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INTRUDUCTORY REMARKS.

This werk:- 'The Reconsiruction of the Early
Fcetal Pelvis, with a View to a Study: of its i
Development, was undertaken at the suggeetiqp of |
Prcfesscr Cunningham and Dr. haterston and was carrieé
out in the Laboratory cof the Anatomy Department. lti
seemed pcesible that, by this means cf investigation,w
scmething of interest might be added to the already
known facts about this region of the embryoc. That,
by supplementing the work dcne by other methods -
particularly the study of secticns serially by the
microscepe - & fuller and more perfect knowledge
might be had of this interesting region.

Special attention was tc be directed to the
hard parte, the general shape of the pelvis, and any
peculiarities in thies c¢r in its ccnstituent elements,

seemed tc¢ he a very interesting field for research;

and, I think I may say, that the resultisobtained have |
fully borne this cut.

Whilst the bony (cr, reslly, cartilagendus) .
pelvis was the main peint of investigation,ii seemed
tc me that to reconstruct a mcdel, with the viscera ‘
in situ, might prove instructive; this, particularly
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to study the topcgraphy of the viscera at this early |
slage withtheir reneral form anrd arrangement. A study
¢f these in their nstural size is ¢f course very

difficult and well nigh impcssible. Very beautiful

models of the tail end of the early embryo have been

reconstructed by FProfesscr Keibel cf Weiburg. They
dc not, however, give a good impressicn of the tope-
graphy of the viscera, &s orgens are only in many cases

shown in seotionaaud their limits and relaticns to thei

hard parts nct maede clear.
If suitable material were to be had (and I regret|

i

that it was not - indeed, there was a great scarcity

for one reason and another - everybody seemed to wieh I

his specimens for private museurs), it was hcoped that

sorething might be dcne on the develcpment of the
urethra in the male. I particulerly desired tc |
investigate the sexual characterse of the hard parts
and to disccver whether there weve uny differences

between male and female at thie early pericd. Un-
fortunately I have been unable to d¢ so since all my

gspecimens have turned out males.

Hcwever, with the measurements fully recorded
(in cne pelwis from a foetus eleven to twelve weeks
old) cf this male pelvis, some future workers may be
nore fortunate with his materiel and be able to prove
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that there are or there are not sexual differences at

'this age.

Professcor Arthug Themson (Journal of Anatomy and
:thsiclogy, Vol. XXXIII, 18¢9) has shown that as early
lo.s feour mcnths there are distinct differences between

the pelvis of the twc sexes, as distinct as in the adul&.
|
|

liis method of investigaticn was by means cof dissecticn,
a much more risky method (as he admits) when dealing,
?as he had tc do, with small and delicate parts. Low-
!ever, the results in the varicus specimens were unifcrm
end there dces seem to be a difference as early, at any
irute, as fcur months.

| < W =R - i .
Reccnstructicn, as a method cf investigaticn in

|

Embryeclcgy, did not, it wculd seem, at first receive
|

the attenticn it merited. 1ts value is not apparent
in many cases at first sight and sc the methcd has,

mntil comparatively recently, been neglected; except

iperhaps by these under the immediate influence and

directicn cf the criginator, Profesecr His.

é When we ccnsider, however, it is clear that this
iethod must be of great service in dealing with very

|

early embrycs when we wish tc etudy the form and make
ﬁeasurements ¢ these embryce or any particular crgan.
gy magnifying the structure and modelling it in its
énlarged form we can not only make more accurate
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observations ag to the form and size of any structurq
at any age,but alsc study the development cf that
structure from its first appearance up tc the stage
when it can be studied accurately in its nstural
conditicne.

A study of serial sections ¢f a structure has,

of course, its own particular value and much may be
made out by the aid of the micrcscope and cther aids
even as to the ferm of the structure. This indeed
wae what kis did in his earliest reconstruction |

models - mecdels which are famous. He studied a

complete series of secticne of an embryc so carefully
that he was able tc mcdel the embryc freely in wax

cr clay. This, t¢ His with his great powers cf ob-
servation, must have been a very difficult task and
it is not,; as Frofesscr Peter Thompscn says, for the l
ordinary man. Une may be allowed toc doubt whether
such models were, in their finer pcints, stirictly |
accurate. For myself 1 have studied these serial !
secticns pretty closely and have often been amazed |
at the appearance after reconstruction. Taking the
cartileperdus: pelvis as an example it seems tc nme
well nigh impossible to form an accurate idea of such |
a structure with ite many procesees and foscae, or
what are the correct shape and dimensions c¢f such
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processes and fossae, by a mere study of secticns.

In any case, in such a study, the investigator alcone

| weuld have the mental picture complete, which he cculd

give to cothers by descripticn; but where we can re-
conetruct a model we have a visual picture for all tc
study from.

The value c¢f this method therefore lies mainly
in thie, that, where we wish to study form, at any
particular stage in a developing structure, we have
an accurate, enlarged, visual image of the structure
8¢ that we can handle it and measure it and note the
relations cf one part tc ancther.

S0 mucn for the advantages of this methcd of
investigation. What are its disadvantages? The
most impcrtant is that it consumes much time; though
after ucrking at it for some time one gets along
much more rapidly then at firet. There is always,
of course, much of interest in the work; but in
certain parts the procedure is very tedicus and a
good deal of patience is required tc keep steadily
at the werk from day to daye.

The cther disadvantage, or rather difficulty, is
that there is a good deal ¢f risk in certain parts of
the technique. Everything must work smoothly during

the/




the process until the sections are aafely mounted.

For example, the tissue must be in good order fer
cutting so that the sections will be complete; the |
micrctome must therefore alsc be cutting well;
draughts have tc¢ be avoided when handling the sections
for fear of mixing ther; the sections must stick we]ﬂ
to the slides; etc. Eut after all, these difficultiesg
can be overcome by careful technique, sc that there i
is nothing much tc be said against the method,

nothing that will weigh against the advantages, for

time is required in all methods of investigation.




BISTURIOAL NOTE - GENEKAL. |
Before reconstructicn methode ccould be: accurate- |
ly employed it was first essential to get proper
serial secticns - secticns ¢f uniform and known
thickness. Thus the first development in this
direction was the inventicn of the microtocme. Pro-
feesor liis in 1870 described a microtome which seenms
te have been the ancestcr cf all the modern instru-

ments. Previous tc this, serial secticns had been

|
|
cut with cruder apparatue; but Lis's microtome seems
to have been the first to give satisfactcry unifcrm ‘
secticns. In 1870 His had been using his microtoms |
for four years during which he says he cut E£000 ?
sections.

Serial secticns now being obtainable, it appeared
tc his that it was necessary to reproduce in a magnij
fied conditicn the form of the sectioned embryo. Thus
he devised and wcrked with his "Projective Reccnstruc-o
ticr Method." This was as focllowsY- "He employed
milliretre paper, each line of which was taken to
represent a section. Beginning from a base line,
the back in the case of a profile reccnstruction, and |
the middle line in the case c¢f a frontsel reccenstruction,

he measured alcng the lines cof his paper the distances
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of any organ as shown in the drawings which he made of
the secticns enlarged, say, 100 times. When he had
entirely worked through his series cf secticns the
corresponding points on the lines were joined up,
and thus was prcjected on paper the profile form cof |
the object with which he was dealing magnified 100
times. After working through the sections in this |
most exact way he set tc work tc model freely fhe
embryo in clay or wax. That is tc say: he had
cbtained such a knowledge of the embryoc from working
through the serial sections that he was able tc meke
& model cf the form he conceived the embryo to be,
coentrelling all the time the size and distances, etc.,
by means cf callipers and references tc the enlarged
drawings of the secticns." (Professcr Peter Thompscn
|
"Lecture on the study of Embryclcgy" Lagicet, January, |
1908). This was the method employed by liis in his
earlier work cn reccocnstructicn and by this means were
reccnstructed those mcdels cf the human embryo which |
huve become so famous.

Krieger independently thought out the same scheme
for getting a visual picture of the structures he was
werking with - central nervous system of the crab.

Then came the method suggested by Frcfesscr Born |
(ficrph. Jahib. 1I; Arch. ©. .Mike. Anat. XXI1. p.5€4),

and/



and which Frcfessor His employed in his later woerk con

reconstructicon. This method wee anncunced briefly
by Borm in 1876 und described more fully by him in |
1885, |
In 1879, Mr. E. T. Newtcn, evidently quite
independently cf Prcfesscr Borxn's inventicn, which
seems tc have been unknown to him, employed thin scft
pine wood plates piled one on tep c¢f the other, in |
order tc demonstrate his lecture, con the brain of the

cockrcach, to the uekett Microscopical Club.

Prcfessor Born's method of reconstruction,or
mcdifications of it, is the cne used now-a-days and
is much more accurate than the earlier methods emplch
ed by hHis and Krieger. The method was much as fclloﬁs:—
Drawings of the secticns enlarged, say, 50 times, were
made upon thin paper, the whole series being worked
through. These drawings were then serially placed
on & lithographic stone and boiling wax was poured

over them. brass rcds of the required thickness,

= e o R

say, 1 millimetre, were rlaced at the sides and con-
trclled the thickness of the wax plate. A hot

roller was then passed over the surface of the wax to |
keep it the prcper thickness. Those figures were

then cut cut with a sharp knife. Thus the series cf
secticns were represented in the series cf wax plates -

magnified/
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magnified in thickness and surface area. These plates
were then piled and fixed together and sc the model
reconstructed.

Since Bomr described his method in 1883, recon-
structicn, as a methed of investigation in Embryclogy,
has gradually advanced in pcpularity. Fcr a time
most ¢f tne work was done in Germany under the
influence of Kis, Born and others and, up tc the end |
of last century, the advance was slow. The scope
c¢f its application has been greatly increased in .
recent years end much wcrk has been done in many
directiocns, particularly in America. There many
workers, including rFrofessors. Mall, Bardeen, Lewis

znd lMiss Sabin have added much tc the study cof

embryclogy.
Kecently a good deal of wcrk has been dcne in
this cocuntry, bcth in human and comparative embryologg;

and it would appear that still mcore is to be done in

the future by this method of reconstructicn.



This esecticn of the paper may appear unduly
redundant, but it seems tc me tc be necessary for a
complete and full account of the whole process, will
save much time, in a necessarily lenghty investiga-
tion, for any workers who may not be acquainted with
this method of working. Preressor bardeen has given
& fairly complete acccunt cf the method he employed |
(Johns Hopkins hospital Bulletin, April 1901). In |
spite cf the assistance of that, however, & good deali
cf time has been spent with details in the wcrk which!
would have been saved had an account, fuller in
certain points, been tc hand. It is hoped that this

|
acccunt will fill in those deficiencies. |

The deecripticr will take the fcllowing order:- !
(1) Phctographs and drawings of the external form i
cf the object.
(2) Preparaticn of the specimen,
a. Fixing and hardening. i
b. Freparation for embedding in paraffin.
¢. Embedding the specimen alcng with the

guides tc ke used. |

—
(93}
T

Cutting the secticns, staining and mounting them.
) |

(4) Wax plates - their preparation.

(5)/ |



(5) Enlarging the sections by projection apparatus,
| and making drawings on paper and wax.
(6) Cutting ocut the figures as drawn cn the wax
plates.
(7) Piling the plates and fixing them tcgether.

(8) strengthening the model and finishing it.

L A i

1. Photographs ¢f the embryo are taken before any- |

; e |

. a |

thing is done, =c that they may be had for reference
later, and the relation of the normal size ncted.

The length cof the foetus - particularly cof the trunk |

and nead, excluding the lower limbs must be carefully

measured, fcr this is a valuable guide tc the age of

[

|

I ag ig cfiten the case. Where the external form of
|

|

the embryc - wiere that age is not definitely known,

the embryo is to be reconstructed, enlarged drawings
ghould be made (magnified the number of times the

sections are to be magnified) so that they may be i
|
had for reference, as to the curves, etc., when the

: |
piling is in progress. Where cne egide of the embryo

cnly is to be rescnstructed, a rrofile view cut out

in cardboard is of value as a base upon which to pile|

the secticns. .
|
|
i

> Prepuration of the Specimene to. be reccnstructed.

a. Fixing and hardening. :

It is absolutely necessary to get the specimen
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intc a geod state for cutting; for the secticns must
be uniferm throughout and must not be torn or the
shape in any way altered. It is clear that sany such
distortion weuld be greatly exaggerated after magni-
fication, say 20 times. 4% formalin makes an
excellent hardening reagent and does very well for
studying the hard parts.

B. After the specimen has been sufficiently

long in the hardening fluid the tissue is put through
a scmewhat lengthy process in preparation for embedding
in paraffin. The prccess is preferatble to the more
rapid ocne employed eftem for crdinary section cutting.
The process employed in these mcodels was as fcllcws:-
From formalin into:-
l. Methylated spirit 24 hours
2. Then into absclute alcohol 12 "

%. Then absolute alcchol &nd

chlcroform (equal parts) 12 ¥
4. Ihen pure chlcroform 12 "
5. Then pure chlorcform and
paraffin (melting point 52°) |
kept in oven 18 * '
6. Lastly Paraffin - in oven 12 "

c. Embedding the Specimen, along with the

Guides.
This is done in the usual way; but special care

must/
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must be taken in placing the spscimen accerding as

to whether the sections are to be segittal cr transveroe

This seems t< me important, for, though it may seem

that after reconstructicn the result will be the samel

o+

t did not preove sc in practice and the model is apt

[

to be distorted accordingly where the section is not
truly transverse or sagittal. The placing of the

specimen too is important in relation to the guides
which are t¢ be used and according as these are placed

vertically cor horizontally in the mould.

The cuesticn of Guides is an important one.

We must have something constant upon which to work

when orienting our sections. The guides have provedl
somewhat of a difficulty and many have been used and
suggested. Nerve stained with parcsmic acid is a

very good guide but sections of such will not stick
tc the slide and sc the slide must be albuminised.

Minute arteries have been suggested and these would
stick to the slids. In this work waxy liver, siainei

with carmine, was used and was found more or less

satisfactory, the difficulty being that it was apt

tc break away in some of the sections. Often some

structure or structures in the actual section are of

more/ |
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more value than any extraneous substance. In the
reconstruction cof some species of worms Dr. Ashworth.
ag usa2d the central nervous system. In the recon-

Llcl

atruction of these pelves mcre attention was often

paid to the internal guides than tc the waxy liver
| g;zzi:ies .
|
|
‘as.mentioned above,we can use the profile drawing of it,
magnified the proper number of times, #s 2 base line
|
upcn which to build the plates - the plates lying

perpendicular to the surface of the drawing.

The guides must bs placed absolutely perpendieula

Thues they must be placed against the sides of the

mculd. A very good way ie that used by Professor
Bradley. he uses albuminised slides and parosmic i
TISrVeE. The nerve is stretched on a glass plate; the

Where one side oi 4an embryc is being reconstructel

to the surface of the section or else they are useless.

object tc be secticned is placed, with a due regard tg

the direction of section, as close up to this as :

|
E : — , |
| possible and the paraffin is poured ovsr them. The |

|
only disadvantage seems to be that the guide is on

|
. s . f o i
the edge of the ssction and may possibly move in some |
of the sections during manipulation. Splendid modely

, (of e.g., early embryo of Flying phalanger ) have been!
|

reconstructed by this method.

5./
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3. Cutting, Staining and Mounting the Section.

In this work it is desirable tc have a microtmnei
which cuts on the flat. The Cambridge "Rocker" is
therefore not s¢ good because 1t cuts with a slight i
curve. une cf' tihie best is the Minot which cuts
vertically. It was used in this work and pave very
satisfactory results. The sections were fairly

uniferm,in 10 mikrons sections. There 20 mikrons

was used the sections were beautiful. Great care is
necessary to have everything working well befcre the
tissue is reached so that the specimen msy be cut at
once without interfering with the arrangements of the
parts. The secticns are taken off in long ribands

and laid csrefully on some surface so that they shall

5}

nct get mixed up. When the cutting has been complete
the sections are systematically mounted, commencing at

the head. end, in transverse sections, and at one side

in sagittal sections. Care must be taken to have the
proper side downwards and this is easily accomplished!
by having the smooth side of the section downwards in!
all cases, this, too, obviates the difficulty from the
collecticn of bubbles of air when the sections are

fleated out. It is important to have the water, upon

which the sections are floated out, at a sufficient

temperature to remove all the wrinkles in the sections.

ir/



differential staining. Some workers prefer the former),

1f this be not attended to the sections will not

superimpose properly.
The secticns are flcated on to cceverglasses in |
the crdinary way. Coverglasses were used instead of |

slides as they are mcore convenient for handling. |
|

Coverglasses of such a size that they would hold three

sections were used; sco that, by taking three aut a time,
|

the whole series could be rapidly got on to the cover-
slips and this part of the process accelleratad. The

|
coverslips are supported in wooden frames and dried over

night in the cven at 370. They should bs put in the
oven as scon as the secticns are mounted else the

sections are apt tc move.

S, .-'"k"!fN'[N(_}_:

This may be done en bloc cr after sectioning. The

latter method was emplcyed in two specimens and it was

fcund that much better definition was got by this .

however, since there is less risk of losing sections by
|
|

that method. With care, however, it is not much more
risky and where every secticn is not reconstructed an

accocunt can be kept of those lost and allowance made

when orienting. The sections were stained in large
numbers in a frame and thus much time was again saved.

By /
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| mikrons was the thickness, they did not stick well and

By using these means about 500 sections could be stained
and mounted in a day.

The stain employed and found very satisfactory
was Meyer's haemalum, and, for a differential, Van
Gieson's stain. The former about 10 minutes; the
latter about 30 seccnds.

|
|
When secticns cf 10 mikrons were used they stuck
well tc the coverglasses; but, in one case where 20

some sections were lost; and sc a valuable pelvis was

spoilt for reconstruction work. It may have been due;
to faulty technique, but it would seem that albuminiae%
slides are necessary for thick sections. By using
tnicker sections, and the same thickness of wax plateJ
every seccnd section or so, instead of every fifth,
would pe reconstructed and perhaps even more accurate
|
resultis would be gote. So much for the prccedure in
the preparation of sections, we now come to a part of

the technigue which has more to dec with reconstruction

work. |

4. Wax Plates and their Preparation.

The mixture that was used in the preparation of

the wax plates was that recommended by bardeen and

consists of a mixture of beeswax and white rosin. :

Beeswax 1@ parts
White rcsin 1 part.

This/
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This mixture gives very good plates which are firm and|

|
not brittle when worked in a warm room. In the proecess
|

|of preparation used the powdered rcsin is no use since

it floats cn the surf'ace of the water and apparently '

oxides. This leaves black masses when the wax sets.
i

These masses are of a gritty consistence and spcil the|

plates; morecver, bubbles ¢f air collect in them and

the main object is to prevent these forming under the

cocling wax. The lumps of rosin, which sink and melt

under the surface, were employed and are very satis-
factery.

Methods of preparing Plates.

There are two recognised methods:-

[ 1. That known as the Freiburg method which is as

fellows:- A magnified image of the sections is drawn

gerially on very thin paper. Each of these drawings

is treated in the following way:- the paper is laid
upen a litnographic stone; brass reds, of the thicknes;
the plate is to be, are laid upon thisj; then the boilikg
mixture of wax and rcosin is poured over it. A hot l
roller is then passed over the surface tc render the
plats lsvel and uniform. It is then sllowed tc set |
sufficiently when it is cut cut with & sharp thin knife.
Plates made in this way are now made in Germany and can
be nad in the market. The plates, thus made, are very
good, but they are not soc smcoth and regular as thosel

|
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prapared by the next method.

