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INTRODUCTION .,




The development of the bones of the foetus has been recorded
in the literature since before the sixteenth cenrtury, when Coiter's
"Anatomical Treatise on the Bones of an Aborted Foetus of a Six~month-
old Infant”, (Ilerrlinger '51) stimulated interest in this work on human
material. In the succeeding centuries the amount of interest in human
foetal skeletal development increased and the methods of investigation
developed along three main streams, (a) histological examination of serial
sections both with and without histo-chemlcal processing (b} clearing of
the gpecimen, both with and witliout subsequent staining e.g., alizarin
red S (c) radiography, both with and without metallic impregnation to

increase radiopacity,

The use of alizarin red stain (sodiumn alizarin sulphonate) to
colour bone was originally devised from experiments using madder fed
to animals to stain bone red, Such uses are racorded as early as the
sixteenth century by Lemnius (1581) and after by Belchier (1736), In the
earlier experiments the madder was fed as the vegetable root (rubia
tinctorum) but from this root there was later extracted the dye alizarin
{Camcren, 1932) which had becn combined in glucose combinaticn as
ruberythric acid., Later procedures involved the clearing of embryos
with caustic and glycexin, .be‘mg cited by Beale (1858) using NaOH and
giycerin, and by Schultze (1897) who used KOH for clearing. Later
workers such as Lundvall (1905), Dawson (1920} and Hollister (1934) evolved
techuiques for both staining the bones with alizarin red S and clearing the
soft tissues using KOH. The technique of Hood and Neil (1948) will be

described latex in the text.



Radiographic studies of foctal skeletal development can be traced
back to the work of Bade {1900) which is remarkahle in that it appearced
only five years after the discovery of X-rays. The uge of X~rays for
the detection of the foetal skeleton has been faulted (O'Rahilly and Meyer,
1956) for the lack of contrast found on the radiographs between the foetal
skeletal elements and surrounding sost tissues, particuilarly in eaxly
foctuses., However, Impregnation with heavy metal salts as described
by Hodges (1953) has improved upon the deficiency in contrast by enhancing
the radiopacity of the foetal skelcton. This ig produced by a partial
replacement of calcium by silver. It is known and reported that silver
nitrate is nov strictly specific for calcium but is only a meansg of demon=
stration of a deposit of imorganic material which iz in fact in most
instances composed of calcium phosphate or carbonate. This is stated
by Camcron (1930) who further comments that, as it happens that insoluble
phosphates or carbonates are nearly always those of calecinm, the test ig
usually regarded as sufficiently specific for this clement. It is aiso true
that alizarin is alsc not gpecific for calcium, (Pearse, 1953), in that the

surrotnding soft tissues may be involved.

However, O'Rahilly and Meyer (1956) show in their work on human
foetuses that soft tissue impregnation did not interfere with the detection
of the skeleton. They further found that, in foetal material, the most
critical method of detecting osseous tissue was histological but that the
difference in time of detection using alizarin staining and silver Dopreg-
nation with radiography was not great. I a later report Meyer and O'Rahilly
(1958) observed that when an initial positive response was obtained with

aiizavin red S or silver nitrate this coincided {aivly clogely with the formation



of the periosteal collayr, They obscrved that silver nitrate was deposited
not only in the circumnferential osscous areas but algo in the calcified
cartilage in the centre of the shaft. The deposition of alizarin red S
appears to be similar in nature, according to the description of Zawisch

(1956).

It is the intention ¢f this thesis to produce a study of the hony
development in the leline foetus throughout its entire foctal life to
parturition, based on the uge of thesc three main mmethods of examination.
The findings obtained by the various methods are correlated and an
altenpt made to assess their suitability and accuracy for detecting and

measuring subsequent bone growth.

In the literature of the study of ostcogenesis of the cat there is
comparatively little to be found concerning the foetal stage of development.
In 1845, Strauss-Durckheim described in bis "Anatomy of the Cat", the
centres of ossification for the skeleton but gave ne particulear attention to
foetal development. In 1881, Mivart St. George, in his treatise on the
development of the cat, described the emergence of the skeleton from
embryonic stage through foctal growth. In this work, a sequence of
growth is revealed as well as the dexivation of the primary structures.
Also a list of centres of ossification is compiled hut no precise dates of

appearance are given,

Lesbre, in his notable commumication on the anatomy of mamials
presented at Lyons in 1897, described the general conceptiong of the time
regarding the oxder and mode of appearance of the centres of ossificaiion

in the domestic animals, Some reference is made to the cat but most of



the infoymation is rclated to the dog. Again the description is more of

the pattern of ossification and little detail is given on particular times

of appearance, Jayne's "Mammalian Anatomy” 1898 gives a comprehensive
description of the centres of ossification of the commplete skeleton., Jayne
comments on centres present at hirth and gives line drawings of some

bones as they are at birth.

In all the preceding works the findings were from observations
made on gross dissection material and light microscopy. With the use of
alizarin red staining Schaeffer in 1932 ascribed dares for times of appear-
ance of the centres of ossification in the appendicular skeleton of the
feline foetus, This study was also carried out on other species. Schaeffer
was able to relate crown-~rump meagurements to post=-coital dates thus
giving a fairly accurate assegsment of the times of appearance. This
was followed in 1933 by the work of Drews in which the foetal development
of the skull was studied. Again, this last work was based on results of
alizavin red staining. Bourdelle and Bressou 1952, in their text book
of the anatomy of the dog and cat, describe the numbexs of centres of
ossification for some bones of the skeleton but only give times for post-
natal development. Bressou el al., produced two articles jn 1959 in
which radiographic studics were applied to the development of the manus
and pes of the cat, Here fhcse two regions are described asg they appear
on radiographs of kittens, taken at hirth, Hare (1959) gives an iltustrated
description of the radiographic appearance of the adult skull. The mmost
recent radiograpihic work is that carried out by Smith and published in

1968 and 1969, when ihe developnicnt of the appendicular skeleton of the



kitteu is progressively described from birth, both as individual bones
and as paxt of the skeleton as a whole. Those centres present at birth

are described and illustrated by tracings of vadiographs:

This thesis is the first time that a2 description has been given
of the radiographic appearance of the development of the feline foetal
skeleton either in the foetus in its natural state or impregnated with
silver nitrate. The development of the appendicular skeleton and skull
has been described using alizarin red staining but the number of litters
tsed was Hlimited 1,e., 28 litters by Schaeffer (1932) and 25 litters by
Drews (1933). ‘Lhe number of litters studied in this work is 90 of which
60 were stained with alizarin red. Also a descripticn is given hexre of
the development of the vertebral column, ribs and sternum, which is the

first time that this vegion has been reported on in detall,



MA'FTERIALS AND METHODS



For this study two groups of foctuses were used. The majority
of the foetuses were obtained without known counception dates and thus
their foetal age in days of gestation had to be calculated. This collection

will be referred to as Group A,

A further collection of foetuses with known conception dates
was made, and thus the age of gestation of each foetus was accurately

known. ‘fhis collection will be referred to as Group B,

GROUP A,

The foetuses of Group A were from 90 litters and the total aumber
of individuals was 288. The foetuses were mainly obtamed [rom the uteri
of recently killed cadavers while othexrs arrived at the departnent in either
10% formalin or 75% alcchol, Others, yet again, were obtained by
caesarian seciion from pregnant female cats which had unknown mating
dates. Those foetuses which were viable were overdosed with sodium
pentobarbitone given intraperitoneally. The foetuses were measured for
crown~rump length and were alsc weighed. As the preserving media
varied in individualis, whilst some were fresh, tic weights were mot used
in the assessment of the ages of the foetuses, Crown-rump measurements,
and the assessed ages (1.¢., rine since mating) are shown in l'able I, Any
individual which was obviously malformed or grossly smaller than its litter

mates was discarded.

Windle and Griffen (1931), Windle and Fish (1932) and Windle,
O'Dunnel and Glasshagle (1933), give, in thelr articles, tables of c.x.

measurements of feline (octuses and wherc known, times since inating



of the mothers of those foetuses. Farris (1950) has assimilated tll.gse
figures and, by contributing a number of his own findings, has compiled

a list of c.r. measurements and corresponding times since mating,
These measurements are used in this study to give an approximate age,

to the foetuses under investigation. A further list of c.v. meagurements
of foetuses of kuown conception dates was made to determine the accuracy

of the previous system of ageing.

The foetuses of each litter were radiographed in both lateral
and dorso-veuntral positions, using fast non-screen film, The Ma.s.
ranged from 15~28 with a variation in K.v, of 28~48, The variation
depended on the density of the foetus. The film~focal distance was
39 ing, In order to increase the radiopacity of the developing centres,
51 foetuses from 42 litters were impregnated with an aquecus solution
of silver nitratc as described by Hodges (1953). The teclmique commences
with fixation of the foetus for approximately 48 heours in 95% alcohel. Itis
then transferred to an aqueous solution of silver nitrate, G.3% (volumetric),
After two or three days of hinmersion in silver nitrate, thexe is partial
replacement of calcium hy silver in the extremities of the primary
osgsification cenires, and eventually throughout all the calcified parts of the
skeleton, Little silver is deposited in the soft tissues imless the immersion
is continued for a prolonged period. The specimens werce radiographed
after impregnation using similar readings to those already described.
After radiographing the entire foetus, the heads were removed and radio-
graphed separately in lateral and dorso~ventral positions. The heads were

then either sectioned in the median plane and the two halves radiographed



or had the mandible and dome of the cranimm removed to allow clearer
dorso-ventral images to be obtained. If the numbexr of foetuses in a
litter allowed, both these sections were carried out in representatives

from each litter.

Where numbers permitted, a foctus from each litter which
was received in the fresh state was stained by the alizarin red 5 technigue
(Hood and Neil, 1948) and examined under a dissection microscope. The
specimens were photographed either divectly or through the microscope
depending on the size of the structure examined. The staining technique
is as follows, being that described by Hood and Neill (1948), except for
a degree of vaxiation in times in stain, and in solutions. ‘l'he foetus is
first eviscerated and, in the case of a larger gpeciinen, skinned entirely.
The specimen is then kept in 95% alcohol foxr 24 hours before heing trans-
forced to 2% ¥OH, The period for immersion in this solution vavies
from 1 - 3 days depending on the size of the foetus, It is then transferred
to a container of 1 =10, 000 Alizaxin Red S in 2% KOH for 6 - 8 hours before

returning to 2%KOIH for 24 hours, Two solutious are prepared as follows:

Solution 1 29 KOH 150 cc.
0.2% Formalin 50cc.

Glycerin 300cc,

Solution II 2% 31011 100 e,

Glycerin 400 cc.

The specimaen ig first placed in solution 1 for 2 to 5 days at room temperatire,

the solution being replenished once during this interval, and then in solulion

T for the same period of time and at the same temperature with o similax



replenishment of the solution. After this the specimen is left in
glycerin until (ully clearcd, replacing the glycerin if necessary., The

specimens are finally stored in fresh glycerin.

Meyer and O'Ruhilly (1958) state that the first posgitive reaction
with the alizarin method and the first signs of appearance of increased
opacity on radiographs coiucide fairly closely with (ie laying down of
the periosteal collar which is detected histologically, ‘Therefore these
methods do not demonstrate the onset of true endochondral ossification,
i.e., the appearance of a centre of ossification which is said to be
constituted only when the osteogenic cells, osteoblasts and capillavies
invading from the periosteal collar reach the interior of the mid«~section

of the cartilage model (Ham, 1965},

To clarify this point and to enable establishment of the time
difference boiween the first positive rcaction with the alizavin red
method, the silver nitrate impregnation method and the true onset of
a centre of ogsification, foetuses from 35 litters were examined histo-
logically. The specimens were fixed in 10% tormalin and then, after
washing, placed in a solution of 35 parts $0% formic acid and 65 parts
20% sodium citrate. This brought about decalcification of the specimen,
the time of Immersion vary ng with the foctal age of the specimen, The
average time was 14 days., The gpecimens were then processed and
embeddad i paraffin wax before sectioning at 7u thickness., Every 25th,
section was mounted and steined with H. and B,  Where the numbes: ol
foetrsea per litter allewed, the sections were made in three planes, i.c.,

transverse, frontal and parasaggital. Histological examination helped



to delerming the type of ossification and the time of onsct of that process,
except in the skuil where only the type of ogsification was obscrved due
to insufficient suitable specimens being available for judging the time of

onset by histological methods., See APF eviciizz 1T

Thus, iu this study a positive veaction with either the alizarin
rved technique ox fivst sign of opacity on a radiograph, cither with or
without silver impregpation, is faken to represent the onset of osgifi-
cation, the nature of the type of ossification, where pogsihle, having
been observed on histological section., Using these methods of exam -
ination the development of the bouy structures of the foetuses is described
and illustrated in detail and recorded in tabulated form. The skeletal
system, for purposes of description is divided into three sections, the
appendicular skeleton, the axial skeleton without skull, and the skull,

including the mandible,

In cases where the litter was to be removed from an intact
pregouant cat, the mothar was radiographed in order to obtain exposures
of the foetuses jn utero., The number of female cats thus examined was
47, of which the majority were ircshiy Killed cadavers, the remainder
being still alive. Doth lateral and ventro-dorsal exposures were taken
of the abdominal region, using fast nou-screen film with a K,v. of 65
and Ma.s., 30. Film-focal distance was 39 ing, The ages of the
foetuses removed from the uterni were subsequently calculated as
previously described and thus a date of gestation could he given to
correspond to the radiographs of the pregnant females,  The radiographs

of the adult female cats were examined for the appearance, size and



position of the uterus and fox the presence of {oetal skeletal clements.

The chronological order of the appearance of the skeletal elements was
recorded and tabulated. When a bony element of a foetus was recorded

as visible on the radiograph of the pregnant mother, the radiograph of the
individual foetuses taken from the uterus of that mother was consulted to
confirm that the bony element was actually visible in the foetuses. Once

a skeletal segment was noted within the pregnant cat, its repeated presence

was checked in subsequent radiographs of later pregnancies,

GROUP B,

The foetuses of Group B were of known contception date, A group
of adult female domestic cals were kept in an enclosed cat house, being a
rooin 10ft x 14ft, with a large arvea of window space. The females were
allowed free range within the room and were fed a diet of fresh uncooked
meat when this was available, supplemented by tinned meat. They were
provided with full cream evaporated milk which was diluted by 30% water.
The milk contained 33 i.u.'s of Vitamin T} per fluid ounce. The room
was ventilarcd by open roof grills and by an extractor fan, while artificial
heat was provided on a themmostatic control to maintain a constant ambient
temperature of 60°C, 'The lighting was controlled by a time switch to
supplement normal daylight variation so as (o provide a constant 16 hours
of illumination in evexry 24 hours., The females were observed daily forx

signsg of ocatrus e.g., rolling and adopting a praying position with "padding"
of the fore-paws. Such a female was removed from the house and liberated

in a smaller cage which was divided by a median partition., A mature

entire male domestic cat was placed in the other section of the cage and



after about one hour the partition was withdrawn so that coitus could
take place. The female was left with the male for 48 hours before

retuming to the larger cat house.

The pregnont females were selected at specific days of gestation
and radiographed on that day. DBoth dorso-ventral and lateral projections
were taken using fast non screeu film with K.v. 65 and Ma.s 30. Iilmn
focal distance was 39 ins. ‘The females were then anaesthetised by intra-
venous thiopentone and maintained on halothane using a Boyle's closed
circuit anaesthetic apparatus. The foeluses were removed from the
uterus using either a ventral mid-line ox lateral flank incision. The foetal
membranes were removed if they detached easily but wexre allowed to remain
if there was risk of undue haemorrhage. The operational sites were sutured
using cnromic cat-gut in the uterine wall and monofilament nylon in the
abdominal wall and skin, Frocaine penicillin 150, 000 i.u. was given ntra-
muscularly on each of the first three days post-operatively. The same
femalcs were used for such purposes on up to four occasicns, the site
fox the operation being vaxied in each case, It was common to find omcntal
adhesions at the site of nprevious uterine incisions, but these wele slight
and easily broken down. On 2ach succesgive operation the cat-gut was

found to have been reabscorbed from the uterine wall,

The foetuses obtaiged in this manner were measured for C.R,
length as given in table 2. The foetuses in each litter were all radio-
graphed and then, where nuombers per litter allowed, subjected to the
same processes for examination as the foctuses of Group A, using the

same techniques. A list of the number of litters and their foetal ages



is given i table 2.  The purpose of obtaining foetuges thus is to allow
assessment 1o be made on the osteogenesis of the foetuses in Group A
by comparing the results of Group A with those of foetuses of known

foetal age from group B,



RESULTS



The observations made on the foetuses of Group A after processing

with the described methods are given in the following section.

The estimated day of gestation is given along with the C.R.,
length by which the estimation was made, However, when a
structure makes its initial appearance in a foeftus, the estimated
day of gestation and the ynean C,R, leugth of the litter are recorded
as vrell as the method of preparations ol the speeimen. Although
each diiferent method may reveal this development on the same
estimated day of gestation; the C.R, length is not necessarily the
same duc to the variation of sizes noted above,  This arises since
1wt every litter had onough foetuses to ba examined by all four

methods,

The illustrations were selected to demonstrate several poiats
and therefore were not hecegsarily that of the specific litter mentioned

in the text at that point.



Each bone is described separately along with the relevant

histerical findings and conclusions.



OSSA MEMBRI THORACICI




Clavicula,

Jayme (1898) notes that the clavicle is developed in membrane
from a single centre of ogsification, Schaeffer (1932) verifies its
presence in a foetus of 4.6cm. C.R. (28 days P.C.) while Smith (1963)"

describes it as a small sliver of bone seen on a radiograph at birth,

Period of gestation 21-30 days,

Histology. 'The presence of calcified tissue in the mesenchymal
condensations forming the membranous origing of the calvicle was

evident at 24 days (C.R. 17mm.) hut the degrees of calcification was
slight, By 27 days (C.R. 23mm, ) there was further evidence of the

process of calcification of this centre, with the deposition of calcified

matyix and appearance of osteoblasts,

Radiography of the foetus.

In foetusegs within this range there was ne indication on radio-
g

graphs of the presence of caleification of the clavicle.

Radiography of the foetus hnpregnated with Silver Nitrate,

The youmgest foetus examined in this section was estimated af:
before 24 days (C.R. undex 17mm. ) of gestation but thexe was no evidence
of the clavicle on radiography. In three litters of age 30 days (C.R.
291mm, ), silver nitrarc staiuing revealed the presence of the clavicle,
This image was quite distinet and had a curved medial (cranial)

extremity (Fig. Snd.



Alizarin red staining of the foetus,

The earliest foetus cxamined in this scrics was aged at less
than 24 days (C.R. under 17mm. ) and this was negative for evidence
of the clavicle., Alizarin staining, of foetuscs aged 28 days (C.R. o
25mm. ) indicated the presence of calcification of the clavicle, apparent
ag a red stained rod in all specimens. In three of the foetuses of 30
days (C.R, 29mm,}, the clavicle wasg also present as a red stained rod
(Figs., AZ3 and AZ4) but, in one other of 30 days the clavicular pre-

curgsor was devoid of stain.

Period of gestation 31-40 days,

Radiography of foctus,

The faint image of the clavicle could be seen in 2 out of 3
foetuses of age 31 days (C.R, 35mm, ). In the 33 day foetus (C.R.
38mm. ) the clavicle was seen as a distinct spot with little Jongitadinal
dimension (Figs, Xl and X2). Again, at 34 days (C.R. 43mm, ) this spot
wa s obvious but it was not until 38 days (C.R, 58min.) that definite contours
could be estublished., Then the hook-like appearance of its medial {proximal)
extremity was apparent and the thin body could be discerned and by the 40ch.

day (66mm., ) its curved appearance was quite distinct (Fig. X5).

Radiography of foetus impregnated with silver nitrate,

In the foetus of 3] days (C.R. 35mm.) preparaed with silver nitrate
the clavicle was casily recognisable by its thin body and curved appearance
(Fig, Sn5), Its increasc in length was contirued throughout this period

but its diameter remaived fairly constant (Fig, Snli8),

£ .



Alizarin red staining of foetus.

The clavicle was recognisable in the 31 day (C.R. 35mm.)
foetus as a fine body with an enlaxged curved medial (proximal)

extemity. It was well stained by the alizarin (Figs. AZ6 and AZ9). .

Period of gestation 41-50 dayse,

Radiography of the foetus,

Throughout this peried the clavicle appeared to maintain its
relative overall growth and retained its curved appezcrunce (Figs. X5

and X6).

Radiography of foetus impregnated with silver nitrate,

The impregnation with silver helped to demonstrate more

clearly the characteristic cuvved appearaunce of the clavicle (Fig. Sn20),

Alizarin red stajning of foetus,

The clavicle tookup stain throughout this period (Fig. AZ49),

Radiography of joetus.

During this period ihere wasg some growlh relative to the increase
in size of the foetus but little change in the shape of the clavicle (IPigs. X8

and Xg).



Radiography of [oetus impregnated with silver nitrate.

There was no significant alteration in the clavicular outline

during this period (Figs. Sn48, Sn49 and Snbl).

Alizarin red staining of the foctus.

The clavicle was stained to show its curved shaft and its
somewhat flattened and enlarged lateral (distal) extremity. It maintained

slight growth in size over this period (Fig. AZ109).

Period of gestation 61 days onward.,

Radiography of foctus.

There was no change noticcable in the clavicle (I'igs. X10 and

X1,

Radiography of foetus impregnated with silver nitrate.

The slender curved outline of tlie shaft was casily apparent at

bitth (Fig. Sn50).

Alizarin red staining of loetus,

The curved shaft could be secn in its position cranial to the

proximal epiphysisof the hmmerus (Fig. AZI116).

CONCLUSIONS,

Histologically the calcification of the clavicle was seen at 24 days
(C.R. 16mm .} when there was confirmation of the work of Jayne (1898) that

the development was in memnbrane.,  There did not appear to be any secondary



cartilaginous development during the prenatal stage.  Alizarin red staining
detected the clavicle by 28 days (C.R. 25 mumn, ) which correlated with
Schaeffer's (1932} tindings, but radiographically the clavicle did not make

its appearance until aftexr 30 days., Impregnation with siljver nitrate however
allowed the clavicle to become apparent on radiographs of foetuses of 30 days

(C.R, 29 ram.).



Scapmila

The scapula in the foetus is described in the literature as
developing from one primary centre which is apparent at birth, This -
~ is stated by Strauss-Durckheim (1845), Lesbre (1897) and Bourdclle et al,,
(1953). None of these authors gives further details of time of appesrance
of centres, Mivart (1881) makes an unusual statement, that the supra-
spinous part of the scapula ossilies as a separate plate of bone which is
quite distinct from the rest at hirth, The supraspinous part is difficult
to define, 1, by the supraspinous part, it is meant the supraspinous fossa
then this is not substantiated by the other authors. Jayae (1898) illustrates
the scapula at birth and shows it to have developed from one centre forming
both body and spine. Smith (1968) describes it at birth as a slightly distorted
D with a definite spine resembling the adult form, Schaeffer (1932) gives
the time of appearance of this centre of the body including spine as 4, 6 cm

* C. R, which he ages as 28 days post coitus,

Period of gestation 21-30 days,

Hi.sto]qg_g_{;

The cells at the ceptre of the cartilaginous model were seen to be
swollen in the foetuses of 24 days (C. R, 17 mmy} and by 27 days (C. R, 23 mm,)
these cells were swollen with intracellular vacuoles, This picture was again

seen in the foetuses of 30 days (C. R. 32 mm, ).



Radiograpiy of foetus

There was no evidence of bony changes occurring in the scapula

using this method,

Radiography of foetus impregnated with silver nitrate,

In foetuses earlier than 30 days preparced hy this method there was
no evidence of the presence of the bony scapula on the radiograph, Three
litters were aged at the 30th day of gestation but their C. R, le ngth runged
as follows, 29,1 mm,, 31 mm, and 31.2 mm, Of those, only the foetus
of C, R, 31 mm, cvinced the presence of a scapular body and this was shown
as a faiot band with a distinct mid-line of greater density representing a spine,
The other two foetuses, although demonstrating a humeral shaft, did not

display a scapular body.,

Alizarin red staining of foetus,

In none of the series was a scapula ohserved to have taken up the

~

stain,

Period of gestation 31-40 days.

Histology

In the foetus of 31 days (C, R, 35 mm, ) there was calcilication of the
auter collar of the scapular model and invasion into the central poxtion of the
model where the cartiloge cells were collapsing, By 33 days (C. R, 38 mim, )

there was a centre of ossilication present in the centre of the scapular body,



Radiography of foetus

There was no trace of a bony scapula on the foetal radiographs
until the 33rd day (C. R, 38 mun, ) (Figs, X1 and X2), In these foctuses
there was a faint band which represented the scapular body and this raither
indcfinite shape was there at 34 days (C.R, 43 mm,), At 35 days (C, R,
44, 2 mm, ) this band was assuming a triangular appearance and a denser
linc was showing, bisecting the triangle, This forin was more distinct
at 36 days (C.R, 49 nun, ) when on a lateral plate the scapular spine was
revealed and on a dorso-ventral exposurc could be seen projecting from the
body of the scapula, On a lateral plate the total dorso/ventral length was
approximately 4 min, aad the region of greatest breadth (cranin/caudal)
was 2,5 mm, At 38 days (C,R. 58 mm, ) the cranial and caudal borders
of the scapula were most distinct but dorsally the border was difficult to
define, The overall dimensions werc similar but by 40 days (C. R, 66 mun,) had

increased to 6 inm, inlength and 4 mm, in breadth (Figs, X3, X4 and X5),

Radiography of foetus impregnated with silver nitrate,

In the foetus of 31 days (C. R, 35 mm, ) the scapula was apparent as
a triangular bimd with a distinct median line representing the spine. The spine
was indistinct but the other outlines were clear, The dimensions were
approximately 1,5 mm, in length by 1 mm, in breadih (Fig, Snd), By 34 days
(C.R. 43 mmm, ) the scapular body had incrcased in size (2.5 mm. by 2. 25 mm, )

and the infra and supraspinous fossae were denser than previously (IFig, Sn8).



At 37 days (C.R. 56.5 mn1, ) the borders of the scapula were most distinct

(Fig, Snl2) and the overall size was 4 mun, by 3,5 mm. This had increased

to 6 mm, by 5,5 mm, at 40 days (C.R, 67 min,). At 40 days (C.R, 67 mm, )
the spine had lost its straight line appearance and now cuxved slightly in a caudal
direction (¥Fig, Snl7), Omn the dorso/ventral exposurc it could be secen projecting

from the scapular bedy at almost a right angle (I7ig, Sni8).

Alizarin red staining of foctus,

In the foetus of 31 days (C, R, 35 mm.) the scapula was stained to
reveal a transverse band with a distinct spine rising from it (Figs, AZS,
AZ10) and by 33 days (C.R. 39 mm.) the length of the body was increased to
give a more rhomboidal shape to the structure (Iig, A%1S5). The spine was
then sezen projecting beyond the dorsal boxder, This change in shupe was
repecated at 34 days (C.R. 43 mm. ) and by 35 d.ys (C. R, 44, 2 mm, ) there
was beginning to appear a definite neck, with narrowing of the cranial and
caudal bordexrs to meet distally (Fig, AZI18). By 38 days (C.R, 58 mm, ) the
contour of the scapula bore a greater resemblance to the adult form with a
spine, neck, cranial and caudal borders denser in bone and a thinnipg of the
body in the infra- and supraspinous fossae (Fig, AZ25), There was a gradual

increase in overall size up to the 40th day (C.R. 66 min, ),



Period of gestation 41~50 days

Radiography of the foetus

The scapular cutline was triangular with a distinct line running
dorso-ventrally towards the scapular neck, The line was somewhat curved
in a caudal dixection and repregented the spine, This was thicker at its
distal end due to the curve of the spine, The scapular body continued to

enlarge throughout this period and its dimensions were recorded thus -

41 days (C.R. 73 min, } 4 mm, in breadth 6,5 mm, in length
(Figs, X3, X4 and X5)

45 days (C. R, 86 mun, } 6.5 mm, in breadth 9 mm, in length,

By this stage the outline of the cranial and caudal borders was
difficult to delineate du= to the increase in soft tissue in the area, The

spine was still distinet and allowed a longitudinal measurement to be taken,

50 days (C.R. 102 min, ) 8 mm. in breadth 10 mm, in length,

By now the caudal angle of the scapula was acute whereas the cranial
angle was distinctly rounded in appearance, This change In outline was becoming
evident at 44 days (C,R. 84 mm. ) and gradually altered to give this appearance

at 50 days (C.R. 102 mmn, ) (Figs, X6 and X7),

R

The scapuiar outline was still txianpgutar at 41 days (C. R, 73 mm. ) but
by 43 days (C, R, 82,5 mm, ) the rounding of the cranial angle was in cvidence
(Fig. 5n20)., The spine appeared to project dorsally over the dorsal border,
At 45 days (C. R. 806 mm, ) this rounding of the cronial angle was a distinct

feature. ‘fhe gradual increase in size was noted throughout this pericd {(Fig, SuZ3),



Alizarin red staining of foetus

The scapular outline was more apparcnt using this method,
Whercas the cranial angle of the scapula was rounded on the radiograph,

it had in fact a small pointed prolongation (Fig, A%50),

Period of gestation 51 -~ 60 days

Radiography of foetus

During this period the scapula increased in size and bone density
but its shape altered little, The cranial angle of the dorsal border became

more rounded In appearance, The increase in dimensions was recorded thus :-

21 days (C.R. 105 mun, ) 8 mm, in breadth 10, 5 mm, in length,
56 days (C. R, 120 mm, ) 10 mm, in breadth 12,5 mm, in length,

60 dayvs (C, R, 136 mm, ) 13 mum, inbreadth 14,0 mum, in length,

In the 60 day (C.R, 136 mm, ) foetus, the distal cnd of the spine was

thicker (Figs, X8 and X9),

Radiography of foetus impregnated with silver nitrate,

The distal extremity of the spine was becoming wider in appearanpce
(Iig. Sn33). By 56 days (C. R, 120 mm,) it had a rounded fiattened appearance
at its distal end with the increased diameter dircceted caudally (Fig. Sn44).
At 60 days, this rounded extension could be seen projecting out from the caudal
edge of the distal part of the spine, This represented the area of the paracromion
process (Processus suprahamatus) (Fig, Sud1) which Lhereforé appeared to he an

extension of the spinc and not a separate cenlre of ossification,



Alizarin red staining of foetus,

The cranial border of the scapula hore a sharp angulation at
the region of confluence of the cranial and doxsal edges, The proximal,
extension of the spine bayond the dorsal border was still apparent at 51 days
(C. R. 105 num, ) but its degree of projection became reduced during this period
and at 58 days (C, R, 130 mm,) was only slightly prejecting beyond the dorsal
border, At the distal end of the spine there was apparent at 51 days (C.R.
105 mum, ) a rounded and flattened caudal proje'ction. This countinued to
increase in circumference (Fig, A%Z73) and by 54 days (C.R. 112 mm. ) was
a distinct structure (Fig, AZ&9), Its presence and increase in size continued
and at 59 days (C.R. 133 inm, ) it was a blunt cauwdal projection abutting from

just short of the distal extremity of the spine,

Period of gestation 61 days onward

Radiography of foctus,

Thexe were no significant alterations in the scapular cutline (Figs,

X10 and X113,

Radiography of foetus impregnated with silver ritrate,

The caudal projection closc to the distal end of the spine was well

illustrated at birth by the technique (Fig. Sn&l),



Alizarin red staining of foctus,

The paracromion process (Processus Suprahamatus) was obvious
as a Dlunt projection from the caudal aspect of the distal end of the spine

(Figs. AZ116, AZ114).

Conclusions.

At e

Histologically there was evidence of the onset of ossification before
30 days (C.R. 29 mun.) but it was 33 days (C.R. 38 mm.) before a periosteal
bud was established in the scapular body with the deposition of calcified tissue,
On radiography of the silver nitrate impregnated specimens, a 30 day foetus
(C.R, 29.1 mm.) demonstrated a scapula but it was not until 31 days (C.R.
35 mm,) that this appearance became a constant feature., The untreated foetuses
did not show scapular bodies until 33 days (C.R. 39,8 mm.). In the fresh and
silver preparations of thesc ages the scapula possessed a visible spine.
Alizarin red staining failed to detect hony scapular development until the foetus
of 31 days (C.R. 35 mm.) which, compared to the findings of Schacffer (1932)
was earlier than his [oetal measurement figure (35 mm. compared to 46 mm, C,I.)
but later if onc takes his time post-coitus i,e,, 28 days. The neck of the scapula
was moxe clearly defined in the szcond half of the 31 ~ 40 day period but the

paracromion precess was not in evidence until the middle of the 51 -~ 60 day period.



Humerus.

In previous litcrature there is agrcement that the centre for
the diaphysis of the humerus is preseat at birth. This 19 reported by
Strauss-Durckheim (1845) and Mivaxt (188]1) but no specific time of
appearance is given. Lesbre (1897) states that the centre for the
diaphysis appears in the course of the 4th. week of gestation and that
two other centres appear after birth. Jayne (1898) concurs with the
diaphyscal centre being present at birth but further states that a small
centre is visible in the upper extremity. This finding is further
supported by the work of Schaeffer (1932) who found a diaphyseal centre
appearing at 4,6cm. C.R. (28 days P.C,) and also a centre for the
proximal epiphysis appearing at 14.5cm. C.R. (55 days P.C.). However,
Smith (1968) in his radiographic survey states only that the diaphysis was
present at birth and that the proximal end was slightly cenvex, The
centre for the prox. epipliysis may be present by the Ist, week: it was

present {u all the animals of 2 weeks or over.

Period of gestation 21-30 days.

Histolopy.

e ar————

In the 24 day foetus (C.R. 17mm.) there were degenerating
cartilage cells present at tI' 2 middle of the model shait of the humerus.
Collapse of these cells was 2vident in the foetuses of 27 days ( C.R.
23mm.) and by 30 days (C.R, 29mm.) the periosteal coliar contained
calcilied tissue and a periosteal bud was penetrating the collapsed centre

of thy cartilaginous shaft.



Radiography of foetus,

There was no evidence of the presence of a calcificd humeral

shaft in the foetuses examined,

Radiography of the foetus impregnated with silver nitrate.

The ecarliest foctus to indicate the presence ¢f a humeral shaft
wag aged at 30 days, (C.R. 29.lmmn.). In another two foetuses of similar
age the humeral shaft was a congtant featurc, It appeared as a rod of

total length lmm. (Fig. Sn3).

Alizarin red staining of foetus,

In foetuses of age 28 dayg (C.R. 25 and 26 mm., ) the humerus was
seen to have taken up the stain revealing the rod-like shafe (Pig. AZI).
However, in another foetus of C.R, 26 mm., the hwneral precursor
remained devoid of colour, In the foetuses of C.R, 29 and 29.1miu.
and age 30 days, the humeral shaft was staining red, (Fig. AZ4), but

this result was not found in a similarly aged foetus C.R. 32mm.

Period of gestation 31-40 days.,

I_-Iistolo £V,

The 31 day foctus (C.R, 35mm.) demonstrated a centre of
ossification prescnt at the middle of the ghaft with replacement of the

cartilage with calcified tissue already commencing,

Radiography of foetus,

The immerus wasg just vigible ag a minuic rod in two foetuses

of age 31 davs {C.R. 35min) but was indistinct in another of the same



age. By the 33rd. day (C.R. (38 mm. ) the xod~shaped shaft was a distinct
entity in foetuses from 3 litters (Figs. X2). This presence was confirmed
in botl litters of 34 days (C.R. 43 mm. ) where the shape was greater in

its longitudinal direction. At 35 days {C.R., 44.2 mm, } the humeral shaft
was approximately 1.25 mm. in its tota) length and was slightly narrowed

at its central portion. By the estimated age of 36 days (C.R. 49 mm.) the
shaft was of distinct form with a dia.phyf;eal waist and widening of the
extremities, Its total length was now 4.25 mm., On the plate of foctus

37 days (C.R. 56.5 mm. ) the humeral shaft was seen to be forming a

sHghtly S~shaped contour, characteristic of the adult form, This wag best
seen on a lateral exposure. The total humeral length was similar to that

of the previous foetus. At age 38 days (C.R. 58 mnm.)the familiay S contour
of the humeral shaft was distinct and the proxfinal extremity was already
beginning to be of greatexr diameter than the distal, Total length on a lateral
plate was 5.25 mm. At 40 days (C.R. 66 mm.) the total length had increasea

to 6.25 mm. (Figs. X3, X4 and X5).

Radiography of foetus impregnated with silver nitcate,

The humeral shaft was quite apparent on the yadiography of foetus
31 days (C.R. 2% mm,) and was almost 2 mm, in length (Fig. Sn4). There
was a narrowing of the shaft at its central region with the extremities flaring
slightly and at 34 days (C.R., 43 mm.) the S curve of ’ﬂ)c longitudinal
direction of the shaft was becoming apparent. The total longth was now
approximately 3 mm. (Fig. Sn8), By 37 days (C.R. 56.5 mimn, ) the S~shape
was obvious and the proximal extremity appearcd greater in diameter than

the distal., Total length had again increased, to S mm. At the extremity

there were pule arcas of decreaged density and this area was wider at the



proximal extremity (Fig, Sni2). However, at 39 days although the total
length had remained virtually the same, this pale area was now as dense
as the rest of shaft., Length at 40 days (C.R. 67mm.} was 6 mm. (Fig.
Snl4)., The silver impregnation enhanced the radiopacity of the developing
shaft so that measurements of the shaft were in advance of those taken

Irom fresh gpecimens.,

Alizarin ved staining of foetus,

In the foetus of 31 days (C.R., 35mm. ) the humeral shaft was an
obvious feature having taken up stain (Fig. AZ10), It was a cylindrical
structure and already the middle portion was narrowing compared to the
extremitics as well as staining more strongly. At 33 days (C.R, 39mm. )
the proximal extremity could bc scen to be of greater diameter than the
distal (Fig, AZ15), This trend was continued through to 34 and 35 days
(C.R, 43 and 44.2mm. ). In the 35th, day foetus (C.R, 44.2mm.)a cranio~
lateral ridge could be seen to he developing, suggesting the beginnings of
the deltoid crest and in the 36¢h. day foetus (C.R, 49mm, ) the S~shapc of
the shaft was becoming obvious (Fig., AZ21), Also the distal extramity
wasg progressively more flattened in a eranio~candal dimension giving a
broadening effect to the extreme distal end of the shaft (Fig, AZ32), This
remodelling was seen in the 39%th, day (C.R. 63mm.) foetus and by 40 days
{C.R. 66mmy the humeral shaft had increased in total lepgtl, retaining its
S-shape (Fig., AZ33), The proxiwal end was moxe massive with a broaden-

ing of the extreme distal end,

od kF



Period of gestation 41-50 days.

Radiography of foetus.

The humerus was showing an S contour on lateral exposure and
hiad a narrowing of the diaphysis with widening at the extremities (Fi g‘:‘
X3, X4 and X5), Its total leugth increased throughout this period and
was recorded thus:

41 days (C.R. 73mm) 7.5mm.

45days (C.R., 86mm} 1I mm.

50 days (C,R.102mm) 12 mm.

At 46 days (C.R. 88mm.) there was seen an apparent bifid appear-
ance of the distal extremity and this divided appearance, although indistinct

continued to be cvident during the remaining period (Fig ., X6).

Radiography of foetus impregnated with silver nitrate.

The silver impregnation helped to demonstrate the outlines of
the ghaft and the rate of growth. At the distal end, the incomplete

division of tic extremity could be seen from 44 days onwards.

Alizarin red staining of foctus.

The alizarin stain was able to reveal the development at the distal
extremity which was not obvious on the 1'adiogra.'p11§. At 43 days (C.R.,
82.5mm, ) a slight projection from the medial asprct of the distal extremity
could be obscrved, Concurrently the caudal aspect of the distal portion
was becoming concave in form. By 44 days (C.R. &4mm.) this prejection

was more obvious, At 46 days (C.R, 88mm.) a fine spicule, staining red



could be seen projecting distally from the medial aspect of the distal
extremity and forming a gap between it and the humeral shaft (Figs.
AZ43, AZ49 and AZ51), This wag the initiation of the development of

the supracondylar foramen., This projection continued to grow increasing
in length with the humeral shaft but maintaining the pap between them

(Fig. AZ51).

Period of gestation 51-60 days,

Radiography of foetus,

Areas of reduced bone density were evident, extending along
the interior of the shaft, There were little islands of bone appacent in
themn, This change would seem to indicate the development of a medullary
cavity recognisable on radiography. These areas cealesced gradually to
form a medullary area cxtending from just within each extremity. At
94 days (C.22. I12mm.) the appearance was still somewhat patchy, but
the radiolucent area extended to the distal extremity. The proximal
extremity still retained a greater degree of density., The radiclucent
arca increased px‘oximal];f with age and at 6C Jduys (C.R, 136mm. )}, the
cavity was extensive throughout the shaft. The external outline of the bone
did not alter greatly and the increases in length were srecorded thus:

ol days (C.R, 105 rmm.) 14 mm.

56days (C.R, 120nm.) I18num.

60 days (C.R, 136mm.) 19mm.

In the foetus of 59 cayg (C.R, 133 1mm., ) there was an indistinct

projc' ction poiuting distally from the medial aspect of the digtal extremity



(Figs. X8 and X9). ‘lhis was seen on a dorse/ventral plate but this

was not repeated in the foetuscs of 60 days (C.R, 136 mm.,).

Radiography of foetus imprepnated with silver nitrate,

In the foetus of 51 days (C.R. 105mun. } the outline of the distal
extremity indicated the formation of a divided shaft. Howcever, In this
same region, another structure on the medial aspect of the bune could
be seen developing. This was a blunt projection pointing distally from
the medial aspeet just above the extreme distal edge (Fig. Su33). This
was cvident again in the 52nd, day foetus (C.R. 108 mm, ) and on the
dorso~ventral plate of the 53rd, day foetus (C.R. length 109 i, ), the
flat~ended projection could be scen pointing distally with a gap between
it and the main shaft (Fig. Sn39), This projection continued to ncwease
in thickness and length to correspond with similar changes in the
dimensions of the shaft. At 60 days (C.R. 136 mm.)} the projection was
a strong prolongation lying medially but not prejecting beyond the distal

extremity of the shaft proper (Figs, SnSl and Snd2).

