figures
show the great lengthening of the ocecipito-frontal
and especially of the occivito-mental diameters
which 1s clearlyv the result of the pelvie contraction.
At the same time the compression of the transverse
diameteres is not excesceive. BAYER (1885) gives the
measurements of two heads, both forehead vresentat—
lons:-

0.4. 15, 0.F. 13, Bi-P. 10, Bi-T. 7em.

O:M: 12-5, 0.F: 18, 5.0.8B. 9, Bi=P: 9°5; and
Bi-T. 8 enm.

and one series of a face presentation:-—

0.M. %2-5; 0.F. 12, S.0.B. 9, Bi-P. 9, and Bi-T.
cm.

AHLFELD (1903) measured a head from a direct or
primitive oceipito-anterior position:-

0.M. 12°2, 0.F. 13, Bi-P. 2°9 em.
DE RIBES and BOUFFES (1908) measurements of a head
which had come through a flat pelvis show the great
lateral pressure to which the head is exposed:-—

0.F. 12, S.0.B. 9°5, and Bi-T. 7-5 om.
PABRE (1910) correlates the measurements of the head |
with its position as regards flexion o extension, iﬂ
the following wayv:-—

1. Head hetween flexion and extension.

0.¥. 12, Bi-P. 9°5, and Bi-T 8 cm.

2./
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2. Chin on the Breast.
5.0.F, 10+5, Bi-P 9-5.
3. Forced Fléxion.
S.0.B. 5-5, Dorso-frontal diameter 12°5 cm.
4. l{foderate extension.
S.0.M. 135, and Bi-P 9°+5 em.
e Forced axteneion. '

S.M.B. 35, and Bi-T 38 em. Presterno-sin-
cipital 13+H em.

These measurements are intended to corres-
pond to the sucecesalve planes of engagement in the
ﬁelvis, and on the strength of them FABRE arguss
in favour of a moderate degree of flexion as the
hest mechanism. These figures bring out the small
effect wvhich moulding per se has in reducing the
diametere of the head relative to the pelvis. I
have already alluded to this faet, and will subse-
auently have occasion to show that moulding is much
more intimately concerned with the production of
internal rotation than with the descent of the head.
Lastly, reference may be made to BARNES'S (1335)
ideal comparison of the skull and the pelvis, which
I reproduce below in tabular form.

BARNES/
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BARNES 1885.

PELVI S—~DIAMETERS IN CM.

BRINM.

SKULL - DIAMETERS IN CM.

ntero-posterior 108 =11+5,

Transverse 12+7— 13-4

Oblique 127

Bi-P. 9+6-10-2.
0.F. 11-7-12+7
S.0.B. 10°8-11-5.

Antero-nogaterior 12:1-12-%.
Transverse 12-1

Obhliaue 1801-13%-2,

Bi-P. 9°6-8°9
OuFt 1105“13.}-.

8. 0B 9610+

OUTLET.
intero—-posterior 10:8-13°4
Trﬂnsverse' 108

Obliaue 10-8--11-°5.

0.F. 121-13°4.
S.0.B. 9+6.

Bi-P. - 8+9.

Bi-T. 8+3-8+9.,

BARNES'S comparison is valuable from a re—

lative point of view, even though it was made in the

dried state of the »arts.

In an absolute respect

very little would esgeave criticism which is however

forestalled to a large extent by BARNES himself in

the "ualifications which he subjoined. Relatively

coneidared/
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considered, the figures are consonant with the most
frequent clinieal findings; and theﬁ show, after
allowing for the soft varts, how the head can descend
far into the velvis without the oceipito~frontal
dlameter meeting with lateral obestruction, that 152
withput any need arising for the second movement of
flexion. It is only towards the outlet that flexion
mist be produced to the greateast degree.

So far we have not come any neérer the
true average diameters of the head, as it is just
before engagement begins to occur. I accept the
average figures derived from VALLOIS and PERRET as
probably repnresenting the average size and indirectly
the average form of the head immediately after it is
born. But I decline to believe that thev accurately
reproduce the size and form of the head, when it lies
in the cavityv of the pelvis.

T™he correlation of the aize of the head,
the weight of the fetus, and the dimensions of the
pelvis contains invalusble possibilities, but it has
not vet been extended over a sufficientlv large
number of observations, even in rel%tion to thé first.
and second factors. As to the size of the head in

t
the cavity of the pelvis, FARABEUF and VARNIERS

figures/



figures seem too high for an average. How far they

really reproduce the anti-labour form and not one

which is the result of some degree of moulding and

other flexional movements is in mv opinion doubtful .
It seems well-advised;. when proceeding to

relate the mechanism of internal rotation, to have re—

gard not only for the well-attested averages which

have been obtained after the birth, but also for the

smallest diameters whieh the figures record for the

full-time fetus. They may be utilised ~ither as

a composition of all the minima,. or as indices of

the grouvped series which are important on account of

the smallness of one or more of the inciuded diameters.

The foregoing does not exclude the proviso relative

to the suoposed true size and form of the head when

it is within the cavity of the vpelvis, nor does it

reckon with the mechanism of premature fetuses which

are known to rotate and mucet therefore he taken

into aeccount. A eomposition of the smallest

diameters taken out of those I have ruoted or referred

to, gives a thepfetieal and presumably improbable

head having thé following dimensionsi—

0.F. 95, S.0.B, 84, and Bi-P. 8+0 cm. The ' sub=-

joined measurements are those of actual heads and

contain/



contain in each case a minimum diameter (marked by an

asterisk)
&
O.M. 11+5, 0.P. 10°5, S.0.B. 8+5, and Bi-P. 8+7 cm.
( BUDIN).
¥
OMe 1By 0P 3046, 8.0:B: BBy and Bi-P 8+5 em.