2. The method that was employed in this work was
that rscommended by Bardeen. It has given very
excellent results. The plates are uniform throughout)

| except at the edges, and, if care be taken, any flaws

can be avoided. Varicus difficulties presented them-
selves at the beginning, but we ultimately arrived at p

fairly perfect treatment. The method is as fcllows:-

Shortly:- The mixture of wax and rosin is sallowed

to melt as the water boils and then to cool after haviha

|
of plate a vessel must be constructed so that a certaip

spread out over the surface.
More in detail:- To get a definite thickness

-y

5 |

amount of wax mixture when melted will cover the surface
of the water to the thickness desired. A Tairly large
vesssel is best sc that a good many plates may be made

out of the one beiling. A vessel c¢f zinc was construct-

ed of such a size that 1 kilogramme of the mixture

when spread over the surface would give a plate 1 .
millimetre thick. (EBardeen). Tnis result was obtainqd
by melting 1 kilogramme of the mixture in a small

vessel of known area. The height to which the melted

|
WaxX rose was measured. The area for that depth of |

wax being known, the arsa fcr a depth of 1 millimetre |

. |
was easily calculated. The vessel must hsve vertical

sides/ :
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sides . This siZe is thecretically correct; but it
is cnly by experience that the exact thickness can be |
chtained. The reascn cf this is that, when cooling,'
there is a good deal of contracticn in the plate whicﬁ
therefcre beccomes thicker and the surface area diminisgh-
ed. A good deal cf the surface cof the water iﬂlthue;
left uncovered rcund the edges. Owing tc this con-

tracticn, and the fact that the wax adheres rcund the

edges to the vessel, the plate is apt tc split,usnd

gc it is well, &t the prcper time, tc liberate the
edges by running a sharp knife round them. !
The melting peint of beeswax is pretty high,and‘
rcsin etill higher, sc that very hot water is recuired |-
indeed it must be boiling. At first the wax mixture|
vas melted and poured cn to the surface of boiling
water which had been ren into the large zinc pan.

This was found hopeless us the mixture cocled toc soon

te allow of its epreading over the surface. The large

|
vessel was then supported upen @n ircen frewe and heat

applied by means cf large Eunsen burnere. luch ccoling

tekes place necessarily, frem such a large surface,

but with siffieient Eunsens it scon boilsywater to the
depth cf about two inches is sufficient. The wax angd
rosin can be simply weighed cut and added and allowed tc

meldt astithe water bcils. It is kept bciling briskly |
|
until/ |
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until all the rcein hae melted and then the water ie

allowed tc settle and cool gradually. bBubbles cf
air asre spt tc cellect as the wax ccols but these are
readily dispelled by plying a Bunsen lightly over

the surface every few minutes until the wax is becoming

cpacue , when the bubbles cease to form. All that is
now recuired is to liberate the edges when it heas
sufficiently set. Before the water gets tco ccld
and the wax brittle, plates of the desired size can
be cut with a sharp knife.

by thie methecd, net cocnly are betiter plates obtained,
put there is alsc a great saving of time. It must take
much time tc roll ocut a sufficient number of plates fcr
the reccenstructicn of, say, a pelvis. But by this lapt
method a few beilings yielde all that is reguired.
Mocreover, during each boiling little attenticn 1is

reguired.
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5 Cbtaining a Nagnified Image of the Secftione and

| I'er this purpcse a dark rcom is necessary. A

projection apparatus cr Camera Lucida may be usged. A

prejection apparatus of a simple nature devised by Dr.
Waterston was used in this werk and for the purpcses
reguired was fcund very ssatisfactcry. Edinéifhae
ncw a much more elaborate one, and there is & still
more elaborate and costly apparatus by Leitz.

The projection apparatus employed ccensists of

the following parts:-

1. A pecwerful Nernst lamp above encased in a

movable metal cylinder tc contrcl the light and protect

the filamente; below thie a:condenser; next K the stand for ,
the ©lide; next the lens stand. These are all wrranﬁed
upon an upright support, and all can be freely moved by
gliding panels and rack and pinicn arrangements. Thé
light paeses from abcve downwards through the varicus:
media and throws an image ¢f the section, magnified aﬂ
desired, upen the table below where it can be cutlined)
This arrangement ie much more ccnvenient tc work withj
and the drawing cf the figures upon a horizental surface
much better than upon a vertical surface. A reough

drawing ie given of the apparatus, in procfile, upon

the/
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the next page. _ |
naving decided upcn the magnificaticn tc be

employed, it 1is eaey tc set the apparatus by means of

¢« micrometer scale. When the lens frame is set, it
must not be tcuched until all the drawings are finishegd,
cr else the size c¢f the section drawings may be altered.

|
licw tc errive at_the prcper magnification acccrding to

the thickness c¢f the csecticn, the thickness of the wax
plates and according as we desire to cricntate every |
section, er every sccond, or every fifth, etc.

If, say, the sections are 10 mikrens in thickness
and we wish to magnify to 20 diameters; then, working

with wax plates of 1 millimetre in thnickness, the

proper prepcerticns will be maintained by reconstructin

m

| every fifth secticn.

| Thus:- 1000 mikXrecns = 1 mm.

H

10 " 0.01 mm.
Magnification 20 gives 0.20 mme. '

by taking every secticn, wax plates c¢f 0.20 mm. in
thickness wculd te reguired, or for every fifth section
plates ¢f 1 mm.
Again Secticns 20 mikreons thick

vaghification 50 diameters
£0 mikrens = 0.02 mm.

lagnifieaticn &0 gives 1.0 mm.

Thus /
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Thue, using every secticn, 1 mm. plates wculd be

required. Por every seccnd secticn plates of £ mm.,
and s8¢ on. The best thickness fl¢r the wax plate
is sbout 1 millimetre. - This is the most vcorkable

_ . ) |
thickness. Thinner plates would mcre readily break |
and perhuaps wculd be mcdified by pressure. Thicker

plates, on the c¢ther hand, are more difficult to
cut sccurately.

iaking the drawings and traneferring them to wax

The structures, in the prcjected image cof the secticn,

joF

which it is desired tc reconstruct are cerefully trace

cn paper with a fine pencil. Coloured pencils may ba

used tce indicate different structures, but this is
Unnecessary.

These drawings are then transferred to the wax

plates, alcng with tne drawings cf the guides, by
means oI carbon paper. To save this second drewing,
and thereby much time, the projected image was drawn |
straight on tc the wax by inserting carbcn paper be- |
tween the paper and the wax plate. The gquesticn was
aeked "Vhat if a mistake were made in the drawing?"

This does nct spoil the plate, for all such mistakes |
are sccred cut on the wex, and slsc on the paper for
reference. This hcwever is seldom necessary. The |
enlarged image cof the secticns is thues projected ﬁtraﬂght

on/



cn to the wax plates.

€. Cutting out the Figures cn the Wax Plates. .

The sectlicns are now serially reccrded upon the
wax plates with the particular guides upon which the
medel is te be built up. Yhen the drawing was in
preogrese all the sectiongs yere carefully numbered in
some permanent place sc¢ that there was no fear of
mixing them. The cutting out should be done in a
warm rcom s8¢ that the edges will not break. The plate
is placed upon a glass slab and a sharp, thin knife run
round the lines drawn on the wax. All the parts are
kept in the prcper-relation to cne another by a

sufficiently strong bar of wax which can be cut away

later when natural bridges have been formed by joining
up the parts in the different plates. The cutting |
out may be dcocne all at once or in pcrtions tc give I
variety to the wecrk, for this part cf the work is
trying and tedicus. The figures may be roughly
superimpcsed as the cutting cut proceeds sc that the |
work is controlled and a note can be made cf any plat%s
which dc¢ not superimpose prcperly - from some fault, |

perhape, in the section - which can at this stage be |

investigated.

7. Piling the Plates and fixing them tougether.

The/ |
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The figurces, all numbered. are ncw ready tc be
reconsfructed. The prccedure adcpted in this work
will be described first. Assuming all the plates to
be cf exactly 1 millimetre in thickness they have

simply to be piled and fixed together in porticns. It

is well however tc control each porticn with a millimeire
ecale to aveid error in thickress. Five tc ten plates
may be taken at a time and all tne permanent structureé
fixed together with small pins. The particular guideg
used are lef't attached and can be cut away later. The
drawings on the paper, all ccrrectly numbered, can bei

with ) ) ’
studied alongﬂeacn let, thus the piling is controlled

and the variaticns in the =ecticns readily made out.

The use cf definite vertical guides is necessary in

the reconstruction of curvealsuch, for example, as
the curve of the spinal column, in transverse cections.
Twe or three guides are best so as tc avoid any 1ateraP
mevement in the construction.

As each lct cf plates is fixed together with pins
tiie sections of the mcdel are partially smocthed cff,
as it is eaegier tc do this at this stage than when the
rodel is finished. A heot knife is run over the surfac%

and, where there are big pgapse tc¢ fill, melted wax is

spplied. This is c¢ften the case where the obliguity

is marked. The accuracy of the mcdel is in nc way

interfered/




interfered with if cuare be taken in this proceeding.

As each lot cf platees is finished they are added

t¢ the mod=zl and fixed tc this by pins and copper wireg|
|

which 1is allowed tc burn its way intc the wax. This

again is smoothed off in its relaticn tc the whole

model. By this means variety is given tc the wcrk
and interest is added by studying the parts graduslly
taking shape. When it can be done without injury tc

the model, the intervening bars cf wax are cut away.

Thie cften has to be done in each lot,cr else they
would be covered up later and cculd not be remcved. .
S0 the reccnstructicn proceeds until all the plates
hhave been added tc the mcdel. The guides can then
be cut away and the whole mcdel smcothed over with

melted wax.

€. Strengthening the Model end finishing it.

The model is finally strengthened by binding the‘
parts firmly together with stout copper wire. For
finer structures, such as membrancs, ccpper pguaze muyl
be used. Vessels and other small elongsated structures
are strengthened by a plece cf wire. This 1is heated |
and allowed to burn intc the structure and the track
then filled up with wax.

Lastly the model is painted. This prevents the

heat/



heat in summer affecting tne model. Painting is nlsé
ugerul for mapping out tne different structures by i
different cclours. |

Where it can be done casts can be made of the {

modele f'cr rough hendling, as the models are scmewhat |

fragile. ‘
|
|

Anctuer lethod cf Reconstiructicn.

After the figures are cut cut, twc preliminary
piles may be made, one of the parts which represent
the secticns, and cne representing the wax plates after
removal of the former parts. The former givee a pcei-

tive image and the latter & hollow, negative image of

the c¢riginal object. liere the enlarged picture taken

‘of the cbject at the commencement is cf value. In

case cof symmetrical cbjectes a2 surface cutline drawn

|
_ ; -
on card board and cut out makes & good basis to build |

|
upon (Born). ¥here only one side cf the embryc is to

be reccnstructed from transverse sections the figures

|
can ve cut dcown the middle line and then the plates Cﬂﬂ

be piled against the profile ocutline of the cbject which

is placed against & surface perpendicular tc the planﬁ
¢f the plates. |

When tne plates c¢f the pesitive image are ccrrecily
|

arranged the negative can be corrected from this by

taking/



taking scme cof the main curves in the pcositive and

moulding wire tc them and then applying this tc the
nepative surface. £ cast can then be taken of this |
cavity which will give the external characters cf the

embryce.
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Reccngtruction of Embryonic Pelves.

Histcerical Ncte.

Until 1 had described my pelvic models and had
completed my paper I was not aware that sny werk had
been done upon the hard parte of the pelvis by recon-

structive methoeds. ¢ince then I have disccvered thst

* e A e

The actuel mcdels, which are alsc auhﬁitted with
this thesis, have been left under Professcr
tunninghsm's charge in the Anatomy Department,
Edinburgh University. It was thought advisable not
to send them round since they are fragile and might
readily be injured in the carriage. They may be
seen at any time by applying to ¥r. lienderson,

Assistant Conservator, Anatomy Department.

In 1905 Prcfesscr Eardeen alsc made a study, by
this method, of the very early cartilagenous: pelvis
and reconstructed a model of a male pelvis in an embryc¢
of 33 millimetres long. This he compared with the
descripticn given by Petersen of his female pelvis,
(American Journel of Anatomy, Vol. IV, 1¢04 - 5). These
two pb@ves, being about the same age, could be readily

compared /




compared fcr sex characters, but nothing very definitg
seems tc have been made cut exhibiting differences. ‘
After reading Petersen-s paper I decided to rewrite |
mine sc¢ that any points bearing upcn develcpment and .
grewth of the pelvis might be intrcduced. The generél
descriptiocn of my mcdels has not been altered since :
they are all from clder embrycs and must be regarded |
therefcre as exhibiting a further stage in the
develcpment of the pelvis.

Prcfesscr feibel of Freiburg has reccenstructed

a seriee c¢f models particularly to show the develop-

ment cf tne genitco-urinary apparatus in the femals.
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~The Material

L3
- =

These reconstructicn models have been made of the
developing cartilagencus: pelvis from three different
enbryos. These embryos were all that 1 cculd obtain
at the time the wcrk was in progress. The enmbryos !
are all older than tncse of kardeen and Fetersen and i
a descriptiocn of them will furnish ancther step in the
develcprment of the nard parts. They pass from one cﬂ

|
fully ¢ weeks tc the largest of abcut 11 - 12 weeks, i
and exhibit some impcrtant points in develcpment and I
growth of the hard parts. In the middle one of the |
series the .viscermhave been reccnstructed in situ,

and a reccnstruction model has been made c¢f the

genito-urinary apparatus (exclusive of the kidney)

from the same specimen, which is a male cof about ¢-10 |

weeks old.

Nc. I kodel.

This is a reconstructicn of scmething mcre than

half tne pelvis (right half) from an embryc c¢f fully
& weeks cld, magnifiied 20 diameters. This specimen
belonged tec Dr. Waterston. He kindly lent me the !
secticns to commence the werk with. I do not know the
lerngth of the embryo but,from the appearance cf the

cssific/
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osgific centre in the ilium already I conclude the age |
to be fully & weeks. The embryc was sectioned else-
where and unfortunately the ccccygeal part was not re-
rresented in the eecticne and censequently has not been
recenstructed. Fcr a study cf the next stage in the |

development of the cs immemingtim and part of the sacikum

|it has been useful. Unly one side wae reconstructed

|
because it appeared that the left side had been mcdifiad

in shape previocus tc¢ secticn.

Nc. 2 Model.

This is & reccnstruction ¢f the pelvis from an
embryc of abcut 9-10 weeks eold. It measured exclusive
¢f the lower limbs, 37 millimetres. Magnificaticn,
20 diametsrs. This is the next stage in the develcp-
iment and exhibits some marked changes in the ilia from

Noe. 1 model. In this mcdel the viscer®s. have been re-

|
constructed in situ sc that for the most part the

external form cf the cartilage alcne can be studied for

comparison. In additicn tc the viscera, the musculat-

|
ure of the Tloor of the pelvis has been reccnstructed.

No. 3 Model. |

This is a model ¢f the hard parts complete of the |

relvis of an embryec 11-12 weekse cld. It wee 60 mnm.

[

long, exclueive of the hind limbs. The head and neck

measured/




measured £6 mm. and the trunk 24 mm. Magnificaticn,
20 diameters.

In Nee. 1 and 2 the sections were transverse;

and, in Nc. &, sagittal. In all, secticns cf 10
mikrons were employed.

Eetween Model Nc. 1 and model No. & magnified
the same number cf times, there will be seen to be
marked differences; sc that a study of the series

should preve of value.

o

A ccmplete study could be carried out in Nc. 3
mecdel alone, for Nc. 1 is incomplete and in No. 2 thei
pregence of the viscera. prevents the study of the
cavity of the pelvis.

The order that has been follcwed in this paper
f

has been, first, tc describe the earlieet mcdel (Nc.l)

particularly the innominate bone and its relations

to the sackum; and comparing this with bardeen's and
|

Petersen's acccunts cf their early pelves. j
|

Then & descripticn ¢f the nard parts cf model NC .
€ and ccmparing this with Nc. 1. ‘
Lastly, in the hard parts, z full description of
mcdel No. 3,followed by measurements of the pelvis fon

comparison with a female nelvie when it shall be

e e —

reconstructed.
After the hard parte have been consldered a

note/
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note has been made upon the reconstruction of the
viscera in Nc. 2 model and in the mcdel of the genitc '

urinary system.

A Short Descripticn of Mcdel Nc. 1.
|
|

Petersen studied the development cf the inncminate
bones (or cartilages) from their earliest appearance
at the preximal extremity of the femur. Three
pieces of cartilage develcped in the condensedcellular
tissue surrcunding what was to heccme the pelvic cavity
where the viscerig, blcecd vessels and nerves were
cdevelcping. These cartilages formed atergradiate
arrangement and the direction ¢f their growth, he
held, was contreclled by the three nerves - scilatic,
cbturator and crural. The cartilages grew towards
the acetabulum and all tceock part in its fcoermaticn.
While this was gcing on the distal ends were growing

away from each other. The iliac bar passed backwarde

and became attached tc the lateral mass cf the sacrum, |
first by its antericr or costal parte. The ccnnecticn
between the transverse prccess and the ilium was brougpt
about by the develcpment of & longitudinal bar of
cartilage pesterior to the costal connecticn with the
ilium. The ischial ramus grew rcund the obturator

nerve/
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nerve and gracdually completed the obturatcr

‘I'cramen

by uniting with the pubis internally. Lastly the !

pubes came together in the middle line antericrly. !

L.e traced the changes which occurred up tc. the

condition found in the embryo LO - 2¢ mm. long.
Bardeen also traced the develcpment up to thst
ffcund in an embryc 83 mm. long. Their results were

much the same.

Mcdel No. 1 mey be taken as the next step in the
development, and a shert acccunt will be given here of
& When describlng the large mocdel (No. 3) the |

changes that have occurred will be noted and the pelvsas

compared in so far as they can be.

The meoet sgtriking thing about the ilium is that

the expanded part is very short perpendicularly.

There is a great advance in vertical growth
this and the next stage. The expansicn is
ccmparatively breoad anterc-postericrly, and
antero-supericr and pesterc-supericr spines
and rrominent. The posterc-gupgerior spine

backwards and fcrme the mcst pestericr part

ilium, differing therefcre apparently from the cther

mecdels and the adult bene. This spine is not sc

massive/

Innomirate cartilage. (see f

igs 1) ,

between
however

the

are Sharpl

ig directead
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magsive as it is later on. Accerdingly alsc the
pesterc-inferior spine appears much further dcwn
upon the latarel mess of the sackum than in the cther |

nodels. This is more apparent than real btecause the

tip o¢f the spirne reaches decwn to the level of the '
middle c¢f the antericr sacral feramen and net to the
upper limit of the third as is the case in the adult.
Detween this stage and that in model No. 3 there is i
evidently an increase in bulk cf the pcestericr ends df
the ilia with a displacement dcwnwards of the pcsterd-
supericr spines. In models No. £ and 3, the summit
of' the great sccio-sciatic notch, and the posterc-
supericr spine are nearly in tiie same horizcntal
plane; but in this model the posterc-supericr spine
is placed much higher. The general shape of the f

iliac expansicn, from without, is more cr less cval,

with the lcng axis directed antero-pcstericrly. It

i
|
has nct yet assumed the quadrilateral shape seen 1atqr One
|
ded

The nctch below the snterc-supericr spine is o)

|
and narrcwe. The anterc-infericr spine is small and|

overshadowed by the supericr spine. It is placed |

well tc the inner side cf the supericr spine. There
|

must therefore be a great growth in this anteriocr part .
cf the ilium tc arrive at what is found in mcdel No.3.
!
The antero-superiocr spine is remarkably near th?

acetabulum/



acetebulum. It lier above the acetabular rim 2 cn.,
i.es, in the embryo, 1 mm. In moedel Nc. 2, the

digtance is 4 cm., 1.8., in the embryp, £ mm.
The antericr end cf the iliac expansion is

slightly inturned whilst the pcstericr end is turned

outwards slightly, sc that a slignt 8 shape is alread
|
present. The iliac expaneicns are fairly unifcrm in

thickness throughout and show nc fossa formation.
The ocuter surfeace is slightly concave.

The inner aspect ¢f the iliac expansicn is
interesting. The upper part is fairly vertical but
there is a pcrticn which extends from the pelviec brim
t¢ this vertical pcrtion which is more nearly
horizontal (Fig 2). The result is that an angle is
formed between them which is widely cpen - cbhbtuse -
inwards. It is not seen upon the cuter aspect
because it cuts intc the thick cartilage at the buse
c¢f the iliac expansion. Above this angle there is
a £light ccncavity sntericrly and a slight convexity |
postericrly. The posterior part has nct yet beccme
markedly convex on its inner aspect and is placed
well away from the neural arches - lhis being very
different from what we find later.

Petersen described great "flaring" cof the ilia

in L.0. and, compsring this with the adult he fcound

tnat/ i
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that tne antero-supsricr spines were relatively wider

. 1 . . |
apart tnan in the adult. lle represented the conditicns
graphically, and, makKing the ilic-pectineal eminences

i
in embryo and adull ccincide, he showed that the

i
antero-supericr spires lay farther tc the outer side of
these eminences and also lay at a much lower level tha%
thiec anterc-supsgrior spines cf the adult. '

The very lcow ilium ie brought cut well by taking
the index of the wdadth of the ilium with the tctal
pelvic height

Ereadth cf ilium = 28 mm.