Alizarin red staining of foctus.

‘Lhe distal extremity of the humerus was differentiaiing from a
single shaft into two comporent columns, This division was evident as
a depregsion, situated caud: Iy, which partially divided the shafl. A
similar depression appeared cranially very shortly after but was not of
such 2 great depth, These depressions deepened, the caudal remaining
greater in its concavity, so that at 54 days {C. K. 1i2 mun.) the distal

+

shaft had the appearance of two columns separated by the depressions



(Fig. AZ82). The depressions were never completely penctrating so that

the two columns were at all thmes joined by continuous caleified tissue.

At the medial aspect of the extremity, the distally projecting bone off~

shogot continued to increase in size in proportion to the shaft but remajued
scparate from it at the distal end. At the proximal end of the shaft, a
pointed peak appeared at the most cranial rim of the proximal edge. This
was extremely slight at 51 days (C.R, 105nmm, } hut by 54 days (C.R, 112mm.)
was clearly observed and continued ro be present throughout the rest of the

period (Fig, AZ99),

Period of gestation 61 days onward,

Radiography of foetus.,

The doubled appearance of the distal end of the shaft was apparent
as was the medial projection already desribed (Figs, X10 and X1I). In a
litter which was one day post-parium, a small speck wag seen lying proximal
to the proximal end of the humeral shaft, It wasg just visible and was taken
to represent the commencement of calcification of the proximal epiphysis
of the hume.vs.  ‘This finding was repeated in two ont of the three litters
examined at two days post~partum. The speck was seen to be placed slighily
caudal to the centre of the proximal end, This was on a lateral plate., In
four litters of three days post-partum only two showed evidence ol a proximal

epiphysis.

Length at 61 days (C.R. 140 mm,) 18.5 mm.

At birth 19,0 myum.



Radiography of foetus impregnated with silver nitrale,

Silver impregnation failed to demonstrate the presence of a

proximal epiphysis of the humerus in a foetus at birth (Fig. Sn56).

Alizarin red staining of foetus,

This technique demonstrated a. small cap staining red situated
over and above the proximal extremity of the humerus (Fig. AZI16).
On the Jateral face of the proximal shaft a fine ridge was evident rumning

down from the proximal perimcter for approximately 3mn.

Conclusions.

The carliest sigus of bony enlargement in the humerus was seen
histologically in the foetus of 30 days (C.R. 29 mm. ) but not radio-
graphically until 30 days {C.R. 29.1mm.) in the silver nitrate preparations
.and 31 days (C.R. 35 mn,) in untreated specimens. Lesbre's (1897)
chservation of the appearance of the humeral shaft in the fourth week of
gestation js remarkably accurate as is Schaeffer's (1932) date post-coitus
i.e., 28 days. However, his figure for C.R. Jength of the foetus with the
first humeral shalis is 40 mmm. «s compared to these findings in alizarin
gpecimens of C.R. 25 and 26 mm, The alizarin stained specimens
demonstrated the begionings of the deltoid crest being seen from 35 days
(C.R, 44,2 mm.) onward. The initiation of the development of the
supracondylar foramen was hest demonstrated and earliest seen in the
alizacin red specimens of 43 days (C.R. 82,5 min, ) onward., Radio-
graphically this was not obhserved fully until the commencement of the

51 day (C.R. 105 mm,) peviod. The centre for the proximal epiphysis



of the humerus was observed radiographically post-partum and in
later foetuses, The observations of Smith (1968) were similar to
this. Alizarin red staining at this period indicated the presence of
the epiphyseal cap shortly beforc birth, i.,e., a2t C.R, 146 mm,
Schaeffer's (1932) figure for C.R, length at which this centre is seen
correlates with this i.e,, 145 muin. but he gives this C.R. length an

age of 55 days post-coitus,



Radius

‘I'he radius is said to develop from 3 centres, one for the diaphysis
and one for each extremity. This is agreed on by Strauss-Durckheim (1845),
Mivaxt (1881) and Bourdelle (1953). Jayne (1898) gives an additional centre
for the tuberosity which he says appears after birth, Lesbre (1897) fuxther
states that the primary centre appears in the course of the 4th week of
gestation in the dog and cat while Schaeffer (1931) observed the diaphysis in
a foetus of C.R, 4.6 cm, (28 p.c.). Bresson et al,, (1959) saw the diaphysis
of the radius as entirely or almost entirely ossified at birth., Smith (1968)

describes the shaft of the radius as being radiographically present at birth,

Period of gestation 21 - 30 days

ﬂistolgg_ﬂy

The 24 and 27 day foetuses (C.R, 17 mm, and 23 mm, ) demonstrated
degeneration of the cartilage cells so that by 30 days (C. R, 29 mm, ) calcification
of the central collar was evident wiith collapse of the cartilaginous centre of the
shaft,

Period of gestation 21 -~ 30 days

Radiography of foetus

Thexe was o indication of a bony element of the radius during this

period on radingraphy of the foetus,



In the threc foetuses of 30 days (C. R, 29.1 mim., 31 mm,, and
31.2 mm, ) the radius was present as a small rod of approximately two

thirds the length of the humeral shaft and narrower in diameter (FFig. 5n3).

Alizarin red staining of foetus,

In foetuses of age 28 days (C. R, 25 mm, and 26 nun, ), the shaft
of the radius had taken up stain and appeared as a short rod of vniform
diameter (Fig, AZ1). In thc other foetus of C,R, 26 mm, there was no-
uptake of stain. In the foetus of Ldays (C.R, 29,1 mm, ) the rading again
showed as a stained rod but in the other foetus of similar age it was unaffected
by the stain.

Period of gestation 31 - 40 days

Iistology

The 31 day foetus (C, R, 35 mm, } had a calcified periosteal collar
at the middle of the cartilaginous model of the shaft, The replacement of
this tissue with calcified material was continuing in the 33 day foetus (C. R,

38 mm. ),

Radiography of foetus

The shaft of the radius was not apparent in any of the foetuses of
31 days (C.R. 35 mn1, } but made jts first appearance in a foetus of 33 days

(C.R. 38 mun, ), Izre it was a vexy short rod lying alongside the ulna {(Fig, X2),



By 34 days (C, R, 43 mm. ) the outline was more distinct and the image was
seen to possess a greater length, almost 1 mm, At 36 days (C.R. 49 mu. )
the outline was distinct and the ulna could be observed lying candal to the
radius with its proximal extremity lying more proximally in the limb with a
similar discrepancy at the distal end when viewed laterally, However their
total length was equal i,e,, 4 min,, taken from a dorso/ventral exposure,
The foetus of 38 days {(C. R, 58 mun, } illustrated thc pro:éimal supcrimposition

of the radius on the ulna, on a dorso/ventral exposure,

This was observed at 35 days (C, R, 44,2 mm,) but was by now more
marked, The ulnar shaft appeared to be of greater mass than that of the
radius but their total length remained equal, At 40 days (C.R, 66 mim, ) the
length of the shaft of the radius had increased to 7 inm, on a dorso/ventral

exposure (Figs. X3, X4 and X5).

Radiography of foetus impregnated with silver nitrate

The raaial shaft was quite distinct in the foetus of 31 days (C.R,
35 mm, ) and its position relative to the ulnar shaft was such as to be placed
more distally in the limb, Its total length was approximately 1,25 mm.
(Fig. Sn4), At 34 days (C,R. 43 mm, ) on a dorsc/ventral exposure, the
radius could b seen to overlie the ulna proximally and the length had increased
to 2 mm, (Fig, Sn9). By 37 days (C.R. 56.5 mm,), this had jincreased to

4,5 mm, (JFig. Snl2),

Alizarin red staining of {foetus,

The joetuses of 31 days (C.R. 35 min, ) all demonstrated stained

radial shafts which were placed morxe distally in the limb than the ulnar
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shafts (Fig, AZ10), The cylindrical shaft was fairly uniform and there
was a steady increase in length throughout this period. At 36 days

(C. R, 49 mm, ) the slight dorsal curvaturc of the shaft was becoming
noticeable (Fig, AZ21), and by 40 days (C,R. 66 mm, ) was distinct (Fig.

AZ33).

Period of gestation 41 - 50 days

Radiography of foetus

The radius appeared as a dorsal curving shaft closely related to
the ulnar shaft (Figs. X6 and X7), The growth of the radius was recorded
thus :-

41 days (C, K, 73 mm.) - 8§ mn.
45 days (C,R. 86 nmun, )} - 11 mm,

50 days (C.R. 102 wmm,) -~ 1% mm,

Radiography of foetus impregnated with silvex nitrate

The silver impregnation helped to demonstrate the outlines of the

shaft and the rate of growth (Figs, Sn27 and Sn31).

Alizarin red staining of foetus,

The radial shaft stained throughout this perind, The cranio/caudal
flattening of the shaft was more evident by this method and the proximal and
distal extremities could be szen in closc apposition to the ulna with a greater
space between them centrally (Figs., AZ43 and AZ47). At 47 days (C,R. 92 mm)
& flattened ridge was becoming apparent on the caudal proximal end of the radial
shaft opposite the corresponding (,:'ranial border of the ulna, This ridge was

more clearly defined at 80 days (C. R, 102 mm, ) (Figs, AZ56 and AZ63).
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Period of gestation 51 - 60 days

Radiography of foetus

At 51 days (C.R. 105 mm, ) the interior of the radial shaflt revealed
patches of radiclucency which were present throughout its length, The
patches coalesced to extend throughout the length of the shaft to just shoxt
of the extremities, The change was virtually over by 56 days (C, R. 120 mm.,)
(C.R, 120 mun.) and completed by 60 days (C.R, 136 mm,) (Figs. X8 and X9),
The diameter of the shaft increased in this period, being greater towards l'.'hc

distal extremity,

The increase in length was recorded ihus :-
51 days (C.R, 105 mm.) 12,5 mm,
56 days (C, R, 120 rmm,) 16 mm,

60 days (C, R, 136 mm.) 17 mun,

Radiography of foetus impregnated with silver nitrate

The radial shaft continued to increase in length and diameter

throughout this pertod (Figs, Sn3dd, Sudl and Snb52),

Alizarin red staining of foctus,

On the candal surface of the proximal end of the radial shaft,
just distal to the extreme edge, the surface was {lattening, This area was
fairly discrete and was the region which lay closest to the ulnar shaft, By
54 days (C.R. 112 mm,) the periphery of the area was slightly raised laterally,
aiding in demarcating the region (Figs. AZS8(0 and AZ85), The rather
transversely [lattened appearance of the entire shait was apparcut throughout

this period (Figs. AZ89 and AZ110),



Period of gestation 61 days onward

Radiography of foetus,

The proximal end of the radius on its caudal face was flattened,
even slightly concave, giving the impression of a slight ridge at the Jlm
of the area, This was seen at 61 days onward (C, R, 140 mm.) (Figs. X10
and X11),
61 days (C. R, 140 mm,) 18 mumn, in length,

At birth 18 mun, in length.

Radiography of foetus impregnated with silver nitrate,

The flattening of the caudal face of the proximal shaft was

demonstrated by this technique (Fig, SnS6).

Alizarin red staining of foetus

The caudal face of the proximal shaft could be observed in close
approximation to the ulnar shaft with a flattening of the former (Figs, AZ114,

AZ116).

Conclusions,

The early observation of the shaft by Lesbre in the course of the

fourth week of gestation concurs with the findings here, in that the histological

picturc was of calcified tissue at thirty days (C, R, 29 mm, ) while the

alizarin stain was seen at 28 days (C,R. 25 mm,), Radiographically, 30 days

C.R, 29,1 mm, ) was the time of appearance of the shaft when impregnated with
Pl preg

silver nitrate and 33 days (C, R, 38 mm, ) the time for the fresh specimens,

Schaeffer (1932) gives a date of 28 days post-coitus which would {it with the

“k €3



time of appearance but his C, R, measurement of 40 mm, would appear

too laxrge compared with the findings of 29-30 mm. There was evidence of
the beginnings of the radial tuberosity at the proximal end, caudal face,

at the end of the 51-60 day period, The shaft was well ossified at birth,
agreeing with the radicgraphic evidencce of Bressou et ai., (1959) and

Smith (1968).



Una,

Strauss~Durckheim (1845) and Mivart (1881) describe 3 centres
of ossgification for the ulna, one being for the ghaft., I.esbre (I897) notes
the diaphyseal centre as appearing in the course of the 4th, weck but
that the extremities are entirely cartilaginous at hirth, Jayne (1898)
illustrates an ulna at birth showing the diaphysis as ossified and the
proximal end of the clecranon and the distal extremity as cartilage,
Schaeffer (1932) observed in a foetus of 4.6 cm. (C.R, (28 p.c,) the shaflt .
of the ulna. DBressou et al. (1959) state that, at birth, the diaphysis of
the ulna is entirely or almosgst entirely ossified and this is similar to
Smith's (1968) finding that the shaft of the ulna appeared on radiographs
of new born kittens. He further states that it was slightly club-shaped

with the proximal end being the larger,

Period of gestation 21-30 days.

Histology.,

The 24 and 27 day foetuses (C,R. 17 mn, and 23 mm.) demon-
strated deg~neration of the cartilage cells so that by 30 days (C.R. 2%mm.)
calcification of the central collar wag evident with collapse of the cartilaginous

centre of the shait,

Radiography of foetus,

Thexre was no evidence of bony change in the ulna during this

period.



Radiography of foctus impregnated with silver nitrate.

It the three foetuses of 30 days C.R. 29.31 and 31,72 mm. the
ulna was present as a small rod of identical dimensions to the radius

but placed caudally on a lateral radiograph (Fig. Sn3).

Alizarin red staining of foetus.

The ulnar precursor of onc of the foetuses of 28 days (C.R.
25 mm, ) was stained (Fig. AZ1), while that of the other was unaffected,
Similarly with the foetuses of 30 days only one, C.,R. 29, 1mm. had a

stained ulna present,

Period of gestation 31-40 days.

Histology.

The 31 day foetus (C.R. 35 mm.) had a calcified periosteal
collar at the middle of the cartilaginous model of the shaft, The
replacement of this tissue with calcified material was coniinuing in

the 33 day foetus {(C.R. 38 min.).

Radiography of foetus.

The shaft of the ulna was indiscerrabie at 31 (C.R. 35 mun,)
days, appearing at 33 days (C.R. 39 mm,) (Figs, Xl and X2). In the
foetus of 34 days (C.R. 43 mm.) the faint outline of the ulnar shaft could
also be detected lying alongside that of the radius, It was maxrginally
shorter than the Jatter. The foetus of 35 days (C.R. 44.2 min. )illusirated
a more definite outline and the radial and ulnar shafts were of approximately

equal Jength,



At 86 days (C.R. 491, )-co.» (a8 radius, page 45)..... remained equal.
The ulnar shaft wes now widening at ite proximal extremity and by the
40th. day (C.R, 66 vn, ) the entire shaft had reached 7 mm. in length

(Rigs. X3, X4 and X3),

Radiography of the foctus impregnated with silver nitrate,

The ulnar shaft was quite distinet in the foctus of 31 days
(C.,R, 35 mum, ) and its position relative to the radial shaft was such
as to be placed more proximally in the limb, At this stage the proximal
end of the shaft had increased in diameter compared to the oppdsi’ce end
with quite distinet flaxing of the outline, This appearance was again scei
in the later foetuses. At 40 days (C.R. 60 1mmm,) the length had rcached

8 mm.

Alizarin red staining of foetus.

The uvlnar shaft was stained in the foetuses of 31 days ((_L.R= 35 mm,)
and the more proximal position of this shaft to that of the radius was already
cvident (Fig, AZ10). The two shafts were however ol similar dimensions
wiith only theix position distinguishing them, By 33 days (C.R. 28 mm.) the
ulnar shaft was of greater leagth but the contouxrs of the two bones were still
siimilar (Fig. AZIS). In the foctus of 35 days (C.R, 44,2 mm.) the proximal
extremity of the ulnar shaft was commencing to broaden and by 36 days
(C.R. 49 1m, ) was more nassive than the distal exivemity (Vig. AZ21).

By the 40U, day (C.R, 66 mm.) the proximal end was seen to be showing

lateral flattening of the shait (Figs. AZ30 and AZ33),



Period of gestation 41-50 days.

Radiography of foetus.

The ulna was apparent alongside the radius,its proximal
extremity being proximal to that of the radius (Figs. X3, X4 and
X5). The length of the shaft increased over this period and was
recorded thus:

4] days (C.R., 73 mm.) 9%mm.

45days (C.R. 86 mm.) 1l mm.
By now the proximal end of the nlna was club-shaped and more masgsive
than the distal end. On a Jateral plate there wag a slight concavity of
the cortex of the ulnar shaft opposite the proximal end of the radiug
{Tigs, X6 and X7).

50 days (C,R, 102 mm.) 12mm. There was still a distinct

gap between the radius and ulna throughout their entire length.

Radiography of foetus impregnated with silver nitrate,

The increase in mass and rounding of cutline of the proximal
end of the vTna was demonstrated by this technique in the foetus of

43 days (C.R. 82.5 mm,) as was the progression n size (Fig, Sn20),

Alizarin red staining of foetus.

The ulnar shaft stained throughout this period, This technique

helped to demonstrate the actual formation taking place at the proximal
end. Although this extremity was enlarging and rounding off to appear
club~ghaped on the radiographs, the true proximal surface of this

extremity was in fact flattened and sloping from a lower cranial edge to
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a higher caudal rim (Fig. AZ6l)., The shaft of the ulna remained thick

compared to the form scen in the aduit (Pig. AZ47).

Perind of gestation 51~60 days.

Radiography,

In the 51 day foetus (C.R, 105 mm,) the medullary cavity was
represented by a radiolucent avea which occupied the interior of the
shaft but did not extend into the proximal extremity. This extremily
was rounded and club=shaped, By 56 days (C.R. 120 min.) the radio~
lucent areas had coalesced and this darkened area now extended inte the
proximal extremity which was altering in shape, Tu the foetus of 53 days
(C.R., 108,3 mm.) the cranial face of the proximal extremity was flattening
and by 56 days (C.R. 120 mm. )} it was concave, This alteration was
continued throughout the period and by 60 days (C.R. 136 mm.) there was
a distinct proximal promontory, distal and cramnial to which, the concave
border led inte a raised ridge opposite to the proximal extremity of the
radius (Figs, X10 and X11), The increases in total length were recorded
thus:

51 days (C.R. 105 mm.) 14 mm.

56 days (C.R. 120mm.} 18 mm.

60 days (C.R. 136 mm.) 191nm.

Radiography of foctus impregnated with silver nitrate,

The apparent remodelling of the proximal extremity previously
described, was demonstrated by this method and at 51 days (C.R. 105 min.)

the flattening of the extremity was already visible (Figs. Sn33, Snb} and Snb2).



Alizarin red staining of foetus,

The proximal extremity was still rather club~like at 51 days
(C.R. 105 mam. ) but by 53 days (C.R. 108.3 mm.) a depression wasg
developing on the proximal sumimnit giving the appearance of two rather
pointed lateral projections (Figs, AZ82 and AZ109). The depression
on the proximal summit remained a feature during the period. The
cranial surfacc of the proximal end was distinctly flattened and from the
most proximal point sloped downward and cranially to a iransverse ridge,
The sloping surface was concave when viewed laterally, This ridge Wa..s
immediately opposite to the most proximal extremity of the radial shaft.

This slope was present throughout this period (Figs. AZ84 and AZ100).

Period of gestation 61 days onwaxd,

Radiography of foetus,

The outline of the shaft did not alter, The length was measured
thus:

6] days (C.R. 140 mm.) 19 mm.

At Lirth 19 mm,

(Figs. X10 and X11).

Radiography of foetus impregnated with silver nitrate.

No further developments in the outline of the shaft were

demonstrated (Figs. SnS5 and Sn56).



Alizarin red staining of foetus.

The outline of the shaft and proximal end did not altexr from

that previously deseribed (Fig, AZ114).

Conclusions.

The appearance of the shaft in the fourth week of gestation
described by Lesbre (1897) would appear to correspond fairly well to the
finding, where the histologic:al picture was of calcified tissue at 30 days
{(C.R., 29 mm.) and alizarin stalning at 28 days (C,R, 25 mm,), Radio-
graphically the centres were apparent in untreated specimens at 33 days
(C.R, 39 mm,) and in silver nitrate impregnated foetuses at 30 days
(C.R. 29.1 mm,. ). Schaeffer's (1932) date of 28 days post-coitus would
appear to be within the range of these findings but his C.R., a.sse;ssment
of 46 mm. is large compared to 29-31 mm . C.R, measurement of this
serics., The descriptions of the radiographic appearance given hy both
Bressou et al, (1959) and Smith (1968) are similar to present findings.
The start of development of the coronoid process was demonstrated

by alizarin rcd staining toward the cnd of the 51~60 day period,



Ca'rpus o

In the literature there is no reference to any ossification

of the carpus taking place before birth.,

Using the described techniques, no evidence of ossification

of the elements of the carpus was detected during foetal life,



Metacarpus,

Ossa metacarpalia Il -V,

The diaphyses of the 2nd to S5th. metacarpal bones are evident
at birth, This is reported }:r)-r batii Smith (1968) and Bressou et al, (1939)
using radiographic methods. Lesbre (1897) states that the bony parts
of the diaphyses of the metacarpals appear at the same time as the
primary points of other long bones of the limbs or vevy little after,

Schaeffer (1932) notes that the diaphyses of these metacarpals are seen

at 6.3 cm. C.R, (8l days p.c.).

Period of gestation 21-~30 days.,

Radiography of foetus.

There was no evidence of calcification during this period.

Radiography of foetus impreguatied with silver nitrate.

There was no evidence of impregnation of the shafts.

Alizavin red staining of foetus,

None of these elements was staining.

Period cf gestation 31-40 days.

Histology.

'The foctus of 31 days (C.R. 35 mm.) evidenced swelling of the
cells in the central sector of the cartilaginous models, There was

present calcified material in the peripheral collar of tissue at the central



region of the shaft of the models by 34 days (C.R. 44 mm.) and this
was followed by degencration and collapse of these cells and invasion
of hlood vesscls and cells from the overlying calcifying layer. This

wasg the state of development seen in the foetus of 38 days (C.R. 58 mm.).

Radiography of foetus.

Until the foetus of 36 days (C.R. 49 mim.) the metacarpal bones
were not visible on radiographs, In the foetus of 36 days (C.R. 49 mm.)
the shafts of the second to the fifth metacarpal bones were seen as short
rods. They were of unequal length, the axial two being larger than the
abaxial with the fifth being the smallest, The 37 day foetus (C.R, 56.5 mm.)
gave a similar picture but by the 38th, day (C.R. 58 mun.) the third and
fourth metacarpals were more distal in position and still of greater total
length than the second and fifth, The former were approximately 1 mm.
in length with the latter about two thirds that length. By the 40th. day
(C.R. 66 mm.) tire {ifth shaft was markedly shorter heing almost 1 mm.
compared to the third and fourth which were almost 2 mm. (Figs. X3,
X4 and X5), These measurements were taken on a dorso/ventral

exposure,

Radiography of the foetus impregnated with silver nitrate,

The first indications of the presence oi calcified shafts on
the metacarpals were geen in the foetus of 34 days (C.R. 43 mm.).
Here all four metacarpals were seen as short rods but that of the
fitth was much smaller and indistinct (Fig, Sn8). By 37 days (C.R.

56.5 mm, ) the shafts had all increased in lepgth but the fifth was still



shorter than the others. The shafts of metacarpals three and four
were approaching 1 mm. (Fig. Sni2). The fifth remained shorter

during this period compared to the third and fourth (Fig. Snl8).

Alizarin red staining of foetus.

The metacarpals remained unstained in the foetuses of 31 days
{C.R. 35 mm.) whilst at 33 days (C.R. 39 mm. } the short cylinders
of the stained tissue could be seen immediately proximal to the digits
II, III and IV, the fifth metacarpal remaining unstained (Figs. AZI11 and .
AZ16), The 34 and 35 day foetuses (C.R. 44 and 44.2 mm. ) demonstrated
all four metacarpals, the fifth being shorter siid less densely stained. At
36 days (C.R. 55 mun.) the shafts of all four were clearly marked with
the relative lengths as before. The shafts incréased in length up to
40 days (C.R. 66 mm.)and their extremitics had become slightly flared

by this time (Fig. AZ32).

Period of gestation 41~50 days.

Radiegraphy of foctus.

The shafts of metacarpals five were still the shertest with the
third and fourth the longest and the second intermediate (Figs. X3, X4
and X5), The measurements throughout this period were:

41 days (C.R. 73 mm,) metacarpal 3 and 4 - 2 mm. approx.

" 5 - Jmm. Y,
45days (C.R, 86 1‘1;11‘1‘1 .)metacarpal 3and 4 - 3mm. " .

" 5 - Zmm, " .
50 days (C.R. 102 mm.) = little change it auy

(Figs., X6 and X7).



Radiography of foetus impregnated with silver nitrate.

Growth of all shafts was evident during the period. (Figs.

Sal% and Sndi).

Alizarin red staining of foetus.

The shaft of the metacarpal bones took up stain throughout this

period (Fig., AZ62).

Period of gestaticn 51-60 days.

Radiography of foetus.

In the 31 day foetus (C.R. 105 mm.) the interior of the shafts
exhibited patchy radiolucent areas and these reorganised to form
darkened areas extending to both extremities. This was evident by
56 days (C.R., 120 mm. ) and coufirmed in the Jater foetuses. Length
of shaft wag recorded with the shafis of the third and fourth remaining
longer than the second and fifth.:

Sldays (C.R. 105 mim.} 2.5 mm. L and V : 3 mm, I and IV
S6days (C.R, 120 mm.) 4.Cmm. Il and V : 5 mm. [l and IV
60 days (C.R. 136 mym,) 4.0mm, L and V ; Smm. Il and IV
Figs. X8 amd X9).

Increase in length took place predominantly in ilie first half of this period.

Radiography of foetus impregnated with silver nitrate,

Progress in length was observed during this period (Figs, Sn33,

SnSl and Sub2),



Alizarin red staining of foetus.,

The shafts of the metacarpals continued to increase in sizc
I'ig. AZ110),

Period of gestation 61 days onward,

Radiography of foctus,

The lengths of the shafts were recorded thus:
61 days (C.R. 140 mm,) 4 mm., ITand V : 5 nun. III and TV (Figs. X10 and X11)

At birth 4, 5mm, Hand V : S mm, Il and IV

Radiography of foctus impregnated with silver nitrate,

The proximal ends of the shafts were more rounded in outline

compared to the flattened distal edges (Fig, Sab6).

Alizarin red staining of foetus,

The proximal ends of the shafts were more flattened from side
to side and more rounded on the proximal surface. The distal ends
remained mcre flattened from before backward and had an even distal

edge (Fig. AZ]10),

Conclusions,

The range of time of detection of development of the centres
for the metacarpals was from 33 to 36 days (C.R. 38 to 49 mm.)
varying with the technique used. The alizarin stain wag positive at
33 days i.e., C.R, 39 mm. compared to Schacffer’s (1932} figtire of

3l days post-coitugs which he agsesses as C.R. 63 mm, but histologically

~



there was only present at this stage a calcified periosteal collar and

so It would appear that it was thig that was staining and not the true

centre of ossification. Histologically this true centre was not fully
confirmed until 36 to 38 days (C.R. 49 tc 58 mm,), Radiographically

the silver nitrate impregnated specimens revealed the image of the -
developing metacarpals at 34 days (C.R. 43 mm. ) while the fresh
specimens were nol positive for these centres till 36 days (C.R. 49 mm.),
Lesbre's (1897) stalement that the metacarpal centres appear a little after .

those of the other Tong bones holds true when compared with these findings,



Ossa metacarpale 1.

The diaphysis of this metacarpal bone is evident at birth
according to the work of Bressou et al. (1959) and Smith (1968). Schaeffer
(1932) describes the diaphysis being apparent at 8,4 cm. C.R, (38 days p.c.).
Smith (1968) raises the question as to whether this diaphysis is a metacarpal
bone proper or a phalangeal shaft as it has a secondary centre appearing
at its proximal extremity. The metcarpals II-V have a distal epiphysis,
Conversely, the phalanges I and IT have a proximal epiphysis. These
findings are suppoxted by the previous authors except Jayne (1898) who gives
the metacarpal I a distal epiphysis and the metacarpals 11 - V a proximal

centre.



Manug.

The three long elements of this digit will be called the proximal,
middie and the distal, Lesbre (1897) states thut the iniddle and distal’
develop at the same time as the 2nd. and 3rd, phalanges of the other
digits. Schaeffer (1932) describes 2 phalangeal elements, the [irst
being present at 8.6 c, C,R. (41l days p.c.) and the second at 6.3 C.K.
(31 days p.c.), Smith (1968) on his radiographs of new boimn kittens

reports the presence of the two phalangeal elements.

Period of gestation 21- 20 days.

Radiography of foetus.,

There wag no evidence of calcification during this pexiod.

Radiography of foetus imprepnated with silver nitrate,

There was nc evidence of the pregence of the elements of the

first digit on the radiographs,

Alizarin red staining of foetus.

None of the elements of digit I was staining.

Period of gestation 31-40 days.

Histology.
The histological picture was similar in both time secuence
and appearance to that seen in the developing phalanges I, II and IIT of

the other digits of the manus in that there was primary calcification of



the distal element by 34 days (C.R. 44 mim, ) and the proximal and middie
- elements by 39 days (C.R. 63 mm.), True centres of ossification were
not obgerved until 39 days (C.R. 63 mm. } and 44 days (C.R. 85mm,)

respectively.

Period of gestation 31-40 days.

Radiography of foetus.

The distal element was first detected in the foetus of 30 days
(C.R., 49 mm.) when it was secen as a small spot at the distal extremity
of digit I, This picture was corstant until the foetus of day 40 (C.R,
66 mm, ) when the proximal bony element became apparent in a position
parallel with and medial to the second metacarpal. ‘That was in foctuses
of 66 and 67 mm. In a foetus of 68,9 mm. the middle bony eleruent could

also be seen.

Radicgraphy of feetus imprepnated with silver nitrate,

The distal element was not seen in the foetus of 31 days (C.R.
35 mm., ) but was represented by a small dot in a foetus of 34 days (C.R.
43 mm, ) and its appearance was veritied in the foetus of 37 days (C.R.
50.% mm., ) where the dot was now well defined and triangular in contour
(Fig. Snl2). However, the foetusces of 39 and 40 days (C. R, 65 and 67 mm. )

failed to reveal the presence of thie other eclements of digit 1.

Alizarin red staining of foetus.

The distal element was first apparent as a stained speck in the

foetuses of 33 days (C.R, 38 mm.) Fig. AZI1S), but it was 36 days

T



(C.R. 49 ram. ) before there was any greatl substance to the hody of
this structure. From this on,the size of the body increased and at

40 days (C.R. 06 mun.) it hod a cone~shaped appearance (Fig, AZ26).
The other two elements did not pick up stain until in the foetus of

39 days (C.R., 63 mm.) there was a slight tfrace of stain in the most
proximal element and this again wag the casc in one of the foetuses

of 40 days (C.R. 66 mm.), In another foetus of 40 days the proximal,

middle and distal elements were all present,

Period of gestation 41-50 days,

Radiography of foctug.

At 41 days (C.R. 73 mnz. ) the proximal and distal elements were
present but the middic element wag not apparent, However i the foetus
of 42 days (C.R, 78 mm.) they were all present. The proximal element
wa.s rod-like but the middle element was just a transverse band and thig latter
shape was converted to a more rod-like one by the 44¢h. day (C.R. 84mm.).
The increase in length of the proximal and middle elements was progressive
and at 50 dav= (C.R, 102 mm, ) they were red-shaped being of appreximately

equal size. The distal element was cone shaped (Figs., X6 and X7).

Radiography of foetus impregnated with silver nitrate.

In the foetus of 4] days (C.R. 73 mum. } the distal element was
present but it was not uatil the 43xd. day (C.R. 82.5 mm.) that the
proximal and middie elements made an appearance. The middie element
was still only slight in size (Snl9). By 44 days (C.R. 84 mm. ) all the

elements were distinct and by 45 days (C. R, 86 mm.) the proximal



element was rod shaped, the middie was squarer and small while
the thixd was cone shaped with a flattened base (Fig. Sn27). By
50 days (C.R. 102 nmm. ) the proximal and middie elements were

approximately equal in size and both rather square in shape (Fig. Sn3i).

Alizarin red staining of foetus.

In the foetus of 41 days (C.R. 75 mun.)only the proximal and
distal elements were seen to have taken up stain but in the 42 day foetus
(C.R. 80 mm.}all thrce elements were stained (Fig, AZ36), The proximal
element gradually attained a cylindrical shape with a narrowing of the
diaphysis but the middle element tended to remain much shorter with less
diaphyseal definition, The distal clement at 42 days (C.R. 830 mm. )} was
rather cone shaped, This change was noticeable at 46 days (C.R., 90 mm.,)
and was Increasingly developed throughout this period (TTigs. AZ49, AZ50,

AZG6L and AZ.62),

Period of gestation 51~60 days.

Radiography of foetus.

The increase in size of the three elements was continued
throughout this period. The appearance of the proximnal and middle

clements remained more cuboidal than elongated (Figs, X8 and X9).

Radiography of foetus impregnated with silver nitrate.

The first element developed a more rod like appearance while

the second elament remaimed cuboidal (Fig, Sub2).



Alizarin ved staining of foctus,

The three elements progressed in size during this period

(Figs. AZ63, AZ100 and AZ1D),

Period of gestation 61 days onward,

Radiography of foetus,

The three bony eleizents remained constant in form during

this period (Figs. X10 and X11).

Radiography of foetus impregnated with silver uitrate.

The second bony element was still more cuboidal in shape

whilst the third element appeared move pointed (Fig, Sn55).

Alizarin red staining of foetus.,

The bony elements were stained showing the outline of the

bodies .

Conclusions.,

The distal element was the first to appear using all the techniques,
being first detected by alizarin red staining at 33 days, C,R. length 39 mm.,
to be followed by the appcarance on a radiograph of a silver nitrate impreg=
nated foetus at 34 days (C.R. 43 mm, ) and a fresh specimen at 36 days
(C.R, 493 mm.). The histological featurcs at 34 days (C.R. 44 mm. ) were
of a degenerating cartilage model with primaxy calcification but a true centre
of ossification was not seen wntil 39 days (C.R. 63 mm.). This compared

less favourably with the time and C.R. length given by Schaeffer (1932) of



31 days post coilus and 63 mm, C,R. length. The other twe clements
appeared within the range of 39 to 42 days (C.R, 63 mm. to 80 min,)
the proximal element being obscerved earlicst in alizaxvin stained gpecimens,
Silver nitrate impregnation failed to reveal the structures till 43 days
(C.R. 82,5 mm., ) although they were alveady apparent on radiograplis
of fresh specimens at 40 days (C.R. 66 mm.), Histologically the
appearance of the changes of calcification and ossification were similar
in time to that of the distal element, In comparing these results with
alizarin staining to those given by Schaeffer (1932) several discrepancies
OCCUT €48, |

proximal element 38 days post F:oitus, 84 mm, C.R.~Schaeffer

39 days " Yoo, 63 mm., Present resultg
middle element 41ldays " ", B6mm. C.R.-Schacifer

" m"

43 days , 82mm. C.R,~Present results,

In comparing the times of ossification of the proximal element
with the time for the mctacarpal centres for the reminaing digits of the
manus and with the time for the proximal phalanges of digits II to V,
there would appear to be a closer comparison with the latter, This would
seem to indicate that the three elements of digit I represent the phalanges
proper with an abgence of a metacarpal element. This would agrce with

the findings of Smith (968).

A



Ossa Digitonuin Manus

Phalanx Proximalis (Digits II - V)

The centres of ossification for the diaphyses of these bones are
apparent at birth as are shown in the work of Bressou ct al,, (1959) and
Smith (1968), The formexr authors further remark that in the phalanges the
medullary canal is not cleaxly distinguished, Strauss-Durckheim (1843),
Mivart (1881) and Jayne (1898) state that the epiphysis is at the base of
the bone and Lesbre (1897), Schaeffer (1932), Bourdelle and Bressou (1953),
Bressou et al,, (1959) and Smith (1968) indicate the epiphysis to be at
| the proximal end, It is to be presumed that the base referred to is in fact

the proximal extremity.

Phalanx Media (Digits IT - V)

The diaphyseal centre was seen at birth by Bressou et al, , (1959)
and Smith (1968), Lesbre (1897) places its appearance as during the
second half of gestation and after the appearance of the 1st phalanx,
Schaeffer (1932) vepoxts the presence of the shafts of phalanx 2 of III and
IV digits in a foetus of 8.4 cm, (38 days p.c.) and the shafts of phalanx 2

of IT and V in a foetus of 8, 6 cm, (41 days p,c,),

Phalanx Distalis (Digits I - V)

There is agreeme it by the previous authors that the third phalanx
develops from one single c:ntre, Schaeffer (1932) identifies it in a foetus
of 6,3 cm, (31 days »,c, ) whilst Smith (1968) found it evident in radiographs

of litters at bhixth,



Ossa Digitorum Manus (U - V),

Period of gestation 20-30 days

Radiography of the foetus,

There was no evidence of calcification,

Radiography of foetus impregnated with silver nitrate,

‘I'here was no evidence of their presence on the radiographs.

Alizarin red staining of foetus,

None of these elements was staining.

Period of gestation 31-40 days

Histology

The third phalanx was appayent as 8 cartilaginous model at the
onset of this period but by 34 days (C. R, 44 mmu, ) primary calcification
of the matrix and peripheral tissue at the base of the model was evident.
There was accompanying degeneration of the cartilage cells of this region
to make way for invading ostecoblastic elements. By 39 days (C. R, 63 mn. )
there was considerable calcification of this phalanx with formatior. of hony

tissuc, spreading throughout the centre,

The first and second phalanges exhibited calcified ground substance

around the cartilage cclls at the middie of the model shaft with coucurrent

degeneration of these cells at 3% days (C, R, 63 um, ), 7The process appeared

to be more advanced in the first phalanx,



Radiography of foetus

There was no indication of the presence of these elements until
the radiograph of the foetus of 36 days (C,R. 49 mm, ). Here the third
phalanges of digits two to four we'.re obvious as small triangulax dots but
the third phalanx ol digit five wus less obvious, This latter phalanx only
became really distinct at 38 days (C. R, 38 mm, ), It was not until the
40th day (C. R, 66 mm, ) foetus that phalanx I appeared, Its image was
almost rectangular being broader than long and it wag only apparent in digits
two to four. The second phalanx was not present in the foetuses C, R, 66 mimn,
and 67 mm, but was present in the foetus C, R, 68,9 mm, Its shaft could
be seen in digits two to four aund also the first phalanx was now present in

digit five (Figs. X3, X4 and X5},

Radiography of foetus impregnated with silver nitrate,

The third phalanx was not seen in the 31 day foetus (C.R. 35 mm.)
but on examining the 34 day (C, R, 43 mm, ) specimen there was a small dot
at the extremity of the second and third digits., In the 37 day foetuses
(C.R. 56,5 mm, ) these dots had enlarged and were triangular in shape
being prescut in digits two to four (Iig, Snl2), By day 39 (C.R, 63 mm,)
there was a centre for the shaft of phalanx I of digit three (Fig, Sn, 13), and
by day 40 (C, R. 67 mm, ) a similar centre was prosent in digits two to five
but it was still very small in digit five (I'ig, 5ul18), In the other digits
this centre was a narrow band placed transversely, There wasg still no

evidence of phalanx 1,



Y4

Alizaxin red staining of foetus

The 31 day foetus (C. R, 35 mm, ) Jacked the staining of any
phalanges, At 33 days (C, R, 39 mm, ) the third phalanges of digits two,
three and four were apparent as small poiuted specks at the distal. .
extremity of cach digit (Ifig, AZI15), At 34days (C.R, 43 mm,) the
fitth digit demonstrated its third phalanx and from this stage the gize of
the phalangeal body increased becoming cone shaped, the apex of the cone
pointing distally, The first uptake of stain by phalanx J occurred at 38
days (C.R. 58 mm, ) and in this case therc was a faint colouration of '.che
first phalanx of digit three, In the foetus of 39 days (C, R, 63 mm, ) the
first phalanx of digits two to four was apparent (Fig, AZ32) and by
40 days (C, R, 66 mum, ) the first phalanx of digits two to five was scen,
Phalanx J1 did not appear until this last stage, i.e,, 40 days (C.R. 66 mm,)

when it was seen in digits two, three and four,

Period of gestation 41-50 days

Histology

By 44 days (C. R, 85 mn1. ) the collapse of the cartilage cells at the
centre of the shaft was advanced and there hac been invasion of the area
with blood vessels and osieoblasts, ‘I'he area was surrounded by a calcified
collar of tissue, These (indings were seen in both the first and second

phalanges,



Radiography of foctus

The first and third phalanges of digits 2 and 5 were Lo be seen in
the foetus of 41 days {C.R. 73 mun, } but the second phalanges were only
present in digits 2 - 4 and then cnly as faint outlines (Figs, X35, X4 and
X5 show the difficulty in demonstrating themn), On the foetuses of 42 days
(C, R, 78 mm. ) the second phalanx of digit 5 was just visible whilst the
other second phalanges were becoming clearer, being rectangular in shape,
At 44 days (C, R, 84 mum, ) the outlines of all the phalauges were beccoming
more clearly defined and by 45 days (C. R, 86 m, ) they were obvious in
digits 2 - 5, At 50 days (C.R. 102 ram, ) the first phalanges had achieved
a greater length than the second phalanges whilst the third phalanges were

now quite pointed at their distal extremities (Fig., X6 and X7).