*

0.M. 13, 0.F. 9+5, S.0.B. 95, and Bi~P. 95 cm.
( PARISOT).

0.F. 11, S.0.B. 95, and Bi-P. 8 em (VALLOIS)
¥

0.P. 117, S.0.B. 97, and Bi-P 8 om.
*

0.F. 117, S.0.B. 9+*3 and Bi-P 8 om.
¥*

0.F. 11, $.0.B. 8°4 and Bi-P 81 em. (PFERRET).

It will be observed from thgse figures
that unusual smallness in anv one diameter is com-
pensated for bhv an excessive lengthening of some
other diameter, and so renders ths hypothetical very

small head the more improbable.

£19. The shoulders exhibit two movements of
flexion, the Heéonﬂ and third.The second mMmovement

may vossibly be primitive in the sense of being an
attitude arising at an earlv stage of development.

But in any case some inclination of the shoulders
towards the head i~ necessary to the eomnlete develop—
ment of the first movement. Otherwise a movement

of extension will develop so as to carrv the should-

ers/
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shoulders awav from the head. With the second’ move-—
ment of flexion, the shoulders are carried towards
the head to the fullest possible evtent ( BARNES 1885
SELLHEIM 1904), and the shoulders as a whole become
more moulded in outline. The third movement of
flexion is the moulding of the soft parts which are
conformed or adapted to the surrounding vressures |
and to the area of least resistance below. Acecording
to SELLHEIM, all the phenomena of flexion exhibited
by the choulders are due to the constriotion exer-
cised by the soft éanal~ This 1s-true when the
shoulders are small, but under normal relations,

as well as in mutual disproportion, the lateral
walls of the pelvis exercise a powerful influence on
the varts, 2nd eventually oppose 2 solid bony re-
sistance to the passage of the shoulders.

The centre of pressure, aceording to my
observations and experiments, is situated at a very
ghort distance from the mesial plane of the shoulders,
but much nearsr the dorsum than the breast in the
dorsouanéerior position. And though the centye of
pressure lies in the lateral half of the lower sur—
face of the shoulders, the blas is so extremely
slight, that in so far as clinical observation can

determine/
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determine, the two shoulders descend simultaneously
through the pelvis. It is necessary in this con-—
nection to eliminate the effect of moulding which,
owing to the slight Solayrean obliquity of the shoul-
ders and the presence of the area of least resis—
tance in the-anterior moiety of the canal, produces

a loecal bulging of the soft oartea on the anterior
aapect of the anterior <houlder, and creates the
impression that the latter is descending first. At
the same time, there is another arrangement sometimes
observed, in which the obliquity of SOLAYRES corres—
ponds in degree closely to that seen normally in head
presentations, and in which the anterior shoulder

ls deseending considerably in advance of the other.
Here, experience of the aquantities of pressure felt

at the two shoulders and the type of internal ro-—
tation obasrved render an excentric disnlacement of
the centre of pressure far into the anterior shoulder
highly probable. Indeed, in this anomalous mechanism
of the shoulders which is comvaratively rare in my
experience, the whole mechanisﬁ of flexion approaches
clogely to that of the head, and it is possible some-
times to record an imperfect attempt at a second move—
ment of flexion.+* The third movement has 1little

effect /

* In the senze of the head.
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effect on the diameters of "the shoulders: logt of
the change 1s effeeted by the second movement of
flexion and is said ( SCHROEDER 1886) to reduce the
bisacromial diameter from 12 em. to 9°6 cm. It
should be noted however, that, if the acromial pro-
ceases are used as the daterminants, the measure-
mente are erroneous, for though in the relaxsd
position the great tuberosities of the two arm bones
project but little, they do so very 2ppreciably when
the shoulders are carried towards the head.

The breech poscecces only the third move-—
ment of flexion - moulding which is similar in char-
acfer to that seen in the shoulders. T™e breech
descends in an obliquevdiameter with the two trochan-—
ters nearly level with each other within the pelvis,
the apoarent earlier deccent of the anterior bresech
being due to moulding. The breech normally keeps
well forwards within the éanal. The centre of pres—
sure probably has only a very slight excentricity
relative to the mesial plane of the breech, and lies
well forwards in an antero-posterior sense. The
bi-trochanteric diameter according to EDEN (1911)
ieg 10 em, The third movement of flexion in the
breéch may well be produced by the concentric re-

siatance/
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resistance of the soft parts, together with the ex-
centric distribution of the area of least resis-
tance. The former at the time when the breech is
oncoming have not been excessively extended and part-
ly paralysed, as they usually are when the head is

' making its descent.
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Plg. B

_ Tracing from frozen section at sight and
a half months to show fetus in the attitude of the
completed first movement of flexion only (from

VARNITR, Obstdtrique Journslidre. )
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Tracing of fetus from BRAUNE'S second
gaction to show the first movement of flexion com-
plete, the second movement well developed, the third

movement ahsent.
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Fig- 7-

Tracing of fetus from late second stage
section to show first movement of flexion completes,
second movement fully developed, third movement well
advanced or beginning to lessen (after BARBOUR, Tha

Anatomy of Labour).