Total height of pelvis = 108 mm.

index 98x100

= a [

108 97 _

;

This is a remarkably high index. In adult males
Verneau gives 74.58. between this and the stage

exhibited in model Nc. 2 there is a very rapid growth

in height c¢f the faulse pelvis and the high index is

due to the low faz2lse pelvis. The true pelvis in this|
medel is relatively deep. Depth of true pelvis i
6.5 mm. |
|

~_Uschium.
The body c¢f this element is well formed. The !

pesterc-external surfece is markedly convex. There is
|

) 5 . vty
no concavity at the base c¢f the spine because that spine

lOGks/
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lookes inwarde towards the bodies of the sgcrum. It
can hardly be called a spine and is rather a roundish
elevaticn. It is not nearly sc large and prominent

as it is later, because cf the absence c¢f the marked
inturning cof the ischial spine, and als¢ because the
ilic-pectineal eminence is nol so marked, the concavity

- ) - L3 > |
cf the inner surface cf the ischium is much less deep

|

than in Nc. 3.
The ischial tubercsity (fig.1 ) is very small and
undevelcoped. It f'orms merely a more thickened part of
the ramus - a part which is directed downwards. The |

cuter surface is convex,and sec¢ it hags the appearance

of being inverted (fig.3 ). The groove between the

tubercsity and tihe acetabulum is hardly to be made out'

The scetabulum (fig.3 ) is a prominent festure.

seen to preject well cutwards

i

un front view
perticularly in ite postericr part; sc that this part)

forme the summit cf' a curve passing from the anteroc-

gsupericr spine to the cuter aspect c¢f the ischial
tuberosity. The margin is sharp and well defined,
since the cctyleid ligament (condensed tissue repre-
senting it) was reconsiructed as attached to the
cartilage. The shape of thie ligament was ,in the

gections/



sectione trisngular, as seen in the adult. The addi-
tion cf the cctylcid ligament exagpgerates the depres-
gion above and pestericr tc the acetabular margin.

The chape of the acgtabulum is oval with its long I

3

axis directed transversely. |
vertical diamster = 28 mn.
transverss . = 33 nmme

betwesn Lnis and the next model the vertical diameter

has increased more than the transversae. The cavity
is deep, exuaggerated by the cotyloid ligament. The

cotyloid notch is narrow and deep. NC rough area

at ithe bottom cf the acetabulum was made cut in this

specinen. The head of the femur filled the acetabulum
and was guite separated frem it. The joint is there-

fore already fully formed.
The thyrcid fcramen is comparatively wide and oval

in shape. Its long axis is directed cbliguely, thes

upper end lying nsarer the middle line, (fige B )Ju IL8
shape etc. will be discussed mcre fully wnen consider#
ing theféramima in the three mcdels later. |

The ischial ramus projects at first forwards und:

then upwards and inwards and meets the pubic ramus

at a point which prcjects well forwards. This point |
has been remarked by Petersen in L.O. On transverse

section of these rami they are nearly circular in
cutline. |

Pubis/ |
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of the pubis look anteriorly and

peustericrly. The pocsterior is convex and the

anterior practically flat. Below,it passes into the

descending ramus and this is concave antericorly,

passing forwards to mest the ischial ramus at the

tubercle referrsd to above. The pubic spine is morse
o i it |

a fulness than a definite spine and frc%ﬂa ridge

passes downwards and cutwards towards the acetabulum,

ma2at in

d

above the thyroid fersamen. The pubic opodier

the middle line, the cartilage being separated by a

Fairly thick dense tissue, more mearked anteriorly and

above. This has been repressnted in this model as

cartilage,and sc the cartilage of ths one uppears to

pass on to the cartilage of the cother. In reality

the anterior edges c¢f the bodies should be separated

by a groove such as is seen iy model Ko.

ral

=+

The ascending ramus of the pubis is directsd

neetly inwards and slightly forwards - differing theref

i3 a the

ore cendition. It meet

greatly frcm the adult .
|

pubis forming an angle widely copen

|

pestericrly, because the anterior surface of the body

locxs forwards and nct foerwards

the adult.

haﬂ/

and outwards

Thus the anterior aspsct of the

as in

pelvis
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tias a remarkably flat appsarance. This will bs
considered wnen ccnsidering tne growth of the trus

pelvis later.

In this model the sacrum is very straight, and
I am inclined to think that it is somewhat too much go.

The cocecyx, as mentioned, could not be representad

but in the very last sescticn of the series a piece of
cartilage appeared isolated well forwards. This was
evidently the upturnsd end of the tip of the coccyx.
The connecting cartilage had not been sectionesd and

gc this pisce was not representsd for it would have
been difficult tc keep it in plsce. From the appear-
ance however of this piece of cartilage it shcwed

that there is a very marked curve on the coccyx - much

L]

mere than in models 2 and 3.

There is no suggestion of a promontcry in this
model and the brim cf the pelvds seems to end at the
side ¢f the body of the firét sacral vertebra. There

is no connecticn across the vertebray. between tho

The lateral mass appears more isoclated in this

medel than in the others. The ccstal elements are
thin when compared with model No. 3. 8¢ also are the |
transverse processes. of ccurse these are Tixed :

together/




tegether at thi

i

are comparatively large when compared with the thin
latersal procsssss of the vertebrae, This is only

wnat ws would expect since the nerves are very larse

structures at this stage, and, as has been stated.

o

scme of them play an important part in the growth of
the early inncminate cartilage, (Petersen). The
slender costal element of the first sacral vertebra
where it forms the ala, instead of being a ¢tcut bar
as in model 3, forms a thin edge tc the brim at this

part; thus bridging cver the large anterior sacral

foramen. In this mcdel the upper surface of the alz|

seems to pass insensibly on tc the inner aspect of
the ilium - very AdAifferent from that seen in Ne. 3,
and even in Nc. 2, though in the latter this is not
s¢ marked.

In this epecimen, T believs, some dilssection was
done to expose the cord before secticn,so that ths
condition of the nenral arches cannot he reccorded.
The spinal cansgl is hcwever vary larpgs and capacious.
The posterior sacral foramiga loox well outwards and

not much backwards. The upper omeg are not covered

stage. The anterior sacral Tcruming
|
|
|
|

|
over by the pesterior snds of the ilium. The lateral

mass, broad above, tapsrs away to a poeint cpposite the

laast sacral vertebra.

Cavity/
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Cavity cf thé FPelvis.

Unfortunately only one side can be conaidered. |
The brim is well formed. But it ¢ must be made cleuﬁ
that here again the outline of the condensed tissue
vas taken. This was not the case in mcdel Nc. 3 where

tne definite outline c¢f the cartilage was rigidly

c*

adnered tc. This condensed tissue took on a differen
and a desper stain and on microscopical égamination
was found to contain cartilage cells in the transeition
stage, more like connective tissue cells the farther
from the cartilage. It is indeed a thick peri-

chondrium - denser in some parts - which is completing
the form of the cartilage upon this aspect. The brim
is fairly sharp therefcore amd this is exaggerated by

the "flaring" of the lower part cof the false pelvis

which is very marked. The ilio-pectineal eminence

does not encroach upon the pelvic brim as it doee in |
moedel No. Ze i
The ischizl spine projects well into the cavity of
thie true pelvis as a rounded eminence and the ischiul |
|
tubercsity has 8 marked inward inclination, and would
thus greatly narrcow the cutlet. Unfortunately,
neasurenents cannct be made of the pelvic cavity in |
this case, except the conjugate and the depth which

has been given befcre in comparing the height of the |

true pelvis with the tctal pelvic height.
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A Shert Descripticn of Model Ne. 2 - the hard Parts
Thie pelvis has been reconstructed in twe parts,
an upper and a lower cection. This was done sc that

the viscera may be traced more easily and alsc that |
; ; . |
tiie contents of the true pelvis and the pelviec floor

may be seen and not obscured by the expanded

peritoneal cavity above.

The outward feorm can, in most cassg, alone be '
described in thiﬁ redel since the viscera: occupy
the cavity. The pubic arch, tco, is Tilled up by

the soft paris and thus canncot bhe considered. I

Innominate Cartilages. r
Iliwm. (figs. 4-18 )
The iliac expansion has grown considerably in

thie model but it is 'still small when compared with |

the rest of the inncminate. That is, the true

pelvis is still relatively deep. The sacral pertion
[
cf the ilium is large and has become more massive
than in Model ¥Nec. 1. A line drawn from the .
antero-supericr of the pesterc-supericr cpine is
about bisected by s line continued upwards from the
antericr margin of the great sacro-sciatic nctch
and parallel with it. This lins meets the ilisc

crest @t abomt its middle point. The expansions

have/
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have become more guadrilateral in shape but have not '

| yet assumed the shape c¢f the adult. They are not

in this respect so far advanced as model No. 3.

The mcgt postericr part of the ilium is not now
apparently the postero-superior spine but a point in
the cregst a little above this. The spine appsars to
me toc project now dovmwards and lies about 15 milli-
metres in frent ¢f the most pesterior part of the cree&.

The pcint, which seems t¢ me to be the spine,

[N

a
situated therefore upon the inferior border of the
|
iliac expansion. It has assumed therefore the position
cf the adult where ths spine ia directed downwards.
The postero-superior spine is here and in Nc. 3 mcdel

practically cn the same horizontal plane as the

posterc-infericr spins. This is murkedly differsnt

from the adult where the inferior spine is much lower,
Part cf tnis elcngation in the adult of the pcstero-
inlerior spine is nc doubt due to the traction of
pecwerful ligaments, but it would not account for such
g marked difference and thers must therefore be a '
growth downwards of this spine later. Everything
indeed seems tc point to this. The ilia have a
slight inclination ocutwards in their expansions, much
as in the upper part of the expansions of model Nc. 1.
The external surface presents a slight concavity |

below/



below. It beccmes convex as we pass towards the
crest, and at the crest thers is a slight incurving
of the summits.

The nctch.belcw the antero-szuperior spine is
still deep and narrow, exaggerating the prominence of
the supsrior spine. The antero-supericr and inferior
spines are still closs together but the superior
spine has been raised twice the distance (viz., 4 cm.x

5
Loe

above the acetabulum cf that found in Vcdel No.
The inflericr spine has at the same tims been raised |
almost equally so that the grewth between these ages
has taken place mere in the lower part of the anterioﬁ
border than in the upper part.

The inner surface c¢f the iliac expansionsa is |
concave and this is exaggerated by the incurved upperl
limit of thes iliac crest.’

The great sacro-sciatic notch has its summit
cimpleted by the innominate cartilage, but its pcsterior
border is almest entirely formed by the lateral mass |
of the sacrum, there being very little development of |
the pestero-infericr spine of the ilium. The summit
of thne arch is on a level with the postero-supericr
spine.

4 few measursments that can be made will be

given/



be given here:-

Breadth of Ilium (from Antero-superior

~tec posterc-supericr spine) = 05 mm.
height (total ) of pelvis = 148 mm. |
Index, taking total pelvic height at 4 |
100 =  956x100 . wpme |
148 mn. oo i
Themson glves for male
fCet‘uS = S‘E.BIEAOQ = 89.7
42 mm. i
Verneau for adult males = 164x100
220 mm. = 74.5

|
i
There is a gradual increase therefore, and this is

due to the greater breadth of the ilium in proportion !
to total pelvic height in the adult than in the foetusJ
There is a very great difference betwesn the index of !
this mcdel and that of model No. 1. In this it is i
84.1 in model No. 1 it is 97. Some allowance must be
made for errors in technigue, and the wax plates in |
model Nc. 2 may have been slightly thicker than in
Model 1; butl this will not account for anything like |
the difference. The explanation is that there has |
been a very rapid growth in height cof the pelvis, mostiy
in the false pelvis but also in the true. This is
evidenced by the fact that the acetabulum has ncw
become longer in its vertical diameter ihan the transverese,
and, in the false pelvis, the great increase in the
distance between the acetsbulum and the zntero-superior

spine/



spine-while the notch below that spine has remained |

much a8 in model No. 1.

the ilium increases more rapidly than the total height,

After this stage has been reached the brecadth of

Prefessor Thomson selects this index (breadth of
@lium to pelvic height) tc demonstrate the fact that
there is a greater increase proportionately in breadth
of the ilium to total pelvic height as age advances,
and that this is due te rapid growth in that portion
of the innominate bone which forms the summit of the

reut sacro-sciatic notch. This may be the case,

{7

but it seems to me that the posterior part of the ilium
is as well developed in this part, at any rate in the
embryo, as in the adult. The increase in breadth of
the ilium is rather due to a greater growth in the
anterior part (abdominal part) of the false pelvis

and this is demonstrated by the following measurementsg
in the model and adult. Taking the junction of the

anterior and upper borders cof the great sacro-sciatic

notch and measuring to the posterc-superior spine on tihe
cne hand, and the postero-superior spine on the [

other,we get striking resultis.

Notch to antero-superior Notch tc _postero-

spine. superior spine.
Model Nc. 2 = bB7 mme. 46 mm.
Adult =, 102 mm. G868 min.

There/
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There is therefcre a very marked increase in the
measurement from the notch to the antero-supsricr
spine, much more so than in that from the nctch tc the
postero-supsricr spine. Therefore the incrzase in the
breadth of the ilium in relation to the total pelvic |
iheight in the adult is due largely to this great srowth
in the abdeminal part of the falss pelvis. This gces:
along with the widening of the notch below the antericr

spine.

. |
The postero-external surface: is markedly convex and

passes up to the brim of the acetabulum, which does not

present a depression upon its uppsr and posterior

aspect. |
|

The ischial spines are obscured by the scft partsj
|

but in the sectionstheirprominence was well seen, prc—!

jecting into the cavity of the pelvis.

The tuberosities are still small and rounded and |
precject well forwards. The groove between this and
the acetabulum is greater than in mocdel Nc. 1 but much

|
less than in No. 3. The tubercsitics ars not so much |
inturned as in No. 1 though they still are not everted,

The same flat appearance of the antericr aspect oﬁ

|
ths pelvis, described in model Nc. 1,is again well seen
here.

Pubis/




_fubis. -

This cannot be described ,for ths scft parts obscure
it The ascending ramus has much the appearance seen
in model 1 and is directed well inwards and é]iﬁhtly
forwards.

The Thyrcid Feramen. (Fig. 16)

Is leonger than in mcdel 1, and slightly broader.
|
It has assumed a different appearance, for now the long

axis is placed vertically. The foramen looks almost

directly forwards, mostly above, because of the flatness
|

of the pelwvis in front. The foramen is covered over
|

|pcetericrly by the cbhturatcr internus nuscles. ‘
The Acetabulum. ‘
|

This is a prominent festure and is well developed

It looks well forwards. The notch Gotyloid) is much
wider than in Nc. 1, and the rcugh area at the bottom
of the cavity is represented in a triangular shape with
the base towards the cctyleid notch. The vertical |
diametsr has now beccme slightly the greater or equal
with the transverse.

Vertical diameter = 38 mme .

transverse " = 25 mm.

A Tew outside measursments are here given:-

Distance between anterc-superior spines = 147 mm.
Distance bhetween anterco-infericr spines = 131 mm.

Distance/




Distance between outer limits of cetyleid

cavities = 134 mm.

These figures demonstrate well the
absence cof "splay" of the ilisc expan-
gions and, when taken with the next
measurement: -

Distance between the ocuter aspects of the
ischial wtubercsitiss at their lowest
points, = 80 mm.

tne convex appearance of a line joining

the anterc-supsrior spine and the cuter

aspect of the tubercsity, passing through
the pestericr limit of the margin of the
acetabulum,can be understcod.

Distance between the becttom of the acetabu-
lar cavities, measuring from the upper

angle of the rough area = 78 mm.‘

Distance between the bostero-superior iliac
spines

1l
|
S
=
3

_Sacrum and Ceccyx. (Fig.13 )

The curve cof the sacrum is socmewhat greater than

4

in the next model (3), and this is what we would

expect. The most of the curve is nowever in the

coccyx which turns well forwards under the arch of thq

pubig.. There is a suspicion of a promontcry here,

i.e., the first sacral is somewhat mors prominent than

the last lumbar cr second sacral. The absence of a

definite/
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def'inite promontory gives the appearance cf a more
general sweep from the lumbar on te tiig region of

the cclumn.
. [
The lateral masses are well developed and present

|

a general convex ocuter surface. They slope gradually

|
tc end at the last sacral vertebra. A largs part cf

|
the lateral mass is expesed externally vecause the ‘
pestero-inferior spine is still short. The bars of ‘

|

cartilage connecting the lateral masses with the

becdies of the vertebrae are thicker and better develop@d
tnan in mcdel Ne. 1. The int9yertebral and antericr
cacral foramina are still relatively large. '
The gpinal canal is very large and tapers gradual-

ly from above dcwnwards. It is open posteriorly all

tae way. The arches consist c¢f the pedicles, the
distal ends of which are formed by & bar of cartilage |
representing the articular processes. In transverse
sections cne could not make out any indication of
jcints between these articular nrccesses. Eeyond
this bar cf cartilage the arches precject backwards |
and inwards as straight bars of cartilage separated |
from each cther above and belcw, by a wide space. i
There is no indication of fusion of the laminae with
gach other as yet. These arches end in sharp points
and leave the canal @pen behind in its full extent.

The/



The processes of the third sacral arch hzave most nearly
apprcached completion postericrly. Above and below
this they are mcre widely separated. The posterior
saucral foramivalcck more cutwards than backwards, as
in KMoedel 1.

Tne base of the sacrum approaches more unto the
appearance seen in the next mcdel and which will be
fully described there. The superior articular pro-
cesses of the first sacral lock cutwards and backwards
and not inwards and backwards as is the case in the
adult. These processes are wider apart relatively

|
tc the width of the sacrum and are placed external to

i
|
the body of the vertebra, (see later). '
The coccyx consists of four pieces definitely
marked off from one another. The terminal piece has
a bifid appsarance cn its under aspect. Two little :
tubercles, cne on either side, ars placed upon the

inTerior aspect distally. I cculd find no indication|

of a fifth piece. Petersen figures a fifth vertebra

in L.O. Steinbach holds that a fifth piece is present
even in the adult. (Die Zahl der Candslwirbel beim
#@eyenschen. Dissertation, Eerlin, 18¢4).

The cccecyx is attached tc the sacrum at this stage
by the bodies alcne. There is no connection between

| the arches. The ccrnua are small and undeveloped.

The/




The sacral ccrnua_project dowawards as small stumps.
The transverse processes of the first coccygeal are
likewise small and rudimentary.

Viewing the pelvis from behind, the large part
tnat the sacrum takes at this stage in the formation

of the pelvis becomes apparent.




| the main, symmetrical we may leave the <

91}
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General Description of Model Nc. 3 from an Hmbryo

11 - 12 weeks old, with Remarks upon the Development

of Certain Parts when compared with the Earlier Models,

This model was raccnstructed from sagittal sections
and was found, when completed, tc be slightly higher
and alsc slightly farther back on the left side than on
the right. This has given the appearance of a slight
tistcrtion. whether this was due to some alteration 1in
shape owing tc pressure before section,(fcr the specimen

had been kept for some menths) or to some fault in the

technigue,l cannct say. Prcbably, however, the latter
wag tne cause. This dées nct greatly alter the anatomy
and arrangement cof parts. The mcdel may therefcore be
taken as fairly accurate. Ls the two sides are, in

i

istortion cut
of account in the consideraticn cf the anatomy.
llereai"ter certain measurements will bve given with their
relations to younger and colder foetal pelves (Petersen,
sardeen and Thomson) and tc adult pelves (Verneau and
sir William Turner).

Many striking differences from the adult pelvis
are brought out in this model wnich could not be
investigated in the natural condition,since the parts
are so small. These peculiarities are cf course

Gxagger&ted/




Taxing first tie innominate bones and their constituent
clements: -

Innominate Cartilages. (Fig. 81-27 )

_Tlium.

Viewed frcm without, the general shape of the

ilium resembles the ilium of the adult. (see Tig. 21 ).
|

upwards from the great sacro-sciatic nctch, and continﬁ—

The postericr perticn (sacral element) cf ths iliac

expansion is very large and massive. A line drawn

cus with the anterior margin ¢f that nctch meets the

crest of the ilium at about the junction c¢f tne middle
and anterior fourths in the adult. In the model it |
is much the same but somewhat pesterior te ths point.