Radiography of foetns impregnated with silver nitrate,

The [irst and third phalanges of digits II - IV were present in the
foetus of 41 days (C, R, 73 mum, ) and there was a small spot present to
indicate the appearance of the shaft of the sccond phalanx of digit 1{l. The
centres of the first phalanges wexre small bands while the third phalanges
were a larger more triangular shape, In the foetus of 43 days (C.R. 82,5 mm,)
the shafts of phalanges I, II and ITl of digite 1T - ¥V were all pregent although
the centre for the second phalanx of digit V was still very slight (Fig. Snl®9).
At 44 days (C. R, 84 mm, ) the shaft of the first phalanx was well formed
and demonstrating narrowing of the diaphyseal waist, The third phalanges
wure cone shaped with apices dircctly distally, The second phalanx remained
shoxt and did not exhibit such & marked narrowing of its central portion (Fig,

SnZ2l). This appearance still hetd at 50 days (C, R, 102 mun, ) although there



had been a gencral increase in size of all phalanges (I'ig. Sn3l),

It was difficult to view the second phalanx in a true dorso-ventral plane
as the X-vay beam tended to pass through the longitudinal axis of the
developing shaft, This was due to the second phalanx being in its

normal position of flexion in relation to the first phalanx,

Alizarin red staining of foetus,

By the 43rd day (C, R, 82,5 mm, ) all the bony elements of the |
digits 11 - V were distiact in their form, The diaphyscal narrowing of
the first phalanx was demonstrated as the shaft matured but the second
phalanx did not achieve the equivalent stage in degree of remodelling.
The angulation between the first and second phalanges was shown throughout
the age range, The third phalanges, already cone shaped, could be seen
to flatten on their lateral aspects producing & narrower hody, The pointed
apex became more hook-like in a distal direction, 'These changes began
to manifest themselves at 45 days (C, R, 86 mm, ) (Figs., AZ49 and A%50),

and were easily recogpised at 50 days (C, R, 102 mun, ) (Fig. AZG62).

Period of gestation 31-60 davys
A ¥

Radiography of foctus,

The first and secoud phalanges incieased predominantly in length
whilst the third phalanx retained its pointed appearance, The density of the
bone appeared uniform wutil the 54th day (C. R, 112 mm. ) when raaiolucent

areas were apparent in the central shalts and by 56 days (C. R, 120 mm,)

§ W
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these were coalescing to form a fairly uniform dark axea in the shaft,
This change was continued throughout the remainder of the period

(Figs., X8 and X9),

Radiography of foetus impregnated will silver nitrate,

This technique helped to reveal the pointed nature of the

distal extremities of the third phalanges (Fig, Sn52),

Alizarin red staining of foetus

The phalanges increased in size during this pexriod, The
proximal cxtremities of the first phalanges became more transversely

flattened during this period (Figs, AZ63, AZ100 and AZ].'lO),

Period of gestation 61 days onwaxd

Radiography of foetus.

The phalanges made a slight increase in size during this period

(Figs, X10 and X1i1),

Radiography of foetus impregnated with silvex nitrate,

The third phalapgee appeared more pointed in shape (I'ig. Sn55).

Alizarin red staining of foetus,

The three phalanges did not appear significantly altered in shape,
Conclusions

The third phalanx @istalis) was the first to make its appearance known,
by staining with alizarin in a 33 day (C. R, 38 nun, ) foetus in digits I, 10

and IV and in digit V in a 34 day foetus (C, R, 44 mum, ), The histological



picture at this stage was of primaxy caleification at the base of the
cartilage model with some calcified material present at the periphery,

By the 39th day (C, R. 63 mm, ) there was a centre of ossification

present in the centre of the third phalanx with deposition of bone gpicules,
Alizarin staining revealed the first phalanx (proximalis) at, 38 day*; “

(C.R, 58 mm, ) and the second phalanx (media) at 40 days (C, R, 69 mm, ).
However histologically there was only to be seen a degree of primary
calcification at the centre of the shaft with an accompanying degeneration
of the cartilage cells, The process was more advanced in the first phalanx
than in the second, ‘I'he first and second phalanges did not display centres
of ossification until the beginning of the period 41 - 50 days and by 44 days

(C,R. 84 mm, ) there was present bony tissue within the centre of the shaft,

Radiographically the centres began appearing at 34 doys (C., R. 43
mm., ) in the silver impregnated specimens, with the third phalanx appeaxing
carliest followed by the first at 39 days (C,R. 63 mm, ) and the second at
41 days (C.R. 73 mm, ). Radiography of the fresh specimens produced an
image for the third phalanx at 36 days (C, R, 49 mnw ), one for the first at

40 days (T, R, 66 mm, ) and the second at 41 days (C. R, 73 mm, ).
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Ossa Coxae

—————————

Lesbre (1897) describes the development of the os coxae as
coming from 3 main centres. Those are one each for the ilivm, ischium
and pubis. These ossily away from the region of the cotyloid cavity, the
ilivm at the same time as the acapula; the ischium a little later and pubis
last, Jayne (1898) illustrates the inmmominate bore of a kitten shortly before
birth and at birth, Both illustrations show a diaphysis for the ilium,
ischium and pubis, with cartilaginous extremities and cotyloid cavity.
Schaeffer (1932) indicates the presence of the shafts of the ilium, ischium
and pubis as follows:

ilium -~ 6.3 cm. C,R, (31 days p.c.}

ischium - 8.4 c¢m, C.R, (38 days p.c.)

pubis - 13 em. C.R., (83 days p.c.)

Smith (1968) in his radiographic work does not describe the pelvic

region.,
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Period of gestation 31 -40 days.

Histology.

The foetuses at the commencement of this period still possessed
cartilaginous precursors for the ilial centres but the cells were swollen
and beginning to disintegratc. At 33 days (C.R, 38 rnm, ) a collar of
calcified tissue was formed around the middie of the model and there was
invasion of blood vessels into the collapsing intexrior, By 35 days (C.R.
44,2 mm.) the centre was established with calcified tissue now evident

within the ilial shaft,

Radiopraphy of foetus,

This made its [irst appcarance in the foetuses of 36 days (C.R.
49 mm.). A short band was seen ruaning in a parasagittal position medial
ta the proximal extremity of the femoral gshaft. Thig was on a dorse/
ventral exposure, the latcral exposure still showing the presence of the
ilium but with a reduction in the definition of its cutline. By 38 days
(C.R. 58 mun.) the band had narrowed so that its greatest length ran
cranjocaudally, Its outline was clearer on lateral examination and by
40 days (C.R, 66 mm. ) this outline was approeximately rectangular (Fig,
X3). At this age, on dorso-ventral exposure, the narrowed shafts were

slightly divergent at theiv cranial extremities (Figs. X4 and X5),

Radiography of foctus impregnated with gilver nitrate.

The foetus of 34 days (C.R. 43 mm. ) had present a shaft of the

ilium, seen on both a lateral and dorso/ventral exposure. This was not
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observed in the earlier foetuses. 'T'he outline was of a rectangular band

on a lateral view with a concave dorsal border (Figs. Sn8 and Sn9Y}.

This shape of the doxrsal border was still evident at 37 days (C.R, 56.5mm.)
when the body had increased in size. On a dorso/ventral view at this stage
there was a slight medial projection from the body. At 89 days (C.R.

63 mm ., ) the concavity was not so distinct and by 40 days (C.R, 67 mm.)

the body was narrowed centrally on lateral vicw, with a medial prominence
on dorso/ventral exposure. The overall sige had increased (Figs., Snl7

and Snl1d),

Alizarin red staining of foctus,

Foetuses of three litters of 31 days (C.R, 35 mm.) were processed
but the ilium wasg stained in only ene of them (Fig. AZI0). It appeared as
a small plaque with a greater width candally. The appearance was similar
in the foetuscs of 33 days (C.R. 39 mm.) but by 34 days (C.R. 43 mun.) the
cranial end was expanding so that by 35 days (C.R. 44,2 mm, ) the ilium
appeared as a flattened plate with a narrowed central portion and expanded
cranjal and caudal extremities, the former being of greatest diameter
(Fig. AZ18), 'The ilium contivued to increage in gize but retained this
shape throughout the period (Fig, AZ33), At 40 days (C.R, 66 mm.) the

medial aspect of the body bore a slight projection, peointing towards midiine,

Period of gestation 41-50 days.

Radiography of foetus.,

The shaft of the iliwn at 41 days (C.R. 73 mu, ) was rectangular

in outline on a lateral projection with a2 degree of narrowing dorso~ventrally



at its central portion (Fig., X3). On derso-ventral exposure there was

a slightt medial eminence projecting {rom the shaft towards mid-line

(Figs. X4 and X5). At 42 days (C,R. 78 mn.,} the narrowing of the
central portion of the shaft was more obvious. By 44 days (C.R. 84mm. )_
the shaft was divided into a cranial and caudal portion by a distinctly
narrowed waist, the cranial portion being of greater size than the caudal.
The overall size of the shaft, continued to increase in this period and the
cranial and caudal extremitics became rounded and better defined (TMig.
X7). On a dorso-ventral exposure, the cranial ends of the ilial shafts

could be seen to be becoming divergent (Fig, X6).

Radiography of foetus impregnated with silver nitrate,

The silver impregnation helped to illustrate the development of
the rounded contour of the cranial border and the narrowing of the central
portion of the shaft (Fig, Snl9), The medial eminence of the facics auri-
cularis became more evident from 45 days (C.R. 86 mm.) onward {Hig.
Sn27), and by the 50ti, day (C,R. 102 mm. } a roughened auricular surface

could be observed (Fig. Sn3l).

Alizarin red staining of foetus,

The alteration of outline and reshaping of the ilial shaft was
iTtustrated by the staining technique. The divergence of the ilial wings
was becoming obvious at 46 days (C.R. 88 mm.) and the hollowing of the
depression of the facies glutea was showing (Fig, AZ52), Also medially

the development of the raised facies auricularis was progressing.



Period of gestation 51-60 days.

Radiography of foetus.,

The size of the ilium increased without noticeably alterving
the outline of the radiographic image (Figs. X8 and X9). The bone
density remained fairly uniform until the end of this period when a darker
area, longitudinally running, could be seen in the intevior of the jlial shaft
as viewed on a dorso-ventral projection. These areas were again visible
on later radiographs and were taken to represent reabsorption of bone

within the shaft of the ilium,

Radiography of foetus impregnated with silver nitrate,

The increase in dimension was observed (Figs, Sn33 and Sn51)
and the technique iflustrated the irregular surfaces on the medial aspect
of the jlial shaft in the region cof the facies auricularis, This was seen on

a dorso-~ventrali projection (Fig. Sn47),

Alizarin red staining of foetus.

In the foetus of 51 days (C.R. 105 mm. ) the two ilial shafis were
begining to alter in position, and by 53 days (C.R, 108.3 mum.) the‘two
shalts had rotated so that their dorsal borderi were closer to midline
(Fig. AZ89). There was also an outgrowth from themedial aspect of the
itial shaft which wasg pointing towards midline, This was at the level of
on¢ third of the way from the proximal end. This angulation and the presence
of the projection continued throughout the period. The cranial and caudal
border which at the beginaing of this period was slightly thickened, hecame

increasingly so, giving a flattened cranial and caudal edge as opposed to
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the finer narvower edge found dorsally and ventrally (Fig. AZ104 and

AZ107).

Period of gestation 61 diys onward,

Radiography of foetus.,

The inward development of the auricular face of the ilial shaft
was well defined in the 61 day {(C,R. 140 mm.) foetus and at birth onward
the close approximation of the ilium to the sacral vertebrae was chvious.

These observations were on dorso~ventral plates (Fig, X11).

Radiography of foetus impregnated with silver nitrate.

The facies auricularis was well defined by this technique (Fig.

Sns5).

Alizarin red staining of foetus.,

The thickness of the body was increased and the cranial and caudal
borders were wider, The outline remained constant and the close approxim-

ation of the ilium to the sacral vertebrae could be seen,



Ischium

Period of gestation 31-40 days.

Histology.

The precursor of the ischial shaft remained cartilaginous til} the
end of this period but the cells at the iniddle werc swelling and showing
evidence of disintegration by 39 days (C.R. 63 mm.). In the foetus of
40 days (C.R. 66 mnm.} the shaft was surrounded by a calcilying layer
and invasion of the centre wus seen with blood vessels and osteoblastic
cells, Succeeding foetuses evidenced the progreasive calcification and

oggification of the shaft.

Radjography of foetus.

The first indication of the presence of the shaft of the ischium
was seen in the foetuses of litters of 38 days (C.R. 58 mm.), In them
could be seen a small spot placed caudal 1o, but in the same pavasagitral
plane as the shaft of the ilium, This was on a dorgo/ventral plate, but the
shaft could also be observed on lateral cxposure, In the foetuses of 40 days
(C.R. 66 mm,} the shail of the {zchium had assumed a more rod-like
appearance on dorso/ventral exposure but was more rectangular when

observed laterally (Figs. X3, X4 and X5).

Radiography of foctus impregnated with silver nitrate,

The foetus of 37 days was the first foetus found to have evidence of
the presence of the ischium using this technique. iHere it was hut a small

speck placed caudal to the ilium (Fig. Sn12). Little increase in size was

36
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gcen at 39 days (Fig. Snl4), but in the 40 day foetus (C.R., 67 mm.) the
ischium was distinet, being ivregularly oval in shape (Figs. Sn17 and

Snid).

Alizarin red staining of feetus,

Of the two litters of 36 days, only the foetus of litter C.R. 4%9mm.
displayed a stained ischium (Fig. AZ21). This was seen as a small speck
placed caudal to the iliwmn, The foetus of 37 days (C.R. 56,5 mm, } lid
not have this present but, at 38 days (C.R. 58 mam,) the ischium was sec—zﬁ
as an irregular plate somewhat triangular in shape, This increased in

size during the remainder of the period (Fig. AZ33),

Period of gestation 41-50 days,

.

Radiography of foeius,

The shait of the ischinm at 41 days (C.R, 73 mm,) was still
small and about half the size of that of the ilium, being alimest square in
shape on a lateral view (Fig. X3). On a dorso-ventral exposure, the
outline was more oblong (Figs, X4 and X5). The shape on lateral view
gradually altered so that at 44 days (C,R. 84 min.), the cranial portion was
larger than the caudal and the shaft on dorso-ventral exposure was compressed
laterally. The overall size continued to increase throughout thig period and

the cranial border became more irregular in outline (Fipgsg., X6 and X7).

Radiography of foctus impregnated with silver nitrate.

The silver technique helped to demonstrate the change in outline

occurring in the ischium at this period. These changes corresponded with
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those described under radiography ('fgs. Snl9, Sn20, Su3l and Sn33),

Alizarin red staining of foetus,

The ischial shaft was stained throughout this period and its
alteration n shape illustrated (Figs. AZ50 and AZ61)., During thig period

there appeared to be a rotation of the shaft around its longitudinal axis

so that the ventral boundarics were in closer proximity (Fig., AZ52),

Period of gestation 51-60 days,

Radiography of foetus.,

The size of the ischium increased without noticeably altering the
outline of the radiographic image, The bone density remained fairly
miform until the foetus of 58 days (C.R. 130 mm, ) when darker areas,
longitudinally running, could be seen in the interior of the ischium shaft
as viewed on a dorso-ventral projection. These areas were again visible
on later radiographs and were taken to represent reabsorption of bone

within the shaft of the ischium (Figs. X8 and X9).

Radiography of foetus hmpregnaied with silver nitrate,

The outline of the ischium remained constant duxing this period,
the shaft increasing in overall size (Figs. Sn3l, Sn33, 5n51 and Sn52).
Towards the end of the period, theve was occarrving flatiening of the suxface

of the cranial end of the lateral border when vicewed dorso-ventially.

Alizarin red staining of foctus.

At 51 days (C.R. 105 mm.) the shafts of the two ischii were rotated



so that theiy ventral borders were closer to midline. The most caudal
border was now thickened with a flattened edge producing the rim of the
ischial arch (Fig. AZ86). Laterally at the junction of the crunial and

ventral border there was differentiating a depression. DBy 53 days (C R
108.3 mm, ) the depression had a raised lip caudally and in the 54 day

(C.R, 112 mm,) foetus, the depression was of greater depth (Fig. AZ87),

'The area approximated closely to the cartilaginous femoral bead (I'ig.
AZ107). At this stage, also, a medial projection could be seen ventrally .
and this continued in size with increasing age, and at 59 days (C.R. 133 mm. )

was scen as a pointed prolongation directed towards mid-line (TTig. AZ106),

Period of gestation 61 davs onward.

Radiography of foetus,

At the region of the Jateral and cranial border c¢n a dorso-ventral
plate at 61 days (C.R. 740 mm. ) there was appearing a slight cepression,
giving a flattened, evealy concave outlinc to this angle. At birth this
flattened areca was more distinct (Fig, X11) and by three days post-partum

it was obvius,

Radiography of foctus impregnated with silver nitrate.

The flattening at the cranial part of the lateral border was

demonstrated by this inethod (Fig, Sn&5).

Alizaxrin red staining of floctus.

The depression jn the future acetabular region was distinet. The

ischial body was now extending congiderably in a medial direction by means

]



of the cranially projecting process.
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Pubis.

Period of gestation 51-60 days,

Histology .

It was not until the foetus of 54 days (C.R. 112 mm.) that
nvagion of the now degenerating interior of the cartilagincus pubis
occurred, Irom the enveloping calcifying layer penctration of blood

vessels and cells to the interior was seen.

Radiography of foetus,

The pubis was not evident on the foewul radiographs vntil 54 days
(C.R. 112 mm. } when it could be scen as a small rod lying opposite and
medial to the gap between the ilium and ischium. Thz presence of this
rod was not ag cvident on a lateral view, Traces of the pubic shaft could
be seen in foetuses from all 5 litters of 54 davs, but the size of the rod
differed in the various litters. The presence of the pubic bones was
confirmed in the litters of 56 days (C.R. 120 mm.) and continved to be
evident throughout this period but even by 60 days (C.R. 136 min.) it was

still only a very slight vod secu on dorso~ventral view (Fig, X8).

Radiography of foetus imprepgnated with gilver nitrate.

The first evidence of the prescnce of the pubic boue was in the
dorso~ventral vadiogruph of foetus of 54 days.(C.R, li2mm.). Three litters
of 54 days were impregnated with silver and in all these, the pubic shafts
were revealed as small specks lying medial to the gap between the ilial and

igchial shafts (Fig. Sn4l). The pubic image was closer to the cranial end

o
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of the ischium, 'fhe pubis was again obvious in the litter of 56 days
(C.R. 121 mm.) where it was agsuming a morve vod=like appearance,
It could now be observed on a Jateral plate (Figs. Snd4 and Sn45). The
shape of the pubic shuflt in the foetuses of 57 and 58 days (C.R, 125 and
130 mm.) was not as distinct but its presence was confirmed in all the

succeeding litters in this group.

Alizaxin red staining of foetus,

The pubis was fivst stained in a foetus of 53 days (C.R. 108.3mm.)
and its presence was a constant feature after that, At the 53 days
stage, It was somewhat irregularly oval in oudling but in the 54 day (C,R.
112 mm, } foctus (I'ig. AZ79} it had assumed a rod-like appearance which

was maintained during the period (Figs. AZ106 and AZ104).

Period of gestation 6] days onward,

Radiography of foetus.

The pubic bones were bar like, directed in 2 V formartion, oue to
either side ¢f mid~line (Fig. X1}, ‘l'hey increased in length and by three

days post-partum had come considerably closer to mid-line.

Radiography of foctus impregnated with silver nitrate.

The pubic bones were placed in a V position with the point of
the V close to mid-line and the outer limbs originating level with the

distal end of the ilial shaft (Fig. Su55).



Alizarin red staining of foetus.

The pubic bones in the foetus at birth made up the limbs of a V,
In the foetus of one day post-partum the pubis stained only as two smail
oval shapecs (Fig. AZil‘)L In the foetus of two days post-partum the pubic
hones were larger and more rectangular,

Qsga Coxae

Conclusions.

Alizarin red staining and histological examination gave the first
evidence of the onset of the development of the bony shaits of the three
principal components of the pelvic bones. The ilium was the first to
appear at 31 to 33 days (C.R. 35~39 mm. ) but was not seen on radiographs
till 34 days (C.R. 43 mm.) for silver nitrate impregnated specimens and
36 days (C.R. 49 mm.) for fresh specimens. The alizarin result is close
to the 31 days post coitus given by Schaeffer (1932) but the C,R, measure~

ment of 35 mm, docs not concur with Schaeffer's figure of 63 mm. C.R,

The ischium was first seen ag a stained rod in an alizavin pre-
paration at 36 days (C.R. 49 nun.} but no changes were observed histo-
logically until three days after rhis. Radiographically the first appearance
was at: 37 days (C.R. 56.5 mm.) in silver nitrate and 38 days (C.R. 58 mm.)
fresh specimens. Schaeffer (1932) described his alizarin specimens asg
having a stained ischizl shaft at 38 days post ceitus but he gave them a
C.R, Iength of 34 mm, which does not compare with the preszant results

of C.R, 55~60 mm.,

'The appearance of the pubis is fairly constant in its date, using

all the techmiques, being 54 days {(C.R, 110 mun.) except for the alizazin



g4

specimens at 53 days (C.R., 108 mm.), This latter figure compares
exactly with Schaeffer’s post coital date of 53 days but is at odds with

his figure of 130 mm., C,R., length.

The acetabular area remained cartilaginous during gestatibﬂ
which correlates with the findings of Lesbre (1897) and Jayne (1898). The
moulding of the acetabular depression was becoming apparent at the
commencement of the period 51-60 days and was best demonstrated by

the alizarin red technique.



Femur

Legbre (1897) states that the diaphyseal centre for this bone
appears in the course of the fourth week but the epiphyses only appeax
after birth, Schaeffer (1932) notes the appearance of the diaphysis in a
foctus of 4,6 cm. (28 days p.c.) whilst Smith (1968) remarks that the

shaft is represented on radiographs of newborn kittens.

Period of gestation 21-30 days,

Histology.

The 24 and 27 day foctuses (C.R. 17 and 23 mm. )} revealed
degeneration of the cartilage model at its middle portion and by 30 days
(C.R., 29 mm.) there was sonie calcification of the surrvounding collax,

However, there was no collapsc as yet of the central portion.,

Radiography of the foetus.

In the foetuses within this range there was no evidence of calcified

tissue in the femoral shaft.

E_g_@}_gg‘;rgp_hdyugi_ogg_g seg impreonated with siiver nitrate.

The earlicr foetuses revealed no significant findings until 30 days
(C.R, 29,1, 31, and 31.2 mum.). In these three foetuses the femur was
represented by a shaft of length 0.5 mm. and of similar breadth, giving

it an alimost sguare appearance (Fig, Sn3).

Alizarin red staining of foetus.

Threce foetuses cach from a difievent litter of 28 days were examined



by this method. In one foetus, from the litter of C.R. 25 mm., the
femur was represented by a red stained shaft of rod-like appearance
{Fig. A21), In the remaining two foetuses from litters both of C,R.,
26 mm, , the femur was represented in one by a red speck whilst in
the other there was no staining. Four foetuses each from a litter of
30 days were also examined, of which three were posidve for staining
of the femoral shaft with only the foetus from the litter C.R, 32 mm.,

remaining negative,

Period of gestation 31-40 days.

Histology.,
The 31 day (C.R. 35 mm.) foctus showed the beginnings of collapse

of the cartilage model but it was not uatil 33 days (C.R. 38 mm.) that

invasion of the centre from the periphery could be secn,

Radiography of foetus,

Foetuses from three litter of 31 days (C,R, 35 mm.) were examined
and from twe of these evidence of the presence of the femoral shaft was
detected., It appeared as an indistinct speck, and was seen on both
dorso/ventral and lateral plates. 'The foetus of the third litter revealed
no such strecture, In the foetus of 33 days (C.R. 38 mm.) the speck had
become more regular in form but wag still extremely small (Fig. X1 and X2),
The image at 34 days (C.R, 43 mm. ) was ahmost square and by 36 days
(C.R. 49 mm.) there was a rod-like shaft clearly visible of length 1,5 mm,
By 38 days (C.R. 58 mun, ) the length was 2.5 mm, and at 40 days (C.R.

66 mm, ) the shaft was a narrow rod of 6 mm. slightly wider at its extremities,
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Radiography of foetus impregnated with silver nitrate,

The femoral shaft was sean on hoth a dorso/ventral and lateral
exposure at 31 days (C.R. 35 mm. ) as a short rod which was denser at
its centre (Figs, Snd and Snb). DBy 34 days (C.R, 43 mm,} it had increased
in total length and was narrowing in its centval position (Fig, Sn3), The
shaft continued to lengthen throughout the period, retaining its narrowed

waist (Snl7).

Alizarin red staining of foctus.

The shaft, in the foetus of 31 days (C,R. 35 mm.) was a short
cylinder, but by 33 days (C.R. 39 mum. )} there was a narrowing of the
central portion (Fig, AZI11). The shaft increased in length and diameter

throughout the remainder of the period.

Period of pestation 41-50 days.,

Radiography of foetus.

The femur of the 41 day foetus (C.R, 73 mm.)was 7 mm, in
length on a Iateral exposure and could be seen to have a narrowed
diaphysis (Figs. X3, X4 and XS), The shaft continucd to incrcease in
dimensions over the period and its change Wés ret;orded thus,

45 days (C R, 86 mm.) = 101inm, in length.
The girth of the bone had increased overall but it still retained the
narrowed diaphysis.,

S0 days (C.R. 102 mm.) = Wl mm. in length Figs. X6 and X7),



Radiography of foetus impregnated with silver nitrate.

The femeoral shaft continued to increase in its dimensions

throughout this period (Figs. Sn20 and Sn33).

Alizarin red staining of foetus.,

The shaft was stained throughout this peried and the increase

in size was {llustrated (Fig., AZ61).

Period of gestation 51-60 days.

Radiography of foetus,

At 51 days (G.R. 105 mm. )} the femur showed a narrow radio-
luccnt area which was situated in the distal two thirds of the shaft, At

the proximal end on the caudal border, just distal to the true proximal

edge, there was a projection developing. This was obscrved on a dorso-

ventral plate, By 56 days (C.R. 120 mm.) the radiolucent area was

extending from just within the proximal and distal extremities, presumably

representing a medullary space (Fig, X9). On the dorso-ventral plate,
the projection described previously was more protuberant but stiil

rounded (IFFig. X8)., By 60 days (C,R. 138 mm. } the summir of this pro«

tuberance was mozre pointed., The measurements of lengths were recorded

thusg:
51 days (C.R, 105 mm.) -~ 12mm.
56 days (C.R. 120 mm.) ~ 17 mm.

60 days (C.R. 136 mm.) - 18 mm.

28



Radiography of foetus impregnated with gilver nitrate,

The development of the proximal protuberance described under

radiography was well demonstrated by this method (Figs. Sn39 and Sn47).

Alizarin red staining of foetus,

In the 52 day foctus (C R, 108 mm.) the proximal extremity had
a flattened surface whose caudal rim dipped down toward the middle of
the shaft for a shoxt space (Fig. AZ79). This produced the appearance
of an elevation of the rim lateral and medial to this lip. This latter
elevation rose in succeeding foetuses but not greatly above the level
of the rim. At 5% days (C.R., 133 mm.)a medial swelling of the cortex
was obscrved just below the level of the proximal adge (I'igs. AZ104 and

AZ105), This was a)so seen on the 60 day foctus (C.R, 136 mun,).

Period of pestation 61 days onwavd.,

Radiography of foetus.

The projection situated at the proximal end and directed caudally
on a dorso ventral plate was a distinet entity, The shaft proximal to this
projection nayrowed 1o give a more conical appearance of the proximal

end (Fig. X11). The shaft length was:

at 6] days (C.R. 140 mm.) - 18 mm.

at hirth - 18 mm.

Radiography of foctus Impregnated with silver nitrate.,

99

The proximal projcction was au nhvious feature using this teclmique and

the narrowing of the most proximal region was noticeahle (Figs, SnS5 and Sn56).



Alizarin red staining of foetus,

The medial projection was present but remained fairly constant
in gize. The flat suxface of the distal extremity was now rounded cranially

with a more flattened caudal border (Fig. AZ108).

Conclusions.

The alizarin staining technique allowed detection of caicified tissue
at 28 days (C.R. 25 mm. ) but radicgraphically the silver nitrate preparation
did not show till 30 days (C.R, 29 mm.) There was evidence histologically
of calcified tissue at this date, Radiography of the untreated foetus was
negative for the femoral shaft until 31 days (C.R., 35 mm.), The date of

Schaeffer's (1932) alizarin specimen, being 28 days, was in line with these

100

findings but the C.R. length of 46mm, does not agree with the findings of 26to 32 mum.

The longitudinal growth of the shaft in the latter part of the 31-40
day period was most marked, enlarvging from 2.5 mm. at 38 days to 6 mm.
by 40 days. The differentiation of the proximal end of the femoral shaft
with scparation of the collum femoris from the hase of the trochanter major
by the fossa icochanterica was dcmonstrated in the later part of the 51 to

60 day period as was the formation of the trochanter minor,
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Tibia.

Lesbre (1897)states that the appearance of the tibial diaphysis
is at abount the same time as that of the radiusg. Schaeffer (1932) has
the ghaft present in a foetus of 4.6 cm. C.R. (28 days p.c.). Smith - .
(1968) notes its presence in radiographs of newborn kittens, and similaxly
Bressou ct al. (1959) describe the diaphysis as almost entirely ossified at

birth.

Period of gestation 21-30 davs,

Iistology.

The 24 and 27 day foetuscs (C.R. 17 mm. and 23 mm.) revealed
degeneration of the cartilage model at its middle portion and by 30 (C.R.
29 mm, ) days there was some calecification of the surrounding collar.

However, there was no collapse as yet of the central portion.

Radiography of foctus,

No evidence of a calcified tibia was detected within this age

range,

Radiography of foetus impregnated with gilver nitrate.

The fixst sign of a tibial shaft was secen in three foetuses of
30 day (C.R. 29,1, 31 and 31,2 mm.}. This was seen as a small rod lying
in the image of the hind limb being narrower than the image oif the femeral

shaft (Fig, Sn3),



Alizarin red staining of foetus,

The tibial shaft was first geen to tuke up stain in the foetus of
28 days (C.R. 25 mm. ) whecre it was seen ag a short rod (Fig. AZ1).
However, m the two foetuses of 28 days there was no staining of the tibial
shaft. At 30days (C.R, 29,1 muu.) the shaft was stained but this was not

the case in the other foetuses of 30 days.

Pexiod of gestation 31~40 days.

Histology.

The 31 day foetus (C.R. 35 mm.) showed the beginnings of collapse
of the cartilage moedel Lut it was not until 33 days (C.R. 38 mnm.) that

invasion of the centre from the peviphery could be seen.

Radiography of foetus,

Foetuses from 3 litters of 31 days (C.R. 35 mm,.) were examined
and only in one litter was there evidence of the appearance of the shait of

the tibial.

‘This was an elongated spot in the tibial region and was seen on a
“dorso/ventral exposure. In the three litters of 33 days, the foctuses of
litters C,R. 39 mm, and 39,8 mun, displayed the presence of the tibia

Fig. X2). At 34 days, .the litter C.R. 43 mim . lacked an obvious prescnce,
but the foctus of litter 44 mm. had a distinct rod present in the hind limb.
By 56 days (C.R, 49 mm.) the tilﬁal shaft was clear in form with a length
of 3mm. It was scen on both a lateral and dorso/ventral exposure and
alongside was the fibular shaft. The tibial shaft continued to increase in

form and length, measuring 6 mm. at 40 days (C.R. 66 mm.) and appearing



wider in its proximal half,

Radiography of foetus impregnated with silver nitrate,

At 3l days (C.R., 35 mm.) the tibial shaft was evident as a short
rod with a denser central poriion (Sn4) - this increased in length, andvat
34 days (C.R. 43 mm.) there was a visible narrowing of the central region
of the shaft compared to the extremities (Fig. Sn8). DBy 37 davs the proximal
extemity was slightly wider than its opposite and there was a cup-~like cffecp
seen in the structure of the proximal end (Fig. Snl2). This gave the
impression that the outer layer was ossifying, but the central portion of
the extremity was still cartilaginous. By 39 days (C.R. 63 mm,) this apparent
depression was filling in (Fig, Sul4) and by 40 days {C.R. 66 mm.) was no
longer apparent, In the 40 days foetus (C.R. 66 mm. ) cu a lateral exposure

a slight irregularity of the cranial border, approximately one third of the

way {rom the proximal end, could be seen (Fig. Snl7).

Alizarin red staining of foetus.,

The foetus of 31 days (C,R. 35 mm. ) had 2 stained tibial shaft which
was cylindrical but short. The chait increased in length and by 33 days (C.R.
38 mm. ) there was a narrowing of the central portion (Fig. AZIl), At 36 days
(C.R, 55 mm.) it was observed that the cranial border of the proximal
extremity was staining in advance of the remaining rim (Figs, AZ2], 22 and
23) and this cranial prolongation of the cranial lip was seen f11r011ghout the
rest of the period. In the foetuscs of 40 days (C.R. 66 mm.) a step-like
irregularity of the cranial surface of the shaft at approximately one third

from the proximal end was abserved (Fig. AZ34).
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Period of gestation 41-50 days.

The tibial shaft in the foetus of 41 days (C.R. 73 mm. ) was
6.5 mm. in length on the dorso/ventral exposurc (Fig. X4). On a lateral
exposure the proximal end could be geen to be more massive than the distal
end but there was still a narrowing at the diaphysis (Figs. X3 and X5). The
fibular shaft could be seen lyjn,é; alongside the shaft aud was more slender.
The tibial shaft continued to enlarge throughout the period (Fig. X6) and
its growth was rccorded as:

45 days (C.R. 86 mim..) =~ 10mm, in length.

50 days (C.R. 102 mm.) - 1! mm, in lengih,
The cranial border of the proximal third of the shait became rounded,
curving in a cranial direction, as seen on a lateral plate (Fig. X7). This

appearance was becoming apparent throughout the preceding 5 days.

Radiography of foetus impregnated with silver nitrate.,

The rounded appearance of the proximal cranial border was
evident earlier in this period using the silver technique. It was obvious
at 43 days (C.R, 82.5 mm.) (Fig. Sn20), and by the 50th. day (C.R,

102 mum ., ) was easily seen on a lateral plaf';e. The stepped feature on the

cranial border remained during the period,

Alizarin red staining of foetus,

At 43 days (C,R, 82.5 mmn, ) the flatiened surface of the proximal
extremity displayed a proximal projection at its cranial rim, this projection
continuing to increase in size and become move cranio-lateral, The

prominence of the proximal third of the shaft on its cranial surface continued



to increase throughout the period, in pace with the overall increase in

tibial size (Fig. AZ44).

Period of gestation 51-60 days,

Radiography of foetus,

The tibial shaft exhibited in its interior a radiolucent area which
was in the form of an irregular streak running longitudinally. The area
increased in width with the increase in diameter of the shafr and by the
end of the period extended the entire length of the bone to just within the |
extremities (Figs. X8 and X9), Measurements of length were recorded
thus:

51 days (C,R. 105 mm,)

12,5 mm, in length

56days (C.R, 120 . )

16.5 mm. "

60days (C.R. 136 mm.,)

1

16.5 mm,

Radjography of foetus impregnated with silver nitrate,

The cranial border of the tibial shaft continued to demonstrate a
slightly stepped feature on the cranial border at about one quarter of the way
down the shaft (Fig, Sn38). Tius step-like clelt wagapparent ag a distinct
irregularity on the cranial contour of the shaft, It remained a feature through-

out the remainder of the period (Fig. Sn51).

Alizarin red staining of foetus.,

There was an itregularity on the cranio-lateral surface of the shaft
in the foetus of 51 days (C.R., 105 mm. ) and this step~like gap was cvident

from then on. At 54 days (C.R. 112 mm.) there was seen a darker staining



spot on the edge of this step and this remained a constant feature (Fig.
AZ92), The proximal tibial extremity was flat and ixregularly rounded

at 5l days (C.R. 105 mm. ) but became increasingly triangular in shape
(Figs. AZ76 and AZ77), and the most cranially placed angle of the triangle
dipped down as a shallow groove in foetuses of 56 days and older. (Fig.

AZ104),

Period of gestation 6! days onward.

Radiography of foetus,

The tibial shaft measurements were as follows:
01 days (C.R. 140 mm.) =~ 16.5 mm, in length

At birth - 16.5 mm, " (Figs. X10 and X11).

Radiography of foetus impregnated with silver nitrate,

The step-~like jmage seen on the cranial border nf the shaft in
the previous period was not so distinct at birth., The edge was more rounded
with a denser area of tissue marking the area. There was apparent at the
distal end juct above the marxgin an area of reduced radiolucency in a crescent
shape; This was cvident on both lateral and dorso/ventral exposure (Figs.

Sn55 and Sn56),

Allzarin red staining of foetus,

The step-like process was replaced by a slightly raised " scar
of darker staining tissuc. At the distal extremity, to either side of the

shaft just above the distal end there were small darker staining patches on

the surface of the shaft (Fig. AZIS),

LCO



Conclusions,

There was evidence histologically of calcified ground substance
and periosteal collar in the latter half of the 21-30 day period but the
arrival of a periosteal bud did not occur until 31 days (C.R. 35 mm. )
onward. The alizarin red stained specimens werc positive at 28 days
(C.R. 25 mm.) followed by the radiographic appearance of the silver
nitrate impreguated tibial shafts in foetuses of 30 days (C.R. 29 mum., ).
Radiography of fresh foetuses did not reveal the tibia till 31 days (C.R,

35 mm. ) and even this was not consistent till 33 days (C.R. 38 mm,).

The observations of Schaeffer (1932) therefore tally as far as days post-
coitus arc concerncd (being 28 days), but the C.R. length that he attributes
to this age of 46 mm, is far in cxcess of the findings of 23 to 26 mm. The
tibia does appear at approximately the same time ag the radius as stated

by Leshre (1897).

The position at which there appeared a step~like ridge on the cranial
asgpect of the proximal half of the shaft at the 40 day stage would approximate

to the position of attachment of the ligamentum patellac. At the termination

of the period of gestation there was alteration in the bone density at the
positions where ligaments of the tibiotarsal joint would make their proximal

altachments,

169



¥ibula,

Lesbre (1897) places the appearance of the primary centre
ag at the same time as the tibia or shortly after. Schaeffer (1932)
names its appearance at 4.6 cm. (28 days p.c.). Smith (1908) reports.
its presence at birth as an ossified diaphysis and this is further verified

by Bressou et al. (1959).

Period of gestation 21-30 days.

The 24 and 27 day (C.R. 17 mm, and 23 mam. ) foeluses revealed
degeneration of the cartilage model at its middle portion and by 30 days
(C.R. 29 mm.) there was some calcification of the surrounding collar,

However, there was no collapse as yet of the central portion.

Radiography of foetus,

No evidence of a calcified fibula was detected within this age

range,

Radiography of foctus Impregnared with silver nitrate,

The first sign of a fibular shaft was scen in two foetuses of 30 days
(C.R. 29. ) mim., and 31 mm.). This was seen on a lateral radiograph as a
small rod lying caudal to the tibial shaft and almost half its size. I the
foetus (C.R., 31,2 mm.) there was no evidence of the presence of the

fibula.
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Alizarin red stainiug of foetus.

The fibulax shaft was first seen to take up stain in the foetus
of 28 days (C.R. 25 mum, ) where it was seen as a short rod lying parallel
with the tibia and of very simiiar size (Fig. AZl). However, in the two
other foetuses of 28 days there was an absence of staining of the tibial and
fibular ghafts, At 30 days (C.R. 29.1mn.) the fibulax shaft was stained

but thig was not the case in the other foetus of 30 days.

Pexiod of gestation 31-40 days.

Histolo £

The 31 day (C.R. 35 mm.) foetus showed the beginnings of collapse
of the cartilage mcdel but it was not until 33 days (C.R. 38 mm.) that invasion

of the centre from the pexipbery could be seen.

Radiography of foetus.

A fibular ghaft could not be identified until the 36th. day (C.R,
49 mm. ) but it was possible that the fibular shaflt was overlaid by the
tibial shaft o the dorso/ventral exposure. At 3H days (C.R. 49 ym.)
the fibular shaft was seen as a narrow line runing alongeide and lateral
to the tibia on the dorso/ventral plate. It was still not clearly defined

on a lateral plate., Its length wag 2.5 mm, approximately,

In the foetuses of 38 days (C.R. 58 mim.) the outline both on
dorso/ventral and lateral exposurc was indistinct in one, but of more
regular outline in the other, By 40 davs (C.R. 66 mm . ) the shaft was
constantly apparent as a narrow line lying alongside and lateral to the

tibia as seen on a dorso/ventral exposurc (Iig, X4). The length of the



shaft was 6 mm. It was also distinct on a lateral plate (Fig. X3).

Radiography of the foctus impregnated with silver nitrate.

On the lateral radiograph of the foetus of 31 days (C.R. 35 mm.)
the shaft of the fibula could be scen as an elongated spot lying caudal to
the tibia (Fig, Snu4) and by 34 days (C.R, 43 mm. ) this had lengthened
to virtually the equivalent of the tibia (Fig. Sn%). It was now observed on
both lateral and dorso/ventral projections. It continued to lenghen through-
out the period remaining slender in form compared with the tibial shaft

(Tig. Snl8).

Alizarin red staining of foetus.,

The shaft was seen at 31 days (C.R., 35 mm.)as a short rod
lying alongside the tibia but finer and shorter (Fig. AZ10). ‘The length
of the shaft continued to increase and by 30 days (C.R, 49 mm. ) it could
be seen that the distal portion was of greater diameter than the proximal
(Fig, AZ22), This situation was continucd and in the last half of the pexiod

the shaft was distorting slightly to give a more curved appearance,

Period of gestation 41-50 days,

Radiography of foetus.

The fibulax shaft of the 41 day (C.R. 73 mm. ) foetus was slender
and of almost equal Icngth to that of the tibia. The extremities were
slightly expanded (Figs, X3 and X4), Total Iength was approximately
6.0mm. The proximal extremity was slightly more distal in the Yimb

than the corresponding cxiremity of the tibia. On the dorso/veniral view



the two shafts on some projections crossed over at the distal thixd but
appearcd geparate on lateral viewing (FFigs. X6 and X7). Growth
continued throughout this period and was recoxded thus:

45 days (C.R. 86 mm.) =~ 9 mun.

50 days (C,R.102mm.) - 10mm.