This varies a gcod deal in ths adult sc that it shoul%
- . |
not be emphasised too much. 1t shows, however, that

the posterior part of the ilium is as large as in the
adult. The part of the expansion pcstericr tc the
auricular surface is particularly massive and very

thick, having a marked convexity on the inner aspect, |

towards the neural arches. The sharpest point, which

| ot

may be taken as the postericr-supericr spine,is nct
the most postericr part of the ilium, but is directed
downwards from the infericr aspect of the massive
hinder part. (see fig. o7, Botii Bardeen and retersen

have remarked the large posterc-superior spine in

their/
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thelr early models. In ny earliest,(clder than ‘
theirs) this spine is directed backwards, and is sharp

and well developed, but nor particularly massive. whEn
considering this region in the three models, it is seen
te become gradually more massive and approaches mcore to
the type ¢f tne adult. There is a gradual advance

then,in this region. Morecver, as exhibited by these

modele the postero-supericr spine gradually comes to
ccecupy a lower place and peoints more doewnwards than [
backw:rds. This is the case in the adult pelvis.

The anterc supericr spine is very remarkable in

this mcdel. It is large and prominent and curves
slightly inwards. This prominence is exaggerated by

the prssence, particularly well marked in this specimepn,
¢f a very deep nctch below the spine on the anterior

border c¢f the ilium. This is such a striking feature
tnat one would like to see another pelvis reconstructeg
of the came age for comparison. This deep notch is
present in all the mcdels, though more marked in this

one. Petersen, in his description, alsc menticns the

Tact as cceurring in his models, Below this large
nctch, and well to the inner side of the antero-supericy
spine, the anterc-inferior spine is well developed.

This spine is placed at the end of a ridge which runs

vertically upwards from the brim of the acetabulum.



From the outer side c¢f this spine, at its upper end,

the anteriocr border cf the ilium is continued upwards.
When this regicn is studied in the three models we get
a good impression cf the development and growth of -
this pertien of the pelvis. In medel Nc. 1 the noteh

is deep but very narrow and tne distance between the

inferior and supericr spines is small. In Nc¢. 2 the
nctch is deep but scmewhat wider. In Nc. 3 the notch
is very much wider. In No. 1 the anterc-supericr
spine is not far from the acetabular brim (20 mm.)

but in No. Biit is raised much farther away (40 mm).
Sc that between these ages there is a marked vertical

growth in the antericr or abdominal part of the false

pelvis. In the adult the asntero-superior spine is
atill higher, relatively, and farther back. At the

same time the notch referred tec is much shallower, but

alsc much wider vertically. From this age tc the

adult state, then, there must be a widening of the i

notch which results in a raising cf the anteroc-supericr

in the anterior part of the false pelvis has been re-
ferred to in connection with increase in breadth of the
ilium as compared with total height of the pelvis in
the adult.

I'ne crest cof the ilium ascends fairly steeply from

the/
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-tne anterc-supericr spine and then curves gradually J

bacuwards to the posterior spine. Viewed from above
the crest is S shaped, the posterior end is curved

sligntly outwards and the anterior slightly inwards.

The curve 18 noticeable even in the earliest model, [
|

(NO« 1)

. w . . . 1 |
The postero-inferior spine is short and rounded |

and is indeed not well marked. It is much shoerter

. = - |
than in tne adult. It appears to grow dcwnwards upon|
the lateral mass of the sacrum. Below the spine ther&

is a flat shelf cn the lateral mass which extends down
to the third antericr sacral fcramima. The postero-
infericr spine in the model extends down tc a point
oppcsite the lower margin of the cecond anterior sacral
feramen, but in the adult dcwn to a peint cppeosite
the upper margin of the third sacral fcramen, (i.e.,
d@own to the lower margin cf the ledge on the lateral
mass). In the adult the sacrco-iliac cavity extends
Adown tc this peint (third sacral f'oramen) but in the
mcdel only down tc the lcwer margin cf the second
fcramen. Therefcere as zpe advances tne sacro-iliac
Jeint is increased in !depth by being continued down-
wards upcn the ledge of the lateral mass.

The deepening of the great sacro-sciatic nctch

is/




jg apparently influenced by this downward growth of thsg

er

posterc-infericr spine. In tnf moedel the ilium forms
the summit of tine arch of the nctch und very little of |
its posterior border - the main part being formed by
tne lateral masses of the sacrum. In the adult the
notch is much deeper in the ilium, i.e., its spine is
longer,and a fair amount cf the pcetericr berder is
fermed by the ilium. In the adult the arch rises
10 - 20 millimetres above the apex c¢f the spine; but
in the model only 2 - 3 mm. i.e2., sbout .1 to .15 mm.
in the natural state.

rrofesscr Thomson has emphasised the point that the

postericr part of the ilium is pgreater in the female

than in the male in fcetuses from four months cnwards

= pee

at any rate. This is the same us in the adult (Testu
This is exhibited by a wider sacro-scigtic nctch.
Themson tneref'ere holds that in this regard, as well as
in many cthers, the distinction. between male and female
is apperent in the foetus. Ee refrains from measure-
ments cf the ncotch as there are cbvicus objections to
this in so small a pelvis. From hie photographs aod
drawings, however, the notches appear distinctly wider
in the female, though scme of this appears tc be due tc
the greater backward curvature of the sacrum cr perhapé
from a different set of the sacrum in relation tec the

inmominate bones.

T.‘le/




The measursment he suggested and employed in the
adult was from the posterc-infericr iliac spine tc the
junction c¢f the anterior and upper borders of the |
great sacro-sciatic notch. The ill defined: shape
of the spine in this mocdel makes‘it difficult to

measure. I have taken, however, that point of the

spine which meets the anterior and cuter limit of the
lateral mass. By this measurement I got 28 mm. '
(magnified 20 times); therefore the natural distance
is 1.4 mm.

None of the characteristic rough areas and spines
cf a bony pelvis are, of course, yet develcped;

presgure snd tensicn, in part, at any rate, determin-

ing this later. The surfaces are smcoth and the
edges rounded. Therefore, the arsa for the crigin cf |

the gluteus maximus is smceth and not so prominent as

in the bone. The ridge of bone, stretching upwards \

from the acetabulum to the crest,is not present in

this model on the external surface tc any extent. ‘
¥rom the absence of these two thickenings the extermal

surface of the iliac expansions is straighter than in

the adult, there is a slight ccncavity, however,
antericr to the gluteus maximus crigin. ‘

Onithe inner surface of the ilium there is a '
marked convexity just anterior tc the sacro-iliac .

articulation/
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articulaticn. It commences at the pelvic inlet and

for a short distance upwards it is markedly convex.

1t then runs up towards the crest as a narrower ridge,
ending halfway between the pelviec brim and the crest. |
It has the appearance cf a scrt of buttress with a
broad base at the inlet and tapering off ubove.

Between the ccnvexity and the anterior border of the |

ilium the surface is concave. This is partly owing
to the inturning of tiie antero-superior spine. Just

above tihie antero-inferior spine there is 2 short
horizontal devression of abcecut half an inch in length.
The surface just pesterior tc the anterc-superior
spine is ccnvex in the aduvlt,due te the "flaring" of
the antero~-supericr spine more than the rest cf the
false velvis. The region corresponding te the iliac
rcesa, poslericr tc the ridge rumnirg vp from the
inlet, is concave but not nearly sc marked as in the
adult bcne. The concavity,postericr tec the ridge
mentioned,connects with the anterior above the ridge.

The cartilage here is very thick and shows no thinning

as in the adult bone. Tn the bony pelvie this portidn
is very thin and often translucent in the adult. In

the newly born it is comperatively thick; sc that the

|
cocunter acticn cof ithe powerful muscles taking crigin
on each surface nc doubt produces the thinning. Alcng

with/
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with this thinning a ccndensation of the bone in thie

part takes pluce s¢ that the bone Lecomes lightern and

at the same time remaine streng. Postericr to¢ the
iliac fcssa the bone agein beccmes cenvex end this

cenvexity ig very marked peslericr to the articular

gsurface.

Ischium.

The cuter aspeclt of the ischial bedy has assumed

very much the shape and appearance of the condition in|

the adult bone. The surface ptgtericr to the acetabulum

is markedly convex. The concavity seen in the adult
on the cuter aspect ¢f the base of the ischial spine,
and continued intc the grocove tetween the tubercsity
and the acetabulum is suggested in the cldest mcdel;
[but in the youngest the surface is full snd rcunded.

The explanaticn cf thie is that the ischial spine ie
|

directed mcre inwerds than in the adulti. In the model

No. 1 the spine is directed towsrds the bodies cf the
vertebrae end not towards the edge of the sacrum. In
the adult the epine is directed towards the edge of thg

sacrum and peints to abcut the junction of the last

[

sacral with the first cceccygeal. In the large mcdel
(No. 3) the sharpest point of the spine is directed
inwards and towards the cne on the cther side. This

seeme tc be the apex c¢f the spine and will, when

depressed/

hX




~
3

€f
.

depressecd and directed tackwards, peint tc about the |
junction of the sacrum and coccyx. In this mecdel i
there is & zinarpish pecint directed backwarde and dcwnj
wards tcwards ithe second piece ¢f the cocceyx. This
has the effect cf deepening the nctch between the spine
and the tuberceity. The antericr margin cf the great
sacro-sciatiec nctch is full and rounded and, tracing it
devnwarde, 1t pasees more cover the base of the ischial
gpine than over its apex, Whilst the body cof the
ischium is well develcped and much like the adult, the
ischial tubercsities are small and undevelcped. They

are smooth and rounded and, of course, dc not exhibit

e

that rough and regular appearance cf the adult hone.
They appear as if placed upen the inferior aspect of
the bedy cf the ischium and being at firat somewhat
gtout and graduaglly tapering cff intc the ramus. This
is particularly the case in model Kc. 1. In the
earliest model the tuberosity ie scmewhat inverted and

|
sc¢ helps in the cbliquity cf the lateral wall of the

velvic cavity. The same is true in the cldest model,
but thie is not sc¢ merked. Theze seems then as if
the tubercsities had eolready commenced tc widen. In

an eight ard a half months female fcoetus the widening
is already well marked although the inneér and lower
margins cf the tubercosities are dmturnedi; but this
last hclde in the adult alsoc. The sides of the true

pelvic/
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pelviec cavity in thie foetus (8% months) are apparently

ze vertical already ae they are in the adult. A 1in$

drawn from the anterc-supericr spine, touching the
postericr margin cof the acetabulum, tc the outer

margin cf the ischial tuberosity. hes the appearance |

of being concave cutwards in tne adult. In the newly

bern it 1 practically straight and in mcdel No. 3

it has beccme convex. The cenvexity is most merked
in model Nc. 1. This iz mcstly due tc the small

tutercsities and absence of eversion in the embryo.

It is partly, cf cocurse, due to the fact thatlt the

adult

anterc-superiocr spines have beccme more everted, in they

The groove go well marked in the adullt bone be-
itween the lschial tuberosity and the acetabulum is

much mcre shallcew in this medel,and etill more sc in

the early models. The notch between the ischial

|
spine and the ischial tubercsity is present, znd rairq

well marked in this model'(S); much shallower in ‘

model 1. |

The inner aspect c¢f the body «f the ischium !

rresents in this model a marked ccencavity. This is
brought about by the large ischial spines. These heav
broad bases and are blunt and rounded. They project

well irto the pelvic cavity, thus greally encrcaching

upon it and diminishing its transverse diameter. They

1ave/
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have nct the direciicn observed in the adult, i.e.,
packwards and inwards; sc¢ that their apices do not
peint towards the edge of the sacrum and ccccyx. The
cencave inner surface ¢f the body is mest marked in the
cldest model where the spineg are particularly large
and prceminent. The concavity isg elongated and runs
from about the middle of the posterior border cof the
thyrcid fcramen upwards and backwards tc near the upper
end cf the anterior border of the great sacro-sciatic
ncteh. The cenceavity opens cut, ard is not sc deep
in tiie adult bone, due apparently tc the depression of
the ischisal spine aleng with the eversicn of the lower
end of the ischium. The ischial tubercsity is directg
in its long azxis, mestly forwards,but also inwards. Th

ramus c¢f the ischium ccntinues in the same directicn ¢

a short distance and is very prorminent. Tnen curving
upwards and inwards it meets the pubic ramus. This

juncticn is indicated by & prominerice ¢n the sntericr

aspect of the rami. This is well seen &lsco in model
Nc. 1. Petersen states that it cccurred in his mcdel
(L 0¥ & This prominence cf the lower part of the

igchial ramus and tubercsity ie an interesting feature
|

ag it is not seen in the adult bone. This seeme partl

due tc a bending backwards cf the ischial tubercsities

a8 well as an eversicn. Eut the aheence in the adult
is/
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is alsc largely due to the relatively great growth in
the putic bhone, especially an increase in longth cof
the supericor ramus cf that bone. This zwill be
ref'erred tc again in studying the growth cf the true
prelvie. Transverse section of the ischial ramus |

3 1 - . ) . . - ]
showe that the eartilage is nearly circular in cutline.

This is also true f'cr the descending remus of the pubis.
Petersen stuates that in L U. the greatest diameter in{

the ischial rami lay somewhere between the sagittal and
eoromal planes; for the pubic ramus, in the sagittal

plene. Owing tc the appreximation c¢f the ischial

tubercsitiee towards the middle line in the early

moedels the ischisal remus ascends mere vertically than

in the adult. i

Pubis.

The descending pubic ramus meets the ischial
ramus, &s stated, at the most preominent point. Some |
remains of this prominence are seen in the adult bone.
Lbove this point the pubic ramus curves backwards, .
inwards and upwards, being s£till more vertical than
the isphial ramus. The antericr &spéct is therefore
ccncave, preoducing a convexity én its dnner: surface.

The pubic ramus is shorter than tie ischial.

The pubtic body is ccnvex on its pcstericr surface
|

anf?/ |
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and meostly from above downwarde. The antericr surface

is concave slightly from abeve dcecwnwards and convex fr

m

—_— i

side tc side. behind, the bodies ccme tcgether in the
middle line without any depression. Un the antericr

agpect however there is in model Nec. 3,a furrow in the

pogition of thie symphysis. At the upper end cof the
symphysis there is a peculiar depression. Thie seems

difficult to accocunt for, but it is probably due to
the fact thsat separating the upper ends of the pubic
bodies, there is a condensed tissue which, at this stagse,
has not yet become cartilage. In this model, when
drawing the sections, the definite ocutline cf the

cartilage was in a2ll cases selected. Thus the coeon-

L]

densed tissue in this pcsiticn has not been represented
|
In the eight and a half mcntihe feoetus the tissue

separating the public bedies at the symphysis is much

a |

wider above,end tapers cff about the middle to a thin
line. The furrcw antericrly can also be explained |
upon these grecunds and is indeed due tc the fact that
thie space is filled up with a strcng eondensed tissue
which will ultimately become lhe strong antericr |
ligament. This furrow is present in the articulated
adult pelvis, The edges ¢ the furrcw being rougﬂ
and pitted for ligamentcus attachment. This gives an
irregular outline tc¢ thie part cof the pelvic brim, but

it/
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it may be taken as the shape ¢f the cartilagincus

4

pelvie at this age. The pubic spines are particularly
rrominent znd project vwell ferwards in this model. In

model Nc. 1 the spines are hardly visible and do not

stand out from the rest of the cartilape. The ascend

R

pubic ramus meets the body of the pubis at the pubic:. .
epine. The direction of the ramus is ferwards and
inwards, whilst the crest of the publs runs straight
inwards. Ccrxesquently there is an apex at the spine
and this helps tc exaggerate it. The suri'aces cf the
bedy of the pubis lcock forwards and backwards in all
these models, whereas in the adult tone the antericr
surface looks alsc ocutwards. Eence the front of the
relvis has a flat arpearance when compared with the
adult. This flatness is most marked in mcdel Ne. 1,
and the flatness in mcdel Nc. 3 is due tc the fact thu{

the bedies of the pubes have not yet advances far

forwards althcugh the ascending pubic ramus is directeq

|
rere ferwards than in medel No. 1. If a vertical !

plane Le taken, pezssing through the apices of the
enterc-infericr spines c¢f the ilia, the difference in
length of a line perpendicular frem this plane to¢ the
pubic symphysie demcnstrates this flatness cf the
anterior wspect of the pelvis. This is an impcrtant
pcint in the grewth of the true pelvis and will be

ref'erred/
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referred tc again when ccnsidering the pelvie brim.
The ilic-rectineal eminences are particularly well

markes in model Nc. 3. They give a very large hase o

the ascending ramus vwhich abuts agsinst the acetabulun
The eminence has an influence upon the brim causing s
glight projection upon it. Anteriorly it passes intd

a large prcjecticn which coverhangs the thyrcid fceramen

upon its outer side. It also forms an overhanging
roof for the cotyloid notch. This large ilic-pecilingal

eminence helps to exaggerate the ccncavity on the inngr

surface ¢f the ischium already referred to.

The Ubturator Fcramen.

Petersen deseribes this in L 0. as being a
relutively semall rcundish triangle with a lateral
hypctheneuge, an upper and inner shert side and a
lower greater. In mcdel Ko. 1 the shape confcrms

pretty much tc this description,but there are really

nc definite angles in its It is nct sc angular as
the adult fcremen. The shape, and the direction of

the leng axis, alters between model Nc. 1 snd Fc. 3.
In No. ) the long axis lies bitween the vertical and
the horivcntal - slightly more towarde the vertical.

In Nc. & it hae become vertical,and sc in Nc. 3. This

ie evidently brought about by an increased growth in

height of the true pelvis and ccrrespends with the

chunges/



changes wnich cccur in the diameter of the acetabulum,
[

The shape ¢f the fcramen in model Nc. 3 iz scmewhat |

egg shaped, with the narrow end directed upwards. ’l‘he!
cuter edge is slightly mcre ccncave, as in mcdel Nc. i,
particularly oppesite the cetylcid notch. The i
foeramima lock ocutwards and fcorwards, more forwarde |
than cutwarde. The lower end ie hcewever modifiad |

by the prominence cf the isthial ramus sc that the Gj?ﬁc~
tion here is more cutwards and, at the same time, Up—;
wards. This is particularly the case in model Nc. 34
In tne sdult the lcwer part cf the f'oramen lcoksmore
cutwards then the upper part. Thig adult etate has
been assumed in the eight and a half months fcetus.

Fy a depressicn cof the ischial remi, and a spreading

outwards cf the ischial tubercsities, the adult state

|
|
|
|
1

weuld be arrived at. This cccurs before birth e:.ome—I

time and prchably is asescciated with the straightening

of the coccyx.

Measurerments c¢f the Thyrcid Fcramen.

Greatest length. Greatest breadth.

Kecdel Neo 1. ?_ 25.5 mme. 18 mm. |
(embryc weeks = 1.275 mm. 0% mm.) F
Model Nc. £ = 20 mme. 19 mm.
(embryo weeks = 1.45 mm. 0.985 mm.)
iicdel Nc. 3 = 33 mme 24 mm.
(embryc 11-12 weeks =  1.65 mm. 1.2 mnm. )
Feetus (8% monthe) &= 13 mme 8 mm.

Adult = 60 mme 40 rmm.
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Lcetabulum.

e

The acetabulum faces scmewhat mere laterally than

in tne adult. This iec meszt marked in this model ‘

i
(Nc. 3). The large ilic-pectineal eminences in thisl

moedel exaggerate this, and thus, viewing the mocdel from
the front, not sc much of the acetzbulum is seen as |
in the adult. It ie, in all three, well develcped.
In No. 1 and 2 the rim is sharp and well defined;
this is due tc the fact that the cotyleid ligament
(cr the dense tissue surrocunding the cavity which will
fcrm that liqument) 188 been represented in the model.I
In mecdel Nc. 3 the edge of the acetabulum is rounded,
since only the cartilage was reconstructed. The
cavity in this mcdel. for the same reascn, dces not

appear o deep as in 1 and 2. There was ne indicaticn

£

in these specimens c¢i the formaticn cof' the cevity from

three separate pieces of cartilage, the emitryoc being |

much oclder than thet stage. The cctyloid notch is i
|

deep and well defined. In medels £ and & it is also

wide. In model 1, however, it is deep and narrcow and

must widen cut as growth goes con und the acetabulum
increuses its vertical aiameter. The shape of the }
acetabulum is somewhat different in the models. In
Nce. 1 it ie sligntly oval,with the greatest diameter
lying horizcentally. bPetween this stage aznd the

next/



next (mcdel Nc. 2), the vertical diameter hns. increasdd

gc that it now ecuals or exceede the transverse. Thisg

i . . . - = |
is maintained in the other mcdel and alsc in the ejight

and a half months fcetus. In the adult the vertical

a3 . 3
gramaey

—

er exceeds slightly the transverse.

Measuremente of the acetabula.

ter.

Vertical diameter. Transverse diamg
licdel Nc. 1 = 28 mm. 33 mm. [
(embryo weeks = 1.4 mm. 1.65 mm. )

Mcdel Nc. Z = 36 mm. S50 mme.
(embryo weaks = 1.8 mme 1.785 mm.)

Model Nc. 3 = 46 mm. 47 mm.
(embryoc 11-12 weeks = 2.3 Tt .1 mme)

Foetue (female 8%

months) = 13.5 mme. 12 mm.

Adult = R mim. 56 mm.

The rough horse- bBhoe shaped area seen at the

bottoem c¢f the acetebulum is represented in the

z

£ and &. In Nc.

the area is not hoerse-shoe shaped,

s &

was nct made out.

but triangular,

mcdels

In & and 3

wit

the base directed downwards tcwards the cctyloid noteh

and tne apex upwards and hackwards.

The

acetebular

brim is C shaped, the upper thickened pcrticn of the G

coerresponding 1«

the ilic-pectineal eminence.

the prominente running dcwnwards fron

Eetvween the lower

upturned end of the C and the posterior border of the

thyroia/




thyreid fcramen is s ledge of cartilage which does not
yet present a grcoved surface. In the adult bone this
grecove runs from the outer aspect ¢f the tuber ischii
intc the rough area in the acetabulun. The rough aresa
cppears shut off €rom the obturater foramen by a ridge
¢f bene running doewn frem the ilic pectineal eminence
along the postericr border of the foramen. In the
models hcewever this ridge is not develcped and the
triangular arce at the bottom ¢f the acetabulum cpens

over a rounded suriuce intc the thyroid foramen. Ther

)

ie nc undermining c¢f the lcwer 1idlp of the acetabular
brim at tne nctch, and the surf'ace in front of this
elopes gradually tewards the thyroid foramen. The
sharpening ¢f this lip and the greooving of the surface
cceurs before birth as is shown in the eight and a
half meonths fcetus.

Remarks upon the growth of the innominate bones
as exhibited in these models will be given later. I
shall now go on tc a descripticn of the sacrum and

-

ccccyx and their relation tc the rest cof the pelvis.

(@]
(L]

Sacrum and CccoyX.

This pcrticn of the pelvis presents many interestr
ing features. The two elements of this part cf the
Qpinal column may be taken together, as the descripticn
¢f the ccecyx will,in the main,be in relation tc the

SACIUN «

The/
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The anterco-pcesterior curve cof the cclumn in this

region is interesting. Although this curvature
affects the whole cf the sacrum and ccceyx, yet the

curve in relaticn tco the bodies of the vertebrae is

dif'ferent in some respects from the curve of the neurd

arches, and ¢ they must be ccnsidered separately. ThH

difference ic due to the variaticn in the size o' the
spinal cuanal. The arches will be described later.

The sacrum is remarkKably straight, there being a very

slight antero-postericr curvature sc that it is slight

concave antericrly. I the ccccyx were removed, the
curve cf the sacrum wculd be seen t¢ be mainly upon
the last twe sacral vertebrae. The pestericr aspect
¢f the bedies of the sacral verteorae present in
centinuity a very slight concavity backwards in the
upver part - it is aslmost siraight. Eelow,it is
elightly convex backwards,snd this passes on to the

more marked cocnvexity of the coccyx. The greatcst

cecnvexity is at the tedy of the third sacral vertebra.

The concavity above pestericrly is exaggerated by the |

last lumbar vertebra which is in pcsition. It is in-
clined scmewhat backwards. The sacrum, then, in its

curvature f'crme the segment of a very large circle;
whilst the ccceyx fcerms the segment of a much smaller
circle (see fig. 28). In model 2 the curve on the

sacrum/
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sacrum is more general and paeses on tc the ccceyx mone

insensibly than in model 3. ~ Here cgain, however, thg
curve ie mcetly on the last sacral vertebra and the |
CLCCYXe The first sacral vertebra is distinctly

more prominent antericrly than the last lumbar

cr the second sacral. There ie thus at this stage
(model 3) a prementery; but it is not well defined
and takes the form of a fulness across the first sacrg
The upper border of tnhe first sacral is rounded like
the rest and in nc way sharp as in the adult. Perhay
"promontory" is not & good term to use for this |
fulness c¢f the first sacral; for, if by that term be
meant tne sharp upper margin of the first sacral, then
tnere is nc promontery at this age, for the most
rreminent part c¢f the vertebra is about the middle of
it or slightly above this. The "promontcry" aide in
the antericr cencavity of the sacrum. The last
segment of the cclumn (ccccyx) is turned sharply
forwarde especially in its last two pieces. This
feature of the gacrum - its straightness - as distinct
from the coccyx, is perhaps nct what one would expectJ
eince, 1 think, the general impressicn is that at this
early age there is a marked concavity forwards of the
sacrum and that it ie net until later tnat the sacrum
straightens cut. The sections in this model were

sagittal/
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sagittal, sc there can be nc¢ doubt about the accuracy
of the curve. Indeed, it was for this reason - to
determine the curvature of this pcertion ¢f the cclumn -
that this prelvis was sagittally secticned.
uf course the curvature of the sacrum in the adult
varies & good deal, cften being more marked in the female,
particularly in the lower part. Certeinly in some
sacra there 1s a marked curvature, much mcre then in the
model.
Sir William Turner has remarked that he has found
very little curvature in the majority of the sacra thsat
he has examined: and it is only in that fcrm cf sacrun
known as TRider's sacrum" that the curve is very marked.
Therefcre the sacrum cf the embryo at this age has
assumed the curvature seen in the typical adult bone.
The sacrum in an eight and a half months female Ccetus
is, as repgards curvature, almcst identical with that in
mocdel No. Z.
The curvature just described has applied tc that of
the bedies only. It is different in the case of the
arches. When the summits of the nemwral arches are
joined the line is almost straight in the sacral part.

It is only the coccygeal that curves forwards. This

is of course dve to the wider canal above. Thus this

line/




line wculd meet ancther, drawr along the pestericr
agpect of the sacral bodies, at a pcint below. ]
The boediees of the vertebrae are, in relaticon to

tne cther parte, much as in the adult. Eut the eacral
cenal is guite different and exhibits escme very interest-
ing pointe. It is very large - a gocd deal larger

than the bcedies - and is thus very different freom the

adulte. This is of ccurse tc acccmeodate the cord which
extends well down inte the sacral canal. The canal is

gllipticsl in shape, almost kidney shaped, with the
concavity against the bedies of the vertebrae. In the
adult, as is well kncwn, this perticn of the spinal |
cenal ie very small and triangular in shape. The

cunal is, in the embryc, larger than the bodies aboves,

but belcew it becomes more circular and somewhat narrowep

than the bodies of the vertebrae. The cuanal narrows
cradually from above dcwnwards. The ccrd, in this

embryc, extended down tc between the fcourth and fifth |
sacral vertebrae in the middle line,and belcw that the
rembranes were seen to be attached to the last coceygeal
vertebra.

The sacral canal is still cpen postericrly in its
whole length. The arches ccnoist of the pedicles,

the distal ende of which are joined by a longitudinal
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bar of cartilage. This represents the articular
precesses. In sagittal secticne cf this cartilage

the pesiticns of the joints bhetvieen the articulsar
surfaces was marked by & transverse band of more deepl
ctaining tissue. There was no actual joint cavity bu

the articular prccesses were geparated by this band

{

cf ccondensed tissue, so that the joint tock mere the |

ferm of an amphiarthrcesis. There being nc cavity,
the continuity is represented in the mcdel as a sclid
bar ¢f cartilage. The pesition ¢f the joints is well
indicated ¢n this bar by small tubercles situated upon
the cuter side of the postericr sacral foramimz and
cppcsite'thsir centre. Behind thic the arches are
repregsented by curved bars which end separately 3ercfe
the middle line is re:uched. The third sacral arch is
moet nearly complete postericrly, and it is alsc the
deepest so that already there is an indicaticn cf the
fermation of definite laminze ¢n this arch pﬁrficnlnrf

The arches project backwards behind arline Joinin

the most pestericr parts of the iliac benes. This iﬂ

very different from the adult where the firet sacral

arch - snine - lies about an inch in front of this line.

It must be remembered when considering this pcint, that
there are uas yet nc spines vpen the arches in the

embryc snd hence the conditicn is the mcre remarkable.

several /
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several processes would appear to efflect thia chang
(o€ i = LD 2l = 3] Nange
|

| - . 3 - N
{from the conditlion in the embryo to that in the adult.
|

|

First ¢f all there is a great diminution in the size
lof the sacral canal so that there is, so to speak, a
[

tflattening and falling in of ths arches. The con- ‘

tinued growth of the posterior extremities of the ilia

mntil adult life, as Petsrsen holds, has its effect.
Lithann'held, but Peterssn does nct agree with him,
that pressure of the posterior ends of the ilia upon
the sacrum drove 1t forwards, and lastly the changs of
axis of the sacrum whereby the upper end is driven

forwards and the lower end correspondingly baciwards .

wnen the weight of the head and trunk is put upen the
|
sacrun. Wnhichever cf the prccesses, and probably all
Eplay some part, is the most important in bringing
abcut this change, it is certain that the sacrum is
more centrally placed in the pelvis in the adult than
in the embryo.

The changes that occur in the sacral canal are of

very great interest. With the retraction of the apinai

cord from the sacral canal, or rather, with the

growth of the canal away from the cord, a change cccurs
in the sacpal canal. It changes from its elliptical

to a triangular shape. There is thus an apparent
|

falling in of the sacral arches behind the retreating |

cord. This may bring the sides of the arches together
[
and so help in completing the arches and forming the !

spines. It is not a mere falling in of the arches,

however, /
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hewever, fcr there is a movement cf the bases cf the '
arches inwards carrying along with them the articular

|
processes (see luter). In the model the pcestericr
ends cf the ilia appear te clasp the sacral canal,
whereas, in the adult, there is very often a wide ppncF
between the arches and the pcsterior, inner aspects of
the ilia. Wit this movement of the sacral arches the

pestericr sacral foremina are directed backwards,whereps

in the embryc tney are directed largely ocutwards

above,and the first foramen lccks cutwards apgainst
the ilium. !

Not only are the arches flatter in the adult,but
alsc the bcdies and lateral masses. The differernce ip
well seen when the twe sacra are viewed in prefile.
This flattening is brcught abcut no doubt largely by
the influence of the powerful muscles atteched, in
additicn tc the causes given above fcr the flatlening
of’ the arches.

The lateral masses are well develcped in this
model end the connecting bars of cartilage (i.e., the
cestal and transverse prccesses) have much increased ‘
in thickness sc¢ that now the bar between the first
and second antericr sacral fcramina exceeds the depth |
¢ the fcramen. The costal element cf the buse,

ferming /



fcrming the anterior aspect cof the ala, has markedly
increased in depth and now appears rmuch as in the '
adult in this respect. The masses are very thick
anterc-pestericrly. They are wide above where the
ilium ie atteched. This wide part continues below
the pestero-inferior spine of the ilium as a flat

shelf, already referred tc. Belcw this the mass

narrows and ends albruptly alt the transverse prccess

¢ the last sacral vertebra. This termiration is nmore

abrupt tharn in medel Nc. 2 where the transverse urocsgp
cf the lapt suaecral Is not sc long as in this nedel.
Viewed in profils ths latesral ass 13 placed opposite
the csntral part of the antero-pcestericr depth of the
sacrum, sc that the sacral arches prcject bshind ond

the rounded bodies in front. In the adult the

posteriocr aspects of the lateral masses are placed
cpposite the pecsterior aspects of the bedies of the |
vertebras. But in the model (embryc) the musses JPQ‘
rlaced farther vack, especially below, sc that the

intervertebral foramim2 leook straight cut against the‘

inner zsurface ¢f the masges. The fact that the loateral

masses are placed Tarther back below than above reucto

upcen the direction ¢f the pnestericr sacral Toramifta

which, above, lock almest directly cutwards, but b2low, i

backwards and outwards. The intervertebral fcruminmi
|

HIe /
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are still larger, to usccomoedate the large nerves.
They are relgtively much larier than the alult
Coramima,sc that they do not grew sc¢ rapidly as the
surrounding parts.

It is inicrﬁﬂiﬁn? t¢ note that the pestericr asps

of the bedies of the sacral vertebrae sre hollowed cut

a8 in the zdult bones,; i.2., under the posteriocr commohn

ligament. 4
In studying these pelves one is impressed with th
encrmeus size of the sacrum, in relation tc the rest o

the pelvis, in the embryo. This is well seen in fig.

b
=
]
-

©4 , when ccmpared with fig.s, from an adull pely

Base of ths Sacrum.

ey

T
L

This is large in proportion to the surrounding

parts. The promontoery, as stated, is noet well
developed. This is not tc be expected however since
we are dealing with the cartilaginoue pelvis wshers the

L

borders are zll rcunded - and tthis is nc sxcepticn.

The first sacral is, however, distinctly more prominen
and forms a connesction between the posterior ends cf
the pelvic brim. This prominence is carried con each
side into the brim in a peneral gwssp, thers being no
dip from the promontory on to the lateral masses

anteriorly as is seen in ths adult bone.

c+
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The alae are intsresting. They ars well
devaloped and, as menticoned before, the costal

elements are thick. The ala sweeps outwards from the

|

|

bedy of the first sacral snd terminates abruptly in WA
|

elevation. From this elevation there is a 4drop on tc

he Inner aspect ¢f the iliume. This is not seen in e

adult,wnere the sacrum passes insensibly on te the ili

This elevation and drcep is present in mocdel No. 2, tho
not so marked as in this cne. The outer limit of the
zla is beyond the widest part of the brim. This zlevg

tion ie highest at the postericr ani couter limit of th
ala and fades away anteriorly sc that it makes no im-

pression upon the brim of the pelvis. The elevation

ends in & tubercle pestericrly. Posterior and internt

te this is a depression which separates the tubsrcle
Trom the supericr articular process ¢f the firslt sucra
The articular process is sc placed that the inter-
vertebral foramen looks cutwards and f'crwards. In
the adult the supericr articular procecsges are the
highest points ¢f the sacrum, but in this mcdel they
appear on the same level with the elevations mentionsd

on the lateral massss.

An interestineg point is that the superiocr articuld

processes are much wider than in the adult, both

abeclutely /
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absclutely, and relutively tc the rest of the bass. In
the adult they are placed behind the bedy of the bone,

wheresas in the embryo they are placsd beyond - more

external to - tne body. Thie is what would be
expecied from tho very large szeral canal. Thera is &

movement inwards, then, of these prccesses, along Wltm

the bases of the srch, as is well sncown by measurements:

Breoadth of sacrum Width betwesen thse
t the base. articular processeg.

adult = 118 mnm. 50 mme.

Mecdel = 114 mm. 80 mmo.

ral
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Frem these Tigures seen that the
distance between the articular processes in the adult
is relatively much less than in the embryc. This
change in relaticnship ¢f the articular processes is
not merely a passive one due to more rapid growth of
tne surrcunding parts, but taere secms tc be an active
movement in the articular processes - a movement

inwards and,at the same time, arotatcry movement

wheraby the articular surfaces of the superior processes
will come tc look inwards and backwards. The GUFEPEOL

articular processes of the first sacral locX, nct |

—

inwards, but cutwards and backwards, sc that a rotatio
must cccur. As a result the inferior articular
processes of the fifth lumbar vertebra lccX inwards and

forwardef
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forwards ue in the adult. lience this rotatory meve- |
ment must affect the lumbar vertcbrae - the lower one
at any rate - aes well.

The diszplacement and rotation c¢f the articnlar
proucesses inwards will nave the effect of rgiving the I
sacrum more the characters of the adult bone. The |
preeesses would be brought behind the bedies of the
vertebrae and nearer t¢ them,as in the adult. The
gide ¢f the sacral arches would be straightened and
FPlattened sc that the canal weould be triangular in
shape, and the relative breadth of the articmlar pro-

cesses to that ¢f the base of the sacrum wculd approac

moere teo that found in the adult. The articulsar

B

precceseges are placed farthsr, back,as would be expectef

,.
in the embryo.

The relation of the upper surface ¢f the ala to

the ilium has been ncted. There is a curiocus drop
between the sacrum pcstericorly and the ilium. The

ilium has the appearance c¢f sweeping under ths

posterior end of the elevation.

Articulation of tihe bacrum dl*n thm 111um

uere is a convenient place to consider this
gusstion. Not having reccnstructed the complete

embryo, ¢r having made sections c¢f it, I am nct able

T

tc say te which number in the series of vertebrae th



']
t:].f.' .

upper end of the ilium is attached. K. Rosenberg .
(Ueber dis Intwickelung der Wirbslsinle U. S. .
Morphologische Jahrbiicher, Bd. I, 12876) held that the
ilium was at Tirst placed cppesite the 26th, 27th and
28th vertebrae, and that it moved up one later and
became now attached to 25th, 26th and £7th. Petlersen
was inclined to agrese with him fer, in L U., he fcund
the ilium attached oppcsite the 28th and part of the

Z7th and £5th.

In medel Je. 1 the ilium is placed much as in

medel NG. 3. It has therefore assumed the adult
pesition in its upper linmit. It is placed oppesite tyc
vertebras and part cf a third, below. - In model Nao. 3

counting from the tail end, the upper limit is oppositg
the upper end of thelOth vertebrsa. The lcwer end
opposite the upper margin of the transverse process

¢f the Bth vertebra, i.s. the third sacral. The

sacrum has Tfive pieces and the ccccyx fawe and they

are guite distinct from one ancother. The articular
surface is bread above and narrows below. It has not

hcewever the sharp lower end seen in the adult, which

1

i " . . |

lower end is, I believe, added with the dcwn growth l

of the pesterc-inferior spine. The articular surface
second

reaches dewn to the level of the middle of tn%{anterior
sacral foramen in model 2. In model 3, down tc¢ the
level of the lower margin cf that cafral fcramen. In

the/
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hird sacral

4

the adult, dcwn tc the upper margin of the t
fcramen. The artieulation has nct been represented iny
the medels, but the latseral masses arz reprassnted as
fused to the ilia. This was done for strength. The
cutward aspect of the articulaticon can be studied in
the models and, when taden with the secticns throuegh
this part, a correct impressicn can be formed cf its
extent.

The artieculation of the sacrum with the ilium is,
at the brim, well forwards. This appearance is
sxaggerated by the absence of a definite sharp prementc
snd by the set cf the sacrum. If a line be drawn
Joining the articulaticns at the brim,the promontory
very nearly touches ity but in the embryo the first
sacral lies well behind this lins. If another line
Joein the most prominent pcints cf the i1lio-psctineal
eminences we then get the plane ¢f the brim divided int
three compartments, an antericr, middle and pcsterior.
1t ie interesting tc ccmpare these in the model (3)

and adult in their relative depths in the conjugate

oty
- J?

vera:

Adult. Mcdel.
Postericr ssgment = & mme. 15 mm.
Hiddle ¥ = 60 mm. 47 mme.
Antericr i = 37 mm. Z8 mms [
Ccnjugate, in pelvis
neasured, was s 100 mn. &4 mm, ‘

These/ |



Theege figures show that the sacrc-iliasc Jjoints are,
at the brim, well forwards. They alec demonstrate
the fact that the symphysis is relatively farther

ferwards in the adult than in the embryc. This is a

rough indication of the greater grcwth of the pubic

elements in ths brim.

The fce{al sacrum is larger in proportion to its
surroundings than in the adult. Ti.e sacrum is not
narrow and is indeed broader in its widest part than
it is long. UGbstetricians have held that it is only
after birth (burns,; Principles of Midwifery, said, only
2t the 10th year) that the transverse diameter of the
brim . comes to exceed that of the conjugate. Fehling
(Die Form des beckens beim Feetus und Neugeborenen.
Archive f#ir Gynaekologle, Bd. X) had already pcinted
cut that the transverse exceeds the conjugate in the
newly born. Thomson {(Journal of Ancotomy and Physiclogy,

186¢) fcund that in his foetuses the transverse exceeded

the conjugate diameter. In model Nc. 3 thie transvereg
is found tc exceed the conjugate considerably. The

pronontory has been taken in the middle line on the

first sacral, above its centre. We get;
adreuatest transverse diameter = 102 mm.