Radiography of foetus impregnated with silver nitrate,

The progressive growth of the slender fibular shaft was noted

throughout this period (Figs. Sn2l and Sn3l).

Alizarin red staining of foetus.

The shaft was stained throughout this period and there was a

somewhat spiralling effect produced throughout its length (Fig. AZ78),

Period of gestation 51-60 days,

Radipgraphy of foetus,

The ulnar outline changed iittle in shape, only increasing in

overall length and thickening somewhat. (Figs. X8 and X9).

51 days (C.R. 105 mm.) - 12 mm,
56 days (C.R. 120 mm.) ~ 15,5 mm.

60 days (C.R. 136 mm.) = 15.5mm.

Radiograpby of foetus impregnated with silver nitrate,

The mcreasc in size of the fibular shaft waz noted. The distal

portion remained greater in mass throughout this period (Sn33 and Sn51).



Alizarin red staining of foetus,

The distal end of the shaft of the fibula, on the aspect most
approximate to the tibia, was producing a more flattened outline as it
became apparently more closely applied to the tibial shaft in this region.
This became noticeable at 54 days (C.R, 112 mm.) and the appearance

continued for the rest of the period (Fig. AZ85).

Period of pestation 61 days onward.

Radiography of foetus.

The measurements of the shaflt were:
6l days (C.R, 140 mimn,) =~ 16 mm.

at birth - I6mm, (Figs. X10 and XII).

Radiography of foetus impregnated with silver nitrate,

There were no significant alterations evident in the uluar shaft

(Figs, SnS5S5 and Sn56).

Alizarin red staining of foctus,

There was.no further indication of change in the shaft.

Conclusions.

The {ibulaxr shait was appavent in the alizarin stained specimens
of 28 days (C.R. 25 mm. ) and consistent in its presence hy 30 days (C.R.,
29 mm, ). Radiographically this latter time was also the day of appearance
of the fibular shaft when impregnated with silver nitrate, but the shaft in
fresh specimens did not appear till the 36th, day (C.R. 49 mun,). Histo~

logically there was cvidence of primary calcification from 27 days (C.R. 23mm.)



onward but the foetuses of 33 days (C,R. 38 mun. ) were the first to
exhibit a true centre of ossification., 'These times of appearance
approximated closcly with the date post~-coitus given by Schaeffer (1932)
but again his stated C.R. length of 46 mm. was well in excess of the

range of 25-32 mm . which represeuted the C. R, lengths in these findings.
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Tarsus.

Schaeffer (1932) describes the presence of centres for the body
of the calcaneus in a foetus of 11.5 c¢m. C.R. (49 days p.c.}. The centre
for the talus appears only at 13 ecm. C.R. (53 days p.c.)}. Bressou et al,
{1959) note the appearance of the calcapean centre in a radiograph of a
kitten at birth as being fairly well developed, with a club ;e;klapetl form,
rounded and larger at the bottom. They continue that the talus has a
centre of ossification of very recent appearance and is only a large spot
placed below the medial to the lower extremity of the calcaneus and in
front of metatarsal III. In the radiographs of Smith (1968) a centre was

present at birth for the calcaneus and talus.

Period of gestation 41~50 days,

Histology .

The mode of development was by endochondral ossification when
examinerd bistologically. In a foetus of 44 days (C.R. 85 mm, ) there was
evidence of degeneration of the cartilage cells at the plantar aspect of the
cartilaginous inodel with accompanying caleification of the ground substance.
By 46 days (C.R. 90 mm.)there were the {irst signs of nivasiou of the

interior of the hody by nesteogenic cells,

Radiography of foetus.

The earliest sign of any of the elements of the tarsus wasg seen
at 47 days. In the foetus of a litter of C.R. 91 mm., there was a very
faint spot caudally in the tarsal regiou, but the outline was indefinite. n

the foetus of litter C.R. 92 mm. the outline was moxe precise giving the



appcarance of a rounded spot placed dorgo-caudaily in the tarsal region
(Fig. X7). This was on a lateral exposure but it could alsoc be viewed
on a dorso-ventral plate there being placed almost centrally in the tarsal
region (Fig. X6), This spot improved in definition and by 50 days (C. 1% .
102 mm. ) was somewhat rectangular in appearance, being greater in its
longitudinal axis on a lateral exposure. This spot was the ceatre of

ossification for the body of the calcaneus.

Radiography of foetus impregnated with silver nitrate.

Using this method the earliest sign of the presence of the calcaneus
was seen at 44 days (C.R. 84 mm., ) as a smali dot in the dorso~caudal area
of the tarsal region i.e,, on a lateral exposure (Fig. Sn22). The dorso-

ventral view was central in position (Fig. Sn2l),

Alizarin red staining of foetus,

There was no uptake of stain by any of the tarsal elements until
the 44th, day (C.R. 84 mm.) (Figs. AZ243, 45 and 46), I that foetus an
area, the shape of a roundly foldcd leaf lying on its side with its concave
surface directed cranially, was stained red. This increased in size with
the dorsal border enlarging more than the ventral border. 7The thickness
of this leaf-shape was also increasing (Fig. AZ6I)., This stained element

was the body of the calcancus.

Period of gestation 51-60 days,

Radiopraphy ol foetus,

In the radiograph of the foetus of 51 days (C.R, 105 mumn. ) the

it
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calcaneus could be seen placed caudally in the tarsal region. It was
small and oval in shape with its longitudinal axis running along the
similar axis of the limb i.e., on a lateral plate. On dorso=-ventral

the shape was squarer. These forms increased in size in foetuses of -
53 and 54 days (C,R, 109 and 112 yum, } when the shape became more
uniformly rectangular on both positions of exposure., By 56 days (C.R.
120 mm. ) the proximal segment of tite bone was narrower than the distal
and this was most particularly noticeable on the dorsu-veutral exposure.
This appearance was accentuated in the later foetuses (I'igs. X8 and X9)
and at 60 days (C.R. 136 mm.), calcaneus was irregularly rectangulax
with a larger more rounded distal segment and a narrow flattened proximat

border .

Radiography of foetus impregnated with silver nitrate,

The calcaneus at 51 days (C.R. 105 mm. ) and on a lateral plate,
wag wider distally (Fig, 51233}, On a dorso-ventral view, it had a concave
cranial border giving the impression of a curved leaf of calcified tissue
{Fig. Sn35). At 54 days (C.R. 112 mm.) the concave cranial border, on
a dorso-ventral exposure, was lost as the surface filled in (Fig, Sn45).
The body continued to increase in size and by 56 days (C.R. 121 am., ) it
was an irregulay rectangle with a wider basc (Pig. Snd4}. The increase
in size between 56 (C.R. 121 mm. ) and 60 days (C.R. 136 mm. ) was

extremely small (IPigs, Sudl and 5n52),

Alizarin red staining of foetus.,

The calcaneus continued to demonstrate & concave cranial face giving it a



folded leaf~like appcarance. The depth of the body from the cranial to
plantar face was Increasing by the 54th, day (C.R. 112 mm.) (Fig. AZ78),
and by the 56th, day (C.R, 120 mm, ) the body had a more cuboidal shape
but retained its cranial concavity throughout the period. The distal half

of the body was longer and more bulbous than the proximal half (IFig, AzY2).

Period of gestation 61 days onwaxrd,

Radiography of foetus,

'The outline of the calcaneus was narrow in its proximal half,
on the cranial face of which a concavity was hecoming evident and at
birth was quite distinct (Fig. X10). On a dorso-ventral exposure during
this period the talus could be readily seen through the image of the calcaneus

(Fig. X11).

Radiography of {oetus impregnated with silver nitrate.

The calcanean outline revealed the proximal. cranjal concavity

with a more bulbous distal portion (Fig. Sn56).

Alizarin red sraining of foetus.

The calcaneus remained concave on iig cranial face but was of

greater mass (Fig., AZ118),



Talus,

Pexriod of gestation 51-G0 days.

Ossification was from a cartilaginous precurser which had o
already wndergone degeneration of its cells and calcification of the
ground substance by 54 days (C.R. 112 mm.). There was evidence
of the commencement of invasion of the centre by ostecgenic tissue

from the periphery.

Radiography of foetus.

In the radiographs of foetuses 51 to 53 days (C.R. 105~109 mm.)
the only element visible in the tarsal region wasg the body of the calcaneus,
In the foetus of 54 days (C.R. 112 mm . ) the talus first appeared. ‘This
was evideut on a lateral plate as a small oval strecture piaced cranial
to the distal cranjal angle of the cancancus. On a dorso-ventral view,
this was masked by the body of the calcancus. Of the five litters of 54
days (C.R. 112~115 mam, ) the presence of the body of the talus was obvious
in three but jvust evident in the other two being only an indistinct speck.

In the foetuses of 3 litters of 56 days (C,R. 120-122 mm. ) two had cbvious
centres for the talus whilst the remaining one wasg indistinct. In the first
littex of 57 days (C.R. 125 mm.) the talus was cvident in both hind limbs
of 4 of the six individuals examined. In avnother, only the talus of one hind
limDh was evident whilst the remaining foetus lacked.any evidence of the
development of a body for the talus. In the three litters of 58 days (C.R.

130 mm. ) the foetuses of two had an element present repréesenting the talus

SO



~but the foetuses of the remaining litter had none. However, the foetuses
of 59 (C.R. 133 mm. ) and 60 days (C.R. 136 mm.) demonstrated a talus
on a lateral plate (Fig. X9), On a true dorso-ventral exposure, this was
still masked by the calcaneus but its outline could be seen indistinctly
through the calcanean image., It Jay in the distal segment of the calcanean

image.(Fig. X8),

Radiography of foetus impregnated with silver nitrate,

I the three litters of 54 days (C.R. H2-114 mm, ) the foctuses
cxamined demonstrated the presence of a talus lying, as a spot, cranial
to the distal end of the calcaneus. These litters were the first of this
series te show such a structure (Figs. Sn40 and Sn4l), except for one
litter of 51 days (C.R. 105 mm. ) where it was seen on lateral plates. Its

presence was not repeated in subseguent ltters until 54 days (C,R. 112 mm.),

Alizarin red staining of foctus.

The body of the talus was not seen staining wntil the foetus of
54 days (C,R. 112 mm.) and even then it was missing in one foctus out of
the five examincd, The talus appeared as & small oval structure with
rather an irreguiar outline (Fig, AZ79), It increased in size during this
pexiod but remained irregularly oval in shape (Fig. AZ104), There was
no staining of the talus in one of the foctuses of 58 days (C.R. 130 mm.),
whereas, in the other two 58 day foctuses examined, the stained hody of

the talus was evident,
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Period of gestation 61 days onward.

Radiography of foetus,

This structure increased in size during the period but remained
oval in shape (Fig., X10). The density of the structure was such as to
allow it to he discerned through the image of the calcaneus on a derso~

ventral plate (Fig, X11).

Radiograplty of foetus jmpreguated with silver nitrate,

The outline at birth was still oval with a slightly flatter cranial

face. (Figs. Sn53 and Snb56),

Alizarin red staining of foetus.

The talus remained oval in ghape and was stained in all the

foetuses examined (Fig. AZI18),

Conclusions.

The bony development of the tarsus in foetal life is limited to
two centres - one each for the calcanean body and talus. The develop-
meut is by endochrondral ossification and the bony changes are seen histo-
logically to occur hetween 44 and 54 days (C.R. 85 mun, and 112 mm, ) with
the calcaneous appearing first. Alizarin red staining of the calcancous
exhibited its presence at 44 days, 84 mm. C.K. length, as did impreg-
nation with silver nitrate when radiographed but radiography of the fresh
foetuses did not prove positive until 47 days (C.R., 91 nun.). This compares
with Schaeffer's (1932) figures of 49 days post coitus wad 113 mm., C.R, length.

'I'he centre for the talus was first revealed by all the metheds at 54 days,



C.R. length 112 mm. compared to Schaeffer's regults of 53 days, 130 mum.
C.R. length. The radiographic appearance of the tarsus at hirth would

appear to be as described by Bressou et al. (1959). and Smith (1968).
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Metataxrsus,

Ossa Metatarsalia (Digits 1T - V).

Leghre (1897) states that the primary centres appear at the
same times as the diaphyses of the other long bones of ithe Jimbs or a- -
little aftexr. In Schaeffer's (1932) series the shafts are present in
foetuses of C,R, length 6.3 cm. (32 days p.c.). I the radiographic
reports Bressou et al, (1939) relate that the diaphyses are almost

entirely ossified at birth and this concurs with the findings of Smith

(1968).
Period of gestation 31-40 days.
IHistology .

The foetus of 31 days (C.R. 35 mmn. ) cvidenced swelling of the
cells in the central gector of the cartilaginous models. There was
present calcified material in the periphceral collar of tissue at the central
region of the shalt of the models by 34 days (C.R. 44 nyxn. ) this was
followed by degeneration and collapse of these cells with invasion of
blood vessgla and cclls from the overlying calcifying layer. This was

the state of development seen in the focitus of 38 days (C.R, 58 mm.).

Radiography of foetus.

At 36 days (C.R. 49 nun, ) the faint cutlines of the metatarsal
shafts could be discerned, The presence of the fifth was indefinite.
Their presence became more apparent at 38 days (C.R, 58 mm. ) giving

a rod-like appearance, and by 40 days {C.R. 66 mm. ) the shafts were

K Rer
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digtinet in form with the third and fourth marginally larger than the other

two. The length of the shafts of III and IV was approximately 1.5 mm.

Radiography of foetus impregnated with silver nitrate.

The four shafts were prominent in the foetus of 37 days (Fig';‘ éan} |
although the fifth was shortest and the second and fifth remained shorter at
40 days (C.R. 66 mm.) by which time all the shafts had increased in size. The
proximal cnds formed an arc with the ends of the T and IV most distal

(Fig. Sni8).

Alizarin red staining of foetus.

The first sign of staining of the metatarsal was seen in a foetus
of 34 days (C.R, 43 mm.) but such staining was absent in the following
foetus of 35 days (C.R. 44,2 mm.) However, in the 36 day foetuses
(C.R. 49 mm,) the shafts were seen as short cylinders of stained tissue
with the fifth being slightly shorter than the others (Fig. AZ21). The
length of the stained shaft continued to increase over the remainder of

the period (Pig, AZ33).

Period of gegtation 41-50 days,

Radiography of foetus,

The metatarsals were all present in the 41 day foetus (C.R. 73 mm.}
with the third and fourth greatesi in length and the fifth shoxtest:
41 days (C.R. 73 mm,) 1.5mm., lland TV : C.75 mum. II and V in length.

Figs. X3, X4 and X5).
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45 days (C.R. 86 mm,) 2,5 mm. Il and IV ; 2 mm. II and V in length,
(Figs. X6 and X7).

50 days (C.R. 102mm.) 3.5 mm, DlandIV : 3 mm. in length.

Radiography of foetus imprepnated with silver nitrate.

The shafts of the metatarsals increased in dimensions over

this period (Tigs. Sn2l and Sn31).

Alizarin red staining of foetus,

The shafts were stained throughout this period, illustrating the
increase in size of these elements (Fig. AZ62), The arc formed by the

proximal end of the shafts are seen in this figure,

Period of gestation 51-60 days.

Radiography of foatus.

In the 51 day foetus (C.R, 105 mm.) the interior of the shafts
exhibited patchy radioiucent areas and these reorganised o form darkened
areas extending to both extremities. This was evident by 56 days (C.R.
120 mm . } ard confizmed in the later foetuses, Lengths of shaft were
recorded with the shalfts of the third and fourth remaining longer than the
second and fifth (Figs. X8 and X9),

51 days (C.R. 105 mmm.) 4.0mm,. in length digits Il and IV

3.0 mum, * "I and V
56days (C.R. 120 mim.} 5.5mm, " " Iland IV
5.0 mm, " " Il and V
60 days{C.R. 136 mm.) 7.0 mm. " " IEand IV

6,0 mm. ' "Il and V



Radiography of Toetus iImpregnated with silvexr nitratc,

The shafts of the metatarsals increased slowly in size during this

period (Figs. Snd3.and Sn53).

Alizarin red staining of foetus.

The stained shafts demonstrated an increase in length with
widening of the extremities particularly at the proximal end (Figs. AZ78

and AZ104),

Period of gestation 61 days onward.

Radiography of foetus,

The measurements of the lengths of the shafts of these bones were:

at 6l days (C.R, 140 mm.) L andV - 6.0mm. HlandIV - 7.0mm.
at birth Tand V - 6. 0mm., Mlandiv - 7,0mm.

(Figs. X10 and X11),

Radiography of foetus impregnated with silver nitrate,

Botis ends of the ghafts were flattened in appearance {Figs. Sn55

and Sn56},

Alizarin red staining of foetus.

Both extremities were {lattened transversely with an even edge

(Fig. AZ114).

1256
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Conclusions,

The first staining of the shafts of these honcs was seen in
foetuses of 34 days {C.R. 43 mm. ) to he followed by the radiographic
appearance of the silver impregnated shafts of 37 days (C.R. 536.5 mm.).
By this time the shalflts were also appavent on radiopgraphs of fresh specimens
and histologically, there was seen a centre of ossification present in the
centre of the shaft. Calcification of the ground suhstance at this site

had been evident histologically since 34 days (C.R. 43 mn1. ).

Schaeffer's (1932) record of stained shafts at 32 days post coitus
is perhaps slightly early compared to these findings but the C.R. length
of 65 mm. which he attributes to these foetuses is large compared to the
detécted C.R, length of 43 mm. The appearance of the diaphysis at
birth is similar o the description of Bressou et al. (1959) and that of

Smith (1968).
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Pes,

Digit I,

The literature gives no relevant information on the development
of this digit in the cat save the report of Smith (1968) who relates thata-
centre was seen in the region of the developing tarsal bones at about 9 weeks
post partum for the rudiment of the most medial metapodium of the hind

limb.

There wos no evidence of development of any centres of ossification
for this digit during foetal life and histologically no cartilaginous precursor

was observed in the foetuses examinied,

Ossa Digitorum Pedis,

Bhalanx Proximalis (Digits 1T ~ V),

This diaphyseal centre appears in the second half of gestation
according to Lesbre (1897) and Schaeffer (1932) dates it as 11.5 em. C.R.
(49 days p.c.). On radiographs of new born kittens, Bressou et al, (1959)
describe the diaphyses as scarcely beginning to have an elongated forrn and

Smith (1968) shows the centres to be present.

Phalanx Media (Digits II - V),

Lesbre (1897) states that the primary centres appear in the second
half of gestation and after the appearance of the first phalanx. Schaeifer
(1932) fixes the time of appearance at 11.5 em. (49 days p.c.). Bressou

et al, (1959) remark that the points of ossification of the second vhalanges



of digits 1V and V are of more recent appearance than the others, especially

those of digit V whilst Smith (1968) finds the centres to be present at hirth,

Phalanx Distalis (Digits 11 =~ V), e

Schaeffer's (1932} figures for the appearance of phalanx III differ
for cach digit and arc as follows:
Phalenx IIT (D, 0f and 1V) 7.1 em. C.R. (35 days p.<c.)
Phalanx IIT (D, II and V) 8.4cm. C.R. (47 days p.c.)
Smith (1968) and Bressou et al. (1959) note the presence of this single centre

in new born kittens.

Period of gestation 31-40 days.

Ossa Digitorum Pedis (IT - V),

I-l'istologg .

The third phalanx was apparent as a cartilaginous model at the
onsget of this period but by 34 days (C;R. 43 mm. ) primary calcification of the
matrix and peripheral tissue at the proxiwal end of the model was evident,
These was accompanying degeneration of the cartilage cells of this region
to make way for invading ostcoblastic elements., By 39 days (C.R. 63 min.)
there was eonsiderable calcification of thig phalanx with formation of bony

tissue, spreading throughout the centre,

The first and second phalanges exhibited calcitied ground substance
around the cartilage cells at the middle of the model shaft with concurrent

degeneration of thesc cells, The process appeared to be moxc advanced in the

first phalanx,



Radiography of foetus.

In the three litters of 40 days (C.R, 66 mm.) there was evidence
of the presence of the thirvd phalanges of digits IT - IV, These appeared
as faint spots on the extreme end of the digits., Also in the foetuses =
from litter C.R. 68.9 mm, there were seen faint transverse bands
indicating the initiation of the appearance of the first phalanges of digit

If - 1TV, All these findings were seen vn dorso/ventral exposures.

Radiography of foetus Impregnated with silver nicrate,

The third phalanges could be seen in all four digits in the foetuscs
of 37 days (Fig. 5ni2), but it was not uatil 40 days that the first phalanges

of digits III and IV were seen as narrow transverse bands (Fig. Snl8).

Alizarin red staining of foetus.

The third phalanges appcared as small specks of stainced tissue
in one of the foetuses of 36.days (C.R. 49 mm.) (Fig. AZ21) and again in
the foetus of 37 days (C.R. 5G.5 mm,). The specks became larger and
their trianguiar shapc became better defined during the remainder of the
period. In the foetuses of 40 days (C,R. 66 mm, ) the first phalanges of
digits II ~ IV were appavent as short stained cylinders lying distal to the

metatarsals (Fig, AZ33).

Period of gestation 41-5( days.

Histology.
By 44 days {C.R. 85 mm.) the collapse of the cartilage cells

at the centre of the shaft was advanced and there had been invasion of the



area with blood vessels and osteoblasts., Tlhie area was surrounded by a
calcified collar of tissue, ‘These findings were scen in both the first and
second phalanges, Thc process of ossification was now more advanced

in the third phalanx.

Radiography of foetus,

The first and third phalanges of digits II = V were to he seen on
the foetus of 41 days (C.R, 73 mm. ) but the second phalanges were only
present in digits II ~ IV and then only as faint outlines. On the foctuses of
42 days(C.R. 78 mmm. ) the second phalanx of digit V was just vigible whiist
the other second phalanges were becoming clearer, being rectanguiar in
shape, At 44 days (C.R. 84 mm.) the outlines of all the phalanges were
becoming more cleaxrly defined and by 45 days (C.R. 86 mm. )} they were
obvious in digits II - V although they did not all show well on the prints
(Figs. X6 and X7). At 50 days (C,R, 102 mm.) the first phalanges had
achieved a greater length than the second phalanges whilst the third

phalanges were now quite pointed at their distal extemities.

Radiography of foetus impregnated with silver nitrate.

The first and third phalanges of digits II - IV were present in
the foetug of 41 days (C,R. 73 mm. ) and there was a small spot present
to indicate the anpearance of the shaft of the second phalanx of digit III,
The centres of the first phalanges were small bands while the thixd
phalanges were a larger move triangular shape. In the foetus of 43 days,
(C,R. 82,5 mm.) the shafts of phalanges I, IT and HT of digits IT ~ V were

all present, although the centre for the second phalanx of digit V was still



very slight, At 44 days (C.R. 84 mm.) the shafts of the phalanges were
well formed and demonstrated narrowing of the diaphyseal waist, 'The
third phalanges were cone shaped with apices directed distally. However,
the second phalanx remained shorter in length and did not exhibit such a
marked narrowing of the central portion (Fig. Sn2l), This appearance
still held at 50 days (C.R. 102 rom. ) although there had bee:a‘ a general
increasc in size of all the phalanges (Fig. Sndl), It was difficult to view
the sccond phalanx on a true dorso/ventral plance as the X -ray beam

tended to pass along the lopgitndinal axis of the shaft, This was due to '
the first and second phalanges now heing set at an angle to each other,

This angle was one of plantar flexion,

Alizarin red staining of foetus,

By the 43rd. day (C.IX. 82.5 mm.) all the bony clements of
digits II - V were distinct in their form (Fig. AZ33%). The diaphyseal
narrowing of the first phalanges was demonstrated as the shaft matured
but the second phalanges did not achieve the cquivalent length or degree
of reshaping. The angulation between phalanges I and II was shown
throughout the age range. 'the ithird phalanges, alveady cone shaped,
could be seen to be showing later compression. prodocing a parrower body.
The pointed apex became moxe hook-like in a plantar direction. These
changes began to manifest themselves at 46 days (C.R. 38 mm.) (Fig.

AZ50), and were easily recognised at 50 days (C.R. 102 mm.,) (Fig. AZ61).



Period of gestation 51-60 days.

Radiography of foetus.

The shafts of the phalanges of the pes increased in size in this
period. The shafts of phalanx II elongated to a greater extent giving Aa “
more rod-like appearance, The density of bone appeared uniform until
the 54th, day (C.R. 112 mun.) when radiolucent areas were apparent in
the central shafts and by 56 days (C.R. 120 mm.) were coalescing to form
a fairly wniform dark area in the shaft, This change was continued through-

out the remainder of this period (Figs, X8 and X9),

Radiography of foetus impregmated with silver nitrate,

The bodies of these elements made a steady progress in dimension

(Figs. Sn40 and Sn5l1).

Alizarin red staining of the foetus.

The staining elements of the phalanges increased in dimensions

during this period (Figs. AZ77, AZ78 and AZ104).

Period of gestation 61 days onward.

Radiogranhy of foetus,

The bony elements of the digits increascd only slightly in size

in this period (Figs. X10 and XI1).

Radiography of foetus imprepgnated with silver nitrate.

The elements showed only slight increase in size by the day of

birth (Fig. Sn56).
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Alizarin red staining of foetus,

There were no significant changes in these structures.

Conclusions.

The third phalanx (digtalig) was the first to make its appearance
kuovm, by staining with alizarin in a 36 day {(C.R. 49 mm.) foetus in all
four digits. The histelogical picture at this stage was of primary
calcification at the hase of the caxtilage model with some calcified
materxial present at the periphery, By the 39th. day (C,R. 63 mm.)
there was a centre of ossification present in the centre of the third phalanx
with depositioﬁ of bone spicules. Alizarin stuining fevealcd the first
phalanx (proximalis) at 40 days (C.R. 82 mm.). Howcver, histologically
there was only to be seen a degree of primmary calcification at the centre
of the shaft with accompanying degeuerafion of the cartilage cells. The
process was more advanced in the first phalanx than in the second, The
fir’st and second phalanges did not display centres of ossification until
the begiming of the period 41~50 days and by 44 days (C.R., 84 mm.) there

was present bony tigsue within the centre of the shaft,

Radiographically the centres began appearing at 37 davs (C.R.,
56 mm. )} in the silver impregnated spechmens, with the third phalanx
appearing earliest followed by the first at 40 dayvs (C.R. 69 mm. ) and
the second at 41 days (C,R. 73 mm.). Radiography of the fresh specimens
produced an image for the first and thixd phalanx at 40 days (C.R. 66 mam, ),

sccond at 41 days (C.R. 73 mm. ),
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Columna vertchralis,

Mivart (1881) describes the development of a vertebrae as from
quadrate masses of tissue. Thesc early masses of tissue do not correspond
to the ultimate segmentation of the vertebral column. Hach quadrate mass
divides into a cranial and a caudal portion. Thus each definitive vertebra
originates from the caudal and cranial section of two quadratc masgses.

The newly formed scgments are then transformed into cartilage and thus a

cartilaginous model of the vertebral column is formed.

Three centres of cssification are described for the primitive
vertebra, two for the ].al‘_nhlae and one for the centrum. Of each segment
the original caudal partgives rise to the neural arch, transverse processes,
proximal part of the xib and cephalic portion of the centrum, while the rest
of the centrum is formed from the cranial end of the next quadrate mass of
tissue. This method of developiment has its exceptiong which will be
discussed under each region., Mivart also states that the axial skeleton

makes its appearance much eaxlier than the appendicular skeleton,

QOf the early dorsal segments mmentioned, the first of these
corresponds in position with the atlas. IHowever, the division of the first
dorsal segment differs from those which succeed it in that, when it becomes
segmented, its anterior half had nothing in froni wherewith to coalesce and
thus the atlas must be formed from half a primordial vertebra i.e., it is
from the antetior half of the primordial segiment instead of being formed

like the other vertebrae from the hinder half of one primordial vertebra and

the cranial half of the primordial vertebra next behind.,  Thig is the
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description of Strauss-Durckheim (1845), Mivaxrt (1881) and Leshre (1897)
who all list three centres for the development of the atlag. These ave
ouc for the body and two for the lateral masses. Leshre (1897) states

that the centres are all present before birth,

The axis develops fron the primary centres of a typical vertebra
but has anumber of additional centres. Strauss-Durckheim (1845) describes
these as two for the odontoid process, whilst Mivaxt's (1881} explanation
is that the odontoid process vssifies froimn two centres, nlaced gide by side,
which soon wite and that there is also an epiphysis at the apex of the
odontoid process and one between it and the centrum of the axis as well as
on the hinder surface of the latter., Thus it is said, the odontoid process
ossifics as if it were, as in fact it is, the true centrum of the atlas vertbra.
Lesbre (1897) merely indicates the presence of four primary cencres and
several epiphyses, giving only one centre for the odontoid process, He
generalises by saying that the centres of the cervical vertehra appear in
the first half of gestation., Jayne's (1898) facts are similar to those of
Mivaxt (1881) in that he describes four additional centres, representing
thoge of the body of the atlas which coalesces with it, These additional
centres are one at the tip and one on each side of the odontoid process
and one on the causal epiphyseal plate, usually coalesced with the cephalic
epiphyseal plate of the true body of the axis. Smaller ossifications are
said to appear later, on the edge of the spineus process and on the tip of

the transverge process,

Strauss-Durckbeim (1845) agrees with the concept of a centre for

the centrum and {wo for (he lateral masses, He differentiates the atlas
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and axis but also indicates that he found the first sacral vertebra to be

original in that it has an additional centre on each transverse mass.

N~

According to Leshre (1897) vertebral ossification is slower
in the dog, cat and rabbit than it is in the larger species; he notes that
the last two or three coccygeal vertebrae are gtill cartilaginous at birth
and that the three primitive bony points of each vertebra are stili
separated or even envcloped by cartilage i.e., no epiphyseal points
have appeared, All the apophyses are cartilaginous and even the spines
are scarcely present in the lumbo-sacral region., 'The fusion of the right
and lelt vertebral lammina to each other occurs tast at the lumbo~sacral
region, this occurs before birth or rapidly aftex. Fusion of lznina and

body cccurs post-natally.

Jayne's (1898) observation of the development of the vertebral
column includes little detail on foetal devclopment., The vertebra has
three primaxy centres j.e., onc each for the lateral mass of the neural

arch and one for the body.

In the structure of the coccygerl vertebra there are asceribed vo
a limited number of those vertebrae a pair of minute bones per vertebra
which may or may not jom with the ventrally dirccted processcs of the
centrumm. ‘lThese bones are called chevron hones by Crouch and ossa arcus
haemalis by Frewein., The latter author describes their presence at the
fourth to sixth ox eight, or third to the seventh caudal vertebrac. Crouch
narrates that the caudal vertebras number from four to twenty six, the

first six or seven heing typical, the others being gradually reducad to little
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morc than centra. He continues that the typical parts of a vertehra,
such as a neural canal, transverse and articular processes occur only
to the eighth or ninth caudal vertebra, the spinous process disappearing

at the fourth.
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Vertebrae cervicales.

Period of gestation 31-40 days.,

Histology.

At the commencement of this period there was evideuce of
degenerating cartilage cells in the primordia of the vertebrae, becoming
more extensive by the 35th. day (C.R., 44,2 mm.). In the 32 day (C.R.
63 mm ., ) foetus the already degenerating cores of the bodies and laminae
of the cervical vertebrae were invaded by vascular components with
accompanying calcified material and osteoblusts, Lhis being more pro-

nounced in the first two cervical vericbrae,

Radiography of foetus.

The cexvical vertebrae were first obsérved in a foetus of 36 days
(C.R. 49 mm.) when six centra could be seen lying along mid-linc on a
dorso/ventral exposure. Adjacent to each centrum there was a pair of
laminae. These appeared as small spots of rounded appearance. Cranial
to the first centrum visible, were placed a larger pair of laminae which were
wing shaped and directed craniolateral. On a lateral exposgurc the two wing-
like structures could be seen as well as the succeeding centra with their
laminae lying dorsal to them. By 38 days (C.R. 58 min.) the laminae had
increased in size and were now larger than their corresponding centia when
viewed on a dorso/ventral exposure. These comparative sizes were still

evident at 40 days (C.R, 66 mm. ).



Radiography of foctus impregnated with silver nitrate,

In the foetus of 34 days (C.R. 43 mm.)} the taminae of the first
three cexvical vertebrae were first observed ag small specks in the
cranial neck region. They were observed on both lateral and dorso/
ventral exposures (Figs. 5n8 and Sn%)., On the latter exposure, at
37 days (C.R. 56.5 mm. ) there were six centra lying in the cervical
region with a pair of laminae lying opposite each of them. Cranial to
thesc were two larger laminac which were flatter in ghape and directed
cranio~laterally (Fig. Sui2)., By 39 days (C.R. 63 mm.) the laminae had
increased ip size and were now longer in comparison o the centra (Fig.
Snl4). At 40 days (C.R. 66 mm, ) the laminae were rectangular in shape
on a lateral exposure with their gJ;‘eatest length extending dorsally. The

pairs of laminae decreased in size from the cranial to caudal end of the

series. 'The palr of laminae were more triangular in shape on dorso/ventral

expesure (Figs, Snl7 and Snl§),

Alizarin red staining of foetus.

Foewuses of three litters of 3] days (C.R. 35 mm. ) were examined
using this method. In two of these litters there was present a pair of
flattencd laminae in the most cranial part of the cervical region, These
were taken to be the alac of the atlas. In one of ihe foetuses of 33 days
(C.R. 39 mm,) this pair of laminae was present and was followed candally
by a further pair of laminae smaller in size whilst in the other foetus only
the ancerior pair existed (Figs. AZ12 and AZI3). There \al,'ere three centra
present in each foetus, the most cranial of which lay beneath the second

pair of laminae. At 34 days (C,R. 43 mm. ) the picture was one of two
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pairs of luminac and three centra as described. In the foetus of litter
of 35 days (C.R. 44,2 mm, ) all the cervical laminae i.e. seven pairs,
and six centra were present (Figs, AZ17 and AZI8), The centra were
smooth and cylindrical whilst the laminace decreased markedly in sizg
from first to seventh, the gencral shape being rectangular, By 37 days
{C.R. 56.5 mm.) the first pair of laminae was largexr than the second
which in turn was considerably larger than the succeeding pairs. The
first laminae were more elonguted dorsally with a markedly poiunted
dorsal extremity, ‘'I'hese structures retained a similar appearance at
38 days (C.R. 58 mm,) and by 40 days (C.R. 66 mm.) the first pair of
laminae were converging dorsally whilst the more dorsal edges of the
rectangular second laminae were be.ing}dirccted somewhat caudally

(Figs. AZ30 and AZ31).

Period of gestation 41-50 days.

Radiography of foetus.

There were 6 contra present in the cervical serieg of vertebrae.
The first paic of laminac were largest and on dorso/ventral viewing were
divergent in position with the cranial extremities farthest removed from
mid~line. There was no centrum corresponding to these laminae, The
second pair of luminae were smaller and parasagittal in direction on
dorso/ventral viewing (Figs. X4 and X5). On a lareral exposure these
lJaminae were directed dovso/caudally, These laminac were dorsal to
the centrum, a narvow gap existing, whilst the outline of the subsequent
Jaminae sexially diminished in size and appeared confiuent with the outline

of the centra (Figs. X3 and X5). All the elements increased in size over
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this period, and at 44 days (C.R. 84 1mm.)a new centre appeared lying
ventral to the first pair of laminae., This was a small speck and was

seen only on the lateral plates of the foetuses of two litters(C.R. 84 mm.
and 85 mim }, out of the three litters of this age, This centre was a
constant featurc in the older subsequent litters (Fig. X6) but was not
observed on the lateral plates until after 47 days (C.R, 91 mm. ) when it

was seen on both projections. The last six pairs of laminae were becoming
expanded at the dorsal bordex when viewed laterally and the laninae of the -
second cervical vertebra were distinetly angled in position, the apparent
separation from the centrum having disappeared at 43 days (C.R. 82,3 mun. ).
The cranial border of the distal half of the lamninae of the second cervical
vertebra appeared to project forward on the plate of the 48 and 50 day

foetuses (C.R. 94 mm. and 102 mm. ).

Radiography of foetus impregnated with silver nitrate.

The centra of the cervical vertebrae 2-7 were present throughout
this period., They were vegularly irregular in shape, being almost oval
on dorsa/ventral viewing whilst on lateral expogure they were flattened
dorsally but pointed ventrally., This gave an almost conical appearance.
They increased in size during the period. The first pair of laminae were,
on lateral viewing, ahnost rectangular but at their cranio/dorsal angle
had a peaked projection (Fig. Sn22). During this period, the dorsal
border became rounded and whilst the peak persisted, this cranial angle
was more dorsal than the corresponding caudal angle (Fig. Sn32). On
dorso/ventral viewing, the luminae appeared as divergent wings, and the

peaked projection could be seen on the now lateval boxder of the image.



The laminae were now in close approximation to the exoccipital bones

(Fig. Sn21}). The laminae of the second vertebra were directed dorso/
caudally and were generally rectangulax in shape with cxpanded dorsal

and caudal borders. The remaining lamninac on lateral exposure had a
more vertical position but whilst their caudal borders were straight, the
cranial border was convex, The laminae of the last five cervical vertebrae
also developed at 44 days {(C.R. 84 mm.)} a dense white area at the lower
edge of the laminar plate, on lateral viewing (I'ig, Sn25), On a dorso/ventral
plate, these areas could be seen projecting slightly laterally (Fig., Sn21) and
were repeated on a later dorso/ventral plate of 45 days (C.R. 86 mm.)

(Fig. Sn27). A centre lying ventral to the fivst pair of laminae appeared
first of all at 44 days (C.R. 84 rm.). It was appavent as a small spot in
one of the littexs (C,R. 85 mm, ) but was more vbvious as an oval body in the

other two (FFig., Sn22), Ir could also he seen on dovso/ventral exposure lying

slightly caudal to the first pair of Jaminae (Fjg, Sn2l). This centre increased

i size during the remainder of the period.,

Alizarin red staining of foctus,

At 4l days (C.R. 75 mm™.,) there werc six short cylindrical centra
present and lying relative to the second to seventh pair of laminae, The
laminae of vertebrae 3-7 had truncated dorsal extremities and the third pair
were round at this edge, whilst the six and seventh were more pointed. The
ventral ends of the laminae 3-7 had small lateral projections. The first
pairof laminae were wing like and their dorsel edges were dirccted toward
mid-line. ‘The second pair of Jaminae were directed caudally and were

larger than succeeding pairsz. They bore lateral projections at their ventral




endg. By 43 days (C.R, 82.5 mm.) the first pair of laminae had developed a
notch at the cranial border and wexre producing a Jateral enlargement. There
‘was also now present, lying ventral to and between the first pair of laminae

a small rounded stained centre. This was exiremecly small but in the 44 day
(C.R. 84 mm.) foetus could be seen to have increased in size. At this latter
age, the laminae of vertebrae 3-7 could be seen to be developing a cranial
projecting ridge which bore a flattencd area upon its upper surface. The

45 day (C.R. 86 mm,} foetus had a largey pair of first laminae with expanded
ventral borders and also the receatly developed centre was of greater sisze,
In the foetus of 47 days (C.R. 92 mun.) the previous features could be seen
and the new centre bore a pointed ventral ridge. Here also a further centre
had appeared, even more cranial to the previous onc and moxe veatral in
position, It was a transverse, plate-like structure. The remaining
foetuses of the series had these two centres present and also the first pair

of laminae had developed lateral projections from their lateral surfaces,

This projection gave a distinctly wing~like appearance.

Period of gestation 51-60 days.

Radiegraphy of foetus.

On a lateral exposure the laminae of e {first vertebra could he
seen lying dorsal to two centra, of which one was placed cranial and
ventral to the laminae while the other smallev centra was still placed
ventrally but closer in position .to the laminac and also to the second
vertebra, On dorso/veniral viewing the laminae could he seen to bear

notches at thelir cranio/lateral angle and the two centra could be seen in
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midline, one lying transversely just cranial to the laminae and barlike in
shape while the caudal centre appeared circular, The centra increased in
size but maintained their relative positions and outlines. By 58 days (C.R.
130 mm., } the image of the bar-shaped cranial centrum was mergiog at _each
cxtremity with the image of the laminae, The laminze of the second
vertebra showed a cranial projection on lateral viewing and this increased

in size becoming more rounded at ity tip by 54 days (!, R. 12 mam,). The
dorsal edge of the lamina was initially slightly concave with a sharp cranial
and caudal angle but gradually the length of the dorsal edge increased and
the contour became convex with round cranial and caudal angles leading into
concave cranial and caudal borders. The succeeding cervical vexrtebhrae
increased in size during the remainder of this period. The outline of the
lamina had a cranial projection which gradually increased in size and thus
came into closer proximity with the caudal cdge of the preceding lamina,
This approximation was noticeable at 54 days (C.R. 112 mm.) and the relation -
ship of the adjaée.nt laminae continued throughout the period, This was seen
on a lateral projection (Fig. X9), On dorso-ventral viewing the laminae
still were distinctly scparated at 54 days (C.R. 112 mm. ) but by 56 days
(C.R. 120 mm.) there was fairiy close approximation of adjacent laminae
due to the presence of the cranial and caudal piojections. Also, on dorso-
ventral viewing, if the vertebrae were not radiographed in a tirue vertical
plane, a narrow projection could be seen abutting from the laminae running in
a caudal and lateral direction. ‘This was hidden by the laminar image on
true dorso-ventral viewing., This latter development was first seen at

54 days.

&
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Radiography of foetus impregnated with silver nitrate.

The foetus of 51 days (C.R. 105 mm. ) had a pair of laminae
present for the first vertebra and, related to them, two centres one
cranial to the other (Fig. Su32). The more rostral was more ventral -
in position and bar-shaped on dorsal/ventral viewing., The second centre
was larger ou lateral viewing and more cube shaped (Fig. Sn39). It was
in the same longitudinal planc as the other centra of the cervical region
The laminae of the first vextebra bore notches at their cranio/lateral
angle. The second vertebra had laminae with expanded dorsal horders,
convex in outline, and with narrowing of the ventral half of the laminar
plate. 'I'he laminae of the remaining cervical vertebrae had caudal pro-
longations of the dorsal border. The images of the centra of these vertebrae
became masked by the laminar ifreages which grew downward, This was
becoming evident at 54 days (C.R. 112 mm.) (Fig. Sn40). The outlines of
the last two cervical vertebrae were partially obscured by the forclimb and

so detail was difficult to detect,

Alizarin red staining of foetus.

There were scven pairs of laminae present on the 5] day (C.R.
105 mm. ) foctus and the first pair had two ventral bodies related to them
whilst succeeding pairs had only two. The first pair of laminae had a
notch on their cranial border and a laterally projecting wing.  The most
cranial ventral centre was shaped as 2 transverse bar (Figs. AZ93, AZI102
and AZ103). The second centre was slightly more dorsal in posicion and
rounded (Fig, AZ103), The first palr of laminae and related ventral

elements increased in size during the period and the cranial edge began to



flatten becoming more closely approximated to the exoccipital bones,

This was recogaisable in a foetus of 54 days (C.R. 112 mm. ) and remained
thus for the latter part of the period (IFig. AZ92}, The second laminae

bore a dorsal process and a cranially projecting eminence developing _f];plll.

it, There was also a caudal eminence. The laieral projection from the
laminar surface was truncated and directed caudally., The remaining
cervical laminae had dorsal eminences which were inclined toward nmid-

line with a rowmded doxsal border caudally (Fig. AZ75). The cranial

border was extended ag a process while lateral projections occurred

from the laminar surface projecting caudally with truncated ends (Fig.A 7100).
The dorsal eminences were closing toward midiine by 54 days (C.R. 112 mm.)
(Fig. AZ95 and AZ96) and the rounded caudal boxrders were approximating
closer to the cranial processes of the succeeding vertebrae. DBoth these had
flattened surfaces, By 56 days (C.R. 121 mm.) it could be appreciated that
the before mentioned surfaces were closing and relating to each other on a
horizontal plane (Fig, AZ97). The foctus of 58 days (C.R. 130 mm. )
demonstrated the closing of the laminac to the centra when viewed ventrally
(Figs. AZi02 and AZ103). A space still separated them but this space was

decreasing.,

Period of gestation 61 days onwaid,

Radiography of foetus,

The third to the seventh cervical vertebra had laminae which on
lateral viewing had a dorsal process inclined slightly caudally and a cranijal
process. The latter was related in contour to the caudal horder of the doxsal

process of the preceding vertebra (Fig. X10). Ou dorso/ventral view
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transversely projecting processes were obvious, proceeding caudally.
The second vertebra had a longen dorsal edge on the doxrsal process of
the lamina and lacked 8 cranial projection. Its centrum was in close
proximity to the second centre of the first vertebra. The firgt vertgbrg
had two laminae with a bar-~like centre cranially and a round centre more
caudally (Fig, X1I). On a dorso/ventral projection the first centre could
be seen to be still separated from the laminrae but in a foetus of 3 days

post-partum there appeared to be confluence of the images.

Radiography of foetus impregnated with silver nitrate,

The lateral plate showed the cervical vertebrae two to five to be
closely related to ecach other at the vegion of their cranial/caudal pro-
jections of the laminae, The gaps between five, six and seven were
greater (Fig. Sn56). The first and second ventral centres could be seen ,
the Jatter lying apparently within the first pair of laminae and closely
related to the centrum of the sccond vertchra. On dotso/ventral plates
the close relationship of cervical vertebrac two to five was evident as their

laminar images appeared to overlap (Fig. SnS3).

Alizarin red staining of foetus.

The foetuses at birth bad cervical vertebrae which had laminae
closely approximated at their cranial and caudal projections. The plane
of these articulations were more horizontal In divection. This did not apply
to the first intervextebral joint where the laminae were still widely separated.
The third to seventh pairs of laminae had blunt ended lateral projections

which were directed somewhat cavndally (Fig. AZ102), The second vertebrae
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also bore a pair of such projections but they were smaller (Fig, AZ112)
and became confluent at their roots with the raised lateratl wall of the

laminae (Fig. AZ114).

3011clusions .

The cexvical vertebrae in general were seen to develop from
-three principal centres, with the atlas and axis prescenting extraordinary

features.

The cervical vertebrae produced evidence of calcification of the.
laminae by staining with alizarin red as early as 31 days (C.R. 35 mm.)
when the first pair were just evident, However, the remaining pairs of
laminae were later to appear, not being constant unti! 35 days (C.R.
44,2 mm, ) when seven pairs were seell. ‘I'he centra appeared first at
33 days (C.R. 39 mm.) and by 35 days (C.R. 44.2 mm.) six centra were
evident. Histologically, there was evidence of degeneration of cartilage
cells in a 30 day (C.R. 29 mm. ) foctus with some calcification of the ground
substance. This was not extensive but was to be seen in hoth the centra
and the jaminae, By 35 days (C.R. 44.2 mm.) there were considerable
areas of degenerating and dead cartilage cells within the developing laminac
and centra but it was not until 39 days (C.R. 62 mum.) that invasion by
vascuiar components was seen to oceur giving rise to true contres of osgifi~
cation. ‘this was morc pronounced in the first two cervical vertchrae,
Radiographically, the appearance was earlier in the silver nitrate preparations
with the first arrivals at 34 days (C.R. 43 mm.) whilst the wnprepared

specimens did not demonstrate these structures till 36 days (C.R. 49 mm. ).




The cexrvical vertebrac 3-7 developed transverse processes, seen first

in the alizarin red specimens at 41 days (C.R. 75 mm., ) and then radio-
graphically from 44 days (C,R. 84 mm.,) onward, The development of
articular processes iu these vertebrae became apparent initially in the
alizarin specimens at 44 days (C.R. 84 mm.) and radiographically theix
formation was noticed in the gilver nitrate preparations at ¢the end of the
41-50 day period and again at the commencement of the 51-60 day period

in fresh specimens. It was noted that the plane of this articulation was by .

thenmore horizontal,

The axis was formed from thyee principal centres i.e., two for
the laminae and one for the centrum, those appearing first at 33 days (C.R.
39 mm, } with alizarin staining and at 34 and 36 days (C.R., 43 and 49 mm.)
radiographically, the earlier being in the silver nitrate specimens. There
appearad by 44 days (C.R. 84 nun.) immediately cranial to this centrum, a
further rounded centre which became more relative to the centrum of the
second vertebra as gestation progressed, The appearance of this centre
was observed at the same age using the variovs methods, This centre would
appear to be wat for the odontoid process but remained scparate from the

centrum of the second vertchra at birth.

The atlas appeared to develop from two centres for the lJaminae
which appeared first of all the laminae of the ceivical vertebra, at the
3lst. day (C.R. 35 mum.) with alizarin red staining and at 34 and 36 days
(C.R. 43 and 49 mm. ) radiographically, the eaxlicr being with silver nitrate
impregnation. These centres were complemented by « third, more

ventrally placed, transverge bar of calcified tissue arriving in the alizarin



stained foetus of 47 days (C.R, 92 mm.) and on xadiography of the foetus

at 51 days (C.R. 105 mum.)

The view that the basic vertebwa is formed from three principal
centres (Mivart (1881; Strauss-Durckheim (1845); Lesbre (1897) and
Jayne (1898) would appeax to be in agreement with thege findings but in
foetal development only four centres were detected for the axis and three
for the atlas. The odontoid process would seem to derive from one main
centre which is in line with Lesbre's (1897) description., ‘Lhere was no
evidence of the two centres described by Strauss-Durckheim (1845) and
Mivart's (J881} and Jayne's (1898) description of two principal centres placed
side by side,was not substantiated by these findings, There is, however,
agreement with the listed authors as to the development of the atlas from

three centres.

Mivart's (1881} statement that the axiul skeleton makes its appear-
ance before the appendicular would appear to be questionable as the results
indicate that ossification of the first centres of the Jong bones was concurrent

with that of the earliest centres of the axial skeleton,



Verxtcebrae thoracicae

Period of gestation 31-40 days.

Histology.

Throughout this period the cartilaginous precursors of the centra
and laminae of the thoracic vertebrae were ezdw.ibiting swelling of the cells
within themn and progressive degeneration. In the foetus of 39 days (C.R.
63 mm. ) invasion of the precursors by blood vessels and cellilar tissue
was evident., There were signs of deposits of calcified mnaterial at the

periphery of the centra,

Radiography of foetus.

At 36 days (C.R. 49 mm, ) the centra and laminae of the thoracic
vertebrae were visible as small rounded spots with the laminae lying
opposite and to either side of the thirteen centra. This was on a dorso/
ventral view. On a lateral approach, the centra tended to be overshadowed
by the proximal ends of the ribs, By 40 days (C.R. 66 mm.) the outlines
of these centra and laminac had increascd in size, particularly, the last
three pairs of latiinae which had increased in a longitudinal divection when
viewed on a dorso/ventral projection, i.e. they were adopting an appearance

more like that of the lumbar vertebrae (Fig, X5),

Radiography of foctus imprepnated with silver nitrate,

The centra of the last four thoracic vertebrae were first seen at
34 days (C.R, 43 mum,) as small dots lying between the corresponding pairs

of ribs (Fig, Sn9). By 37 days (C.R. 56,5 mm. ) all the thirteen centra werc
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present with their related pairs of laminae (Fig. Snl2), Thexre was little
change at 39 duys (C.R. 63 mm.) but by 40 days (C.R. 67 mm. ) the
laminae were of greater height dorsally than cranio/candally on a Jateral
cxposure and larger than the centra on a dorso/ventral exposure (Figs.

Snl7 and Snl8),

Alizarin red staining of foetus.

Foetuses of three litters of 31 days (C,R. 35 mm.) were examined _
using this method. The foctus of one of the litters had present the stained
centra of the lasgt three thoracic vertebrae, whilst the other two foetuses
revealed nothing in this region. The centre of all thirteen vertebrae could
be seen as stained rounded elements in the foetus of 33 days {(C.R. 39 mm.)
(Figs, AZLL and AZ12) but in a following feetus of the same age {C.R.

39.8 mm. )} only the centra of the last four thoracic vertebrae could be seen.,
In the former foetuses, the centya of the last three thoracic vertebiae were
largest. In the foetus of 34 days (C.R, 43 mm.)}all the thirteen centra were
present and now the pairs of corresponding laminac were stained, The more
cranial ones were extremely small increasing to the tenth pair which were the
largest of the sevies (Fig. AZ18}, These structures increased in size during
the remaining period. The centra were short and cylindrical and the laminae
at first were rectangular with their greatest length directed dorsally., How-
ever, by 37 days (C,R. 56.5 mm.) the last three pairs of lJaminae were
becoming obviously greater in size and more triangular in shape, resembling

the lumbar vertebrae (Fig. AZ206).,
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Period of gestation 41-50 days.

Radiography of foetus.

The laminae were rectangular in shape with the long axis
directed dorsally except for the last three palrs which increcased in "
breadth as well as height and were divected slightly forward. The
direction of the first ten pairs gradually altered in the latter part of
the period and at 50 days (C.R. 102 mm ) were directed ~omewhat dorsc/
caudally. Most centra remained short compaﬁd to those of the Inmbar
vertebrae hut by 47 days (C,R. 91 mim. ) the centra of the eleventh to
thirteenth thoracic vertebrae had increased in length and resenidied the

centra of the lumbar region (Figs, X6 and X7).

Radiography of the foetus impregnated with silver nitrate,

The cenlra appeared as small oval styuctures on dorso/ventral
projection and they were fairly constant in dimensions from the first to
the eighth or ninth whereafter they increased in size to the thirteenth., The
size of each increased during this pexiod with the last three always longest.
The centra of the 50 day (C.R. 102 mm. ) foetus had scattered dark spaces
within the substance giving a vacuolated appearonce (Fig. Su3l}. On lateral
plates the laminae werc at first rectangulay in appearance with the longitudinal
axis dorso/ventral except for the last three which were larger and had a
convex cranial border, giving an angled appearance on lateral viewing. At
43 days (C.R. 82,5 min.) there was a slight candal inclination of the long-~
itudinal axis of the laminae up to the level of thoracic vertehra nine, the

tenth being almost vertical(Fig. Sn20). This angulation became jncreasingly



manifest from 44 days (C.R, 84 mm.) with the tenth remaining alinost
vertical (Figs. Sn24 and Sn25). On dorso/ventral plates the laminae

were somewhat irregular in form with a convex lateral border projecting
cranio/laterally at 43 days (C.R. 82.5 min.) and by 44 days (C.R. 84 mm.)
the laminae appeared to have the cranial end diverging from midline. The
ribs appeared to be In close proximity to the laminae on this projection
(Fig. 8n2l), These changes of appearance did not apply t¢ the last three
pairs of Jaminae which remained in parasaggital plane with expansion of

the caudal end i.e., when seen on a dorso/veuntral plate (IMig, Sn2l).

Alizarin rcd staining of foetus.

At 41 days (C.R, 75 mm,} the centra were shott cylinders except for
the ultimate three which increased in length, The centra increased in size
over the period but remained short in comparison to the centra of the other
regions. The laminae of the first to the tenth vertebrae were vertical plates
inclined toward mid-line dorsally and with the longitudival axis directed
caudally, the tenth paix however, being nearer the vertical plate (Fig. AZS50).
They bore, about one third up the lateral face, a ridge directed laterally
(Fig. AZ43), This ridge was more prominent craniaily on the lateral
surface, By 44 days (C.R. 84 mm. )} this ridge had increased and was
prominent laterally and cranially. Jt continued to increase in size in pro-
portion to the increase in the laminac. The laminae of the eleventh to
thirteenth vertebrae were more typical of the lumbar verichrae, being more
expanded caudally with a more vertical longitudinal axis (Fig. AZ47). They
also bore posteriorly situated ridges which increased in size during the

period.
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Period of gestation 51-60 days.

Radiography of foetus.,

The dorsal prolongation of the laminae enlarged over this period, the
direction of the spine being caudal in the first nine, moxre vertical in the
tenth and the shape altered in the caudal three., The ribs bhecame more
closely related to the thoracic vertebrae and Ly 54 days (C.R. 1i2 num.)
the images of the first ten ribs appeared to be in contact with the hmages
of the corresponding thoracic vertebrae on a dorso/ventral plate. They
lay to the cranial aspect of each pair of laminae. The remaining ribs
still appeared to be separated from the vertebral bodies and lay directly
opposite the corvesponding laminae. The centra remained oval in shape
on dorso/ventral viewing but on latcral viewing they were short rods

(Figs. X8 and X9),

Radiography of foetus impregnated with silver nitrate.

The dorsal extensions of the laminae which were caudally directed
in the first ten thoracic vertebrae increased in length (Fig, Sn34) and on
dorso/ventral nrojection could be secn at the caudal aspect of the Jaminar
shadow in the foetus of 52 days (C.R. 108 mm.) (Fig. Sn36), The trans-
verse development of the laminae wag also visible in these vertebrae whilst
the laminae of the caudal three vertebrae developed a spur-like projection
of the caudo/lateral angle on dorso/ventral projection (Fig. Sn33)., This
again was seen at 52 days (C.R., 108 mun, )} and by 54 days (C.R. 112 mm.) was
prominent (Fig. Sndl). The coentra of this vegion were oval in shape. The
first to the tenth pairs of riba although in close proximity to the laminae of

the corresponding vertebrae were not in contact with them, They lay cranial




to the lateral tip of each lamina. 'The last three pairs of ribs were
further removed from the corresponding laminae and were opposite the
jateral tips of those structures. The observations were from dorso/
ventral plates. Also on this projection the laminar images which had
been lying alongside the image of the centra came to superimposc them-

sclves on the periphery of the image of the centra, This was chserved

at 56 days (C.R. 120 mmm.) 'ig. Sn4S).

Alizarin red staining of foctus,

The laminae of the flrst ten vertebrae had dorsal eminences pro-
jecting caudally (Fig. AZ73). These had a thickened dorsal perimeter with
a flattened edge. The laminae also bore transverse projections situated
more ventrally on the lateral surface. These struclures increased in size
during this period and also grew closer to mid-line dorsally., The last
three thoracic vertebrae were wider and their dorsal eminences were not
so pointed nor were they directed caudally (Figs. AZ74 and A475). The
laminae bore cranial and caudal prejections, joined by a concave ridge
- but not at the same level, as the caudal was Jower than the cramnial, The
ribs did not touch the thoracic vertebrae but were cleser in proximity

(Fig. AZ67).

Period of gestation 61 days enward.

Radiography of {foctus,

The dorsal spines of the first ten thoracic vertebrae were pointed
in appearance and directed caudally. At the cranizal surface of the base of

the laminac there appeared a round arvea of increased density, on lateral
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plates (Fig, X10). The image of the ribs appeared confluent with the
vexrtchral image on a true dorso/ventral plate except for the last three
ribs which were still separate from theiy vertebrae but the dividing
space had narrowed, The last three vertebrae had wider laminae wigy

square dorsal spines and cranial and caudal projections (Fig. XIi).

Radiography of foetus impregnated with silver nitrate.

Ou the dorso/ventral projection of the foetus at birth the last
three thoracic vertebrae dernonstrated caudo/lateral projections from the
laminae and cranial to this the ribs could be seen in close proximity to
the lateral laminae. 'The more cranial thoracic vertebrae had lateral
projections from the Jaminae with the proximal rib apparently lying beneath
the cranial angle of the image of this projection. The tenth thoravic vertebrae
appeared as a transition between the two types of lateral procésses possessiug

both to a small degree (Figs. Sn55 and Sn506).,

Alizarin red staining of foetus,

The first ninc vertebrac bad laterally cxpanding processes of the
laminae lying above the head of the rib but not in contact with it, The last
three thoracic vertebrae had processes also latcrally placed but emanating
from a more caudally placed root and directed in a distinetly caudal direction
(Fig. AZ114). 'The tenth thoracic vertebrae was un intermediate form having

a laterally directed process with a caudal eminence upon it (Fig, AZ117).



Conclusions.

The thoracic vertebrae appcared to develop prenatally from
three centres i.e., two for the lamiiae and one for the centrum. Thesc
centres appeared at 33 days (C.R. 39 mm. ) using alizarin red staining;
followed by their radiographic appearance at 34 and 36 days (C.R. 43 and
49 pun. ) the earlier being with silver nitrate impregnation. Histologically
there was evidence of primary calcification during the period but a truc
centre of ossification was not verified until 39 days (C.R, 63 mm.). By
the middle of the period 41-50 days the development of features distinguishing
the last three thoracic vertebrae was becoming obvious., The transverse
processes were secen developing in the alizarin specimmens and later in the
radiographs of foetuses of 52 days (C.R. 108 mm.) onward. Thc enlarge-
ment of the transverse processes of the terminal three thoracic vertebrae
to produce mammillary and accéssory processcs was demonstrated in the
specimens during the 51-60 day period by both alizarin staining and radio-

graphic means. At birth the lJaminae were not wnited in dorsal midline.



Yertebrae Jumbales

Period of gestation 31-40 days,

I—Iistologj\i o

Throughout this period the cartilaginous precursors of the centra
and laminae of the Iumbar vertebra were cxhibiting swelling of the cells
within them and progressive degeneration. In the foetus of 39 days
(C.R. 63 mun.}) ivvasion of the precursors by blood vessels and cellular
tissue was evident, There were signs of deposits of calcified material

at the ﬁeriphery of the centra,

Radi.ograpﬁy of loetus,

Seven centra with pairs of laminae, were seen for the first time
in the foctus of 36 days (C.R. 49 mm.) where the structures were seen as
small rounded spots, At 38 days (C.R. 58 mm, ) the laminae were
increased in their longitudinal dimension when seen on a dorsae/ventral
projection and the centra were now larger than the centra of vertebrae of
other regions. ‘this appearance was similar at 40 days (C.R, 66 mm.)

(Fig. X5).

Radiography of foetus impregnated with silver nitrate.

'the centra of the first three lumbar vertebrae were seen in the
foetuses of 34 days (C.R. 43 mm.,} (Fig. Sn9%). 'lhey were small dots
lying in midline, By 37 days (C.R. 56.5 mm.,) all seven centra were
present and opposite cach was a paix of laininae. These were more

irregular in shape than the laminae of proceding vertebrae and were also



larger. Of the Jumbar vertebrae thomselves, the middle three of the
group were larger and more advanced in development than the other
members of the row {(Fig. Sul2). By 40 days (C.R, 67 mm.) the laminae
were more diamond shaped but with a slightly flattened dorsal tip. The
centra increased in size and were narrower at the middle portion, but the

central 3vertcbrae were still Jarger than their fellows (Figs. Snl7 and Sni8).

Alizarin red staining of foetus.,

The foetuses of 33 days (C.R., 39 mm.) had stained centra for the
first three ox four of the series {Fig. AZIll). These were small rounded
centres with the ultimate onc just a speck. By 34 days (C.R, 43 mm.)
seven centra and seven pairs of laminae were just staining representing ail
the lumbar vertebrae. This however was not the case in a foetus of 35 days
(C.R.44.2 vyu, ) where only the first three lumbar vertebrae were evident,
In all the foetuses from 37 days (C.R, 56.5 mm.) onward seven centra and
pairs of laminae were stained (Fig. A%Z26¢). The centra were at lirst
rounded in shape but became more cylindrical during the period. The laminae
at 37 days (C.R. 6.5 min.) werc approximately triangular and by 38 days
(C.R. 58 mm.) there were appearing at the upper cnds of the cranial and
caudal borders small pointed projections, the dorsal border meanwhile
becoming more rounded., By the end of the period the launinac were scean
to be curved with the convexity facing latcrally so that.the dorsal borders

were now closer to midline.
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Period of gestation 41-50 days.

Radiography of foetus,

The lamina appeared on lateral exposure as an almost
quadralateral plate lying above a centrum of equal longitudinal Ien gth but
short doxrso~ventrally, There was a gap between the lamina and centyum,
appearing as a black line. 'This gap appeared to close at the age of 45 days
(C.R. 86 mm.) onward when a Jaminar outline appeaved confluent with the
centrum on a true lateral projection. The centra were now developing a
narrow central waist and the laminae were increasing in size so that by
46 days (C.R. 88 mm.) the caudal border was projecting soniewhat beyond
the line of the vertical plane of the caudal end of the centrum, The enlarge~
ment of the proximal caudal border continued through the vest of the period

(Fig. X7).

Radjography of foetus impregnated with silver nitrate.

The laminae of the lumbar vertebra appeared as narvow parasaggital
strips on dorso/ventral viewing (Fig. Snl9) and on a lateral plate they had
rounded craunial and caudal borders each with a projecting angle, leading
up to a flat dorsal border. TFrom the caudal angle of this latier border a
proj ection extended caudally (Fig., Sn20). The laminae of the seventh
lumbax vertebra were smnaller than the rest and more oval in shape. All
the laminae increased in size and by the 45th. day (C.R. 86 mm .} the dorsal
border had lengthened, with the caudal projection prominent when seen on a
Jateral plate. The dorso/ventral view showed at 50 days (C.R. 102 mm.)

a division of the caudal border of the lamminae into two small projections




Fig. 5n31). The centra were rod-like on the lateral plates with a distinct
narrowing of the central portion. The dorso/ventyal view was almost
cil.'cula.r and ag the size of the body increascd, the centre demanstrated

small sﬁaces of reduced radio~opacity. This commenced at 44 days {C.R.

84 mm. ) and by 47 days (C.R. 92 mm,) there were two distinct black spots
placed near the centre of the body. These were present during the remainder
of this period (Fig. Sn3l). Throughout the period a narrow space was

maintained between the Jaminae and centrum on a lateral exposure.

Alizarin red staining of foetus.,

The centra retained their cylindrical shape throughout this period,
the last one being shorter than the rest but still having a narrowed central
portion. ‘The Jaminae were curved plates with the convexity lateral, and
angled cranial and caudal borders. At these angles projected pointed
pretuberances, the caudal one of which was maxrginally more ventral in
level. These features were preseat at 41 days (C.R. 75 mm. ) and by
44 days (C.R. 84 mm.) tire caudal prajeetion was enlarging and bore a
raised lateral ridge rumning to the lamina proper (Fig, AZ43), This jn-
creased in definition and by 50 days (C.R., 102 mn.) was an obvious feature

on the lateral aspect of the laminae,

Period of mestation 51-60 days,

Radjography of loetus.

The lateral outline of the lumbar vertebrae demonstrated slight
cranial and caudal projections from the corresponding bordevs of the laminae,

Those projeciions increased in prominence and by 54 days (C.R. 112 mim.)
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were obvious features. The outline of the laminae and centra increased
steadily in size during the period (Fig. X9). On dorso/ventral viewing
the centra at first appeaxred oval but by 54 days (C.R. 112 mm. ) the latexal
bor'ders were flattening, giving a more cube-like appearance althoug-hl the

cranial and caudal edges were still rounded (Fig. X8).

Radiography of foetus impregnated with silver nitrate.

The laminace of the 51 day (C.R. 105 mm, ) foctus had small pro-
tuberances from the cranial and caudal borders on lateral viewing (Fig.
S5n32), and by 52 days (C.R. 108 mm.) these were more clearly defined.

On dorso/ventral viewing the caudal projectior. was from the lateral angle
Iof the lamina. On the same projection the image of the lamina was seen
lying ﬁlongside the image of the centrum (Fig., Sn35) and by 54 days (C.R.
112 pum, ) these two hnages were overlaid an a true dqrso/ventra.l projection
(Rig. Sn4l). The vertebral elements continued to increase in size during

this period.

Alizarin red staining of foctus,

The laminae of the lumbar vertebya were of greater cranio/caudal
length and also bore cranial and caudal projections from the corresponding
borders. ‘fhe caudal projection was greater than the craniatl (Fig, AZ67).
The ventral end of the lamina was thickened when viewed on transverse
section (Fig. AZ65) and this gave a curved appearance to the laminar plate
with the concavity medially (Fig. AZ90). The centrum was flattened dorso/
ventrally with a slight median ridge ventrally, Two small orifices cduld

be seen, one on either side of this ridge (Fig. AZ66), This was the
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appearance ol the 51 and 52 day (C.R. 105 amd 108 mm ., ) foetuses. By

54 days (C.R. 12 mun,) the ventral edges of the laminae and centra were
closely approximated although a narrow gap still existed, The two laminae
of cach vertebra were closer to each other dorsally but the gap was greater
than that seen in the thoracic vegion (Fig. AZ90). The laminae were
curved toward midline and when viewed doxsally there was a triangulax
appearance of the dorsal plate of the laminae (Fig, AZ91). The ventral

end of the lamina was thickened and the cranial angle of this border was
buibous in appearauce (Fig, AZ88), In the 56 day (C.R. 120 mm.) foctus
the caudal prominence on the lateral aspect of the laminae was enlarging giving
a pointed outline and the ridge connecting it with the cranial prominence was
of clearer definition (Fig, AZI00). The dorsal edges of the laminae were
gradually encroaching on midline and this growth continued throughout the

remainder of the period (Tig, AZ]106),

Period of gestation 61 days onward.

Radiography of foetus,

At 61 days (C.R. 140 mam. ) the Iamina had a long dorsal edge and a
cranial and caudal projection, the caudal being the lower (Fig, X10). The
caudal three lumbax vertebrace were seen to have small protuberances from
their lateral borders when viewed on a dorso/ventral plane (Fig., X11). These
protuberances cnlarged and assumed a cranio/lateral direction so that in the
foetus at birth they were seen as projections facing cranio/laterally. Tn a
foetus of 2 days post-partum, they were also evident on Inmbaxr vertebré.e

three and four but this was nol seen in the three day post-partum foetuses,
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Radiography of foctus impregnated with silver nitrate,

On the foctus at birth the lateral processes of the terminal three
lumbayr vertebrae were evideat, directed cranio~laterally, The lumbaxr
vertebrae three and four alse had primordia of lateral processes but of.
preatly reduced size. 'Mhese structunes were seen on a dorso/ventral
plate. The dorsal convergence of the laminae was alse demonstrated
on this plate but a narrow gap still persisted between the dorsal edges.

(Figs. Sn53 and Sn56).

Alizarin red staming of foetus,

The caudal three vertebrae of the Ilumbax group had small lateral
projections protruding cranially while the thixd and fourth had at the same
position small eminences, The cranial processes were closely related to
the adjacent laminae so that the caudal processes of each proximal vertebra
ran above the cranial process.of the distal vertebra (Rigs, AZI14 and AZ115),
The centra were now distinctly flattened ventrally with a miedian raised ridge

whilst the dorsal border was still convex in profile (Fig. AZ120),

Conclu 5101_1_._5;_ .

The development of the three principal centres for the Iumbar
vertebrae was geen during foetal life. The single centres for the centra
and the pairced centres for the laminae were first seen to be present at 33
days (C.R. 39 mm.) using alizarin red staining but in this case only the
more cranial vertebrae of the group were seen. By 34 days (C.R, 43 mm. )
all seven limbar vertebrac were evident and by now they were also visible

on radiography of the silver nitrate impregnated foctuses, Radiography



of fresh spechnens was not positive for these centres till 36 days (C.R.,

49 mm.). Histologically, primary calcification was occurring throughout
the period 31-40 days but a true centre of ogsification was not scen in the
centre until 3% days (C.R. 63 mm.). 7The development of processes re-
presenting the roots of the accessory and mammmillary processces was
beecoming apparent in the alizarin red stained specimens as earxly as 37
days (C.R. 56,5 mm, ) but was not shown on radiographs till the middle

of the period 41-50 days, The roots of the transverse processes of the
lumbar vertebrae did not appear till after 60 days (C.R. 136 mm, } and then

only in the caudal three Iwwnbax vertebrae.

The comment by Lesbre (1897) that the fuzion of the vertehral
laminae to each other occurs last in the Iumbar region could not be proven
as no fusion of laminae of any vertebrae was seen to occur during foetal life.

Lesbre (1897) described it as happening before birth or rapidly after,
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Vertebrae sacral es.

Period of gestation 31-40 days.,

Radiography of foetus.

At 36 days (C.R. 49 mm.} the centrum of the first sacral vertebra
was just visible but indistinet, It lay midline between the cranial portion
of the shafts of the ilia on a derso/ventral plate it was not visible on a
lateral exposure, nt 40 days (C.R. 66 mm,) three centra could be seen
on a dorso/ventral exposure although they were small compared to centra

of the previous regions.

Radiography of foetus Imbregnated with silver nitrate.

The centra of the first two sacral vertebrae were evident at 37
days (C.R. 56,5 mm.) at which stage also the first centrum was accompanied
by a pair of laminae., However it was 40 days (C.R. 67 mm.,) before all
three centra were evident (Fig, Snl8), At this stage the first was much
Jarger than the other two and had a pair of laminae apparent as small dots
within the cranial limits of the ilia. The preceding findings were seen on
dorso/ventral exposure but it wos not until 40 days (C.R. 67 mm., ) that the

centra could be seen on a lateral exposure {(Fig, Snl7).

Alizarin red staining of foetus,

The centrum of the {irst sacral verichbra was seen at 36 days (C.R.,
49 min .} as a rownded structure lying between the ilial shafts., In the foetus
of 37 days (C.1R, 56.5 mm.) the centra of the first sacral vertebra was obvious

and the smaller second centrum was seen staining faintly, THowever, in sub-
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sequent foetuses of 38 and 39 days (C.R. 58 and 63 mm, ) only the first

body was seen (FFig. AZ26), DBy 40 days (C.R. 66 mm.}all three centra
were present in both foetuses examined but in one of them, the lamina of the
first and third sacral elements only were seen, whilst the other foetus had
present a pair of laminae for all three sacyral bodies (Fig. AZ34), These

laminae were small flattened structures with the cranial pair the largest.

Period of gestation 41-50 days.

Radiography of foetus,

The foetuses of 4] and 42 days (C.R, 73 and 78 mun, ) had all three
sacral centra present bat the {irst and second pair of lamninae were the
only ones constantly present (Figs., X3, X4 and X5). The third pair were
only constant after 43 days (C.R, 82,5 mm.). The centra decreased in
sizc from the first to the third and on dorso/ventral plates the transverse
distance from the lateral tip of one lamina to the other decreased also,
giving the triangular shape of the sacral region. The centra increased in

sizc over the remaining period (Figs. X7 and X8),

Radiography of foetus impregnaied with silver nitirate.

'The foetus of 4] days (C.R., 78 m. ) had 3 centra present but the
laminae of one and three only could be seen., At 43 days (C.R. 82,.5mm)
the laminae for the second and third sacral vertebra were just evident as
small specks oun dorso/ventral exposures, The laminae at 44 days (C.R,

84 mm, )} were secn on a lateral plate asvertical bands lying above the sacral
bodies ({ig. Sn22)., They continued to increase iu size as did the centra

(Fig, Sn31),



Alizarin red staining of foetus.

The centra of the three sacral vertchrae diminished in size from
one to three but they were all short compared to the preceding lumbair
vertebrae, The pairs of laminae also diminished in size. They were -
curved plates with the long axis running dorse/ventrally and the convex
surface placed latevally. The increasc in size was gradual throunghout

the period (Figs, AZ52 and AZA43).

Period of gestation 51-60 days,

Radiography of foetus.

The laminae of the first sacral vertebra was much larger than
the next with the third smallest. The first was rounded in shape with the
remainder flattened laterally. The centra were rounded in form. They
increased in size and by day 56 (C.R. 120 numn.) the centyum of the first
was flattening laterally giving it a more cube~like appearance. By 58 days
(C.R. 130 mmum. ) the laminae of the first sacral vertebrae were flattened
on the lateral border giving by 60 days (C.R. 136 mm.) an almost triangulax
shape to the structures (Fig. X8). The flattened edge was approximated
more closely with the ilium., Also at 58 days (C.R. 130 mm.) a pair of
centres appeared ventral and lateral the {irst sucral centra, bhut their

definition was poor,

—raa

At 51 days (C,R, 105 mm.) the three centra and pairs of laminae
were all present the camponents of the first being jargest.  The laminac of

the first were divergent on a dorso/ventral exposure (IFig. Sn36) whilst their
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image was masked by the form of the {lium on a lateral plate. The

laminae of the second and third on a lateral plate could be seen as
rectangular plates with their smallest length dorso/ventral and angled
slightly caudally (Kig. Sn37). The sacral elements increased in siz‘_e.a{ld thg
first pair of laminac appeared to approach more closely the ilial shafts,

This approximation was obvious by 54 days (C.R, 112 mm.) on a dorso/ventral
plate (Fig, Sn4l). The laminae of the sccond and third vertebrae developed

a rounding of the dorsal border with a caudalprolongation of the caudal angle.
(Fig. 5n40), 1In the foctus of 56 days (C.R, 120 mm.) there were present 2
centres iinmediately caudal to the laminae of the first sacral vertehra, They
appeared rounded on dorso/ventral picture (Fig., Snd5) (Note 14 ribs with last
on first Iumbar vertebra) but could be seen on a lateral view through the
itnage of thc ilial shaft (Pig. Sn44). This pair of ceittres was seen in sub-

sequent litters during this period.

Alizarin red staining of foetus.,

The lamina were flattened and curved dorsally in towards midline
(Figs. AZ063, AZ69 and AZ73). The centrum of the first sacral vertchra
was flattened ventrally and appesred to have a small opening on this aspect.
This was the appearance at 51 days (C,R. 105 mm.,), At 52 days (C.R.
100 mm. ) a small centre appeared ventro=lateral to the centrim of the
first sacral vertcbra and placed on a vertical line with the cranial edge of
that lamina (Fig. AZ68 and AZ69), It was bilaterally present, Succeeding
foetuses possessed this centre which continued to increase in size, at first
oval and then becoming triangular in shape by 37 days (C.R. 125 mm.)

(Fig. AZ103). The presence of this contre was constant in all the foetuses,



In one foetus of 34 days (C.R. 113 mm.) an extremely small speck was
visible ventro/lateral to the centrum of the sccond sacral vertebra whilst
a foetus of 56 days (C.R, 121 mm. ) had similar small specks also related
to the sccond and third sacral vertehrae. The later foetuses of the .ssarlies
all had a centre opposite the first centrum but nothing related to centra

two and three,

Pexiod of gestation 61 days onward.

Radiography of foetus.,

The centres which had appeared caudal and ventral to the laminae
of the first sacral vertebra were present in the remaining foetuses but their

definition was variable in individuals as was their size (Fig, X1},

Radiography of foetus impregnated with silver nitrate.

The first pair of sacral laminae had related caudo/lateral to them
two small rounded centres. Also in this foetus a pair of distinct cenires
were apparent latexal to the laminae of the third sacral vertebra, These
observations were on a dorso/ventral plate but the centres could also be
observed on a lateral exposure when they were scen to be ventral to the

centra (Figs., Sn55 and 5n56).

Alizarin ved staining of foetus.

The first sacral vextebra had related to its centrum a pair of centres
which were roughly triangular in shape and by now of a size approximately
half that of the centrum (Fig, AZi1%), The laminae inclined to midline and

were rectangular in shape with their longitudinal axis directed somaowhat caudally,



iv3

Conclusions.

The sacral vericbrae appeared to develop in general from three
principal centres as described by all the quoted anthors, but in addition
there appeared to be other additional paired centres developing in the- -
transverse masses of the sacral elements. This would agree with the

findings of Strauss-Durckheim (1845),

The centres for the centrwn and laminae of the first sacral
vertebra . were the first to become apparent, the thme being 36 davs
(C.R. 49 mm.) for the centra and 40 days (C.R, 66 mm. ) for the laminae,
The histological development wag similar to that of the previous regions
of the vertebral column, In alizarin specimens, the centra and laminae of .
all three sacral elements were present at 40 days (C.R. 66 mm.) and
radiographically a day later. The centres in the lateral masses were a
constant feature of only the first sacral vertebra but other individuals did
have them at the secoud and even the third sacral vertebra, Those of the
first sacral vertebra appeared in alizarin specimens at 532 davs (C.R,
108 mm., ) and again radiographically at 56 and 58 days (C,R, 121 and 130 mm.)

the earlier belng in the silver nitrate inpregnated specimens.




Vertebrae caudales (coccygeae)

Period of gestation 31-40 days.

Radiography of foetus.

The centra of the coccygeal vertebrac did not make an appearance
until 38 days (C.R. 58 mm.) when the bodies of approximately the first
five could be seen on a lateral plate. They appeared as small indistinct
specks but by 40 days (C.R. 66 mun.) the bodies had distinct rounded
outlines and numbered e¢leven. They were visible on both a lateral and

doxrso/latexal projection.

Radiography of foetus impregnated with silver nitrate.

Six centra werc seen in the craunial coceygeal vegion in the foetus
of 34 days (C.R. 43 mm.) but by 40 days (C.R. 67 mm.) fifteen bodies
could be seen. ~ The first four were smaller than the succeeding six or
seven, after which the size descreased yet again, The fifth and sixth
appeared to have small laminae lying dorsal to them at 40 days (C.R. 67 mum.)

(Fig. Snl17),

Alizarin red staining of foelue.,

In the foetus from one of the litters of 36 days (C.R, 55 mm.)
there were 2 centra of the cocceygeal vertebrae faintly staining pink. These
appearcd to be the second and third coceygeal vertebrae, In the foetus
of 37 days {C.R. 56.5 mm,) four bodies were present being numbers two
to five. They were seen as small oval structures.  The number had

increased Lo seven by 38 days (C.R. 58 mm.) and by now the first coceygeal



bady had arxvived (Fig. AZ26). The 39 day (C.R. 63 mm.) foetus however
lhad only vertebral bodies two to six showing., The [oetuses of 40 days
(C.R. 66 mm.) had 16 hodies showing {from number one onward and there
were present small laminae over the bodies of the flrst seven in one foetus

and five in the other (Rig. AZ34), The succeeding three veriebrae had a

distinctly concave dorsal surface on their centra.

Period of gestation 41-50 days,

Radiography of foetus.

At 4] days (C.R. 73 mm. ) the centra of twelve to Tourteen coceygeal
vertebrae were visible and in the cage of onc litter faint outlines of laminae
werc seen above the first four centra (Figs. X3 and X4). DBy 43 days
(C.R, 82.5 mm.) seventeen to nineteen centra were visible but still only
four had laminae present dorsally. At this stage, there could be seen 2
differential in size and shape of the centra. The {irst four were short
whilst the succeeding centra increased in length giving a rod-like appcarance,
The total length of the centra began to decrease after the 8th. ~ 9th, vertebrae
but the succesding centra were still rod-like_ in outline. By 44 days (C.R.

84 mm. ) the laminae visible were 5 pairs, they-' were Jarger and a space was
present between them and the centra when viewed on a lateral projection.
By 46 days (C,R., 88 mm.) there were two more pairs of laminae visible

but the number varied between 5 and 7 in succeeding litters (Figs, X6 and X7),

Ju the 43 day (C.R. 82.5 mm. } foctus nineteen cenira were sacn with

five pairs of laminae present dorsal to the first five centva, These laminae
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were small as were (he centra they overlay. The centra of coceygeal

vertebré.e 7~-10 were largest, then the size decreascd (Fig. Snl9 and Sn20).
By 44 days (C.R., 84 mm.) the laminae of the {irst six vertebrac were seen
above the centra but now there could be seen caudally projecting spicules
on the dorsum of the centra 7~9 (Fiy. Sn22), All these observations were
made on lateral platcs, On doxso/ventral viewing only the laminae of the
first three coccygeal vertebrae could be seen. Caudal to this, they over-

lay the centra and were masked by that image (Fig. Sn2l). The vertebral

elements continued to mcrease in size (Fig. Sn3l).

Alizarin red staining of foetus.

The centra of the coccygeal vertebrae were stained throughout
the period and had a cylindrical shape with narrowing of the central
~position (Fig. AZ46),  They increased in length from the fixrst to the eighth and
" ninth and then regressed toward the distal tip of the tail, The lamninae
were apparent over the first 34 centra with a space existing between
them. Howcver, froml the fourth to the eighth or ninth, the Taminae were
present attached to the dorsum of the centra as laterally placed dorsal
projections (Wig. AZ50). This gave the centra a U=ghaped anpearance on
cross-section (Fig. AZ52). The free laminae were vertical plates with
their dorsal extremities inclining toward midline. The attached laminae
were more pointed with a caudal prolongation. in a foetus of 44 days
(C.R. 85 mm,) there wexre secn lying caudal and ventral to the centra of
vertebrae six to nine, minute stained specks, lying in pairs. There was
also one lying in a similar position relative to the first coceygeal vertebra,

These structures were present in succeeding litters, and were not consistent



in number but when they did appear they lay between the sixth to ninth

coceygeal vertebrae.