Conjugata vera 84 mm.

This/
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Thig 18 much as in adults where the

average male measurements are, accerding

to Vernesau, tranaverse diamecter = 140 mme

Conjugate " = 104 mm.
Zaaijer's formula (Sir William Turnsr) .
for pelvic index is Conjugute cdiam.x100

Transverse diam.

This gives &n index in the mcdel index
I
84 x_100
* o= 8.3

102 mm.

|

This is much the index of the adult. E

Sir William Turner in his challenge |
Report gquotes figures from several authors;

and; for males, the index varies between
(Jd. Watt) 8740
and (Sir ¥Wm. Turner) 77
There can therefore be no doubt abeout the fact

the

that the transverse diametsr ie greater than
conjugate even in the sarly embryo (11-12 weeks). Thi$
is due to the relatively wide sacrum in the embryo,

the greatest width being 114 mm., whereas the transverge

v

at the brim is only 102 mm. The greatest breadth of
ths sacrum in the embryo is not at the brim, as in the
adult, (Vernezu) but further back. In spite cf this,

however, the sacrum cccupices a large part cof the brim.

1t/ .
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Sacrum %.{l1ia %.|Pubes 7
(fngel) Adult 25.2
. Newborn fsmale (eg.0 2C.2 2
Fehling) )
- Newborn male (30.4 26 .9 42 .9
Petersen 29 mm. embryo 37 51.7 213
(Bardeen) 3% mm. embryo 34 BE 43
My medel yielded B+ BE 29,90 927X

08 .

It takes & relat
the brim than in tne adult. Measured by calipers,
which 1s mazrely a rough method, the sacrum occupies
about 1/5 of the brim,and the innocminatea Q_/3 in the
adult. That is, by Jeining the symphysis pubia with
each sacrco-iliac joint at the brim, ond these with ons
ancther, we get practically an equilateral triangle.

n

1 1 . . q
In the embryc the s=acrum occupies much more than -+ /3.

Consequently we get in this case an isosceles triangls
a o3

ively greater sihare in the fermation df

with a wide base which is placed opposite the sacral
[

element. These facts are borne out by the fcllowing

figures representing the prscentage forithe various

glements at the varicus ages:

From these figures we see that the sacrum gradually |
:

takes less and less part in the formation of the brim
ns we trace frem the early embryo up to the adult

state. Vie learn alsc from this table that the pelvig
cceupies in the adult and newly born a much grester

share/




Q7

=

share of the brim than in the embryc, and hence the |
growth is greatest in this part cf the brim. This
has the effect of pushing the bedies cof tihe pubes

s | E

fcrwards and causing the antericr surfaces to lock

alsg cutwards. This has a marked influence upon the
antericr aspect cof the pelvis. The flatness is

remeved, the rami! are straightened and the thyrcid
feramina assume a different shape.

Te return to the sacrum. Many authcrs {Woed,
Article on thelPelviﬁ in Tedd's cyclopoedia; Playfair,
Science and Practice of Midwifery; and cthers) have
said that the narrow transverse diameter in the fcetlus
and newly born was due to the relatively narrcw sacrum.
:It nas been shown that there is no narrow transverse
land so0 no cause need be sought for scmething which
does not exist. Almost thse resverse would seem to be
true: that the transverse diameter is greater because
¢f the relatively wide sacrum. i

Tc show tiie relation c¢f the sacral width to the
complete pelvic breadth in the embryo, when ccmpared
with the adult, we can take figures given by

Verneau for tne adult.

Breadth cf pelvis taken at 100

Greatest/
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L

Meodel

the/

Adult male

female

NG«

YThen

a8 .

Greatest Greatest
breadth be-breadth
tween ilisccf sacrum
cresta. at inlet.
2bE 3 108 pet 100

N
W
cn

100 :

s
=
o
—

(o

Foetus male )

( Themson

female)

3 218 110 100

e
e
e

So that the sacrum is wider, even at the brim,
teo the pelvic breadth, in the embryoc than in the adultj
there being a gradation from embryo (eurly) up
Llater fostuses to the adult, whers the index is
we compare tine sacral breadth with the
transverse diameter c¢f the brim we get a striking
difference in the index in the embryo and adult.

Verneau gives in adults:-

i aximum preadth cf
transverse gsacrum at
diameter at inlet.

inlet.
Adult male 130 o 108 33 109 83
female 135 5 109 3 g 100 80.7
- Maximum
breadth of
sacrum.
licdel Nc. 3 102 2 114 3 e 100 :¢ 111.7
The transverse diameter is taken as 100.
This great difference is due to the relatively
narrow lransverse diameter - narrcwer tnan the buse of

Index.

4.8

44 .4

44 .5
47

51.8

relatively

through

lowest

Index.
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|
the sacrum - in tlec smbryvo. Themsen feund this the ‘

|
cage also in his clder fcoetuses. Un the cther hand

the iransverse in the adult is much wider than the |
sacrume. The widest part cf tne sacrum in the adult
is, wccording tc verneau, at the brim; but in the
embryo the widest part is altogether aﬁove and behind
the brim. There is therefore a great growth in
breadth of the pelvic brim antericr to the sacro-iliac
Jeints. This grewth in breadth is evidently, from
tliese measurements, not due to an increase in the
breadth of the sacrum; but it is due to a growth in
the inncminate bones antericr tc the sacrum - namely,
the ilia. (see table, cf percentages fcr the brim,

above).

In the embryo, we have a very wide sacral base, |
1
much wider than the transverse diameter of the brim.
The transverse is however greater than the conjugate
in epite of the fact that the promontiry is placed
relatively far back. This last fact is however
counteracted by the Tlatness cof the antericr pcrticn,
and consequent diminution in conjugate diameter. To
arrive at the condition fcund in the adult the changes

in the brim are:- a great elcngation of the pubes so

that at birth (see table) the psrcentage of pubic brim

has greatly increased. This incrsage in the pubic

element/
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4

element seems to be at the expense of sacral element
and the iliac element remaining constant. The
groewth in breadth is no deubt due largely te the iliac
portions wnich become more curved just anterior tc the
saero-ilizc joints, but I believe that the great growth
in the pubes increases not only the antero-posterior
diameter but alsc helps largely in increasing the
transverse diameter.

The brim in mcdel 3 presents a somewhat irregulap),
ill-defined appearance. Much of this is due to the
fact that the definite outline of the cartilage has
been uadhered tc in this model. The irregularity at
tne symphysis has been already referred to; also the

large ilio-pectineal eminences which have their effect

e

upcen the brim. Postericr to ths eminences thers

5

4 marksd deprgssion on each side which saparates the

eminences on each side frem the ridge or convexity which
passes up towards the iliac crest from the brim. The

depreseion is brought cut in the model beceause the

place seemed to be cccupled by 2 ccendensed tissue ‘
gtaining deeply and not yet fcrming cartilage. The brim

ig more cor less rcunded and has nct the sharp mergin

seen in medel Ncoc. 1. In model 4 Lhe cendensed tissue
which lies along ithis edge has been included. It is

net, however, vet cartilage; but perichondrium, thicker

in/ .
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in some placeg then citherg.

model when it iz placed in the pesitien in which the
entero-superior spines are on the same plane with the
pubic spines. Cf cecurse this pecesition is not natural
te the embryo, but tc the adult; end is put in this

resition merely tc compare with the adult. The

cbliquity is mcst marked in the sacral element c¢f

Petersen gives the fecllewing table from Eitzminn
shcewing the relative angles, in adult and newly born,
between the last lumbar and first sacral; tetween the

cenjugata wera and last lumbar; and between the con-

Jugata wera and the upper sacral. He adds his findings

in L Ga

Angle of last |Angle of conju-[Angle of Cum|
lumbar with rate vera with |pgata vera wit
upper half of ast lumbar. upper sacral
SECTUMm .

Adult male 1z1¢@ 126.50° 104 .50
" female 14%.8 11€.4 992

Newly bern
male 151 .86 143.E 65.75
!

L C.Temule 1764 121 .4 6.4

Model Z.

mule 164 1886 B«

From/
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Frcem these figures we see that the sacro-vertebr
angle has become more acute in model & tharn in L ¢
{a younger embryc); that the angle between the
cenjugate vera and the last luwbar has become greater
which centinues vntil birth ard then dimirishes,; be-
cause of ihe develcpment ¢f the lumbar curve with the
ereet attitude; and tnat the angle between the conjus
gula vepa and the upper sacral has bheccme much as in

the newly born.

Length of Sacrum ccmyared with Breadth, in Model 3.

HModel 5. 100 : 114 s 100 @ 114

Professcr Themseon made measuremente ¢f the sacrun
¢f his fceetuses after dissecticn. Lhe admits however
that the lergth measurement wss cpen to error since
the parts sre very small and readily amerizble to
changes in shape and pesiticn from manipulaticn. He
however made cut that bcth the mele and female sacra
(particularly the male) belenged to the platyhiewic
grcup ¢f Turner (i.e.y. where the breadth ecuale, cr
exceeds, the length). Thie medel definitely belongs
te this group and tne index was found to bet-

Length of Sacrum. Greatest:Breadth. .. Indes

Thomeson FTound that the lensth ecualled the breadth

ir females and nearly so in males,sc thaet the female

just/
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Just came intc the pletyhieric group. The real
measvrements cf the embryc are:-
Length of sacrim = &. and breadth = £.7.

In a very emall pelvis, vhere & millimetre mokes
a tremerdcus difference, this fracticn 7 ¢f a milli-
metre, is & ccemparatively great difference.

Cemparing the measurements of the natural size and
that of tihe model, magnified 20 times, ws cun sec ihe
value of reconstruction fer the purpcse of naking

ressurements mcore accurately.

Compariscn of tie Length of the Sacrum to Total Pelvic
Eelipght.

Pelvic lLeight is taken &t 100.
Height of Length of

Felvis. : Sacrum. Index.
adult male 280 mm. ¢ 105 mm. 3 100 @ 47.7

(Varmewn)

" female 107 + 101 t: 100 & Bl1.9

(rhemsen)

b

C.7

e

s

e
-
e
-

100

-

" female 41 :

Kodel . male 182 : 100 106 @« B4 .¢
$c thnat the tctal pelvice neight is relatively
sreater in the adult, end this is Jjust what we would

expact. The inncminate benes grow mere rapidly in

length than the sacrum.

Caviby of Lhe J¥ue ol¥ies

The ischial spines prcject markedly into the

cavity/




104 . .

i cavity in medel Nc. 8; net sc much in model Nc. 1.

Comparing the distance between the ischial sypines

with the transverse diameter at the brim. i
Traneverse diameter et brim tsken asg 100 ‘
Transvers@ﬁistance be- ‘

at tween ischnial Index.
prim. epines. |

adult male 13C wmm. ¢ C0 mm. te 100 : 69.2
(Verreau) ¢
" female 135 s 108 11 100 @ €0
Toetus male 21.:2 s 12 tr 100 : 56.6
(Themson) )
i femalae £0.8 : 14 % 100 ¥ BT
Model Nc.3, male 102 : B8 rd 100 ¢ B4u'Y

ifrem these figures we see that there is a f?ﬂﬂUOll
rige in the index from the esrly embryo up *c the adult
state and this is due to the relatively gresater breadtf
between the ischial spines in the adult. The marked

cencavity of the inner: surface ¢f the ischium in model

than in the adult, dde to the prejections «f the ischidl

NC. ¥ has Leen mentiored hefore. 1t is more marked

vpines. In a fostus of eightyand a half mcnths it is
£till fairly well marked but less than in model 8. é

The outlet ¢f the pelvie is greatly narrowed by
the approximaticn cf' the ischial tubercsities and the
marked curve forwarde cf the tip cf the ccceyx. The
anterc-postericr diameter of the ocutlet is greater than
the transverse in spite ¢f the tip of the coceyx heiﬂF!
|
|
r
|

well/




well forwarde. |

Tihe anterc-rposteriocr, messured from the tip of the
|

rad

ceccecyx to the lower end of the symphysis pubic = 60 mm.

Transverse diameter = 55 mnm

This wus the case in L 0. measured from the tip OL
the sacrum and alsc frem the coceyx.

In the newly torn the transverse is still less
than the antero-pcstericr diameter, mcre sc in the male.

In the adult, hcwever, different figures are giveﬁ
by different obeservers. It ie generally regarded
I think as a fact that the transveree at the cutlet is
less than the antern-postericr diameter.

Thomson (CGsteclogy, Cunningham's Text Book of
inatomy) gives the transverse at the ocutlet ae less
than the anterc-pugterior, in beth sexes.

Litzmann gives the oppesite in both sexes. The
following table is instructive and shows results

cbtuined by Litzmarm in adulte and newly born.

Petersen's figures for L 0. are added, and those in

model Z. The table is taken from Petersen's paper.

. Female Male. Femalel| Male |
new bornladultilnew bormiadult L. 0. [Med., S

Inlet.

Con jug.vera 1 1 1 1 1 1 |
Diem. trane 1.07 [1+2898 1411 1.264 1.18 T.f14
Diam.cbligu& 1585 «£0 1.11 1.304 1.}?4$ l.l?
Cavity _ |
Diam.rects 0.901]1.1¢ .63 |1.18 | 0.79 |0.86)
Diam.trans. 0.60811.1861 C.89 1.14 0.866 O.ﬁ]é

Dist/ |




Table caomtd

Female

M

ale

l'emsal

e

lale. |

new bcrn

adul

T

rew bo

rmiadult

L U

Med.B

Covity
Digt.spira
Ischii

vutlet
Diam recia

Diom. trans|

0.74¢

0.97

0.741]

O . {l"e

1.08

1.18

4

0.748

0.99

0.70

From
Coce

C.EBL

0.E&L

~
)

VX
0.8E5

r

|
0.6 |

|

0.714!

0.664
|

An interesting index ic that obtained by

the transverse at

taking transverse at

Transversae
gt brim.

Kodel 3, male

fdult female

Comparing ithese resulte we see
csitiee hsve widely separated,thus increasing the inde

They illuetrate well the slope on the lateral pelvic

wall in the embryo.

the brim

102

ST
S

=

as 1o0n:

Pranaverce

at cutlet.

e

&

o

86

100

100

ccmpnrir

..

This slope ie brought out in the following

table where Fehling gives measurenents

borns, and younger foceluses. L

Petersen.
33 mm. long.

tabhle.

tardeen givee male

0. ie

added by

hew ischisl tuberr

Mcdel 3 measurements complete the

the brim and that azt ithe cutlet; i

Index:

S
e

70C.49

w

|
|

for adult, new;
|

measurements in embryc|

E.-

He

‘\’i



|
107, |

[
Inletd] Cavity.| Outlet. |
Adult 16¢ ga 21
( Temals 100 | 84 76 |
Newly bern)
( male 100 2 a5 J
( female 100 ag .70 \
Foetus 30-34 cm.) |
( wale 100 a7 60 l
I % femule 100 Tl 46.1
32 Mmhie mile 10C & £4
Model 3. male 100 75 .4 538

In this table the transverse at the cutlet in the
adult is greater than in the male. In the models cof
Petersen und bardeen thig ie revereed so that this
important pcint in determining sex char acters dces
apparently nol hcld in the embryo. Rardeen suggesis
thet it is difficult tc emphasise the very slight

differences by means cf o wax model; because & certain

amount pust be allcwed for errors in technique. ¥

pzlieve that if the model be made lurge encugh these |
charscters will be brcught out sufficliently, if they !
be present at zll. In nodels of FHardeen and Tetereen

gex characters were not well made cut, but in such a

t4

model us No. 3 of an clder embryc there may be differ;

enceg tc¢ be made cut.

Depth ¢f the true pe 1v1m in rel"tlun tc tb» L 'n}

prlv1c hﬂlphL.

Pelvic/



(Vern

( Thom

Model

great
pelvi
of mo
avdout
|ages
Iolder
Fipst
later
depth
point

innsr
are w
piece

and n

|
| verte

upon Model

108.

Pelvic height taken as 100.
Total Depth of
Pelvic true
height. pelvis. Index.
qay) adult male 220 mm. : 105 :: 100 : 49.6
female 197 ¥ 301 g 186 ¥ 47.2
son) Foetus male 42 $ 21.8¢% 100D i 47.1
female 41 ¢ 28:7:: 100 @ 4548
3« Male 182 v 78 + 100 : 39.5
The small index in Mcdel 3 is due to the

relativeﬁy

pelvic height; and from this we see that the false

8 has greatly increased in height, since the stage

del Nc. 1, where the tctal pelvic height is just

twice the height of the true pelvis. Between the
of Model Nc. 1 (beginning of 9th week) and the
foetuses examined by Thomson there is, then,

a growth in height cf the false pelvis and then

a

grewth in depth cf the true pelvis. The

off the true pelvis was mgasured from the inner
of the ilio-pectineal eminence tc the lower,
limit of the ischial tuberosity.

The coccyx consists cof five pieces, four of which

6ll defined. There is only an indication of a fifth

The cornue of the first vertebrsa are well developed

ow are attached to the sacral cornua - an advance

o]

L

They thus complete the fifth sacral inter-
I

bral/
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vertsbral fcramima. The transverse prcocessgses cf the
'irst vertebre sre much larger than in mcdel 2. The

remaining vertebrae are comparatively large and deo

<4

not laper away greatly, sc that the coceyx ends some-

what abruptly in & fairly btlunt end.
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jeasurements cf Jciwl Ne. & - belng *hc LjrtllMFWNLH

pelvis c¢f & dMale Embryc 11-1Z weeks cld and 60 mm.

long, exclu sive OF 19 3 m}pnliluo 20 diameters.
g —

Prcfesscr Thomscon has 1lsid emphasgis upon the

necessity of werking with wet preparaticns wnen making

measurements cf fcetal pelves, because in dry speclirens

there is dietortion as a result cf shrinkage. This

is necessarily confcrmed with here

Although kardeen found very little difference
between his male pelvie and Fetersen's female pelvie
_of about the same age, yet it is heped that, with the
measurements of medel 3 given in full, it may be usefu
fer a compariscn with a female model when such shall

be recconstructed. Bardeen compared his mcdel with

the description given by Fetersen of L C. He had nci
sctually compared the twc models z2nd he suggested that
scme differences might be discovered by so doing.

The measurements employed are thoese adcpted by
Sir William Turner in his "Chsllenger" repcrts {"Repcr
on the Luman Crania and other Bones of the Skeleten"
Challenger Reports - Zoology, Vel. XVI.) and also
empleyed by Frcfesscr Thomson ("sexual Differences
of the Foeial Pelvig" - Journsl cof Anatomy and

Physiology/

X

=




i G s O

Physiclcgy, Vel. XXXTII, 189¢).

preadth of Felvig (retween widest
peints of iliac crests)

Total height of Pelvis (highest peint
c¢f crest to most dependent part

¢f ischium)
Ereadth-height index = 182 x 100
218

breadth between anterc-superiocr iliac
spines
Ereadth btetween pcoasterc-superior
ilisc spines

il

tubercaeities
limite)

breadth betwsen lschia
(211 three frcm cuter
between ischial

Ereadth spires

Greatest diameters of cctyleid cavity

verticsa
transverse
of cobkturator

foramen
vertical

Greatest diamesters

transverse
Subpublic angle
The sides of the pelvis are in-
clined towards each other at an angle
of about
(measured by the linss passing through
the most extreme peints ¢f the iliac
cregts and ischial tubercsities and

meeting belcow)

Dimensicns/

182 mm.

88 .8

208 mm.

[

01 .5 mm

55 mme

468 mm.

2 mm.

Y
Y]

mm.
24 mm.

870

70©

i\

TEmEBTRY O j

=
|

10.6 mm.|

mm e«

2475 -mn

D3 mmMe

2.1 M.

1.68 mm
] o:‘. mme
87°

o
70
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embr'yvo.