Period of gestation 51~60 days.,

Radiography of foetus.

The centra increased in size during this period with the lepgest
lying in the eighth and ninth position. The laminae werc present in some
form in approximately the first eight coccvgeal vertebrae but their
form varied from, plate-like laminae in the cranial three or four to
narrow spicules In the latter four or five. These spicules were directed

caudally (Fig. X9).

Radiography of foetus impregnated with ailver nitrate.

At 51 days (C.R. 105 mm.) the first three coccygeal vertebrae
had pairs of laminae with their image separated {rom that of the centrum.
The succeeding five vertebrae had laminae apparently merging with the
centrum. The former three pairs were almost square but with an angled
cranial border., The succeeding five pairs had dorsal eminences with
caudally projecting spicules. The dorsal eminences diminished in size in
the latter [ew Jecaving only the spicules. These observations were on lateral
prejection (Fig. Sn32). There appeared ventral to the caudal vertebrae, at
the intervertchral spaces, pairs of extremely small specks. The first
appeared at 53 days (C.R. 108.3 1om ., ) where three pairs were present hetween
the cighth and eleventh coceygeal vertebrae, A 54 day foetus (C.R. 12 min.)
had six pajrs from the eighth to the fourteenth coccygeal vertebrac but another

foctus of 54 days (C.R. 113 mm.) lacked any, These were seen on lateral



exposures, They were present in variable numbers in succeeding foetuses
of the period (Fig. Snd4) hut it was not until 58 days (C.R. 130 mm. ) that
they were seen on a dorso/ventral plate, By 56 days (C.R, 12} mm,) the
laminae of the first threc coccygeal vertehrae had narrowed to give a more
rectangular outline with the longitudinal axis dorso/ventral and tilted slightly

caudally (Fig. Sn44).

Alizarin red staining of foetus,

At 5l days (C.R. 105 mm.) the first three coccygeal vertebrae had
small plate-like laminae with their greatest length dorso/ventral and a slight
caudal angulation, The succeeding five vertebrae had dorsal projections
from the centrum, the projection being raised cranially and having a thin
prolongation caudally, The remaining vextebrae consisted of centra which
were cylindrical with narrowed centras (Fig, AZ63), There were present
also minute stained specks lying in palrs ventral to the centra and between
succeeding pairs. The numbexs and constancy of these centres varied
with each litter (Fig. AZ106) but the cormnmon sites were at the first and
second inter-coccygeal spaces aud the eighth to twelth spaces (Flg., AZ73).
One variation occurred in a foetus of 56 days (C.E. 121 mm. ) when two
additional centres were seen lyiig, one on each side of midline, ventro/
lateral to the centrum of the first coccygeal vertebra. These centres were

similar to the centres related to the sacral vertebrae,
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Period of gestation 61 days onward,

Radiography of fvetus.,

The first three coceygeal vertebrac bore laminae separate from
the centra while the succeeding four to five had dorsal eminences of the-
centra. There was no evidence of any separate centres lying ventral to

the centra (Fig. X10).

Radiography of foetus impregnated with silver nitrate,

On dorso/ventral examination in the third, fourth and fifth coccjfgea}.
vertchrae, the caudally directed spicules could be secn exteading beyond
the caudal edge of the centrum. At the fifth to ninth intervertebral spaces
pairs of small centres could be seen bath on dorso/ventral and lateral

viewing (Fige. Sn55 and SnS56),

Alizarin red stainipg of foetus.

The laminae of the first three coccygeal vertebrae were separate
from their centra although the third was closely applied. The succeeding
five had doxsal elements of decreasing size with cawdal projections., The
eighth had mcrely the form of tro dorsal splcules, There were sinell
stained specks in pairs situated ventrally between the centra in the four
foetuses examinad but the numbers and positions varied, being found hetween

the fouxrth and ninth coccygeal vertebrae (Fig, AZ114),

Caonclusions.,

The coceygeal vertebrae differed in their foetal developmeat from

the other vertebrae ag the more caudal of the group developed from only cne



centre of nszification, that being for the centrum,

The cranial three coccygeal vertebrae developed from three
centres i.e., one for the centrum and two for the laminae, The succeeding
five vertebrac produced from the centrum dorsal projections of varyhigu
dgeree which remained attached to the centrum. The most caudal of the

group remained cartilaginous at birth.

These findings agree with the comments of Crouch {(1969) in his
description of the various typcs and divisions of the coccygeal vertebrae.
They also concur with Lesbre's (1897) observation that the last two or three
coccygeal vertebrae bore cartilaginous centra at birth, The appearance
of two small centres, ventral to the centra of some of the coccygeal vertebrae
would indicate the development of the chevron bones of Crouch (1969) and

the osga arcus haemalis of Frewein (1970).

The centra of the coceygeal vertebrae appeared from 36 days (C.R.
49 mm,) in alizavin red stained specimens, {rom 34 days (C.R. 43 :nm.)in
radiographs of silver nitrate subjects and from 38 days (C.R. v58 mii, ) in
radiographs or unprepared foetiises. Thosc laminae which developed were
apparent at 40 days (C.R. 66 nun, ) when stained with alizarin vcd and also
radiographically when impregnated with silver nitrate, a day later in un-
prepared foetuses. The ventral or hacmal arch centresg were observed first
inthe alizavin speciinens at 44 days (C.R. 84 mm. ) but were not apparent
raciiographically urless impregnation with silver nitrate had occurred and

even then not wntil 53 days (C.R. 108,3 mui. ).



Costae.

Strauss~Durckheim (1845) and Jayne (1898) bhoth describe two
principal centres for the ribs, one for the diaphysis and the other for the
proximal head. The latter author also mentions an additional centre for
the tubercle present on the first ten pairs of ribs. Mivart (1881) declarces
that in the developing xrertgbral column the cartilages also extend down in
each ventral Jamina as the cartilaginous predecessors of the ribs, and that
those of the thorax, by thelr median fusion in the mid~ventral line, lay the
foundation of the sternum. Legbre (1897) states that the ribs begin to oséify
very early, even befove the vertebrae, but their ossification is always

incomplete since they remain cartilaginous at their distal extremities.

Variations in the number of ribs seen in the cat, using radio-
graphy, are described by Boyd and Lindsay (1968} when ancmalies ocourring

i individuals and litters are listed including some seen in foetal life.

Period of gestation 3)-40 days.

Histology.

The cartilaginous models of the ribs were composed at their middle
portions of degenerating cartilage cells and the periphcrxal collar was
calcified by 31 days (C.R. 35 mm.) so that by 33 days (C.R. 39 mm.) in~

vasion of the centre of the model by osteogenic cells and vascular tigsue was

Seen.
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Radiography of foetus.,

The first imdication of the presence of the ribs was seen in a
foetus of a litter of 33 days (C.R. 38 mm.) (Figs, Xl and X2), I this case
the outlines of the ribs were indistinct but there was a striped appearance
of the thoracic wall provided by the presence of approximately six pairs of
ribs. These findings were seen on a lateral exposure, Foetuses of two
litters of 34 days (C.R. 43 mm,) were examined and in one there was a
faint indication of approximately five pairs of ribs but the other litter was
negative for such findings, The foetus of 35 days (C.R. 44.2 mm.) had
eight pairs of ribs showing both vn a Jateral and dorso/ventral exposure,
 These were scen as narrow strands running across the thoracic wall.
By 36 days (C.R. 49 mm. ) the outline of the xnib cage was much more distinct
and all thirteen pairs of ribs could be seen on both a lateral and dorso/
ventral view, On the laferal exposure, the ribs extended from vertebral
level to approximately half way down the thoracic wall., The tibs five to
ten were of greater length compared to the others, The ribs were constant
in their presence from this age onwards and increased slightly in lengih
over the period and by tie end of the period extended more than half-way

down the thoracic wall (Figs. X3, X4 and X5).

Radiography of the foctus Impregnated with silver nitrate,

In a foetus of 31 days (C.R 35 mm.) ten pairs of ribs were evident
as narrow shafts running in the thoracic wall (I'igs. Sn4 and Sn5). Cn a
dorso/ventral exposure the proximal ends were considerably removed from
midline and on lateral viewing the ribs barely extended through the dorsal

half of the thoracic wall. Further changes were In the manner described
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mder radiography (Figs. Snl7 and Snl8).

Alizarin red staining of foetus.

In the foetuses of 31 days (C.R. 35 mm.) the number of ribs
varied from six to eleven pairg (Fig, AZi0). Of this scries, the lcﬁéﬂ{
was greatest in the central ribs and diminished towaxds the ribs at either
end, The shafts were curved with the convexity lateral in direction and
the diametex of the shaft was fairly miform. The foetuses of 33 and 34
days (C.R., 39 and 43 mm. ) had cleven pairs of ribs and the range of length
of shaft was similar to thc previous range. (Fig, AZ15). By 35 days (C.R,
44.2 mm. ) the number of pairs had increasad ta 12 and the shafts were
altering in shape (Fig. AZ!8). The more proximal Jength of the shaft was
thickening and was more compressed in a cranjo/caudal direction whereas
the distal end was flattening, the compression being lateral in direction.
'this gave a somewhat spiralling appearance to the mid-shaft region. These
changes were more matrked in the Jonger ribg, One of the foetuses of 36
days (C.R. 49 mm,) had 13 vibs on the left and fourteen vibs on the right
side, the extra one being caudal in position. The last ribs normally to
appear were the first pair, Tho ribs continued to increasc in length and
by 40 days (C.R. 66 mm.) the proximal ends bore on their dorsal surfaces

a raised protuberance (Fig, AZ33).

Period of gestation 41-50 days,

Radiography of foetus,

The ribs retained their general shape during this period but increased

in total length. All thirteen pairs were cvident, 'The flattening of the distal
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ends hecame more obvious as the ribs enlarged (Figs. X6 and X7).

Radiography of foetus impregnated with zilver nitrate,

The ribs imereased in size during the period. The flattening of
the distal end became increasingly accentuated (Figs. Snl9, $n20, Snglh _
and Sn32). The proximal end of the first ten ribs began to flatten on their
dorsal curvature so that a head was beginning to differentiate for each rib
and also a raised eminence was produced on the dorsal curvature of the
proximal scction. This was seen to be gccurring in the second half of this

period (Fig. Sn27),

Alizarin red staining of foetus.

The ribs were compressed laterally at the distal ends and cranio~
caudally at their proximal ends. At the Jatter extremity, there was a hool~
like appearatce with a medial curving of the most proximal cnd and a dorsal
eminence appeured on the greater curvature of the "hook™. This appearance

was aceantuated as the ribs increased In length and diameter (Fig. AZ50).

Period of gestation 51-60 days.

Radiography of foetus.,

The ribs increased in gize during the period, The distal ends
remained flattened Wﬁi].st the proximal ends hecame more closcly related to
the thoracic vertebrae and by 54 days (C.R. 112 mun. )} on a dorso/ventral
plate, the images of the first ten ribs appearced to be in apposition to the
images of the thoracic vertebrae, The remaining ribs remained detached.

This situation peristed throughout the remainder of the period (Figs. X8 and X9).



Radiography of foetus inpregnated with silver nitrate,

The shaping of the proximal end was evident at 52 days (Fig,
Sn37) and by now the proximal end of the ribs appeared closely approx-
imated to the vertebral coluinn on a doxrso/ventral plate (Su35). The~ -
first ten xibs were related to the cranio/lateral portion of each vertebra
but the caudal threc were opposite their corresponding vertebrae (Fig.

Sn47). 'These latter ribs did not appear to have the devcloping tubexcle,

Alizarin red staining of foetus,

The distal end of ﬁléribs were flattened laterally (Fig. AZ73)
and the proximal ends were strongly curved with a flattening of the dorsal
surface of this curvature (Fig. AZ75), The head of the rib was ventral
to the lamina of the first ten thoracic vertebrae (Tig. AZ75). ‘lhe
remaining three ribs remained further separated from their appropriate
vertebrae, The [lattened dorsal curvature had developed a roughened

raised area becoming prominent at 57 days (C.R, 125 mm. ) (Fig. AZI00).

Period of gestation 61 days onward.

Radiography of foetus,

The caudal three ribs appeared to be relatively closer to their

appropriate thoracic vertebrae (Fig. Xl).

Radiography of foctus impregnated with silver nitrate,

The raised and flattened dorsal curvature of the proximal end
was obvious in the foetus examined giving an appearance of a narrowed

proximal head and then an expanded proximal dorsal curvature (Fig. Sn56).



Alizarin red staining of foetus,

The proximal end of the ribs was now beneath the transverse
projections or processes and the dorsal curvature was opposite the

extremity of the trausverse projection (Fig. AZI117).

Conclusim}_‘s_.,

The first indications of the presence of the ribs were seen in
alizarin red stained foetuses at 31 days (C.R. 35 mm.) and again radio-
graphically at the same date using silver nitrate impregnation of the
foetus, However, the radiographic images in the fresh specimens were
not scen until 33 days (C.R. 39 mm.) and it was not until the 41-50 day
period that the full complemer;t of ribs was congistently evident. The ribs
during this latter period altexed in shape with (lattening of the distal end

and curving of the proximal seginent,

Histologically, there was primary calcificetion present in ihe
ribs of 31 day (C.R. 35 mm.} foetuses and a centre of ossification by
33 days (C.R. 38 mm.,). Lesbre's (1897} statement that the ribs begin
to ossify very warly, even before the vertebrae, appears to be borne out
although the time hetween the ribs and vertebrac is up to 3 days. FHisto~
logically, there is an earlier date of true ossification in the rihs compared

1o the veriebrae,

There would seem to be only a diapliyseal centre present in foetal
lifc which is as described by Strauss-Durckheim (1845) aud Jayne (1898) hut
these authors also give another centre, described as that for the proximal

head of the rib but they do not relate a time of appearance for it,



In the foetuses examined which had ribhs in evidence, there
were found fo be some anomalies in the number of ribs. This was
observed in four litters and affected nine individuals, The incidence
of these supernumcerary ribg in littermates is also of note, The
variations in rib numbers are listed in Table 3 which gives details

of concommitant anomalies In the vertebral column and sternum.,
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Stexnum,

Strauss-Durckheim (1845) and Jayne (1898) both state that the
stexnebrae appear to be developed from single centres of ossification, but
the latter author qualifies this statement by narrating that there are grounds
for believing that these centres are derived from paired primary centres.
Mivaxt (1881) adds little information save that the cartilaginous predecessors
of the ribs fuse ventrally in the median plane and lay the foundation of the
stexnum, which appears first as two strips of cartilaginous tissue on which’
the first ribs of each series attach. The strips of half-sternum, p'.lace.&
laterally, move towards each other and unite from hefore ba(.:kwards into
a single median sternum. His description continues that the sternum
develops by successive centres placed in the intervals of articulation with
the »ibs, contres which remain double f.e. two centres lying laterally keep
their primitive appearance as two hemi-sternebrae. These may cemain
distinct throughout life. Lesbre (1897) further states that although the
sternebral complement is usually eight in the cat, sometimes nine may be
present and he describes their appearance as little cylindrical pieces

hollowed oui in the middle.

Period ¢f gestation 31-40 days.

I--Iistolog_s_r.

By 33 days (C.R. 38 min.) on histological section, the cartilaginous
precursors of the sternal centres were exhibiting degenerative changes iu
the cartilage celle, At 35 days (C.R, 44.2 mm.,) there were swollen and
degenerating cells in the stermal bodies with calcification of the ground

substance, Further examination of a 39 day (C.R. 63 mm.) foetus revealed



penetration of the bodies by osteogenic cells from the surrounding
layer of now periosteum. ‘The sternal bodics appeared to develop from

single centres in the foetuses examincd.

Radiography of foetus.

Two Jitter's of 38 days (C.R. 58 and 60 mm.) were examined
and in a foetus from one of them (C.R. 60 mm.) three sternebrae could
just be discerned ventrally in the caudal thoracie region, Such structures
were not evident in the 39 day (C.R. 63 mm.} foetus but at 40 days (C.R.
66 mm. } sternal bodies could be seen on both lateral and dorso/ventral
exposures, On the latter plates eight sternal segments could be observed.

They were present as extremely short, single and unpaired rods,

Radiography of foetus impregnated with silver nitrate.

The bodies of the sternebrae were not observed using this method
until the foetus of 37 days (C.R. 56.5 mm,.) when the sixth and scventh
sternebrae, as judged by rib count, were scen as small spots lying ventrally
in the thoracic region (Fig. Snl2). The foetus of 39 days (C.R, 63 mm,)
demonstrated a similar picture but by 40 days (C.R. 67 mm.} all eight
sternebrae were evident, The first was still small but the others were
seen as short rods except for the last segment which was flattened, elongated

and tapering toward its caudal end (Figs. Snl7 and Sni8),

Alizarin red staining of foetus,

In the foetus of 36 days (C.R. 49 mm.) the bodics of three sternebrae

could be seen (Fig. AZ22), ‘I'hese appeared to be sternebrac five, six and



seven, ‘They had the form of shoxt rods, lying in the ventral thoracic
region. The number present at 37 days (C.R. 56.5 nun,) was similax
but by 38 days (C.R, 58 min,) five bodies had appeared of which the first
and last were the recent additions. At 39 days (C.R. 63 mm. ) there- .
were six bodies present, the first element being the smallest (Fig. AZ32).
At 40 days (C.R. 66 mm.) there were seven elements apparent, the
ultimate being elongated and narrow compared to the short rods of the

others (Fig. AZ33),

Pexiod of pestation 41-50 days.,

Radiography of foctus.

The bodies of tiic sternebrac were all evident throughout this
period and were observed to greatest advantage on a lateral plate, as
on the dorso/ventral exposure the vertebrae tended to overlay them.,
The last sternebra was wedge~shaped whilst the remainder were rod-
shaped, The length of these rods increased during the period, at first
fairly evenly but, by 45 days (C.R. 86 mumn.) the first and penultimate
sternebrae were shorter than the others, which were of increased length

with the middle group being the largest (Figs. X3 and X7).

Radiography of foetus jmpregnated with silver nitrate.

The eight rod-like bodies of the sternebrae were scen throughout
this period (Figs. 5n19, $n20 and Sudl), The first and penultimate were
the smallest and the Jast body was clongated with a tapered caudal end.

In a foetus of 47 days (C.R. 92 mm.), the penultimate clement was much
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smaller than the other bodies of that loetus and the bodies of sterncbrae

of foetuses of clogely rclated ages (Fig. Sn30},

Alizarin red staining of foetus.

The sternebrae were cylindrical in shape with narrow centfal |
portions except fox the last element. It was elongated an<d wedge-shaped
with dorgo/ventral flattening of its caudal end. The penultimate element
was consistently shorter than the elements two to six but its size did vary
in individuals i.e., in no chronological order. The first element was also

shorter than the succeeding 5 sternebrae (Figs, AZ35, AZ49 and AZ51).

Period of gestation 51-¢0 days.

Radiography of foetus.

The rod-like shape of the sternebrae was maintained during this
period but a gradual increase in size was appreciated, The penultimate
body was the shortest and this was constant even in the cases where seven
oy nine sternebrac were present., The last body was wedge~shaped and

elongated (I'io, X9).

Radiography of fuetus impregnated with silver nitrate.

The rod-like appearance of the sternebrae could be seen through~
out the period, The last sternebra was wedge-~shaped but flattened at
both ends. n a foetus of 53 days (C.R. 108,3 mn.) the number of
sternebrae was seven but the thizd last body was irregular in shape and
longer than the others, giving the appearance of an amalgamation of two
sternebrae, The 60 day (C.R, 136 mm. ) foetus also demonstrated a small

penultimate sternebra (Yigs. Sndl and Sn32),
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Alizarin red staining of foetus.

The bodies of the sternebrae were cylindrical with narrowing
of their central portions, The first body had a somewhat pointed cranial
extremity as did the penrultimate body at its caudal tip. The last body was
narrvowest at its caudal end coming to a bilunt termination (Figs, AZ73 and

AZ108}.

Period of gestation 61 days onward,

Radiography of foetus,

The sternebrae remained generally cviindrical in shape with the
penultinate the shortest and the last, wedge-shaped (Fig. X10), In the
litter of 61 days (C.R. 140 mm.) one foetus had only six elements present
but the fourth and fifth of this serics were irregular in cutline and the
fourth gave the impression of being a composite of three elements when

viewed laterally.

Radiography of foetus impregnated with silver nitrate.

Again the penultimate element was the shortest cylinder but
still retained the narrow centre whilst the Jast element was longest and

wedge~shaped (Figs. Sn55 and Sn56).

Alizarin red staining of foetus.

The caudal extremities of the firat to the seventh stemmebrae were

flatiened and had small facets on their lateral cdges (Fig. AZ1I5),



Conclusions.

The mode of ossification was endochondral and the development
of each sternal segment appeared to be fromn a single separate centre.
Histologically the process of caleification was commencing by 35 days
(C.R. 44.2 nun.) with a centre of ogsilication present by 39 days (C.R.
63 mm. ). Alizarin red staining revecaled the earliest sternal segments
by 36 days (C.R. 49 mm.) with the full number being evident by 40 days
(C.R. 66 mun.). Radiography tailied closely with these dates belng
between 37 and 40 days (C.R, 56.5 aud 67 nun. ) for the appearance in
gilver nitrate impregnated foetuses and 38 to 40 days (C.R. 58 to 66 mm, )
it fresh speciknens, The common menber of sternal segments was eight but

variations did occnr and are recorded on Table 3,
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Maxilla.

Mivart (1881) places the ossification of the maxilla and pre-
maxilla (os incisivum) as folowing that of the mandible which latter structurc
is said to be the first to appear. The maxilla is gaid to be formed by
ossification in the membranc nvesting the maxillary process. Leshre
(1897) assigns it a membrancus form of ossification and classifies it as
ossified in a skull of a near-term foetus, Drews (1933) describes it as
visible in a foetus of C,R., 46 mm . or 28 days and describes the body and

palatine process as clearly distinguishable in the fifth week of gestation.

Period of gestation 2(-30 days,

Radiography of foetus.

There was no evidence of the maxillae in the foetuses examincd

thus during this pexiod.

Radiography of foetus impregnated with silver nitrate,

The maxillae were first evident in foetuscs of 30 days {C.R.
29.1mm. } wiien they were seen as strips lying dersal to the mandibulae,
with the rostral ends expanded and more dorsal than the pointed and more
ventrally placed caudal ends. These observations were on lateral plates

(Fig. Sn3).

Alizarin red staiming of foetus,

The first toetuses to exhibit the presence of a stained maxilla were

two of 28 days (C.R. 25; 26 nun.) IMig. AZI1). I these foetuses the outline



of the maxilla was of a triangle with a long base ventrally and extending
from it a thin rostrally and dorsally directed process. 'The other foetus
of 28 days lailed to reveal such structures. Three foetuses of 39 days
were subjected to this process but one failed to revesl a maxilla. The
other two demonstrated maxillae to varying degrees., The foetus of
C.R. 29 mm. had small stained triangular structures while the foetus of
C.R. 29.1 mm. had a similar triangle, and adjoining and continuous with
the rostral aspect of this a second triangular structure with a more

irregular outline (Fig. AZ4),

Period of gestation 31-40 days.

Radiography of foetus,

At 31 days (C.R., 35 nun, ) there were indistinct outlines of the
maxillae present in foetuses of two of the three examined., They continued
to be present from this day on, as irregularly triangular outlines above the
mandible (Figs. XI and X2), It was not until 36 days (C.R. 49 mm. ) that
the maxillary outhine became distinct. It appcared on a lateral plate as a
triangular stiucture with a pointed extension caudally (Tigs. X3 and X5).
On dorso-ventral viewing it was evident forming the most lateral portion

of the face of the foctus (T'ig. X4).

Radiography of foetus Impregnated with silver nitrate,

The 31 day (C.R. 35 mm, ) foetus had a triangular outline of the
maxillary centre when viewed lateraily. On dorso-ventral plates the centre
formed the most Jateral, longitudinal outline of the {ace with the os zygomaticus
lying caudal and lateral. The countour was of 2 cuvved line with a step-

like appearance of the centre of the line (Figs, Sn4, Snb, Sn6 and Sn7), The
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‘centre continued to increase in size particularly in a doxsal dircction
go that at 40 days (C.R. 67 mm.) there was a rectangular shoped plate
extending dorsally toward midline, filling in the outline of the face

(Figs. Snld and Snlo).

Alizarin red staining of foetus.

The 31 day foetus (C.R. 35 mm. } had a development in the maxillary
area resembling two continuous triangles, onec lying rostral to the other
(Figs, AZ6 and AZ9), 'The more rostral triangle became rounded off
dorsally and began to extend dorsally and medially by 33 days (C.R. 39 mm.)
(Ilig. AZ18)., The medial extension was approximately at right angles to
the original development (Figs, AZ16). The space dorsally between the two
triangles was being converted into a foramen but was not completely en-
circled until 35 days (C.R. 44.2 mm.) when it appeared as ¢ round foramen
(Fig. AZI9). This was the origin of the foramen infra orbitale. The double
triangular appearance was now eliminated while the medial extension had
increased in area. The 37 day (C.R. 56.5 mm., ) foetus demonstrated the
increasing dorsal encroachment of the facial region by the maxillary centre
to approximate with the nasal bones (Figs. AZ24 and AZ25), The increase in

the area of the centre continued throughout the period.

Period oi gestation 41-50 days.

Radiography of foctus.
The centres continued to expand in area with dovsal encroachment
when viewed laterally. The dorse-ventral image wasg difficult to interpret

in definition of cutline due to the develeping frontal centres (Figs, X6 and X7).



Radiography of foetus impregnated with silver nitrate,

Each maxillary centre made extensive growth in this period
with enlargement of the vertical plate forming the lateral wall of the facial
region whilst the horizontal shelf was growing medially from the inner ~

aspect of the vertical plate (Figs., Sn23, Sn24, Sn26 and 5n28).

Alizarin red staining of foetus.

The medially projecting extensions of the centres for the maxillac -

were meeting in midline leaving only a narrow line between them. The
outline of the two centres was like an outstretched butterfly when viewed
ventrally due to the progressive extensiou of the more lateral and caudal
projections which were closely rclated to the palatine centves (Fig., AZ40),
These lateral extensions were separated from the more vertically placed
lateral tissue of the maxillary centres by a hollowed cavity which was as
yet unroofed at 43 days (C.R. 82.5 mm.) (Fig. AZ4l). By 47 days (C.R.
92 mm.) the medially projceting centres were more extensive in area and
there was a narrowing space between them and the incisive centres (Fig.
AZ58). Th=hollowed cavity was commencing to develop a stained roof of
tissue (Mig. AZ54) and within the cavity was seen a simnall irregular mass
of stained tissue (Fig., AZ55), The lateral i.¢., more vertical, plates

of the maxillae wexre Increasing in sizc during this period and the large
foramen was an obvious featurc at 43 days (C.R. 82,5 mm, ) being directed
laterally (Fig. AZ4l). However, with growth, the direction of the foramen

became morc rostral by 47 days (C.R. 92 mm.) onward (Fig, AZ59).

) &2

()



169

Period of gestation 51-60 days.

Radiography of foetus,

On lateral plates of foetuses of 52 days (C.R. 108 mun.) the outline
of the ventral border of the maxillae demonstrated pointed projectioﬁ.s_ in
the middle portion of the developing oral cavity, The projections were
moure pronounced in later foetuses and there was a general increase in size
of the centres. By the end of the period, the ventral projections could be
seen as individually formed conical papillae lying within and projecting from

maxillary centres (Figs., X8 and X9).

Radiography of foetus impregnated with silver nitrate,

The growth of the horizontal plate was proceeding throughout this
period and by the end the maxillary plate was related closely to the palatine
and incisive centres. By 53 days (C.R. 108.3 mm.) there were apparent
at the ventral bovder, when viewed laterally, conical projectiong in the
structure of the maxilla (Fig, Sn37). These, having made themselves

apparent, became more pronounced in definition and size (Fig. Sn$4),

Alizarin red staining of foetus.

The medial horizontal plates were being overlapped caudally by
the maxillary processes of the palatine centres (Fig, AZL70 apd AZT1)
and by the second half of this period the linc of junction between the
maxillary and palatine centres was filled in at thig arca (T'ig. AZ95).
The hollowed depression at the lateral edge was roofing over (Figs, AZ94
and AZ96) and within the cavity the developing teetli conld be seen (Fig.

AZ95). Also a fossa was developing rostral to this to accommadate the



canine primordia. By 57 days (C.R. 125 mm.) a further rarefied area

was appearing between thig fossa and the hollowed depregsion, On the
ventral surface a V-shaped 1ridge was arising with the point dirvected rostrally
(Fig. AZ95)., The extent of the maxillary centres continued Lo increase

generally during this period (Figs, AZ73 and AZ100),

Period of gestation 61 days onward,

Radiography of foetus.

The outlines of the conical projections were distinct and the
centres themselvea were extensive on the lateral aspeet of the face and

projected medially on dorso/ventral viewing (Figs. XI10 and X11).

Radiography of foetus impregnated with silver nitrate.

‘The maxillary centres were now extensive and still increasing

in arca (Fig. Sn54),

Alizarin red staining of foetus,

The V-ridge on theventral surface was Increasing in prominence
a:;'Ld was continued into the palatine ceutves (ITig. AZ112). The rostro-
caudal length of the maxillary plates which had increased considerably ovex
the latter days of the preceding period continued to alter from the 6lst, day
(C.R., 140 mm. ) onward and this was accompanied by an overall increase

in size.



Conclusions,

Histologically, the centres for the maxilla were seen to develop
in membrane, There appeared to be two principal centres, one for the
magxilla of each side. The centres first stained with alizarin red in
foctuses of 28 days, repeating the finding of Drews (1933) as relating to
the stated day of gestation but not repeating his finding of C,R. length;
his figure was 4€¢ mm. compared to these findings of 25 and 26 mm. How-
ever, his statement that the body and palatine process were clearly distinguish -
able in the fifth week of gestation would seem to corvegpond closely with .these
findings. The initial radiographic appearancc Waslat 30 days (C.R. 29 mm.)
with silver nitrate impregnation and 31 days (C.R. 35 mm.) in wprepared
specimens. On each side the foramen infraorbitale was developing at the
beginning of the 31-40 day phase to become enclosed by 35 days (C.R, 44,2
mm. ) and the maxillary sinus was becoming evident as a cavity in the centre
by 43 days (C.R. 82,5 mm.). The presence of the primordia of the teeth

became evident in the 51-60 day period.
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Os incisivum.,

This is described by Mivart (1881) as arising from ossification
of the cartilage of the naso-frontal process hut appearing concurrently
with the maxilla, following the emergence of the mandible. Jayne {(1898)
attributes to it a single centre of nssification and describes it as ossified
in a skull close to birth. The incigivum in the werk of Drews (1933) is
given a single centye of ossification and is seen in a foetus of 46 mm. ox

28 days.

Period of gestation 21-30 days.

Radiography of foetus.

No evidence of the presence of this structure was seen in

foetuses of this peviod.

Radiography of foctus impregnated with silver nitrate.

The foetus of 30 days (C.R. 29.1 mm.) revealed minute specks
which indicated the presence of the incisive bones, These were placed
rostral to und in the same plane as the base of the maxillae when seen on
a lateral plate, They were also visible on dorso-ventral viewing, again

as small specks, one te either gide of midline (Figs. Snl and Sn2).

Alizarin red stainine of {oetus.

Of the three foetuges of 28 days exanlined using this method only
one (C.R. 26 mm.) revealed the presence of stained incisive bones, There
were two small stained centres placed most rostrally, one to either side of

midline, but in close proximity to each other. Of the feetuses of 30days only ounc
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(C.R. 29.1 mm.) revealed centres for the incisive bones. Here thexe

was considerable development with two crescent-~shaped structures lying
rostrally with thelr long axes rumning in a sagittal plane and the convexity
lateral. Their rostral ends were in extremcly cloge proximity at Im_id_line |

(Figs. AZ4 and AZ5).

Period of gestation 31~40 days.,

Radiography of foctus.

The outline of this centre could not be definitely identified u;tltﬂ
33 days (C.R, 38 mm.) and even then its outline was indistinct but was
visible on lateral viewing (Fig. X1). On dorso-ventral projection two
small centres could be seen close to and on either side of midline (KFig. X2).
By 36 days (C.R. 49 mm.} the outline although irregular was more distinet
but was only visible on a lateral projection. On a true doxrso-ventral plate
the developing centres of the cranium masked the incisive centres. The
centres increased in size and appeared as longitudinally placed flattened
strips situated rostral to the maxillae to which they were closely relating by

40 days (C.R. 66 mm. ).

Radiography of joetus impregnated with silver nitrate,

At 3ldays (C.R. 35 mm.) the centres for these bones were present
but only as short lines sitvated rostrally in the Jateral views and as two small
dots to either side of midline on dorso-ventral plates (Figs. Snb and 5n7), By
34 days (C.R. 43 mm. } the lateral appearance was triangular in outline but stiil
small and irregular on dorso-ventral projection (Figs. Sn8 and 519). In the

39 day (C.R. 63mm.) foctus, there could be seen two thin lines lying Lo each
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side of midline and arising from the triangular incigsive centres when viewed
dorso/ventrally (Fip. Sul6), The 40 day (C.R. 66 mm.) appearance
was of a larger triaugular contre situated vosirally in tlie nasal region

(Fig. Sn17).

Alizarin red staining of foetus.

At 31 days (C.R. 35 min.) the two centres were stained as crescentic
structures, one to either side of midline and placed most rostrally ia the
head region. From the caudo-lateral extremity of the centyre arose dorsal
projections (Fig. AZ6)., By 33 days (C.R. 39 mm.} the centres were widen-
ing medially to form a shelf-like avea projecting caudally, whilst the dorsal

) prolongation was still evident at the cando-lateral extremity (Figs. AZ13,
AZ15 and AZ)6)., The centres continued to increase in size with a wider
flattening of the shelf and more dorsal encroaciiment of the caudo-lateral
projection, There was also formed at 33 days a thin medial line projecting
caudally from the medial end of the crescent and parallel to midline., This

persisted and thickened being appareat at the caudal aud medial edge of the

extending shelf of stained tissue as palatine processes (Fig. AZ29).

Period of gescation 41-50 days.,

Radiography of foetus.

At the commencement of this period the centres could be seen
both on dorso/ventral and lateral plates, The lateral view was epproximately
triangular and increased gradnally in size but on the dorso/ventral plates the
centres were observed as having a crescentic Jateral portion joived witl a

strajight medial horder, the medial border of each flanking the midline
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(Figs. X3, X4 and X5), This development wasg not fully obgerved till the

45 day (C,R. 86 mm.) stage (Figs., X6 and X7).

Radiography of foetus tmpregnated with silver nitrate.

The triangular shape was somewhat lost by expansion of the more
rostral part of the centres and the addition of the lines ruuning ncar midline
(Fig. Sn24). On dorso/ventral viewing the centres were crescentic with a
lateral peak and broader rostrally (Fig. Sn23). These developments were |
seen by 44 days (C.R. 84 mm, ) and were accompanied by increase in size

which continued threughout the remaining period.

Alizarin red staining of foetus.

The centres of the incisive bones gave the appearance of a rostral
arc which was placed in a frontal plane and composed of two halves separated
by a narrow division in midline, Caudally from this division a projection
rose dorsally frem each half forming two parallel sheets directed dorsally
but Iying in a saggital plane (Flg AZ40), Laterally, from the dorsal surface
of the arc, on each side of the face, there was ariging a plate directed dorsally
toward the nasal and maxillary rentres (Fig, AZ50). By mid~period the
ventral surface of the rostral arc was becoming indented to form a depression
parallel with the rostral rim (Fig. AZ55), During the laiter part of this period
the lateral plate was becoming closely related to the nasal and maxillary centres

on the lateval aspect of the facial yogion (Figs. AZ54 and AZ56),



Period of gestation 51-60 days,

Radiography of foetus.

By 52 days (C.R. 108 mm.) there could be seen on dorso/ventral
projection, the appearance of a crescentic row of durkening spots runhing -
parallel with the rostral edge. ‘These became clearer in definition by 54
days (C.R. 112 mm.) and remained throughout the period on dorso/ventral

plates. The centres inereascd in size during this period (Figs. X8 and X9).

Radiography of foetus impregnated with silver nitrate,

The centres increased in size but there appcared by 53 days
(C.R. 108.3 mm, ) a series of areas of reduced opacity forming a crescentic
arcade parallcl to the rostral rim (Fig, Su39). This was the view on dorso/ '
ventral plates at 53 days (C.R. 108.3 ram. )andagainat 54 days (C.R. 112 mm.)
{Fig. Sn4l) whilst on lateral viewing there was also seenan area of reduced
opacity. By 54 days (C,R. 112 mm. ) the latcral plates indicated an increasing
degree of verticul growth of the centre (Fig. Snd0). These features foliowed

through to the finish of this period (Fig. Sn54),

Alizaxin red staining of foetus.

The excavation of the rostral depression continued during this period
with rarcfaction of the stained tissue leaving only a thin plate of tissue forming
its rostral wall (Figs. A7Z71 and AZ95)., The other areas continued to increase
in size and by the end of this phase, the line of junction of the incigivom with
the maxillary centre on the Jateral facial region was minimal in width and

difficult to discern ([fig. AZI00),



Perlod of gestation 01 days onward,

Radiography of foctus.

The outline of the centre was clearly defined with the row of
darkened areas forming a rostral arc on dorsgo/ventral viewing. 'The
darker areas could also be appreciated on lateral viewing (Figs., X10

and XI1),

Radiography of foetus impregnated with silver nitrate,

The crescent of reduced opacity was distinct and widening in
this period being regular in outline when seen dorso/ventrally (Figs. Sub5

and Sn50).

Alizarin red staining of foetus,

The rostral depression was seen to contain the developing incigor
teeth, appearing as compact stained tissue within the arc shaped hollow

(Fig., AZ12) which was showing evidence of division intc alveoli.

Conclusions,

Histologically, the os incisivam developed in membrane., The

development was from two centres, one for the bone of each side, placed

rostrally and to cach side of midline. These centres appeared at the same

time as thosc of the maxillae being fivst evident as alizarin red stahed
structures in a foetus of 28 days (C.R. 25 mm.). Drews (1933) also gives
the day of appearance as 28 but attributes a C R, lenpth of 46 mm. to this
as compared to 20 mm. as detected in these Jlindings. Radiographically,

the centres were seen at 30 days (C.R. 29.1 mm .} in the sitver nitrate
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preparations and 33 days (C.R. 38 mm.) in fresih specimens. The
proceessus palatinus of each side was seen developing in the later part
of the 31-40 day pexiod as was the processus nasalis. The primordia of
the incisor teeth were not in evidence till after 60 days (C.R. 138 mum, )

but the arcus alveolus was seen developing in the 51 to 60 day period.,
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Osg palatinum

Mivaxrt (1881) indicates that the es palatinum arises from cartilage
at the same time as the hasi and exoccipitals, alisphenoids, basi~, orbito-
and presphenoids and pterypoids. Jayne (1898) relates that it appeaxs to
have a single centre of ogsification and shoxtly before birth he describes it
as ogsified. Drews (1933) tells of the presence of the palutine centies in a

foetus of 46 mm. or 28 days.

Period of gestation 21-30 days.

Radiopgraphy of loetus,

There was no indication of ogsification of these centres in foctuses

of this group.

Radiography of foetus impregnated with silver nitrate,

The centres for the palatines were present in radiographs of the
30 day foctuses (C.R, 29 mm,} They were seen on lateral exposurcs as
irregulaxly shaped sheets of impregnated tissuc Jying slightly caudo/dorsal
to the os zygomaticum. There appeared to be a rostrally projecting pointed
process when viewed laterally. On dorso/ventral exposure the structures
appeared crescentic and Jay one to either side of midline just within the

image of the maxillae (IFigs. Snl and Sn2),

Alizarin red staining of foetus.

The only foetus in which the stained palatine centres were scen was
one of 30 days (C.R. 29.1 mm.). In this case the centres appeared as

narrow curved strips of stained tissue with their convex border placed
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laterally and theix long axis dorso/ventrally (Fig. AZ6), They lay medial

and slightly caudal to the developing orbit (Fig. AZ5).

Period of gestation 31-40 days,

Radiography of foetus.

In the foetug of a litter of 33 days (C.R. 39,8 mm. ) there appeared
on lateral viewing a narrow strip of increased opacity caudal to the maxillary
centre snd on confirming its prescince on dorso/ventral projection, two G- '
shaped centres could be seen to either side of midline, with their extremities
directed medially (Figs. X! and X2). 7This appearance was confitmed in the
foetus of 30 days (C.R. 49 mm, ) when the C-shaped structures enclosed the
vomer centre. The lateral appearance at this stage was larger and more
complex in outline with a restrally dirccted projection coming from the
ventral and rostral angle of the strip., The increase in size continued
gradually and, on dorso/ventral plates, the ventral extremity of the C-shape

appeared to project closer to midline.

Radiography of foetus impregnated with silver nitrate.

The centres appeared on dorso/ventral viewing as small traingular
areas lying within the corpora mandibulae and wesxe seen in the loctuses of
31 days (C.R. 35 mm.) (Figs. Sn4, Sn5, Sn6 and $n7). The centres enlarged
slightly during this period but still retained a triangular appearance with the
base of the tviangle laterally (Figs. 5n9 and Sni0). By 39 days (C.R. 63 mm.)
their image was becoming slightly masked by overlying tissue (Figs. SnlS and

Sni6).



Alizarin red stainivg of foctus.,

The two centres were producing, at their ventral ends, horizontal
shelves which projected toward midline, These shelves were lrregularly
rectangular in shape and by 35 days (C.R. 44.2 mm.) had produced a small
projection at the lateral edge rostrally (Figs, AZI8 and AZ19), There was
also appearing, from the angle formed by the rostral and lateral borders,

a projection directed forward, The vertical plates of the centres were

still evident. By 38 days (C.R., 58 mm.) the projection on the lateral edge

had developed to form a small wing attached to the lateral cdge and bearing
a foramen at its line of attachment, These wings protruded luterally, The
caudal edge of the horizontal plate was now curved with the lateral angle
being drawn out in a prolongation and becoming related to the pterygoid
centre. Also the rostral edge was protruding more at its medial angle
being here related to the maxiliary centres (Fig. AZ29), The vertical
plate was seen to bear cn its outer surface at its rostral edge a small pro-
tuberance, Towards thc end of this period the space in midline between

the two horizontal plates was decreasing.

Period of gestation 41-50 days.

iy

Radiography of foetus,

The C-shapes of these centrces were visible at the begivning of
this period vn dorso/ventral plates and laterally the ceutres were seen
as strips ruming horizontally, caudal to the maxillary centre (Figs, X3,
X4 and X3). The dorsal border of the caudal half of tha strip was
expanding slightly during this period but on dorso/ventral obgervation,

the centres became increasingly difficult to define (Figs. X6 and X7).
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Radiography of foctug imprepnated with silver nitrate,

The centres were increasing in size during this period and the
triangular shape was being converted lo a more rectangular outline with a
caudo~lateral and rostro/lateral extension {(Fig. Sn23). This alteration in
shape was commencing at 44 days (C.R. 84 mm. ) and distinct by the end of
the period. The caudal end of the centre was being masked during thlis period
by the developing pracsphencid centre (Fig., Sn28), These obgervations were

on dorso/ventral projections,

Alizarin red staining of foetus,

The two horizontal plates were now civsely related in midline,
Their caudo/lateral angles were pointed, projecting caudally, and the lateral
wings were present with foramina at their bases. The features were present
throughout this period and increased with the overall extension in size (Figs.
AZ40 and AZ55). The vertical plate had produced from its more rostral
projection a dorsally elevated eminence separated from the remainder of the
vertical plate by an incompletely closed foramen (Figs. AZ4l and AZ54). At
43 days this loramen was completely open dorsally but by 47 days (C.R.

92 mm. } the gap had narrowed Fig. AZ54),

Period of pestation 51-60 days,

Radiograophy of foetus.

The dorsal expansion continued at the caudal end of the centre
during this pericd and the dorso/ventral image was seen to be overlaid
caudally by the jmage of the pracsphenoid Dy 52 days (C. K. 108 mm. ). The

outlines became increasingly difficult to determine as the period progressed



(Figa. X8 and X9),

Radiography of foetus impregnated with silver nitrate.

The extension of the centres continued and their approximation to
midline was noted. The caudo~lateral extensions were markedly dev“(:ﬁ.;)pe-d ’
so that by 53 days (C.R. 108.3 mm.) the two centres when observed dorso/
ventrally formed a rounded arc at the caudal border, These exlensions at
their caudal tips wexre, by 54 days (C.R, 112 mm.) in clesc proximation to
the outlines of the pterygoid centres. . By the ond of this peried, the centres
were extensive and closely related to those of the maxilla. The overlying

praesphenoid extensively masked the outline of the caudal end (Fig. Sn48),

Alizarin red staining of foetus.

The centres were increased in their arvea with widening and caudal
extension of the horizontal platc. The midline gap was closing as was the

relationship with the maxillary and pterygoid centres,

By 57 days (C.R, 125 mm.) the gap between the mazxillary centre
appeared partly closed but in fact this was found to be an overlapping of the
edges (Fig., AZ95), The foramen at the basc of the lateral wings in the
52 day foctus {C.R. 108 mm,) was wide and gave access to an extensive
space, but it gradually decreased in diameter so that by the sccond half of
this period it could be seen to lead into a canal which had an opening on the
ventral surface of the horizontal plate (Fig, A%96). 'This was the caudal
opening of the palatine canal. 'The rostral opening was on the rostro-lateral
border of the same platc (Fig. AZ71) but was not converted hito a foramen,

rostral foramen of palatine canal, uatil the gap between the palatine and
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maxillary edges was closed (Fig., A%95), This was accomplished

by filling in of the rostral curve between the lateral wing and the horizontal
plate,  On the ventral surface of the horizoutal plate in its morc rostral
portion, there were appearing toward the end of this period, slightly ;aised
ridges running divergently {rom the rostral boxder (Fig. AZS5). The
.vertical plate continued to increase in size and the opening in its rostral

half still remained incomplete at the end of this period (AZ96), In the

later phase of this period, the rostra.l_border was indented by the approxim -
ation of the maxiliary centrc whilst the lateral border of the horizuntal plate
was smoother in outline, with the definition of the lateral wings being largely
lost rostrally. The most candal tip was truncated wheré it was immediately

adjacent to the pterygoid centre.

Period of gestation 61 days onward,

Radiography of foetus.

The centres were largely masked on lateral viewing but on dorso/
ventral plates could still be seen to be overshadowed by the pracsphenoid
caudaltly and o be related at their caudo/lateral borders to the pterygoids

(Figs. X10 and X11).

Radiography of foetus inpreguated with silver nitrate.

The centres were strongly defined on dorso/ventral plates with the
praesphenocid overlying the caudal end. The pterygoids now lay jnmnediate

to the tip of the caudal extensions (I'ig. Sn53).
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Alizarin red staining of foetus.

The raised ridges on the ventral surface became increasingly
prominent and were seen to be a continuation of similar ridges of the
maxillary centres. The overlapping of these centres was obvious but they
were gtill not united centres (Fig. AZ1L12). The centres were increasing in
size and in the vertical plate the foramen remained open doxsally even after

birth (Fig. AZ11).

Conclusions.,

Histologically it was seen that the palatine centresg of ogsification
were developed from mambrane, being contraxy to the description of
Mivart {1881), In alizarin stained specimens the two centres were first seen
at 30 days (C.R. 29,31 mm.) to either gide of midline, compared to the
figures of Drews (1933) of 28 days (C.R. 46 mm.}. The initial radiographic
éppearance was seen al 30 days (C.R. 29,1 mm.) in gilver nitrate impreg-
nated foetuses and 33 days (C.R. 38 mim.) in fresh speciimens. The develop-
ment of the palatine canal was seen commencing in the first part of the 51-60
day period ard the foramen sphenopalatinum was seen developing at the
beginming of the 45-50 day period but remained incomplete throughout

gestation.,



Os Hygomaticum

Mivart (1881) attributes the origing of this bone to membrane

and groups it with the supra~occipital, parietals, interparietals, frontals
squamosals, vomer, nasals and lachrymals. Jayune (1898) states thar this
bone develaps from one centre of ogssification and mentions the presence

of a small tubercle representing the malar postorbital process in a skull
shortly before birth. Drews (1933) shows this bone ag a rhomboidal lamelia
at the begining of the fifth week, having been seen in a foetus of 46 mm, or
28 days. He further tells of the development of the processus maxillaris

at the ventral edge and of the processus frontalis at the dorsal edge, all

during intra-utcrvine life.

Period of gestation 21-30 days.,

Radiography of foetus,

There was no trace of this bone in radiogiraphs of the foetuses

of this period,

Radiography of foetus impregnated with silver nitrate,

The foetuges of 30 days (C.R. 29,1 mm. ) revezled the presence
of this bone as a fine strip of imbregnated tissue lying with its rostral half
above and in cloge proximity to the caudal section of the maxilla, This was
on lateral viewing whilst on a dorso/ventral plate the centres lay laterally
on cither side of the skull and appeared as sinall dotg above the maxillae

(Figs, Snl and Sn2).
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Alizavin red staining of foetus.

In the foetuses of 28 days, only one (C.R. 26 mun, ) had this structure
stained. The centre appeared as a narrow triangular structure with the
long base dorsally. Its rostral border was related to the caudel border
of the corregponding maxilla of that side. One foetug of 30 days (29.1 mun.}

had a similar stained structure (Fig. AZ4).

Period of gesgtation 31-40 days,

Radiography of foetus.

This centre was first positively seen in the foetue of 36 days
&C.R. 49 mm. ) when a fine linc was observed running above and caudal
to the maxilla. The outline became clearer in succecding litters and by
40 days (C.R. 66 mm.) the sagittally directed line was identifialile running
above the caudally directed process of the maxilla. These obsexrvations were
madc on lateral plates (I'igs. X3 and X5). The images could also he seen on

doxrso-ventral viewing lying laterally ou each side {(Tig, X4).

Radiography of foetus impregnated with silver nitrate.

At 31 days (C.R. 35 mm.) on the lateral piate a stxip could be seen
running in the saggital pieme, just caudal to the maxilla so that itg rostral
end was over-riding the caudal process of the maxilla, The dorso~ventral
appearance was of a curved strip caudal to and outwith the maxillaxry image
(Figs. Sn6 and Sun7). The lateral outline c].langeq from a strip to a2 more
triamgular structure with the long basedorsallyand this triangle increased

in size during the remaining period (Fig, SnlS}).



Alizarin red staining of foetus.,

The centre had the form of a narrow strip of stained tissue-with an
extended point rostrally in the 31 day (C.R. 35 mm.} foctues (Fig. AZS).
The more central portion increased in size to produce a laterally flattened
plate with a long pointed prolongation rostrally, overlying the process of the
maxilla, This was evident by 35 days (Fig. AZ21) and over the following
period there was produced from the caudal end of the plate a narrow pro-
jection divected caudally and curving somewhat medially to the temporal
region., The foetus of 40 days (C.R. 66 mm.) had a centre with a {lattened

plate~like centre and both rostral and caudal projections (Fig, AZ33).

Period of gestation 41-50 days.

Radiograply of foetus.

The centre continued to appeay as a narrow line during this period

but its overall length did increase.(Fig, X6 and X7),

Radiography of foetus impregnated with silver nitrate.

The centre enlarged during this period being broader on dorso/
ventral viewing. When viewed laterally, the triangular shapc was altered
by the appearance on the dorsal border, more caudally, of a raised point
(Fig. Sn26), 'This appeared at 43 days (C.R. 82,5 mm. ) and persisted
throughout the period. The caudal and rostral narrow projéctions which
had appcared at the appropriate angles of triangular centre at the start of

this period elongated with the overall growth of the centre (Fig. Sn33).
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Alizarin red staining of foetus,

The centre continued to increase in size with the ventral border
becoming more intimately associated with the maxillae, The rostyral
projection lay above the maxillary centre whilst the caudal one hecame
lodged below the rostral process of the temporal centre, At about two
thirds of the way along the dorsal border there was scon developing a dorsal
projection and the area betwcen this and the most caudal tip was lacy in
appearance at 43 days {C.R. 82.5 mm.), 'This projection became more

obvious by 47 days (C.R. 92 mm. ) with still a lacc-like consistency (Fig. AZ56),

Period of gestation 51-60 days.

Radiagraphy of foetus.

The linear image of this centre began to broaden during this period
but it was 60 days (C,R. 136 mm. ) before the outline of the centre was
definite, having a wider central portion with caudal and rostral prolongations

(Figs. X8 and X9),

Radiographv of foetus impregnated with silver nitrate.

The growth of the centre continued and the lines of junction with
the maxillary centre became increasingly difficult to define in the second

phase of this period (Fig. Snb54).

Alizarin red staining of foetus.

The space between the dorsal prominence and caudal peint gradually
fitled in and apparently shortened during this phasce. The iines of attach-

ment of the centre to both the maxillary and temporal centres intermingled



more closely so that by 60 days (C.R. 136 mm. ) the centre was apparently
joined by sutural lines at these points. The dorsal curved border hetween
the rostral tip and the dorsal peint was deepening in its concavity and

forming a ventral base for the developing orbit (Fig. AZ95).

Period of pestation 61 days onward.

Radiography of foetus.

The centre was associated with the maxillary centre rostrally
and the rostral prolongation of the squamous temporal centre caudally

(Figs, X10 and X11).

Radiography of foetus impregnated with silver nitrate,

The centre was wicening and could be seen apparcnily forming

the ventral boxrder of the bony orbit (Fig. Sn56),

Alizarin red staining of foetus.

The dorsal curvature was accentuated by the prominence of the
orbit aud the noints of overlap of the maxillary and temporal cenires were

attached by sutural lines (Fig. X114).

Conclusions.

Histologically the os zygomaticum was seen to develop from
membranc and there were two primary centres, one for the hone of each
side. The first appearance of the centres in the alizaria scries of foetuses
wag in one of 28 days which corresponds to the day given by Drews (1933)

but not to his C.R. length of 46 mm., comparecd to 26 mm. of this series,

s 40



The initial radicgraphic appearance was at 30 days (C.R. 29.1 mm.) in
silver nitrate preparations but not till 36 days (C.R. 49 mm,) in fresh
foctuses., The primordivm of the processus froutalis became evident
during the 41-50 day period, this following the description of Jayne (1898)

and Drews (1933).
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Mandibula.

Mivart (1881) states that Meckel's cartilage lays the cartilaginous
founds}tion for the lower jaw and that a centre of ossification appears in
cach lateral moiety at an earlier period than in any other part of the skeleton.
It is an ogsification in the membrane nvesting Mecke!'s cartilage., Jaync
(1898) relates that each half of the mandible develops from several centres
of ossification which unite early. Ile recalls that the maundibie is formed
around the Meckel's cartilage from membrance., Lesbre (1897) also mentions
this origin from the membrane of Meckel's cartilagc. Rrews (1933) mdicares
the mandibulae as present in a foetus of 46 mm. or 28 days where threc rods
of bone appear connected by small trabeculae., The most dorsal of these
three rises towards the processus coronoidcus, the central one towards the
processus condyloideus an.d the ventral one stretches towards the angulus

mandibulae,

Period of geslation 21-30 days.

Radiography of foetus.

There was no evidence of the mandibule on radiogranhy of the

foetuses of this range.

Radiography of foetus impregnated with silver nitrate,

There was no evidence of the mandibule uatil the foetuses of
30 days (C.R, 29, 1mm.). Of the thrce foetuses impreguated, the redio-
grapns re. aled the two corpora mandibulae, On a dorso-veniral plate
the rostral ends were curved toward midline but not in apposition (Figs.

Snl, Sn2 and Sn3),
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Alizarin red staining of foctus.

The earliest at which the mandibule was seen to be gtained was
in the foetuses of 28 days (C.R. 25 and 26 mm, ) (Fig. AZ1). UHere the
corpora mandibulac were evident as baxr-shaped structures with indented
caudal ends and rostral ends which inclined towards each other and midline.
The most rostral parts were sligntly thickened and bore perforations on the
dorsal surfaces. A further foetus of 28 days (C.R. 26 mm.) did not
however reveal any stained structures. Tie foctuses of 30 days (C.R.
29 mm } examined had corpora mandibulae of a similar appearance to thaf

already described (Figs. A%Z4 and AZ3).

Period of gestation 31-40 days.

~ Radiography of foetus,

The foetuses of 31 days (C.R. 35 min.) bore faint traces of the
bodies of the mandible. The two thin centres could be seen forming a
V-shape, on a dorso/ventral plate but the lateral view wasg still indistinct in
two out of the three litters cxamined. The foetuses of one litter revealed
a strip lying most ventrally in the head region. These structures were
presgent in succeeding foetuses (Figs. X1 and X2) and by 36 days (C.R.
49 mm ) the mandibular bodies could be seen to have widened on lateral
viewing, particularly at their caudal ends. They continued e develop in
size during the period and at 38 days (C.R. 53 mm.) and afiexr they gave
tﬁ.o impression of a less dense central portion apparent as a blacker strip

running rostro-caudally in the body,
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Radiography of foetus impregnated with silver nitrate.

The foetus of 31 days possessed centres for the iwo bodieg of the
mandible, On lateral viewing they were strap-like in appearance with an
expanded caudal end and a slightly raised eminence on the dorsal surface
of the rostral end. The dorsao/ventral appearance was of two rods in V-
formation but with a median gap existing between their rostral endg.
(Figs. Sn4 and SnS). The. bodies increased in size during this period and

the caudal expansion became more marked (Figs. SnlS and Suld),

Alizarin red staining of foetus,

In the 31 day (C.R. 35 mm. ) foetus the body of the mandible was
stained in its entire length and at the junction of the dorsal and caudal
borders was a narrow projection directed caudally (Figs. AZO, AZ8 and AZ9).
The body continued v enlaxge and there was particularly widening of the
caudal end, becoming noticeable in the foctus of 33 days (Figs. AZI2 and AZI13,.
By 35 days (C.R. 44.2 mm,) from this widened end, there was forming 2
dorsal extension giving rise to the ramus (Fig. AZI8), By 37 days (C.R.
56.5 mm, ) this extension had organised considerably to produce the pre-
cursoxr of the coronoid process dorsally, the condyloid process caudally

and the angular process caudo~ventrally (ffig, AZ33).

At the rostral end of the pars molaris of each corpus mandibulac,
there was seen at 33 days (C.R, 38 mm . ) on the medial wall, a divergent
offshoot, forming a V with the main body, with the point of the V directed
rostrally. This offshoot then cortinued to grow caudally, parallel with the

main body. The narrow space thus created between the new growth and the



body was being floored ventrally, thus forming a channel with the develop-
ing offshoot as the most medial wall, By the end of this period, the chamel
thus formed extended almost to the caudal end of the corpus. By 38 and 39
days (C.R. 58 and 63 mm. ) at the rostral end of the corpus i,c., :r:ost_ral

to this newly formed channel, a small cavity, with an incomplete lateral
wall, was evident. These recent developments raagked the appearance

of the alveoli of the pars molaris and the alveolus of the canine iooth. These
developments arc best illustrated by a print of a later foetus referred to in

the next pexiod (Fig, AZ42),

Period of gestation 41-50 days.

Radiography of foetus,

At the commencement of this period there was becoming apparent
the vertical growth of this centre from the dorsal region of the caudal end
of the horizontally placed body. The vertical growih was directed dorso/
caudally and, although present throughout the period, was not distinct in
outline (ltigs. X3, X4 and X5), However, it contiuued to increase in size,
These were ubservations made on the lateral plates (Fig., X7). Cn
dorso/ventral projection the darker line running through the V-shaped rami

continued to be present (Figs. X6 and X7).

Radiography of foctus inpregnated with silver nitrate,

At 4l days {C.R. 73 mm. ) there was commencing to appear the
ramus of the mandible and by 43 days (C.R. 82.5 mm., ) this was secen as a
vertical plate with a rounded dorsal horder (Fig. Sn20},  This increascd

tn size and definition during this peried, developing a slight degree of caudal
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inclination. At the most caudal border of the body a caudal extension

was produced giving rise to the origing of the coronoid, condyloid and
angular procegses which remained ag a feature (Fig. Su26)., The body
developed, on its dorsal suxface, flask~shaped areas of reduced opacity,
these becoming apparent at 44 days (C.R. 84 mm,). The rostral tip was
irvegular in outline with a roughened border (Figs. Sn24 and Sn26), All
these observatios were on lateral plates. On dorso/ventral viewing the
central line of reduced opacity which was apparent at the beginning of the
period became divided into discrete round areas by 45 days (C.R. 86 mrﬁ )

and also there was a similarly rounded area rostrally (Fig., 8n29),

Alizarin red staining of foetus.

By 43 days (C.R. 82.5 mm.) the newly formed channel on the
medial aspect of the pars molaris of each corpus mandibulae was complete
in its length extending from the level of the rostral edge of the rainus forward
te the hnmediaie area of the developing alveolus of the lower canine tooth
(Fig. AZ42). There existed a short covered space between the channel and
the alveolus at this rostral point (I'ig, AZ43), There developed in this Jong
trough and rostral cavity, small conical stained structures, two lying in
the trough and one in the rostral cavity. ‘They were first seen in the foetus
of 46 days (C.R. 88 . ) and then found in succeeding foetuses {(Fig. AZ60),
Where the new medijal wall and the newly formed channel, was fused to the
corpus ventrally there appeared to run a nharrow groove open medially and
running parailel with the ramus (Fig. AZI};&)Q The differentiation of the caudal
end continued to progress and the vertical development was enlarged, On the

caudal edge, a transversc ridge was developing bencath which was a shoxrt caudal



projection. By the second phase of this period, these structures were
distinct (Fig., AZ56). On the lateral wall of the vertical ramus a
depression was developing increasing in depth and extending during the

period.

Period of gestation 51-60 days.

Radiography of foetus,

The ramus and corpus were visible and at the caudal bordexr of
the former was devcloping a .sm all projection of increased density. The
dorsal border of the corpus was i1l defined and irregular at the beginning
of this period but, by 60 days (C.R, 136 mm. } there were pointed conical
projections seen directed dorsally from the pars molaris, At the juaction
caudally of the ramus and corpus there was formed at 60 days (C.R. 136 mm.)

a small eminencc. These findings were observed on lateral plates (Fig. X9).

The dorso/ventral plates revealed at first the darker centre of the
line of the V image but, by the second half of this period, this had disappeared

(Fig. X8).

Radiography of foetus impregnated with silver nitrate.

The vertical ramus was now distinct in outline and between it and
the ventro/caudal eminence was seen developed by 53 days (C,R, 108,3 mm.)
a strong white line (Wigs. Sn37 and Sn54). The corpus was now rounded,
smocther at its rostral tip and the whole centre had incrcased in size.
These observations were made on lateral view but on hoth lateral and dorse/

ventral viewing there could be seen, in the semi-tranglucent arcas of the



pars molavis, rounder whiter structures with two being apparent in the
central portion and one at the rostral end. There were algo present
small similar structures in the most rostral end of the corpus (Figs. Sn32,

Sv43 and Snb4). .

Alizarin red staining of {oetus.

The rostral end of the corpus organised considerably during this
period. At the 52 day day (C.R. 108 mm.) stage, its substance was of an
open network with a cavity containing a conical structure but by 57 days
(C.R. 125mm.) this network had closed in and there werc to be seen further
small staining cones in an arc rostrally (Fig. AZ72). Also the open dorsal
channel closed over centrally to form two cavities, the more caudal being
the larger. Tlach cavilty appeared to contain a cone of stained tissue, On-
the ventro/medial aspect of the pars molaris, the grcove found there was
developing a medial wall and by the sccond half of this period was a closed
canal with a foramen opening into it at the base of the ramus mavking the
formation of the foramen mandibulae opening in.to the canalis mandibulae,
The caudal extremity still bore a horizontal projection but this was more

reunded in outline (Fig., AZ72).

Period of gestation 61 days onwaxrd,

Radiography of foctus,

The dorsal iine of the pars molaris revealed a row of conical
projections directed dorsally and just short of the rostral tip was seen a
larger cone~like development directed morce obliquely when viewed laterally,

‘I'he entire outline of the mandible was clearer by now with a corresponding
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increase in size (Rigs. X10 and X11).

Radiography of foetus impregnated with silver nitrate.

The cutlines of the semi~lucent areas with their contained structures
were increasingly distincet at this stage. The transverse white line on the
caudal border, dorsal to the caudal eminence, was now evident as a rounded

bar which was associated with the temperal centre (Fig. Snda),

Alizarin red staining of foetus.

The mandibular outline was much more regular in contour with rownding
off of the previously ragged projections. 'The most dorsal process of the
ramus was round and smooth with a slight degree of caudal inclination. The
angle formed by the junction of the caudal border of the ramus and the ventral
border of the corpus was more pronounced and rounded. The conical structures
in their cavities were casily recognised, there now being an arc of three at the

rostral end of each corpus (Fig. AZ113).

Conclusions.,

Histuiogically the mandible was seen to develop in membrane by
the laying down of osesified tissue around a cartilaginous precursor. 'This
development was similar to that described by Mivart (1861), Leshre {1897)
and Jayne (1898). The arxiyai of an alizarin red stained body of the mandible
was first seen in a foetus of 28 days (C.R. 25 mm.)a similar {inding to
Drew (1933) as far as the day of gestation but this C.R. length of 26 mm.
did not match hig figure of 46 mm. Radiographically the first appearance

was later, being 30 days (C.R, 29.1 mm.) in silver nitrate preparations and



31 days (C.R. 35 mum.) in unprepared specimens. The corpora of the
mandibulae were the first to develop but the rami were appearing in the
second phase of the 31-40 day pexiod. The alveoli dentales werc forming

in this period also, by the growth of a separate medial wall but the primordia
of the teeth were not in evidence till after 40 days (C.R, 66 mm). In fact
those of the incisors did not appear till after 60 days (C.R. 136 mmn.}. The
canalis mandibulae was seen developing during the 41-50 day phase and was
converted to an enclosced canal by the second half of the 51-60 day period

with the formation of the foramen mandibulae. The differentiation of thé
precursors of the processus coronoideus, processus condylaris and processus
angularis was becoming noticeable at the end of the 31-4(} day period which is

close to the desgcription of Drews (1933).
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Qs occipitale,

Lesbre (1897) describes the occipital bone as arising from four
centres i.e., a basilar part which he compared to the body of a vertebra,
two lateral sections flanking the previous centre which in turn are compared
to the two laminae of a vertebra and a superior covering plate bearing the
occipital protuberance which he suggests is analogous with a splnous process,
Jayne (1898) also describeg four parts and names then supraoccipital, two
exoccipitals and a basioccipital bone. In describing the gkull shorily
before birth, Jayne states that the four parts are separated by a strip of
cartilage, The supracccipital is oval, convex and amooth, the hasioccipital
is long, 11a.1:.row and hexagonal and the exoccipitals are crescentic and have
flattened condyles but 1o distinct parvacccipital processes, At birth the
supraoccipital shows a faint lambdoidal crest; the paraoccipital processes
(paracondylar processca) begin to appear. Mivert (1881) gives the origin
of the basilaxr part of the occipital bone as the basicranial plate which he
describes as a solid flattened mass of cartilage at the rostral end of the
chorda dorsalis. He further describes two latcral upward growths of this
cartilage witich meet ahove and enclose the foramen magnum with a cartilag-
inous ring. He identifies the supraoccipital as arvising from membrane
whereas the basi~ and cxoccipitals are formed from cssilying cartilage.

The supraoccipital is grouped with the arrival of the parietal, interparietal,
frontal, squamosal, vomer, nasal, lachrymal and tnalar, whilst the bagi-
and excccipitals are with the pre-. basi, ali- and orbitosphenoid and also the
palatine and pterygoid. Drewa (1933) confirms that the bone develops from

four centres and details their appearance thus; hasioccipital and exoccipital
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present in a foctus of 65 mm. or 32 days, and the supraoccipital present
in a foetus of 71 mm. or 35 days. Crouch (1969) illustrates the four centres
of the occipital bonce as seen in a kitten gkull showing the sutures formed

between them.,



Basioccipital.

Period of gestation 31-40 days,

Radiography of foctus,

In the 36 days (C.R. 55 mm.) foetuges the centre for the basi-
occipital was discerned as a thickened line lying rostral and ventral to the
exoccipitals. However the centre could not be obscrved on a dorso/ventral
plate. Tt became apparent at 40 days (C.R. 66 mm. } when it could he seen '
as a cone-shaped structurc with a rounded base, lying in midline and pointing

rostrally (Figs. X3, ¥4 and X5).

Radiography of foetus impregnated with silver nitrate,

At 37 days (C,R, 56.5 mm,)a rod-like image could be seen extend-
ing rostrally, ventral to the exoccipital centres (Figs. Sni2 and Sn1S). The
roa was flattened at its caudal end. The dorso/ventral image was alse rod~
like but by 40 days it resembled an arrowhcad with the tip pointing rostrally
(Fig. Snl6).  The lateral image was now more polinted rostrally with a

siight dorsal curve in it (Fig. Snl7).

Alizarin red staining of foetus.

This centre was stained in the foetus of 33 days {C.R. 39 mm.)
appearing as an oval area, ventral and Tostral to the exoccipital centres
(Figs, AZ12 and AZI4)., The oval-ghaped centre became more poited
rostrally giving an outline of an arrowhcead by 35 days (C.R. 44.2 mum. ).
The wsize continued te increase in subscquent foctuses and the restyal pro-

jection became bluut (Figs., AZ28 and A7Z29),
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Period of gestation 4150 days.

Radiograply of foetus,

The centre increased in size during this period, the outlines
becoming more clearly defined, The lateral image was thicker and
there was a slight ventral curving of the rostral half, On dorso/ventral
plates the centre was secn to develop a definite rostral neck leading into

a rounded body (Fig. X6).

Radiography of foctus impregnated with silver nitrate,

The rostral neck of the centre i.e. the tip of the "arrowhead"
was thinner during the early days of this period, later its coomection with
the main part of the centre rounded and widened to give a morc pointed

appearance to the whole structure (Figs, Sn23 and Sn24).

Alizarin red staining of foetus.,

The caudal border of the centre demonstrated an indentation in
the early part of the period and this remained till 50 days (C.R. 102 mm.)
deepening somewhat during the period, The caudo/lateral horders were
rowmded at 43 days (C.R. 82.5 mm, ) but began to flatten sonmiewhat so that
by 47 days (C.R. 92 min.) there was a flatter caudo/lateral border leading
to rounded lateral projections about halfway along the lenpth of the centre
(Fig. AZ54). The rosiral projection was constant with its tip truncated

(Figs. AZ58 and AZ59),



Ieriod of gestation 51-60 days.

Radiography of foetus.

The growth of the centres continued and on lateral viewing the
ventral cnd of the exoccipital centye appeared to overlap the caudal end of
the basioccipital (IFig. X9). On D/V plates thie caudal borrder of the centre
appearcd in the first two days of the period to develop an indentation which

persisted throughout the remaining days of this period (Fig. X8).

Radiography of foetus impregnated with silver nitrate.

The centre increased in size and its rclationship with the petrous
centres of the temporal became closer, being noticeable by 54 days (C.R.

112 mm. ) onwards (Figs, Sn40 and Sn42).

Alizarin red staining of foetus.

The caudal indentation was not as pronounced and there was
expansion of the Jateral edges of the broader region of the ceutre. The
rostral projection appeared narrower on comparison. The increase in
size continued and the angulation of the centre aitered with the rostral tip
being more dorsal than its opposite end (Figs, AZ70, AZ71, AZ9S and

AZ96),

Period of gestation 6] days onward.

Radiopgraphy of foetus.

The centre exhibited no obvious changes (Figs, X10 and X11).



Radiography of foctus impregnated with silver nitrate.

There were no immediate changes in this centre.

Alizarin red staining of foetus.

The rostral extremity was narrow and elongated to approximate with
the body of the basisphenoid while the moxe ventrally placed caudal end was

broad and had largely lost its indented caundal bordex (Fig, AZII2),

&



;ExocciEital.

Period of gestation 31-40 days.

Radiography of foetus,

The foetuses of 36 days (C.R. 49 mm.) were the first to reveal
the exoccipital centres. They were seen hoth on dorso/ventral and lateral

exposures. On the former they appeared as two divergent ovals, one to

either side of midline just rostral to the alae of the first cervical vertebra. .

On lateral viewing the image was one of an oval centre lying between the
supraoccipital and basioceipital centres, The centres imcreased in size

during this pexiod (Figs. X3, X4 and X5).

Radiography of foetus impregnated with silver nitrate.

The 37 day {C.R. 56.5 mm.) foetus revealed on doxso/ventral
cxamination two oval centres one to either side of midiine (Fig, Snlé) and
these could also be seen on lateral projection (Fig, Sui2 and SnlS). They
increased in size during this period and at 40 days (C.R. 67 mm,) the
fateral appearance was still oval but on doxrso/ventral projection the outline
was more triangular with the Image of the supraoccipital apparently lying

between the two centres (Ifigs. Snl7 and Snig).

Alizarin red staiming of foetus.

A foetusg of 33 days (C.R. 39 mm.) first exhibited the two centres
for this bone (Fig. AZI12) They were rounded stained aveas placed to either
side of midline, rostral to the developing alae of the atlas (Fig. AZIL4). The

other foetus of 33 days (C,R. 39.8 nun.) did not exhbibit such areas. The

OO



areas appeared at subsequent ages aud by 35 days (C.R. 44.2 mm.) were
more oval in outline (Fig, AZ18) being flat plates placed latcrally with their
flattened inner surfaces facing each other (IFigs. AZ27 and AZ29), The
siwe of the ceutres continued to increase slowly over the remaining period

(Figs. AZ30 and AZ31).

Period of gestation 4]-50 days,

Radiography of foetus.

The centres increased in size and the lateral oval image was
closing ventrally with the basioccipital. The dorgo/ventral outline was

of two triangular shapes to either side of midline (Figs. X6 and X7).

Radiography of foctus impregnated with silver nitrate,

There was a general increase in size of these centyres which lay
to either side of the centre for the supracccipital when viewed dorso/

ventrally (Figs. 5n19, Sn20, Sn3! and Sn32).

Alizarin red slaining of foctus,

The two oval centres were developing ridges on the caudal surface
of their lateral and medial borders which rose in prominence in succeeding
foetuses to become obvious by 45 days (C.R., 86 mm.). The mecdial borders
were becoming concave as opposcd ta convex latercl borders (Fig. AZ59).
There was a slight indentation in the caudal or veutral border and on the
inner surface, i.e., rostral face of the centre, a truncatec.'l prejection was
developing in the sccond part of this phase being distinet by 47 days (C. R,

92 mm.). Thisprojection was directed rostro~ventrally. The overall size
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of the centres increased during this period (Fig. AZS8).

Period of gestation 51-60 days.

Radiography of foetus.

The oval centre when viewed Iaterally was overlying the basi-
occipital image and on both exposures the increase in size was noted,
By the end of this period, the oval centres were closer to the developing
first cexvical vertebrae and the dorgo/ventral outline was altered by the
formation of lateral projections from the cranio/lateral border (TFigs. XS

and X9},

Radiography of foetus impregnated with silver nitrate,

The overall shapc on dorso/ventyal plates was triangular but by
52 days (C.R, 108 mm, ) there were apparent two rounded eminences, one for
each centre on the rostral surtace (Fig. Sn39) and this was maintained during
this period (Fig. Sn49). On latcral viewing (Fig. Sn37) the ovate shape
persisted with the dorsal end having » wider rounded edge leading to a narrower

ventral end (Fig, Sn54).

Alixarin red staining of foetus.

The centres continued to increase in size but with particular
expansion of the lateral border, in a more ventral divection (Fig. A%97).
The two ridges increased in prominence emphasising the deepening depression
between them (Fig, AZ71). The medial ridges, one on each centre, were
meore prominent in the latter half of this period. The inner projecticn on

the inner surface (rosiral face) lengthened accordingly as the period progressed,



Fo GL 2

Period of gestation 01 days onward.

Radiography of foetus.,

The lateral image lay immediately rostial to the first cervical
vertebra and was somewbhat [lottened in outline caudally (Fig, X10). The
dorso/ventral view indicated the creasing growth of the lateral projection

from each of the two centres (Fig. XH).

Radiography of foetus impregnated with gjlver nitrate,

There wag little change in the centres during this phase (Fig. SnS86).

Alizarin red staining of foetus,

The centres were now clogely related to the supra and basioceipital
centres (Fig, AZ100) producing an encirclement in midline marking the
foramen magnum. The medial ridge of each centre on the caudal suxface
was broad and thickened while the latcral expansion was noticeable with a

marked prominence developing as a lateral and ventxal point on each centre.



Supraoccipital.

Period of gestation 31-40 days,

Radiography of foetus.

Thig centre was first visible as g thickened line, cau&al 1o fhe 0s
interparietale, on lateral plates of 36 day (C.R. 49 mm,) foetuses but was
not seen on dorso/ventral viewing. It was present thereafter on lateral
exposures but it was not wntil 40 days (C.R. 66 mm.) that its outline was
seen on dorso/ventral plates. There it appeared as a bilobed structure

with a narrowed junction in midline (Figs. X3, X4 and X53),

Radiography of foetus impregnated with silver nitrate,

The first cvidence was in the foetus of 34 days'(C.R. 43 rom.)
when a short, fine line was seen on the lateral plate, running cavdal to the
interparietal centre (Fig, Su8). There was no corresponding evidence seen
on the dorso/ventral plate. By 37 days (C.R, 56.5 mm, ) the line was
thicker (Fig, Snl2) and by now the dorse/ventral plate exbibited a bilobed
area with a median union of the lobes., ‘This occurred rostral to the exo~
ccipital centres, At 40 days (R, 67 i, ) this dorso/ventral appearance
had lost its bilobed nature and was now oval in ghape, extending across mid-
line with a more flattened border caudally (Fig. Snl8). The lateral vutline
had widened particularly at its central portion and its rostral edge was slightly

ovexlapping the caudal extremity of the interparietal centre (Fig, Snl7).

Alizarin red staining of foetuy.

The 31 day (C.R. 35 mun.) lacked any staining of this centre but in

all the 33 day (C,R, 39 min.,) foetuses there was present a centre with two



narrow lateral wings joined by a median strip of stained tissue (Fig., AZ12),
By 36 days (C.R. 49 mm.) the two lateral wings were extending caudally,
still joined by the median isthimus (Fig. AZ20), However, due to increase
in the widih of this latter strip and the caudal extension of the lateral wings,
the centre by 39 days (C.R. 63 mm.) had the form of a circular plate with

a narrow segment missing in the centre of the margin (Fig, AZ30),

Period of gestation 41-50 days.

Radiography of foetus.,

The centre continued to increase in size with its caude-lateral
marging coming te overly the exoccipital centres by the end of this period.
The lincar image presented ok lateral plates broadened during this period

(Figs. X6 and X7).

Radiography of foetus impregnated with silver nitrate.

There was an increase in size in beth the Jateral and dorso~

ventral images during this period (Figs. Sn20 and Sn33).

Alizarin red saining of foctus.

The centre was almost circular with an indentation in its mid-
caudal section (IFig. AZ36) and leading from this was a fine fissure of
short length, The dorsal or rostval border was slightly overlapped by
the interparietal centre., By the second half of this period, a central
vertical ridge was developing, producing slight depressions in the lower
two quarters of the circle (Fig., AZ54),  The dorsal or rostral edge was

now flattened against tie caudal edge of the interparietal centre, both centres
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being of similar breadth (Fig., AZ70),

Period of gestation 51-60 days.,

Radiography of foetus.

The centre continued o increase in size during this period

(Figs. X8 and X9),

Radiography of foetus hnpregnated with silver nitrate.

The centre maintained its rate of growth relative to surrounding

centres during this period (Fige. Sn36, Sn39, Sndo and 8050},

Alizarin red staining of foctus.

The central ridge remained in evidence as did the slight depressions,

The size of the centre increased overall during this period (Fig. AZ96).

Period of gestation 61 days onward.

Radiography of foetus,

There was no obvious altevation to the centre during thiz period

(Figs. X10 and X1i).

Radiography of foetus impregnated with silver nitrate.

The centre retained its position and size during this phase

(Figs. 8155 and Sn56),

Alizarin red staining of (oetus,

Tne final centre was approximated closely with the overlyiug

triangular intexparietal contve (Fig., AZ1),



Conclusions.

The histological findings indicated that the oxiginal centres for
this bone developed in cartilage., There were four centres, one each for
the base and supraoccipital and two for the paired exoccipitals, This -
description matched the findings of Lesbre (1897), Jayne (1898) and Drews
(1933) but not those of Mivart (1881). The first appearaunce of the centres
was in the foetuses of 33 days (C,R., 39 mm. ) when they were stained by
alizarin red. The date given by Drews of 32 days [or the basi and exo-
ccipital and 35 days for the supraoccipital approximately fits the fi_udjngl
but his C.R. length of 65 and 71 mm, respectively,greatly cxeeed these
findings of 38 and 39 mm. The initial radiographic appearance was in the
foetuses of 36 and 39 days (C.R, 49 and 63 mm. ) although in this case the
earlier date was in untreated specimens except for the supraoccipital which
was evident at 34 days (C.R. 43 mm. ) with silver nitrate impregnation.
The precursor of cach condylus oclcip.i.ta.lis was becoming evident by the
second half of the 41 to 50 period being seen as a thickening of the exoccipital

centres.



Os interpatictale,

Mivart (1881) describes the interparietals as developing from
membrance and ossifying at the same time as the supraoccipital, parietal,
frontals, sguamosalsg, vomer, nasals, lachrymals and malars. He - -
designates themn as pleural but is not specific about exact numnber of segments.
In Lesbhre's (1897) treatise this bone is said to be formed from iwo plates
which fuse very early and Jayne (1898) tells of a similar form of development,
In his description of the skull shoxtly before birth, the interparietal is well
ossified and larger than the supraoccipital. Drews (1933) describes Lwow
centres for this bone and indicates their initial presence n a foctus of 65.5
mm, or 32 days. IHe illustrates the bone with the two centres united in a
foetus of 84 mm . but stales in the text that in contrast to the dog the os
interparictale remaing an independent bone for years., Crouch (1969)
illustrates the bone as a single structure still separated from its neighbour

by sutures. This is in a drawing of a kitten skull,

Period of gestation 31-40 days.

Radiography f foetus,

Tnis bone madce its appearance on the lateral plates of the foetuses
of 36 days (C.R. 49 mm.) when it was observed ag a line rostral to the supra-
occipital bone. The line was slightly curved with the convexity dorsal.
There was no corresponding image visible on dorso/ventral viewing., By
40 days (C.R. 66 mm. ) the lateral image was distinct and now was rostrally
closely related to the parietal image but a narrow gap still intervened (Figs.

X3 and X5). Only now was there a corresponding image on the dorso/ventral
¥ 3 g
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plates when a faint "heart-shaped” outline was discerned in midline.

Radiography of foetus impregnated with silver nitrate.

The 34 day (C.R, 43 mm.) foetus had an image present representing
the centre for the interparietal when viewed laterally, appearing aqa short-
line on the dorsal border of the caudal part of the skull region (JFig, Sn8).

Its image was not clear on dorso~ventral projection. The line widened
gradually and by 40 days (C.R. 67 mm.) the lateral view was of an extended
line which slightly under~ran the rostral edge of the supraoccinital centre.
The dorso-ventral view was now clear being somewhut heart-shaped with the

apex pointing rostrally (Fig. 8nl7 and Snl8).

Alizarin red staining of foctus,

The centres for the interparietal bones were not evident until the
foetus of 33 days (C.R. 39 mm.) when they were seen as two faintly staining
triangles placed to either gide of midline between the parietal centres and
that of the supraoccipital (Fig. AZ12). The centres were scpavated by a
narrow space in midline (fig. AZi4). By 35 days (C.R. 44.2 mm.) the two
cenlres were uniting but still o fine line of division could be seen. However,
by 36 days (C.R., 49 mm.) thig line was being overgrown so the centre was
attaining the appearance of a single structure which was approximately oval
in shape, with its long axis transverse and with a stmall notch in its caudal
border (Figs. AZ27, AZ30 and AZ41). 'T'his shape was continued through

to 40 days (C.R. 66 nun . ) with a gradual incrcase in overall size.
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Pcriod of gestation 41-50 days.