Dimeneicrs c¢f True pelvis
brim - Ccnjugate diameter

(measured frem & peint abeve the

the first sacral)

centre of

Transverse diaveter

Pelvic cr Brim index

Obligue diametere

left

of Pelvis

Antero-pestericr

Cavity

transverse
Inferior sagittal dismeter (from tip
cf last sacral tc infericr end
of “ymprhysis)
Cocecygeo pubic diametsr

Intertuberal diameter

'between inner borders of ischis

tubercgities immediately below
smallsciatic ncteh)

Depth of pubic symphysis

Nepth of pelvic cavity (from brim

cppesites ilic-pectineal emi-

nence tc¢ inner, lcwer edge

of the ischial tuberceity)

Interobturater/

84

e

102 mm.
:? " 3:{:.!

|

|
| 96 mm.
CE mm.
73 mm.
72 mm.
73 min.
60 mm.

11
57 mnm.
27 mm.
72 mm.

4.:.1'

mm «

5.1 mme.

L~
LRSS

au

Z2.65 mm

Gt

[N R

2375

S

A0 MY

B+6 MM

1

MMM e




Modele. Fmbryc. |
Interchturator width (taken fruéuh_. N
inner rurgins of thyrceid '
foramim:) 30.5 mmd 1.5086 mm
Inter-cctyleid width {(taken from
the bottom of the ectyleid
cavities at the inner end of the
upper border of the triangular .
area) €7 mm. 4 .85 mr.
Ereadth between anterc-infericr
iliac spines 163 mm. 8.15 mm.
Dimensions of Individual elemento:
Iliun: (right)
height length (from upper
corner ¢f rough ares at bottom
¢f acetabulum toc highest pcint
of crest) 1285 mm. [B8.25 mm.
breadth 14% mm. 7+15 mme.
Iliac index = 142 x 100 |
126 = 114 .4 114 .4 |
breadth cof Innominate tcne E
(measured frem upper end cf
Symphysis pubis to postero-
supericr iliac spine) 123 mm. 6.15 nm.
Pubhis:
Length (measured from upper
part/ ‘
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odsl ., Imbrygo.,|

part ¢f rough ares in
acetabulum opoosite ilic-

pectineal eminence to Symphysis) | 55 mm. | 2.75 mm

Fubc-inncminete index =

innominate breadtn 44.7 44,7
Techium:

Length (measured frem junction
of uprer and posterior bhorders
cf rough surface in acetsbulum
t¢c most depending part of
tuber igchig) 61 mm. | 3.05 mm.
Imominste Index

100_x breadth of Innom.bone
Height length

!
123 x_ 100 |

182 = {675 87.

for}

Ischic-inncminste index :
= ischial length x 100 f
relvic height l

= 860 x 100
182 = 32.9 329
Sacrum =
Length 100 mm. & mm.
Breadth 114 mm.| E.7 mmi.

Sacral index = 114 x 10C
10 = 114 114

Cocecyx:

Length 87 mma. | £.885 mnp.

Ereadth/ |
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#Gult, in the embryc c¢f this age, 11-12 weeks. From
this stage on, cne would expect that the true pelvis

would grow mere rapidly then the false sc that the pro-

in the adult. This may cccur for a time, and s8¢ ilhe

] 5

Hcdel.l Embryos
Breadth (messured acrcese extreme 1
o5 |
width at bage) 46 mma. | 2.3 mm.
Professcr Thomscen fcund in his fcetuces that the

breadth ¢f the ilium wse, relatively tc pelvic height
less than in tue adult,and he was led to assume that 1
bone prows more rapidly in breadth than in total
height. he gives: -

Height Breadth

Of C:f
Pelvige Ilium.

(Vernesu)
adult males 220 mm.: 164 t: 100 2 T4l
" femnles 1e7 " ¢ 168 «:. 100 : 70,1 '
(Thomson)
Fecetus males 2 mme ¥ £2.3 & 100 T B9.7
females 41.1 : 27:8 ¢ 100 y B%7:6
Model Nc. 3 . mzle 182 ¢ 148 st 100 :+ 788.8

I.e

The properticns are thus much what is found in the

horticns of the true tc the felse would become mere as

tctal depth weould be relatively greater than the breadth
tf the ilium in the fceetus than in the adult.
It is interesting tc compsre the inncminate indices

in embryc, clder fostuses, and adult. The index

increases/
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incresases gradually from the embryc up tc the adult, and |

shows that the growth in width ¢f the inncminste bone |is

preperticnately sreater than its inerease in height.
§ Thorigon) Index. |
Adult male 87.1 |
" female 03 |

Average fcetal

male Ded

female TA.6 i
kodel No. 3

meale 87 .5

rofessor Thorson states that the ilizc crest is

%]

higher in the mazle than the female. lie takes a line
from the anterc-supericr to the pesterc-suvpericr iliac
gpines and drope a perpendicular froa this to the
highest point cf the crest.
In the mecdel we find
embryc.

Left 768 mm. Z.8 mm.

Right 70 mma 3+5 mme.




B il

Summary of Most Important Facts,

Between the stages of mcdels 1 and 3 there is a
marked development c¢f the innominate bcnes. In
medel 1 the breadth cf the ilium is almost eo:al to
the total pelvic height and thus we get a very high

index. This is due tc the very low iliac expansicns

L

The depths cof the trve pelvis is just about half the
tetal height cf the pslvis. By the next stage the

height has increased whilst the breadth of the ilium

has not. In mcdel 3 the iliac expansicns have assum
comething cf the shape of the adult bone. They have
grovn very much, beth in height &nd breadth. The

tetal heipght being ncow nearly three times as much as

j42]

the depth cf the true pelvis. Between this stage an
the adult there is a greater grcwth in the true pelvi
in height, than in the false which grows more in
breadth of the ilium.

The conspicucus anterc-supericr spine has been
noted, with the deep nctch below its This notch ism
narrcw in models 1 and 2, much wider in mcdel Z, and
£til11 wider snd much shallower in the adult. This
sugpests an interesting manner cf grewth cf this
perticn ¢f the pelvis. There is a rapid development

of this abdominal part cf the false pelvie. First

the/




118,

the growth affects most the part of thre antericr
berder between the acetabulum and the noteh (as is
seen in meodels 1 and 2). Later the grcowth poes on
nore rapidly in the uppsr pcrticn, whereby the nctch
becomes puch wider and shallower, becauze the anterc-
supericr iliac spine is raised higher up and carried
hackwarde.

The relatively great development of the sacral

perticn of the ilium has been ncted in all these modelg

and in mcdels £ and 3 the pesterior ends cof the ilisac
expansiorns are massive with the spines directed down-
vardsge. The postero-supericr spine, in the earliest
mecdel, is directed backwards.

The develcpment cf the adbominal pcrticon ¢f the
ilium is# greater, between these mcdels and the adult,
than of the postericr (see measurements from antericr
margin of the great sacrce sciatic nctch tc pesterc-
supericr spine, and anterc-superior spine).

The short pesterc-infericr spire of the ilium in
the medels has been remarked. It evidently incresases
dewnwards and extends the sszcrc-iliac joint to the
level cof the third antericr sacral foramen.

In mecdsl Nc. 1 the splay cf the lower part cf the

false pelvis is very marked. The upper prart is much
mcre vertical. In model 2 the "flaring" of the ilia
is/

=
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is slight and the summits ¢f the creste are inturned.

The "flaring" is mcre marked in model 3, though

nocthing like what is feound in the adult. The umount

m

|

|
of splay in the embryc is determined by the rull cf }
the abdeominal walle due tc the large liver (Hetersen)J
g0 tiiat the iliac expansions lie in the bedy wall and
de not project as they dc in the adult.

The ischisal tubercsities are gsmall snd undewelopé
In model 1 they are scmewhat inturned. In 2 and 3, arn
perhaps straighter. The ramus of the ischium is very
prominent. Eeltween the last embryo and birth there
is a marked change in the wiflth between the ischial
tubercsities. Thie is due mestly to the increase in
transverse diameter of the pelvic cavity, but even at
this age (at birth) there is some slight eversicn of
the tuber iechii. With the separating of the tuber
ischii there is a straightening cf' the ischial ramii,
the tuber ischii apparently mceving backwards sliphtlyi
The rubes however moves ferwards by the growth in th@l
supericr ramii and this brings the descending pubic
rarus mere intc line with the ischial ramus.
By this growth cf the pubes fcorwards, the nntﬁrich

aspect ¢f the pelvis beccmes less flat end the pubic

bedies have their antericr surfaces directed ocutwards

and forwards instead cf ferwards, as in the models. |



The thyrcid foramen hecomee mere vertiecanl as it

w

is traced frem the earliest medel.and assumes the
adult dirscticn with the movement forwards cf the
Pubes arnd the straightening cut cf the rami.

The curve in the sacro-ccccygeal element of the
cclumm has been seen to be, expecinlly in model 3

(11-12 weeke), mainly in the ccccyx and that the saem

is remarkably straight. In model 1 there is no

suggestion ¢f a promontory. In mcdel 2 the first
sacral ie slightly more prominent. In model 3 there

ie a dislinct cennection across the middle line betweg
thie pecetericr ends cf the pelvic brim. This msy be

regarded as a preméontory. The first lumbar vertebra

e
m

.8 placed at a sliphtly different angle, sc¢ that thersg

n sucrc-vertebral angle of 164°.

|-ed
£3]

The sacrum ie large in ccmpariscn with the rest
¢f the pelvis, It is much wider relatively tc¢ the
pelvic breadth in the embryc than in the adult. Its
traneverse diameter is greater than its vertical. Thse
sacral canal is very large and elliptical in chape in
the urper part. Abcve.,it is wider than the bhcdies
cf the vertebrae. The archec have develcped considen
sbly eince model £, and the ccceyx is new {(in medel 3)
cernnected tc the sacrum by its cornua. The sacral

canal /

n



canal is still c¢pen pestericrly. The supericr articulur

nrecesgen |

e

the first sacral sre wider apart absclutely,
: . % 3 3 ' |
arnd relatively tc the width ¢f the ssacrum in model 3
tharn in the adult.

The evcluticn ¢f the postericr aspect of tne sacrpm

frem the embrye tc the adult has been discussed. It is
a very interesting feature. Between 1lhe stupes of model

1 2nd feodel 3 the sacrum has generally developed & more
ceclid appearance. In meodel 1 the anterior sacral
foramins are comparatively large, and the ccstal

Drocesses Narrcw. In medel 3 the ccstal processes
have greatly thickened, and the first one forms & stropg,
deep, antericr aspect t¢ the ala.

In tne true pelvis the ecacrum cccupies a large

part cf thie pelvic brim. It pradually takes less part
in the brim until the adult state ie reached. The

iliac percentage seems tc¢ vary very little, whereas the
|

rubic greatly increases. From thie it appears that

s, rowth at the brim has been preatest in thie pubic !
element; least in the sacral element; and midway in ‘
the iliac element. The great growlh Xmzkkexgmexib
in the pubic element sccounts for the increase in the
anterc-postericr diameter cof the brim; but this

anterc-pcstericr diameter is diminished agnin by the

forming of a definite prementory and the pushing (51




thie Torwurde. The incresege in the truneversc djianmefe

cf the brim is due to the growth irn the iliae portion |
¢f the brim, which is more rapid than the prowth in
breadth ¢ ti¢ sacrum. Tt miov bhe influenced indirect
by the marked growth ¢f the Pubic element. :
|
|

In the embryc, the:sacrum at the base is widér

thern tne transverse Jdismeter ¢ the inlet. Thies =hous

that the wide sacrum ig the cause of the rcreater irans

ta

verse dlameter cver the conjugate; and this, in spitg
¢f thes fact that the promontcry is not well develcped.

Thisg lasit feactor however 1s balsnced by the greowth

Terwards cf the anterior part of the brim as age

advarnces. Taking the cenjugete dianeter as 1, we firg

that the transverse diameter c¢f the brim in the embryg
ccctipies 2 place abecut midway between that cof the adul
and the newly born. This is probably dus Lo the fact
that the sacro-vartsbranl angle:in the newly born is no
vet marked; so that the conjugate is relatively lcnge
in the newly born than in the adult and the early
embryo. (see Petersen's table - after Litzmegmn).

The true pelvic cavity gradually inecreases in
transverse diameler, as age sdvances, from the early
embryc up to the adult life, (see table). The oltlsat

increases accordingly in diameter also.

—
<
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iescera and Pelvic Floor in Model No. 3, (being the

-

Pelvis of a Male Embryo 9-10 weeks cld, magnified |

feda
)
|

20 diameters). (See figs. 4-16 and 37.)

Although the cartilaginous pelvis has been the !
most important part in this investigation, yet T
hought, that a reconstruction of the form of the
organs, and in their relation tc the hard parts, might
be of value. After 1 had worked through the sections
and reconstructed the model of the hard parts and visc
in sitw, I was led by certain interesting pcints in th
sections tc reconstruct a model of the genito-urinary
apparatus in the male specimen. (see figs. 31 and Z2.

Professor Keibel of Freiburg has reccnstructed
some very beautiful models of the pelvic region of the
embryo. One is a model cf ths pelvis of a female
embryo. It shows all the structures from thne skin to
the hard parts, and is represented in section through
the mesial plane. The form of the crgans is not shown
since the undifferentiated mesoblast is represented as
filling up the space between the wiscera. lLe has also
reconstructed a series of models illustrating the deve
ment of the genito-urinary apparatus in the Tfemale.
(The models I have seen are in the Anatomy Department
of the Edinburgh University).

Tc¢ show the organs and their connections bettsr,

the/

cra
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|
the pelvis has been reccnstructed in twe seciions, arl
upper and a lcwer poertion. T thie had hot been dtrq,
the expanded peritcneal cavity above would have hidden
the structures below in the true pelvis. The secticx
is made where the cavity begins tc expand in the fulsg
pelvis. Thus tae upper periicon coentaing: the genitdl

glands and their duects; the upper ond ¢f the bladder

wiih lhe fclds of peritoneum enclosing the hypogastrid

arterieeg; the pelvic cclon; upper enis of the vretens

and the expanded peritoneal caviiy. The skin and |
|
body wall have been reconstructed in rart antericrly.f
Tae lower section shows the main contents ¢f the truel
relvis. The blceed vessels and noerves have nol been
represented. Thus it contains:- the rectum, peritonqal
cavity, wclffian ducts lying cide by side in a common
envelcpe, the bladder uand lower ends «f the ureters,
andé & supporting tiesue lying on either side ¢f the
ursters, wolffian ducts and peritoneal cavity. In
this perticn alsc are represented the levatcres ani,
coecygel and chiurateor internus muscles.
Variocus ccleoured pigments have been employed to
make the varicus structurcs stand cut mere clearly.

Fale blue has been selected Tcr the hard parts tc

suppest thet these are cartilagincug and nct cssecus.
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The Musculature of the Felviec Flcoor. |

Liere, as true a representation ic given as wae
pcesible; but it must be ssid that, in tryineg te :
|
reccngtruct muscle, it is often very difficult becaueé
of the indefinite cutline, particularly at this carly
L€ 4 definite cutline is, of ccurse, necesgsary to
accurate work., ~ I was particulerly anxicus to recon-
struet the levatcres ani, and these can be taken as
accurate, fcr their culline was quite definite in
every section. The ccceygeus muscle was not nearly

By~ L

sc definite, scme eecticns being guite gceced, and

others apparently nct. €c that I do not put much
weight upen their rerresentaticn in the mcdel. The

only other muscle represented iec the obluretcer internus
in its pelvie part.

On the right side the levatcr ani and ccoceypeus
have been partly cut away tc show the curve of the
rectum, and the c¢thsr parts within the pelvis,from the
vide. Un the left side the muscles have been left

attached.

Ubturatcr Internus.

Nothing much recuires tc be said about this musclle

except in ite relation tc the levatcr ani, and that will

|
be/




be given later. It is seen covering cver the cbturster

-

feramen internelly, and attached t¢ the lateral wall of

e forming the

]._
L]
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the pelvic cavity. From belcw, i

cuter wall cf the ischio-rectsal fossa.

Soscygeuss

This mmuscle ie represented on the left side of the
modsl. its upper and pustericr border has a peculiar
shape, passing at Tirst straight back from the iechial
spine and then dipping befcre it besomes attachsd to
the sacrum. It may be that the attachment tc Lhe
saerum should be represented higher up; but I could
nct make out such an attachment. The muscle has a
comparatively wide origin from the regicn of the ischipl
spine and pasees backwards, downwards and inwards to
be attached to thé lower part of the lateral mase and
the urper three pieces ¢f the ccceyx. Tuere is o
hiatus at one part betwecen the lowsr end of the sacrum
and the cocecyxe. It forme an arch between the two,
cempleting the last antericr sacral fcramen for the
passaé@ cf the sntericr division cf the last sacral

nerve. The attachment o¢f the coccygeus and the

¢bturater internus tc the ischium is not well defined |
along the postericr berder of that cartilage. The
muscle and hard parts are difficult tc represent in

their/
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their relation to cne ancther here. A mcre cr lesso
sceourate outline cf the cartilage is represerted by

|
the cclours. |
|

Leviatores sni.
There s here, I believe, gn accursate reprusnntuT
tien ¢f the flocr of the pelvis as it is fcrmed by |

' .
these muscles. The muscles are practically perpendidqu-

lar, with their surfaces looking cutwards and inwards.

In the adult, of course, the surfaces lock more cutwands
and inwarde than supericrly snd inferiorly; but in the

mcdel they are much more £o. This is due to the

relatively narrow cutlet in the embryonic pelvis, which
!

is well shown by the narrow ischic-rectal fossae. :
|

Viewed from belcw, the levator sni is seen arising in

the regicn c¢f the ischial spins. In the sections |
trere was no direct crigin from the cartilage. It

gseemed tc arise from the scft parts - cocecygeus and

cobturatcr internus -~ thcougn indirectly from the peri-
chondrium. Ite poestericr end has a peculiar curved
aprearance, well seen c¢n the right side below, fcrming
the peetericr margin of the ischio-rectal fossa. The
general direction is anterco-postericr until the pOStﬁHiCr
linit ie reached wnen the muscle curves almost directlly
cutwards to its crigin from the ischial regicn. Un |
tue right side, belcw, the musgcle has been cut away to

show/




show the rectum; but on the left side it is left intact

and is seen surrcunding and suppcrting the rectum bdbelc

relow the rectum the muscles meet in the middle line

—

snd thepe fuse together. The muscle, seen surrcunding

the rectum at its lower end, is the external sphineter

(=0

tigsue. The antericr margine ¢f the muscles, higher

up, suppert the prostatic urethra and end antericrly,

cn either side of thne middle line, in rounded thickene
ends .

Before ecnsidering the ischio-rectal fossae, the
upper margin (crigin) cf the muscle will be considered
The crigin postericrly ccrresponde to about the level
of tne middle and lower thirds of the acetabulum.
Antericrly it is much higher, as wculd be expected.

It is therefcre scmewhat higher than in the adult.

optericr to tne pubes it arises from lhe inner aspect

cf" the cbturatcr interrnus. This part of the Crigin
extends almost horizontally buckwards. It then dips

suddenly and is separated from the cbturater internus
by & definite space filled withameolur tissue. The
upper margin,. in thie part, is tnerefcre frec (scs

fig. 11). This seemed s veculiar feuture tc me, but

Dr. haterston tells me that it is a recognised conditigp

in the sdult. This 1little space is definitely shul
¢ff from the ischic-rectal fossa below.

Tachio/

n the formaticn, forr it was not yet definite mugcular

j o




Ischic-rectal fossae. see fig. ¢ )

There fcssae are, as stated, narrow, cwing tc
the small cullet of the pelvis. un crogsg secticn
they appear pear-shaped with the narrow end directed
hackwards, the curve being die tc the curve of the
levator ani pestericrly. Thus the levator ani forwa
the inner wall and the pesterior limit. The outer
wall is formed by the obturater internus. These two
muscles come together and form the upper limit of the

fcesae. They come tcgether considerably below the

upper margin cf the levator ani. It is prcbable that

the fascia on the outer aspect of the luvaior ani
(anal fascia) becomes attached at this level tc the
fascia over the cbtursator interrvus, (the parietal
pelvic Tascia). This seems tc demcnetrate that the
ischio-rectal fossa extends up te the origin of the
levator ani from the lateral wall:; but that it does
not extend nearly to its upper margin - indeed only
apparently, half way. Neo definite fasciae could be
made cut. It is pussible that the ischio«rectal'

f'ossae extend higher up in the adult when the cutlet

widens; for although the antericr part of the levatcr

ani sppears to have a wide vertical origin from the
cbturstor internus, yet much of that appearance may

be/
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| be due merely te the cleose arproximation of the two
muscles. No space could be made ocut any higher up

t+han has been indicated in the mcdel; ec¢ that the
¢f the lecvater ani.

The relaticn ¢f the fossae tc¢ the lcwer end of
the rectum is interesting. The foeossae are placed

only arperent, howsver, and is due tc the rectum

anal canal the lower end of the rectum ccmes to have

its preper relaticn Lo the ischic-rectal fecesze.
proy

upper limit of the feesa is much below the uprer limit

farther back, apparently, than in the adult. _ This is

cpening straignt forwards. With the evclution of the

i
a
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VISCHRA.

|
Rectum. |

|

The rectum descends fairly straight, for the full

1

length ¢f the sacrum, Keeping abcut the same distance |

(5 mm.) frem the four lower sacral vertebrae. Uppesilte

thhe first sacral, it bends slightly forwards and =o

graduaslly leaves tne vertebral column. This occcurs
along with the peritcneal cavity. Upposite the last

lumbar it bends suddenly tc the right and has ncw w
' mesentery, and ie, therefore, pelvic cclon. The
mesentery ccmmences oppeeite the lower edge of the
fourth lumbar, to the right of the widdle line slightly,
and tihie attachment extends upwards and tc the right.
The mesentery rapidly increases in length. At the
upper end c¢f the fcourth lumbar vertebra the mesentery
attachment is in front cf the right margin of the bedy
cf thet vertebra. When the rectum (cr pelvic cclon)
turns suddenly to the right it lies above the right
testis and in close relaticn to it. The diameter of

the reclal tube increases pgradually, but unifcrmly,

from abceve downwards. |

The main interest is in the lower part of the
|

rectum. Below the sacrum it bends almost directly |

ferwards along with the coccyx. But its curve is norg

acute thean the cceceypeal beecause the rectum leaves the|
|

|
|
J

cclumn/



column here to the extent cof about 16 mm., cpnesite
the third coceygeal vertebra. Theré is, at this stape,
nc anal canal, and the rectum cpens direcily ferwarde
belcow the genital ocmirence. There is a slight grocvdy
on the inferior wall, about an inch from the anus;
evidently the first indicaticn ¢f the backward bending
of' the lcower end ¢f the canal, in lhe formation of
an anal canal.

The rectum must c¢pen forwards as it is contrclled
by the hard parts. The straightening out c¢f the
cceeyx, and the rermation of an anal canal, evidently
#£G hand in hand. The ccceyx tends tce atrcphy and
the rectum goes on growing, and thus we get the
necegsary lemgth c¢f rectum to bring the change about.
Aesceiated with the change in directicn and pesiticn
cf the lower end of the rectum is the formaticon af
the perineul body. The change in the lower end cf

the rectum brings it into the adult relaticnship lc

the ischial fossae which, at this early stage, lie

rcstericr to the anal opening.

The Peritoneum.

This has been represented in cne cclour, except
where it cowvers crgaons which it was desired to map cut.
A different coclour has been used over these crgans
although they may be covered by peritoneum. In scme

places/
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places 4 certain thickness o the wax iec left for

|Streﬂgth; but the inner surfuce represents the

:peritoneum. Mostly the peritcecneum ies in the upper
|

aecticn. The cavity of the peritoneum extende lower

| )
Idown, relatively tc the bladder, than in the adult. It

reaches a point in the model about & line {Jcining the

ischial espines, and this is placed abcut 20 mm. lower

|than the cpening of the bladder into the urethra. Thes
. N Coes !
measurements are only approximate ss it is difficult tq

measure this in the mcdel.

Bladder and Ureters.

Pertion of the allantois, which is to form the
bladder, is shown in the lower part cf this mcdel. 1Its
inner wall was smooth, in this epecimen, and not rugcse
The postericr wall is vertical, but the anterior slcpes
rapidly towards the urethral opening. The anterior
wall is carried round to the sides to fcrm lateral wall
fhe trigonum is well seen with the cpenings c¢f the

ureters. These openings are, in this model, about on

urethrel opening, well defined at this age, lies behind
the bedies cf the pubes, about 15 mm. belocw the upper
torder. The antericr aspect is clcsely applied to the

pubic symphyseis. In Professcr Keibel'"s mcdels the

a level with the upper border cf the pubes. The |

&

bladder is well separated from the pubes. The walls

of /



of the bladder are comparatively thin above the ureters.

The part cf the allantcie represented in the
upper section (fig.19) will largely beccme cbliferateg.
1t ie shown covered by peritoneum in its full extent,
and, at the sides, are fclds of psritoneum enclosing
the hypcgestric srterics. These are shown cut across
&t the level of the umbilicus, and they pass tc the

upper surface ¢f the allantcise tefore entering the

umbilicus. The lumen &appeared closed at the umbilicu

0w

and cculd not be traced into the ccord.

The ureters pass from the bladder imrediately
upwards and backwards. Frefesscr Keibel's models
represent the ureters as passing, at first, desper
intc tne pelvie before ascending on the posterior wall.
The genito-urinary apparatus will be described mcre

fully in the separate model. In the model we are

z
o
describing we see the urethra opefiing upon the surlace
at the base of the glans peniscn the genital eminence.

(cee fig. 8).

2

The Testes.

These are large structures and fill up a roocd part

of the lateral aspects cf the false pelvis. They lie

in the postero-lateral asngles cof the'perituneal.ca ityls
covered by peritoneum. They are attached to the \

pestericr/




pestericr wall by a shert mesentery through the
epididynes. The left extende higher than the iliac |
crest. The right is depressed helcw the crest by the

liver, which occupies the lateral aspect of the false

at this age. Its shape is consequently altered,

Lit]

pelvi
and it appeare with its long exis lying more hcrizontal-
ly than in the left. It is alsc brcader and ahcrteri
than the left, which ie elcocngeated, with its long axis!
in the sagittal plane. The epididym@u on the left
gide is placed upon the pesterior and irnner aspect cf
the crgan. Onn the right side it ie mostly behind,
but at the lower end the epididymis projects feorwarde
from under the external surface of the gland. The
testes are placed highoin the false pelvis and their
lcwer ends lie at about the pesition ¢f the internal
abdominal ring. There is no definite pitting cof the|
peritcneum, but the cavity is lowest laterally in the
pogiticn c¢f the intermal ring. So that everything
is ready for the descent intc the inguimal canal -
whether that be passive or active on the part cf the

testes. (Berry Hart "Descent of Testicle" Journal

cf Anatomy and Fhysiclogy, April, 1€09). There is
as yet no scrctum, the genital folds being small and
NLrrow.

The wolffian ducts pass downwards and inwards

|
|
[
|
i
from/ J



ends of the
from the lower; cpididymes, sc¢ that, with a sliding

descent, tne appearance seen in the adult will be

attained. That is, the vasa deferentis will ascend

]

upen the inner side of the epididymes. The ducts

pess downwarde and inwards across the hypogastric !
arteries and ureters and are ultimately enclcsed in a
common tissue (see later). The very beginning of
the Wolffian duet crcsses the hypogastric artery, sc

that there must be an enormous elongeticn of the vas

to @allow of the descent cof the testis into the acrotuml.

Eeconstruction Mcdel of Genito-Urinary Apparatus.

from the same specimen as last,

(i.e. ¢-10 weeks).

fige. 31 and 32).

The kidneys have not been reccnstructed. The
left testis was chosen since it was evidently least
affected by pressure and would give more the proper
shape c¢f the crgan. This, of course, must vary.

The bladder and allsntois, with the complete
urethre (as it is at this atage), are shown opened up.

Porticns cof the ureters are attached.

bBladder, Urethra and Urelers.

A gcod view is obtained now c¢f the full extent cf
the bladder and allantois above. The postericr wall

C-'f/j
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| cf' the bladder is wuch the thickest, and this gradual#b
| thins off tcwards the front. Above the actual blvddc?
the anteriocr wall again thickens as the umbilicus is

reached. Nothing cutside the muscular ccat has bheen
represented in the bladder; sc¢ that the external

| surf'ace of the model is the muscular coat. There is

very little diminution in the lumen of the allantois

until near the umbilicus. The whcle intericr has the
appearance ¢f a much elongeted bladder. The ureters
appeay ewen so sarly, as if cpening obliguely thrcugh
the bladder wall. They pass from the bladder
directly upwards and bsackwards, and nct at all dcwn-
wards, a8 in Professcr Xeibelsds Temale models.

The uretnra has been cpened by dissection in its

full extent. The upper rprestatic part is already
well formed, but the verfumontanum is very large and
long, extending the full length c¢f the prostatic
urethra. It projects intc the lumen as a deep ridge
and gives the urethra, on cross section, a semilunar
appearance, with the concavity directed buckwards and
downwards in varying degree. At first this part is

directed downwards, and then downwards and forwarde intc

—t
)

the next pcrticn. At the upper end, the Volffian dugt
open intc the urethra upon the vepumcntanum. Fach
cpens separately on either side of the middle line.

In/ . i
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In the middle line i= & third cpening representing the
lower ends of the Mullerian ducts. These have fused
together and only the lcwer ends are present. This
ocpening - the uterus masculinus - extends backwards

intc the postericr wall for s& short distance between

the Wclffian ducts. In transverse sectior, just below

the cpenings cf the Welffian duets, one cunal is regre
sented in the section, shut off from the urethra, sc
that the uteris masculinus ferme a cul de sac, with
tlie lower end below the level of the opening intoc the
urethra (see fige 36)s This cul de sac extende for
a short distance upwards between the Wolffisn ducts.
The wide prostatic tube passes forwards into a very
narrcw pcrticn abcut half as long as the first part.

In front of this it again opens ocut inte a elightly

wider part to Torm the Tirst part of the spongy urethra.

At the base of the glans the urethra dips downwards
and cpens upon the under aspect of the genital eminenc
There is no sign of greooving of the under aspect of
the glans which ends in a hammer-like extremity.

The urethra is lined by epithelium several layer
deep - the deewmest cells being columnar. Intc the
gubstance of the glans & e=clid bar of epithelium
extends from the under aspect. It formes &« narrcw
septum extending fcerwards from the base, where it

. '
i8/
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is deep, lC a pcint behind the apex of the glanms

and where it is not nearly sc deep. There is as

yet no sign of grcoving upon the under aspect of the
Flapns; but there is scme tunnelling intc the base
from behind where the epithelium is continucus with
that of the urethra and below with that over the
surface cof the glans. This tunnelling from the base
has been noted ty J. E. Spicer ("The Development cf
the Male Urethra., . . ." Journal of Anatomy and

Physiclegy, April, 1909.

The uretnra ie surrounded by cellular mescblastie

tissue, deeply staining with haemalum. In the genital

eminence this is well supplied with blcod vessels.
Trigs cellular tissue is represented in the model, in

part.

Testis and Wolffian Ducts.

Lhere the testis is about twice as long as it is
broad, thcugh this must vary scmewhat. The epididym
is ccmparativaly large and is attechea by a short
mesentery to the pestericr abdominal weall. The
Wolffian duct leaves ite lower end and passes tcwards

the middle line where it lies side by side with the

=
3]

oppesite duict in a common tissue. The Wclffian duct

: i |
is very short as has been noted. The Wolffian ducts
thus/ ’

|
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thus pass down through a structure wnich is well
defined. At first thie structure narrows slightly
and then widens out again, and o fcrms an elongsted,

cval orpan, flattened from behind forwards. Eelow,

it epparently becomes abscrbed intc the poestericr
thickened wall cf the prostatic urethra. Above this.
it is separated from the posterior bladder wall by a
space. 5till higher up it lies against the bladder.
It extends socme dietance above the openings o' the
ureters. (See fig. 31). Four vhotographs are shown,
(see fige. 33-36) of creoss secticn of this organ, and
they shcw the three tubes below. 8till lower the
single cul de sac referred to is seen. Above, thsre
are cnly two tubes, lined by columnar epithelium. A&s
yet there are no seminual vesicles. These bud out
later from the Wolffian ductg; and 1 believe the
interesting structure just described to be the
rrecurscr of the semimal vesicles - from which their

meschlastic ccats will be derived.
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_Examinaticn of Pigures. !

The models are all reduced in the photcgraphs.
The amcunt oif' reduction ie stated in each case. The

secticns, as stated, were mapgnified 20 diameters, in

the three models.

i
=
=]
w
.
t
'l
Faw
b
(]

are of Mcdel No. 1 (cf pelvis from embryo

at the end of the second month). |

Fig. 1. Lateral view (size - .58 of model)
Fig. 2. From above ( » - .58 of v )
Pig. %. Anterior view( " -~ .54 of " )

Figg. 4 - 16 are from model Nc. 2 (of pelvis from embry
between $th and 10th weeks).

Fig. 4. Right lateral view of upper section
shewing:- lumbar vertebrae, upper part of ri
ilium, snd expanded peritconeal cavity in
front, with part c¢f body wall.

(size .58 cof model).

Fig. b. Right lateral view of lcwer section showing
sacrum, cocceyx and lower part cf ilium,
ischial tubercsities turned well forwards,
genital eminence and part cf body wall behin
the genital folds. The rectum is seen deep
dewn. (8ize .51 of mcdel).

Fig. 6. Left lateral view. Dark part in front cf

ilium/

ght
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Fig.

Fig.

Rig.
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ilium is peritoneum (from without). Aanteric
tc this is skin (lighter colour) (size .56
cf mod=sl).

Left lateral view of lower sesction cf same
pelvis. Dark parts represent nuscle -
coccugeus, levator ani, and obturator intern
in thyroid foramen. Antericr to cartilage
the body wall is seen in section. (size .54
cf model).

Lewer aspect of same pelvie (painted). Shows
Rectum and urethra cpening on the surface. |
Muscle attached to cccoyx on the left side.
(size .47 of model).

same (unpainted). Shows curve cf sacrum and
COCCYyXe. Neural arches well seen. Note
ischio-rectal fossas. (Size .47 of model).
Upper aspect of pelvis (unpainted). Shows:-
KHard parts postericrly and laterally,

e . -

Peritoneum cut acrces. Testes lying c¢n eith
side. Rectum curving tc¢ the right. Upper

end c¢f bladder entericrly, with hypogastric

arteries. Expanded peritcrneal cavity. Part
of body wall. (size .50Z2 of model). '
Upper aspect of lower section (unpainted).

Shews:- Levator ani deep down, with space

referred/

g



Fig.l4.

Fig. 15.

Fig. 16.

Fig.17/

145.

|
referred to in the text. 1In the middle line

from before tackwards:- bladder, Wolffian

ducts in commen envelop=s (nct delineated), |
|
peritoneal cavity, rectum (sclid), sacrum,

( Si?xe +«51 of Pl()(l(:l) .

Lower aspect of upper section (unpainted).

shows:- Ilia anJd sacrum, body wall in front.

Ir middle line:- bladder, peritoneal cavity.

Deep down, the outer aspect of the peri-

toneum. (size .53 of model).

Posterior view c¢f upper section (painted).
Shows:- Pelvis cut cobliguely. Lumbar
vertebrae and ilia. Dark - the scft parts.
(size .58 of model). l
Postericr view of lower section (unpuinted).
Sheowe: - Large sacrum with pcstericr sacral
fecramina looking well outwards. Poatericr

ends ¢f ilia, ischium, etc. (size

mcdel).
1
interior view (unpainted). (Size .48 cof modeg).

The same (paintead). shows :- Rectum opening

forwards. Thyrcid foramina lcoking well

ferwards above. Prominent acetabula, and

(5ize 49 c¢f model).

|

|
ischial tubercsities direcisd fcorwards.
Genital eminence. i



Figs.
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Mlerophotograph from Embrye We. 1 (at end rﬁ

8th week). Section, about ths pelvic brim.

Magnified about 11 diameters. Shows s +

In mdddle line - Pubic symphysis, bladder,
Wolffian ducts, peritoneal cavity, rectum,
sacrum (wilh notocherd), spinal ceord.

Very large spinal nerve trunks passing from |

ccrd between body of vertebra and lateral

N&SSES Venous spaces in cavity, with |

nerves (dark).

Specimen staired en bloc.

18-20. Micreophotographs c¢f sectione from embryg

Nce 8¢ (9-10 weeks).

Through false pelvis - slightly cbliguec.
Secticn seen from below - large gland on
the right side. Bladder with hypogastric

arteries. Rectum in front cf the last

lumbar vertebra, with ureters and hypogastric

arteries lying tc the side. Large nerve
passing through intervertebral fcramen.
Shows wvaxy liver guides. (magnified about

7.4 times.

gecticn through true pelvis low down, some-

what oblique, at level between 3rd and 4th

vertebrae. Shows:- Urethra passing forwar

supported/




suppcrted pesteriorly by the rounded

antericr margins cf the levatcres ani.

Pestericrly, lateral masses and neural

arches (magnified about 13.7 diameters).

*ig. 20. Section still lower dcwn through last .
sacral vertzsbra (obliqus).

Rectum cpening forwards supportsd by levatéres
ani. Farther back, coccygei attached to tﬁe
sacrum (magnified about 11.& diameters).

Fig. £1-£4 and 26-27 are of model No. 3 (cof pelvis fren
an embryoc 11-12 weeks o0ld).

Fig. 21. Lateral view of right imnominate cartilape
Shows:- Short postero-infericr spine, and
ledge on lateral mass below. Larpe anterc-
supericr spine. Frominent ischial ramus.
(size & of model).

Fig.2g. Internal view - model in constructicn.
Shows:- sacro-cccceygeal curve - mostly on
CCCCyXe lfarked spine c¢f ischium turned
inwards, with concavity above. (cize 6 of mecdel)

Fig. 23. Antericr view of same pelvis. Shows: -
Peculiar base of sacrum. Acetabula directgd

well outwards. Freominence of the ischial

rami. Pubic arch, and nctch at upper end

_|

_ |
of symphysis pubis. (size .5£ of model). i
Fipg. 24. Fostericr view cof same model. Shows ! - |

The/
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The comparatively large sacrum. Arches

nearing completicn - especisally the third

sacral. (Last lumbar shcwn complete, tc |
atrengthen the arch - nct really yet com-

plete). (8ize .51 ¢f model).

o

Fig. 2b. Adult pelvie, tc compare with fig. 24,
Comparetively small sacrum. (Size .41 of
nernal) .

Fig. 26. Same model f'rom belcw. EShows:- Premninent

ischial spines and rami. Prcouminsnt antero-

supericr spines. (Size .48 of model).
fig. 27. Same from ahové.

Note. Ebase of sacrum. Very prominent

ischial spines. (SizZe .48 cf mddel).

Fig. 28 - 30. Microphotogreyhe of secticns from preceding

embryce (11-12 wéeka).

Fig. 28. Slightly tc¢ one side of the middle line.

Shovs'- Curve cof column, and arches cut

acrcds. Fifth piece on cocecyX. Hiret
sacral mecst prominent. Usgific centres in

upper twc sacrsl.
Fig. 29. Secticn farther cut. Shows:~ Articular
processes of sacrum. First sacral very

jrceminent. Tschial ramus cut across.

ilio-pectineal eminence ahove.




Fig. 40, 81ill farther out. Showe - Luteral mass

¢f sacrum. Ischial spine and, belcocw, the

ischial tuberceity. Ilio pectinsal '
eminence above. (A1l thress 28-3%0, mugni?iri

|
R.2 diameters).

Fig. 31-32. tdodels of genito-urinary appraratus of 1

iy
embryo 2-10 weeks old. Models aremagnifiled

£0 diameters.

Fig. 31. Shows cavity of bladder, and urethra in its
full extent. Ureters cpening into the
bladder. Teatis and tubes - darker eclour.

Pertion of genital eminence.

Fipg. ZZ. Same frcom the cutside. Shows:- Ureter
curving upwards. Postericr tc bladder,

seminal wvesicles with Wolffian ductis
separated from the bladdar: Light part
-antc;inrly is genital eminance. (size
in both, .53 of model).

Figs.3%-26. Sections ¢f pelvis (cf embryo 9-10 weeks)
t¢ show Wclffian and Mullerian ducts,

Pig. 33. Shcewe:- Welffian ducts passing down thrcugh

common structurc.

Fipg. 24. Shows:~- central canal of fused Nullerian
Fig. 35. Shows:- the thrse tubes oupening separatsly
.

inte the urethra.




Fig.
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150.

Sheows:~- Cul de sac of uterus masculinus in
pesterior wall of urethra.

(secticns 33-36, from above downwards; all
magnified 38 diametars).

Section of testis, from embryo ¢-10 weeks,
Note the clear edge, round the crgan, of
connective tissue - tunica albuginea.

Magnified 50 diameters.
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