Radiography of foetus,

The centre increased in area during this period retaining its
previous outline except that on lateral viewing the line was thickening

(Figs. X0 and X7).

RBadicgraphy of foetus impregnated with silver nitrate,

The centre increased in area during this period and the separating

line of demarcation from the pariteal centres dininished (Fig. Sn2l and Sn22).

Alizarin red staining of foetus.

The triangular shape of this centre appeared as one unit for the
remaining length of gestation (Fig, AZ36). In the 43 day (C.R. 82.5 mm.)
foetus it was wider than the centre for the supraoccipital and overlapped
the latter centre's doxsal border. However, by 47 days (C.R. 92 mm.) the
supraoccipital centre had enlarged 1o almost eguate with the interparietal

in width (Fig. AZ54).

Period of gestation 51-60 days,

Radiography of foetus.

The growth of the centres was maintained during this period
so that by 52 days (C.R. 108 mum. } on the lateral plate, the rostral border
of the centre appeared immediate to the pavietal centre and by 54 days
(C.R. 112 mm.) secined to be touching it,  The caudal horder was by now

apparent closely applied to the supravcecipital centre (Figs. X8 and X9).



Radiography of foctus impregnated with silver nitrate.

The cenire appeared to increase gradually throughout this period
and its relationship with the parietal centre was increasingly difficult to

differcntiate (Figs. Sn37, Sn39, Sn5!and Snd2).

Alizarin red staining of foetus.

The centre continued to increase in size, still retaining its
triangular shape. DBy the later part of the period there vras developing
a close rclationship between the internal crest of the temporal centres
and the dorsal rim of the interparietal (Figs, AZ%4 and AZ97). 'The most
lateral point of the triangle demonstrated small projections in the later
foetuses and this projection extended marginally beyond the underlying

supraoccipital centre,

Period of gestation 61 days onward,

Radiography of foetus.,

‘There was litt)e change in the centre during this period (Figs.

X10 and X1D).

Radiography of foetus impregnated with silver nitrate,

There was no significant change apparent in this centre.

Alizarin red staining of foctug,

Thexre was developing a crest running from the apex to the base
bisecting the tviangle, The ntimate approximation of the temporal and
interparietal centres was intensifying during the last days of gestation

(Fig., AZ1l1),



Conclusions,

Histologically the interparietal bone was seen to be preceded by
cartilage which later ossified. The first evidence of bone was the appear-
ance of two centres stained with alizarin red in foetus of 33 days (C.R.~
3% mm. ) followed by signs of union of the centres by 35 days (C.R., 44.2
mm). The presence of two centres fusing early is as described by Lesbre
(1897) and Jayne (1898) but Mivart (1881) states that the centres arise in
membrane. Drews (1933) also names two centres and gives an almost
similaxr day of appearance of 32 daysbut his C.R. length {igure of 65 mm.
exceeds these findings of 39 mm, He illustrates the centres as united at

84 mm. C.R, length which again cxceeds these findings of 44,2 mm,

The first radiographic appearance wag later, at 34 days (C.R,
43 mun, ) with silver nitrate impregnation, and 36 days (C.R. 49 mm.) in
Iresh specimens. As the dorso/ventral image was not cleayr until the end
of the 31-40 day period, radiography did not readily define the original

development from two centres.
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Mivart (1881) declares that at an early period the sphenoid bone
consists of eight distinet and significant parts: the bulk of the body or basi-
sphenoid; the front part of the body or presphenoid; the greater wiﬁga or
alisphenoids; the lesscor wings or orbitosphenoids and the true pterygoid
bones. 'These develop from cartilaginous ossification., IL.esbre (1897)
describes the ogsification as from cartilage made of two principal pleces .
named as presphenoid and basisphenoid, These two eventually unite.

Jayne's (1898) description is also of eight elements, two orbitosphenaids,

two alisphenoids, two pterygoids, the presplenoid and the basisphenoid.

At birth the orbitosplienoids have joined the presphenoid and the alisphencids
have coalesced with the basisphenoid. The pterygoid however are still
partially distinct elements, the scparating sutures dividing the external
pterygoid fossae from end to end. He describes the sphenoid shortly before
birth as well formed in bone and exhibiting all its parts. The rostral is

distinct from the caudal. The presphenoid has united with the orbitosphenoid.
The basisphenoid is separated from the aligphenocid and the pterygoids, The

tip of the oriitosphenoid is truncated. At birth on the under surface of the
sphennid there are still distinet traces of the pterygo=-alisphenocidal sutures.
Drews (1933} states that the basi and presphencidal structure develops from

two ogsification points each, The alisphenoid i already considerably developed
at 71mm.C.R. ox 35 days and there iz a centre on both sides of midline., The
basisphenoid ig already in its definitive foxrm at 101l mm. or 47 days indicating by
a lighter coloured band it it originated from two centres.  The orbitosphenoid
Tirst occurred in the ecmbryo of 84 mm. C.R. or 4] days. The presphenoid has

jolned this at 10l mm, C.R, or 47 days in the form of two triangles. The bagi=~



and presphenoid are separated in a onc day kitten whilst the cartilaginous
connection of the orbito- with the apisphenoid could no longer be seen with
the alizarin method. The pterygoids were developed in the form of twa
triangles, and completely merged with theiv neighbours during intra-_
uterine life, Crouch (1969) illustrates a presphenoid with two lateral
orbitosphenoids and a basispehenoid with two alisphenoids, He describes
the pterygoid processes of the alisphenoids and does not list a separate os

pterygoideuwy .



_C_)_§ ba sisghcuoid .

Period of gestation 31-40 days,

Radiography of foetus,

In the foetus of the 1itter.of 36 days (C.R. 49 mim,) the alae Were
evident on a dorso/ventral view where they appeared as two irregular
divergent lines running laterally from the palatine centres. The lateral
appearance was indistinet but the faint outline was disceraible dorsal to
the most caudal point of the mandible. The 37 day and 33 day (C.R. 50,5
mm.and 58 mm.) foetuses were posiiive for thesc centres and the lateral
view was now of a rourllded area in the region previously described while on
dorso/ventral plates the images were morxe triangular in form. The
remaining litters illustrated thesce centres with a gradual increase in gize

being apparent. (Figs. X3, X4 and X3),

Radiograpihy of foetus impregnated with silver nitrate.

The foetus of 31 days (C.R. 35 mm, ) did not reveal these centres
but in the 34 day (C.R. 43 mm. ) foctus there was evident on the lateral
exposures a cmall plate of impregnated tissne situated doxsal and caudal
to the caudal extromity of the mandible and above the level of the pterygoids
(Fig. 8n8). The doxrso/ventral impression was of a small area moerging
with the image of the mandible at its caudal limit (Fig, Snl0), ‘the 37 day
(C.R., 56,5 mm,) foctus revealed a similar small plate on dorso/ventizl
viewing but the lateral impression was now of a larger, more irvegular
plate just dorsal to the hnage of the zygomatic nrocess of the temporal

bone (Fig, Snl2). The 39 day (C.R. 63 mm.; foctus revealed enlargement
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in both views of these centres and on the dorso/ventral projection the centres
were seen as irregular plates with a darkened foramen most laterally and
positioned between the ectotympanic ring caudally, the mandibular image

laterally and the pterygoid medially (Tigs. SnlS and 3nl6). .-

Alizarin red staining of {oetus.

The centres for the alae of this bone appeared in the foetus of
35 days (C.R. 44,2 mm.) as stained plates, placed to either side of midline
within the temporal region (Rig., AZ18). 'These plates were trifid in shape
and in the more caudal cdge was an unclosed foramen, i.e,, foramen ovale
(Fig. AZ19). They were angled obliquely with their ventral ends closer to
midline. By 36 days (C.R. 49 mm.) these centres were approximating
closely with the pterygoid centres which were placed ventro-medial to them,
They continued to increase in size extending in a wider field dorso~laterally
(Figs, AZ28 and AZ29). By now there were two closed foramina, foramen
rotundum and foramen ovale, present in the more dorso-lateral expansions
of the alae. At 40 days (C.R, 66 mm.) there appeared between them, in
midline, a centre for the body of this bone., ‘This had a rounded central

portion with two expanded projections protruding laterally,

Period of gestation 41-30 days.

Radiography of foetus.

The alae of the basisphenoid could be seen ag small patches lying
rostral to and within the temporal cenires on lateral plates whilst, on
dorso~ventral projection, twn small oval spots could be seen to either

side of midlinc and lying within the temporal centres. They increased in



size during this pexriod (Figs. X6 and X7).

Radiography of foetus Impregnated with gilver nitrate,

The alac of the basisphenoid continued to increasc in area during

this period and there appeared by 44 days (C.R. 84 mm, )} a centre lying
in midline between the alae (Fig, Snéﬁ), It was bilobed in appcarance

and still fairly faint., This centre increased in size and produced, at

45 days (C.R, 86 mm,) a pair of short lateral protrusions (Fig. Sn28).

Alizarin red staining of foetus,

The alae of this bone continued to extead in width during this
period and by 44 days (C.R. 85 mm.) were closcly related laterally with
the temporal centres {(Fig. AZ54). The two foramina in each ala were a
constant feature (Fig. AZ41) and the bases of the contres wexe closely
related to the pterygoid centres (Fig, AZ535), The body algo increased
in size witht a central portion with a hilobed appearance having a nayrrow
blunt ended projection extending laterally on both sides (Figs. AZS4 and AZSS).
The most rostral part of the body produced, during the second half of this
period, a small foramen in midline representing the canalis cranio-
pharyngeus and this continued to be seen throughout the rest of this time
(Fig. AZ55), DBy 50 days (C.R. 102 mm.) the lateral projections had extcndced

to make contact with the alae (Fig. AZ59).

Period of gestation 51-60 days.

Radiopraphy ol foetus.,

The alac were visible on lateral viewing (Fig, X9) but by now the



dorso/ventral plates revealed, lying between the two previcusly observed
spots {the alae), a centre for the basiphenoidal body. This structure was
rod-like with a lateral bud-~like expansion on each lateral face. 1t lay rostral
to the basioccipital centre to which it became moxre closely related a: the
period progressed.  The alae also increased in size, relating to the body

centrally and the temporal centres laterally (Fig. X8).

Radiography of foetus hnpregnated wiih silver nitrate,

The growth of the alae was continual and they came into apparent
cloge association with the body toward the end of this period. The lateral
projections of the central body werc clearcr in definition during this period
and by 57 days (C.R, 125 mm.) the basisphenoidal and presphenoid centreswere
apparently in fairly close approximation at their rostral and caudal horders

respectively (Figs. Sn48 and Sn53}.

Alizarin red staining of foetus.

The central body was broadening during this period and the small
foramen was still apparent at the rosiral end, The lateral projections were
widening at thelv tips and extending caudally (Fig. AZ71) decreasing the gap
between them and the centres for the alae (FFig, AZ96). The alae increased
rapidly in size during the first half of this period becoming intiinately related
to the dovsal edge of the centre for the squamons part of the temporal bone.

The two foramina remained patent in each of the two alac (Fig, AZ98), Ventraily
the alae were extending rostrally toward the perpendicular plate of the palatines,
to which they were constantly related during the sccond halfl of this pericd

Fig, AZY3}, It wag to thege rostral projections of the alae that the centres



for the pterygoid bones were fusing by the second half of this period.

Period of gestation 6] days onwazrd,

Radiography of foctus.

Laterally the structural outline was difficult to discern but on
dorso/ventral projection the body and alae were clearly defined during this

phase (Figs. X10 and Xl1).

Radiography of foetus impregnated with silver nitrate.

The centre was scen cousisting of widely developed alue related to
temporal centres and the body of the basisphenoid in midline. The latter

itself was in close asgociation with the praesphenoid,

Alizarin red staining of foetus,

The enlarging centre in midline was now closely associated with
the alac, there being only a fine line of unstained tissue separating them.,
The rostral boxrder still maintained a gap between it and the praesphenoid.
The alae were extensive and closely associated with the temporal centres

(Figs. AZIill and AZ112),



Os praesplhienoidale,

Period of gestation 31-40 days.

Radiography of foctus.

In the foetuses of 40 days (C.R. 66 mm. ) therc was apparent a
faint strip above the palatine centres which was taken to represent the

beginning of the praesphenoid centres., The outline was indistinct,

Radiography of foetus impregnated with silver nitrate.

Iu the foetus of 39 days (C.R. 63 mm.) there was appearing over
the image of the palatine centres at their caudal ends a rather poorly defined
layer of impregnated tissue which tended to mask the palatine cutline (Fig.

Snlo6),

Alizarin red staining of foetus.

The centres for the pracsphenoid did not make an appearance until
a foetus of 38 days (C.R. 58 mumn. ) when they were seen as two small
crescentic areas lying medial to the centres of the wings of the basisphenoids,
The two cenrres lay to either side of midline (Fig., AZ28), They had in~
creasced in size by 40 days (C.R. 66 mm,) and the greater curvature, which

was lateral, was more irregular in outline.

Period of gestation 41-30 days,

Radiography of foetus,

In the foetuses at the commencemeant ¢f this period there were

present on lateral plates faint shoit strips Iying above the palatine centres



(Figs. X3 and X5). The strip became slightly curved with its convexity
dorsal, and by 45 days (C.R. 86 nun. )} was clearer in outline with a small

darker invagination on its ventral bordexr at its central point (Fig. X7).

Dorso=ventral viewing did not give a clear picture of the centre

during this period.

Radiography of foetus impregnated with silver nitrate.

By 44 days (C.R. 84 mm.) there had appeared, one to either gide
of midline, a pair of small crescentic centres lying just caudal to the inter-
palatine midline (Fig. Sn23) and by 45 days (C.R. 86 mm.) these small
centres were joining with the larger area of tissue immediately lateral to
them and overlying the caudal palatine borders. The appearance at 46 days
(C.R. 88 mm.) was one of two circles of tissue, one on ecither side of midline,
partly over the caudal border of the palatine centres (Fig., Su28). These

circles were gradually seen to amalgamate in midline.

Alizarin red staining of foetus.

The centres for the alae of the praesphenoid were squarer rostrally
by 43 days (C.R. 82.5 mm.) and gave the appearance of two comnas, one on
either side of midline, with the convexity placed laterally. At this stage
there also appeared two small strips of stained tissue at the termination of
the tails of the commas (Fig, AZ4]). By 44 days (C.R, 84 wmm. ) each strip
had become mcorporated with the ala of that side and also the two halves had
wnited in midline giving a rather buttevfly~like appearance. The union of the

girips and the wings had created a foramen on each hinlf of the ultimate cauntre.
&



The rostral segiments of the alae began to project forward at 47 days (C.R.
92 mim, ) and by 50 days (C.R. 102 mm.) there were two distinct rostral
projections, one placed to either side of midline (Fige, AZ54 and AZ59).

The foramina persisted throughout the period.

Period of gestation 51-60 days.

Radiographyv of foctus,

The doxso/vontral image became clarified at the beginning of this
period being seen as a structure resembling a butterfly with outstretched
wings and bearing on each wing a darkened spot. The size of this image
increased during this period and also the space existing between the two
wings rostrally was gradually narrowing from the central point forwaxd
so that by 60 days (C,R. 136 mm.) the gap was partially closed (Fig. X8).
The image improved in definition in the first half of the period with the
darker area on the ventral border being converied to a spot within the centre
itself, However in the second half of the peried the lateral picture became

less distinct due to the developmeunt of overlying ceatres (Fig., X9).

Radiography of joetus impregnaied with silver nirrate.

By 54 days (C.R. (12 mm.,) the two circles had wnified ta give a
structure like a butterfly with outspread wings which lay uve‘r the caudal
cnd of the palatine centres and just restral to the pterygoids (Fig. Sn42),
This structure continued to increasc in size, the vne foramen on each wing

remaining as a darker cicle (Ifig. Sn48).



Alizarin red staining of foctus.

The rostral projections of the tnited centre were extending further
forward (I'ig. AZ70), and the midline gap between them was navrowing so that
by 57 days (C.R. 125 mun.) the more rostral half of the projection was
separated only by a thin line (Fig. AZ96 and AZ98). The large foramen in

each lateral section of the centre was still present (Fig. AZ98).

Period of gestation 6! days onward.

Radiography of foetus.

The dorso/ventral image was clearly seen overlying the palatine
image rostrally and yelated caudally to the pterygoids at the lateral angles,

i.e., to either side of midline and the body of the basisphenoid (Fig. X11).

Radiography of foetus impregnated with silver nitrate.

The contre still retained its "outspread"” appearance with the
dark foramina persisting. Beneath the centre could be seen the palatine

caudal projection running to meet the pterygoids.

Alizarin red staining of foetus.

The narrow gap found rostrally in the previous period was closed
leaving only a wedge~shaped invagination at the most rostral border in
midiine for receiving the precursors of the ethmoid (Fig., AZIIl). The

rostral margins were in close contact with the frontal centres.



95.: sphenoidale .

Couclusions.

Histologically the development of the os spheniodale was seen to
be by ossification of existing cartilage. There were two main areas of
devclopment i.e., the arca for the praesphenoid and that for the basisphencid.
The former involved four separate centres, developing as two placed apart to
either side of midline initially, followed by two further centres placed at
midline and hetween the two initial centres. The two centres at midline
united aknost immediately Joriming a single structure, Thus from this
point, the development was frow three regions of ossification, the single
midline structure, and two more laterally placed centres, This description
does not match those of the named authors except that of Drews (1933), The
time of appearance of these centres was, in alizarin speciniens at 38 days
(C.R. 58 mm.) for the most lateral centres and at 43 days (C.R. 82.5 mm)
for those closest to midline. Thosc latter centres fused almost immediately
to give a single area on midline., The corresponding days given by Drews
(1933) are 41 days (C.R. 84 mm.) and 47 days (101 mm. ) do not compare with
these findings of 60 mm. and 83,5 mm, respectively. The merging of the
lateral centres with the midline structures resulted in the t'onﬁation of the
canales optici, this occurring in the middle of the 41-50 day period. Radio-
graphically the cenlres were first seen at 39 days (C.R. 63 mun,) (silver
nitrate preparaiions) and 40 days (C.R., 66 mm.) (fresh specimens) for the
latexal centres and 44 days (C.I%, 84 mm.) (silver nitrate preparations)

for those closer to midline,



The second malin area for the development was formed of two
laterally placed centres for the alac of the basisphenoid which were placed
one to either side of midline and a centre for the body of the basisphenoid.
This disposition of centres concurs with the descriptions of Mivart (1881) |

and Jayne (1898), The centres for the alac were appareant in alizarin red
stained gpcceimens by 35 days (C.R. 44,2 min.) followed by the centre for
the body at 40 days (C.R, 66 mm.). The time given by Diews (1933) when the
alae were present is 35 days which he gives a C.R. length of 7l mm. as
compared with these findings of 44 mm. There were seen developing in the
alae two foramina for each side, being seen as early as the end of the 31-40
day period. They werc the foramen rotumdum and foramen ovale. Radio=
graphically the centres were first seen at 31 days (C.R. 35 mun.) (silver
nitrate preparations) and 36 days (C.R. 49 mia.) (fresh specimens) when
the alae werce present and at 44 days (C.R. 84 mm.) (silver nitrate
preparations) and 51 days (C.R, 105 mm. ) (fresh specimens) when they were

joined by the centre for the body.



Os pterygoideumn,

Mivart (1881) declares that the origin of the bone is from cartilage
and develops along with the basi- and exoccipitals, ali-, basi~, orbito~ and
presphenoids and palatines. e refers to them as the true pterygoid bones
in his description of the appearance of the sphenoid hone. Lesbre (1897),
having related the f.orn'll of development in man as an internal wing of the
apophisis pterygoid of the sphenolid bone which is taken to be the processus
pterygoideus, and united with it in early development, gtates that in the
domestic mammals, it remains distinct during life or during the major part
of it. Jaync (1898) attributes two centres to the pterygoids but compartments
them with the development of the sphenoid bone. I the late prenatal skull
they are mentionad as ossified but separyated from the basisphenoid, and
again at birth there are still distinct traces of the pterygo-alisphenoidal
sutures., Drews (1933) however is of the view that the pterygoids, having
devcloped from two triangular centres and been observed in a foetus of
46 mm., which he ages 35 days, are completely merged with their neigh-
bouring bones during the intra-uterine life of the cat. Couch (1909) in his
illustration of a kitten skull shovwa the prerygoid as the pterygoid process of

the alisphenoid.

Perind of pestation 31-40 davs,

Radiography of foetus.

The foetuses of the litter of 37 days {C.R. 56.5 wmm.) were the
first to reveal the presence of the centres for these bones. They appeared

astwo small gpots, cne to either side of midline caudal to the pregphencidal



alae, when viewed dorso-ventrally (Fig. X4}, The succeeding foetuses

had present such centres during the remainder of the period,

Radiograply of foetug hnpregnated with silver nitrate.

The twa centres were visible as rounded dotg, placed one to
either side of midline and caudal to the palatinc centres when seen on
dorso-veutral viewing in the 31 day {C.R. 35 mm, } foetus (Fig. Sn5).
The lateral view was also positive for these centrxes (Fig, Sn4). They
increascd in size during this pexiod and by 39 days (C.R. 63 mm.) were
oval in shape and apparent on the dorso=ventral plates, lying medial to
the centres of the alae of the basisphenoids (Fig. Snl6), On a Jateral view,
they were in the region immediately dorsal to the caudal limits of the
developing mandibie This was still the appearance at 40 days (C.R. 67 mm, )

(I'igs. Snl7).

Alizarin red staining of foetus,

In the foetus of 31 days (C.R. 30 mm.) two small dots of gtained
tissuc were visible, caudal to the palatine centres (Fig, AZ7). These small
centres became cone-shaped wi'n the base of the cone placed dovaally (Fig.
AZ11) and by 35 days (C.R. 44.2 mm.) there was a slight curvature of the
length with the points directed moxe caudally. ‘'lhese centres now became
closely related to the centres of the alae of the basisphenoids by 36 days

(C.R. 49 mm.) and continued to enlarge in these positions (Fig, AZ29),



Period of gestation 41-50 days.

Radiography of foetus.

The centres were still seen on dorso-ventral viewing as triangular
structures lying rostro-caudally, related to the palatine centres rostrally
and lying to either side of the basisphenoidal centiwm, Latcral views werc

less clear in definition (Figs. X6 and X7).

Radiography of foctug impregnated with silver nitrate,

The centres increased fractionally in apparent length during this
period and with the appearance of the body of the basisphenoid by 44 days
(C.R. 84 mm.) were seen to lle to either side of it and somewhat rostrally

(Fig. Sn23).

Alizarin red staining of foetus.

The twe centres increased in size remaining as rather claw-like
projections welated to the base of the alae of the basisphenoids (Fig. AZ40)
and projecting caudally (I'ig. AZ55)., The caudal projections of the palatine

centres werc related rostrally to the pterygoids (Fig, AZ58).

Period of gestation 51-60 days.,

Radiography of foetus,

The centres continued to be observed on dorso-veniral plates

(Fig. %8),

Radiography of foctus impregnated with silver nitrate.

The centres increascd in appavent Iength and their relation to the



palatine centres became increasingly closer, so that by the end of the
period, they appeared as prolongations of the palatine extensions., They
were, however, still separated by an Intervening line, These observations

were on dorso-ventral plates (Fig. Sn48),

Alizarin red staining of foetus.

The centres were gradually increasing in size to occupy & position
with the base applied to the alae of the basispheneid dorsally and the palatine
centres rostrally, while the poiated apices were divected caudo~ventrally

(Fig. AZ95),

Period of gestation 61 days onwazxd.

Radiography of foerus.,

The structures were still visible to either side of midline and

related to the palatine centres (Iig. X11),

Radiograply of foetus impregnated with silver nitrate.

The centres could be seen as prolongations of thepalatine centres

but still separate from them.

Alizarin red staining of foetus.

The centres were now attached to the alae of the basisphenoid, there
being only a thin line demarcating the junction. Rostrally the perpendicular
laminae processes of the palatine centres were lying against the pterygoids

(Fig. AZ112),



Conclusions.

The histological picture was of ossgification from a cartilaginous
precursor, there being two centres, one for the bone of each side. The
first appearance, using alizarin red staining, was at 31 days (C.R. 3531mm.)
compared to 28 days which appears in the version given by Drews (1933).
Comparing the C.R. lengths, there is a discrepancy between 46 mm. for
Drews (1933) and 35 mm. for these findings. The description of Mivart
(1881) is similar to these findings in that he describes separate centres for
the pterygoids, developing from cartilage but while Lesbre (1897) states
that the centres appear to remain distinct and separxate in all the domestic
animalg, the findings ave that in the feline the centres close with the alae
of the basisphenoids around the end of the gestation period and remain
separated from the palatine by a fine sutural line, producing a develop~
mental situation individual to the feline, This situation is intermediate
between the findings of jayne (1898) and Drews (1933) but vould justify the
illustration of a kitten skull by Crouch (1969) which dermonstrated the

pterygoid as just a process of the alisphenoid (ala of the basisphenoid).



Os temporale,

Mivart (188]) describes the temporal bone ag arising from many
distinct centres and consisting for a time of several distinct bones. e
lists these as gquamosal, the tympanic parts and the tympanohyal. - The
bone forming the inner and laxrger chambex of the tympanvic cavity ig not
apparent at a fortnight post-partum, Three other areas of ossification
present themgelves in the primitive cartilaginous auditory capsule, sp'rea’ding
and coalescing to form the petrous and mastoid portions of the temporal bene,
These three are the pre-otic, forming part of the petrous and part of the
mastoid, the opisthotic forming the lower part of thie petrous bone and the
epiotic forming the mastoid process. ILesbre (1897) reports three principal
pieces, the squamous, the tympanic portion and the petrous portion.,. The
first two are said to be from membranous origin and the latter preceded by
cartilage., The pectrous is formed from three points, epiotic, opisthotic
and pro-otic. ‘'fhc mastoid portion is more or less cartilaginous at bixth.
Jayne (1898) confesses that the details of the development of the temporal
boune has not been satisfactorily investigated, He does confirm his finding
of four distinct elements naming them the squamous, the petro-mastoid, the
ectolympanic and entotympanic, In the skull shoxtly before bivth he describes
the squamousasossified (from membrane) but not united to the petrous or
tympanic. ‘The ectotympanic is a delicate ring of bone. The anterior portion
of the petrous is entirely ossified except near rhe apex but the mastoid portion
is cartilaginous. At birth he tells of the mastoid portion as beiug visible and
club-shaped. The ectofympanic ring is stouter in appeavance., Drews (1933)

notes the first appearance of the temporal bone as the arrival of the squamosal



bone and amulus tympanicus.  This is in a foetus of 63 mum, or 31 days.
He continues by saying that during the intra-uterine perviod, the petrous

also develops whereas the mastoid does not appear until after birth.

Period of gestation 31-40 days. -

Radiography of foetus,

The 306 day litter (C.R. 55 mm.) had foetnses with & thin line running
caudal and slightly dorsal to the mandible. The direction of its length was:
almost parallel with the mandibular body. This zygomatic process was seen
in all the succeeding foetuses and by 40 days (C.R. 66 mm. ) had thickened
considerably. In the foetus of 38 days (C.R, 58 mm.) this centre was joined
by the ectotympanic ring which was an incomplcte ring placed ventral and

slightly caudal to the syuamosal centre (Figs, X3, X4 and X5),

Radiography of foctus impregmated with silver nitrate.

The foetus of 34 days (C.R. 43 mm, ) dcmonstrated both on lateral
andldorso wentral projection a centre for the zygomatic process of the
squamosal part of this bone, ‘lThe lateral view was of a fine line running
caudally from above the caudal vnd of the mandible and approximately
parallel to it (Kig. Sn8). On the dorso-ventral plate there again was a
fine line mmning in 2 lateral situation on cither side of the head, caudal to
the mancible and basisphenoid (Fig., Sn®). The image was crosscd by that
of the parietal bones on true dorsal-ventral projection. There was also early
evidence of the development of the ectotympanic ring but this was only seen
on the Jateral plate as a semicivele lying between the previcusty described

centre (Fig, Sn8). The ring bad increased in size and definition in the foetus



of 37 days (C.R. 56.5 mm.) and was visible on both lateral and dorso-
ventral viewing., There also has appeared a small dot at the most ventral
end of the ring, but separated from it when seen laterally, at 37 days

(C.R. 56.6 mm.) (Fig. Sn12), On doxso-ventral projcction the dot, the
image of the malleus, appeared within the semicircular inage in a foetus of
39 days (C.R, 63 mm.) (Fig. Snié). This foetus oi 37 days (C.R. 56.5 mm.)
algo illustratcd on lateral plates, the increase v size which had occurred in
the squamosal centre and by now the line had thickened and was confluent with
a small plate of impregnated tissue which had developed at its caudal end
(Figs. Snl2 and SnlS). The 39 day (C,R, 63 mm, ) foetus on dorso-ventral
viewing showed the line of the squamosal centre ag thickened and also having

a vostro-medial projection approximately hallway along its length (Fig. Snl6).

Alizarin red staining of foetus,

In the foetuses of 31 days (C.R. 35 mm. ) there was seen on the
Jateral aspect of the head, caudal to the mandibulae, a thin line of stained
tissue. This line was doxsal to,but in the same plane as,the mandibulae
(Fig. AZ8), At the candal end of the line and confluent with it, was a small
area just commencing to stain and by 33 days (C.R. 39 mm. ) this was more
extensive. There also appeared at this stage a faint crescent of staining
tissue lying ventral to the development described previously but having at
its medial end a separate dot ol stained tissue (Fig, AZI5). This crescent
increased in length to become semicivcular by 35 days (C.R. 44.2 mm.) By
this tine the line was extending both dorsally and medially producing a
rectangulay shape when viewed laterally (Fig. AZI18). The avea at 37 days

(C.R. 56,5 mm.)was still enlarging and the ring was now virtually complete,



forming 2/3rds. of a circle with the gap facing laterally., TFrom 38 days
(C.R. 58 mm. ) there was forming a trough between the rostrally projecting
bar and the more vertical plate of tissue (Fig, AZ30). Doxsally the centre
was becoming closely related to the cxtending parietal centre and its caudal
border was almost vertical in direction, This border was continued ventrally
to form a pointed caudal projection at the caudo-ventiral angle (Fig. AZ33).
The smallest centre ac the end of the semicircle was no longer just a dot and
by 37 days (C.R, 56.3 mnm.) showed more definite form being approximately

comima shape with a flattened head and thinner tail.

- Thus by the end of this period therc were present 3 centres in the
developing temporal region of each sidc of the head, i.c., one for the pars

squamosa, the ectotympanic ring and a smatl centre for the malleus.

Period of pestation 41~50 days,

Radiography of foctus.

On lateral plates the horizontally rumning process remained evident
and thickencd during this period, There was added to its caudal end by 45
days (C.R. 86 mun,) an expanding plate which remained preseni, ncreasing
slightly in area. On dorso-ventral viewing, the process was seen as a curved
line placed laterally. The ring of tissue, ventral to the previous development

was observed throughout the period on the lateral plates (Figs. X6 and X7).

Radiography of foetus impregnated with silver nicrate.

From the caudo-ventral angle of the plate of the pars squamosa thece

was seen by 43 days (C.R. 82.5mm.) a hook-like projection which remained present



thereafter, It was seen on lateral viewing. At 44 and 45 days (C.R,

84 and 86 mm. ) there appeared on the same aspect, a small dot of tizsue
placed at the candal end of the ring but there was no further develepmeat
except in increase in size of the more dorsal areas of the centre. The |
long rostral projection, approximated with the zygomatic centre, was

broadening during this period (Fig. Sn20).

Alizarin red staining of foetug.,

The delinition of the centre at the rostral end of the cixcle of tissue
clarified at the begiming of this period with the hammer-like appearance of
the malleus developing. By 44 days (C.R. 84 .nm.) a stnall rod of stained
tissue appeared on each side of the laterally expanded poxtion of the basi-
occipital bone and scmewhat doxrsal to it. There was no further development
evident until the foetus of 47 days (C.R, 92 mm,) when these rods could be
seen to have elongated with a pointed end directed medially and an expandexd

lateral section (Fig. AZ34), This was to form the caudal wall of the petrous

portion of the bone., Adjacent to the Iateral end was a furthesr downward growih

of stained tissue., Two vther centres had appeared in the region of cach
developing temporal bone, A siiort rod of tissue wag lying adjacent to the

ala of the sphenoid bone (Fig, AZ54) and this and the previous (we new centres
were to form the dorsal and caudal walls of the petrous portion incorporating
the internal acoustic meatus and {ossa cerebellaris, A new crescent of
tissue lay just within and above the circle of the ectotympanic ring which was
most veutrally placed. This circle had increased in its circunference and
appeared to be immediate to the squamous centre (Migs, A%S4 and AZSS),

By 48 days (C.R. 94 mm.) the new contres were increasing in size aud area

ot

<J°



and there had appeared a further short rod between the two centrcs previously
described as lying adjacent to the basioccipital and to the sphencidal alae.
The crescentic centre relating to the ossifying ring was becoming hroadetr

“
but remained crescentic (Figs. AZ50 and AZ59) commencing the formation
of the promontory of the pyramid. The squamous centre enlarped during
the period and the trough-like depression between the vertical plate and the
rostral narrow projection deepened with growth (Figs, AZ43 and AZ506).

The medial aspect of the vertical plate increased its inter~relationship with

the alae of the basisphenoid (Fig. AZ59).

Period ot gestation 51-60 days

Radiography of {oetus.,

In the foctuses at the commencement of this period, the previcusly
described structures were becoming more clearly visible and the ring of
tissue could be geen on dorso-ventral plates, By 54 days (C.R. 112 mm.)
there was now an addition as a new image appeared in plates of both pro-
jections. Laterally this was seen as a crescentic structure placed at the
caudal end ¢f rhe semicircular image of the ectotympanic ring. On dorsc-
ventral projection it appeared as an oval structure lying withiu the caudal
end of the ring. These shapes ncreasad in size and the dorso-ventral
image apparently bad two darker spots centrally placed within these shapes
by 60 days (C,R. 136 mm.) representing the internal acoustic foramen and
the fossa cerebellaris. The crescentic shape of the lateral image was lost
being now a diffusc area lying above the caudal end of the seniicirycular ring

(Figs. X8 and X9). This was the appearance of the petrous portion of the bone,



Radiography of foetus hmpregnated with silver nitrate.,

In the first few days of this period, the small area adjacent o the
caudal end of the ring began 1o increase in size and by 53 days (C.R. 108.3
nun,) was a gmall crescentic shape (Fig. Sn37). On dorso-ventral plates
at the same age there was appearing within and slightly caudal to the
squamosal vertical plate a rounded area of impregnated tissue, not showing
strongly, but lyiug to the side of the "neck” of the bagivoccipital centre
(Fig. Sn42),: marking the early formation of the pars petrosa, This area
continued to expand and by 57 days (C.R. 125 mm. ) appeared to have contained
the centre which was lying at the caudal end of the ring (Fig. Sn48). There
still remained at the end of this period a space hetween the temporal centres
and the interparictals, the parietals, the suproccipitals and the exoccipital

centres when seen on a lateral plate (IFig, Snb4).

Alizarin red staining of foetus.

The centres continued to expand and ncrease in complexity. By
52 days (C.R, 108 mym. ) the more caudal centres related to the basioccipital
bone and wezre producing a rather tubular structure which curved strongly
with its convexity medially (Figs., AZ70 and AZ71). The other two centres
adjacent to it were becoming involved and by 57 days (C.R. 125 muu. ) they
had amalgamated to produce 2 round tubular stricture with an apparent
aperture centrally, the inteimal acoustic meatus aud deficiency in the wall
morxe dorsally, TFrom the dorso~caudal aspect a finger like projection was
observed, The centre lying more ventrally, related to the ectotympanic
ring , was increasing in arca and forming a round "bowl shapedstrucinre

with an aperture directed laterally (Figs. AZ95, AL96, AZ97 and AZ98)



thus producing the round window on the rounded promontory of the pyramid.
The ectotympanic ring was increasing in thickness and caudally it was bluntex

ended at the termination of this period.

Period of gestation 61 days onward.

Radiography of foetus.

The centres both cn lateral and dorso-ventral plates were distinct,
consisting of the three main components, i.e., squamous, tympanic and

pefrous, grouped closely together (Figs., X10 and X11).,

Radiography of foctus impregnated with silver nitrate,

The space hetween the supra and exoccipital centres and the
squamous and tympanic temporal centres still yemained (Fig. SnS6) although
Into it could be secn projecting a small area of tissue from the temporal

cenires.

Alizarin red stainjng of foctus.

The romnded tube-like development appearcd to be more complete
in its contour buit rctained anapparent central openlng, internal acoustic
meatus, and a dorsally placed aperture,the fossa cerebellaris, It lay
lateral to and above the basi-occipital centre and was rclated rostrally i
the basisphenoids (T'igs. AZIIL and AZL2). Ventrally the bowl-like structure
-of the promontory was cxtensive in area but there remaincd an area devoid
of stained tissue hetween the temporal tissue and the centre of the exoccipital

bones (Tig, AZUZ), Through ihis area could be seen extending in the foctus

at texm two finger-like projections which were from the dorso-caudal horder



described in the period 51-60 days. 'I'his was apparently calcified areas

of the semicircular canals,

Conclusions,

The nature of the development of the centres for this bone was
both endochondral and intramembrancus when viewed histologically. A
single centre each for the squamous part of the temporal bone the ecto~
tympa_nic ring and the malleus appeared to develop it membrane appearing
earlier than the other temporal centregs., They were seen ag alizarin ved
stained structures at 31 days (C.R. 35 mm.) for the squamous primordia
and 33 days (C.R. 39 mm, ) for the ring at which time a separate cenire for
the malleus appeared, Radiographically, their ivitial appearance was at 34
and 36 days (C.R. 43 and 49 mm. ) for the squamous portion and 34 and 38
days (C.R. 43 and 58 mm.) fo; the ectotympanic ring. The earliest of these
dates was in radiographs of foetuses impregnated with silver nitrate and the
latest in fresh specimens. A corresponding date for the separate centre for

the malleus when impregnated with silver was 37 days (C.R. 56.5 mm,).

The eontres fonmed from carxtilage were involved in the development
of the petrous portion of the bone. There were 4 such centres for each
tempoxal bone, appearing first in alizarin stainced specimens at hetween 44
“and 48 days (C.R. 84 and 94 mm.). The most ventrally placed centre continucd
to develop to produce the promontory of the pyramid with the round window In
evidence, the centres above it becoming confluent to form the petrous section
of the temporal bone, The iternal acoustic meatus was seen on the dorsal
surface at 57 days (C.R, 125 mm.). Radiographically, these centres began

to make their appearances from 44 days (C.R, 84 111m.,)'(si}vmr nitrate



impregnated foetuses) and 54 days (C.R, 112 mun.) fresh loetuses), being
apparent but indistinct by the end of the 51-60 day period. The gap between
the squamous and tympaunic centres and the cxoccipital centres was still

evident at bixth.

There is general agrecement that the og temporale develops in three
portions, i.e,, petrous, squamous and tympanic, and the observations of
Lesbre (1897) regarding their type of development would match these findings.
The description of Jayne (1898) of the state of develapment shortly before birth
is similar to that of Drews (1933) which also resembles these {indings.,

Drews figure for the arrival of the squamous bone and annulus tympanicus

at 3l days concurs with these findings but the C.R., length of 63 mm. differs
mayrkedly from the observed one of 35 mm. No develoi)ment of the processus
mastoideus of the pars petrosa was observed during foetal development,

This finds agreement with the voports of Lesbre (1897), Jayne (1898) and

Drews (1933).



Auditory ossicles.

Mivart (1881) states that the auditory ossicles are formed in paxt

at least by ossification of the proximal ends of the cartilages of the first and

second visceral arches, the first giving the body of the malleus and the -second,

the body of the long crus of the incus. The stapes differs as it is a small
part of the rostral wall which has grown out, become separated and second-
arily comnccted with the upper part of the second arch, Lesbre (1897)
relates that the ossicles ossify very early in the embryo before the end of
the first half of gestation. Jayne's (1898) description is similar in that he
describes the malleus and incus as developed from the upper part of the
primative lower jaw i.e., Meckel's cartilage whilst the stapes is devcioped
from the cartilage surromnding the fenestra ovalis. Drews (1933) indicates
that the malleus and incus are first seen in a foetus of 115 mm, or 49 days,
the former appearing pear-shaped. M a foetus of 130 mun. or 53 days, the
stapes was observed. At birth the manubrium mallel was also ossified in

its definitive foxrm but this would appear to have happencd independently.

No detailed study was made of the auditory ossicles during this

investigation,



Os parietale.

Mivart (1881) degcribes the developmment from membrane of the
parietals along with the supraoccipital, interparietal, frontals, squamosals,
vomer, nasals, lachrymals and malars. Lesbre (1897) tells of two primary
centres of ossification which develop almost simultanecously with those of the
fraontals and the description of Jayne (1898) is also of two centres., e
continues with a description of a skull shorxtly before birth where the parietals
are externally strongly convex and internally they bear narrow curved p].ate;@
representing the tentoxial processes. Drews (1933) telis of the first sign
of the parietals In a foetus of 46 mm. or 28 days, and rclates that ossification
continues In the fifth week of gestation as a result of the occurrence of two

centres,

Period of geetation 31-40 days.

Radivgraphy of foetus,

The parietal centies became evident at the 38 day (C.R, 58 mm.)
stage but even then there was only a faint lire to be secn following the
dorsal line of the dome of the cranivm when viewed laterally. Ob dorso-
ventral viewing the lateral ontline of the cranium contained the images of the
parietal centres. By 40 days (C.R. 66 mm. ) the density of the image had
increased so that the caudal part of the dome of the cranium was demarcated
by the parietal outline. A gap existed between the frontal and parictal

outlines (Figs. X3, X4 and X5).



Radiography of foetus bmpregnated with silver nitrate.

The centres for the parictal bones were not obvious until the
foetus of 37 days (C.,R. 56.5 mm. )} when a fine lattice-work was seen 10
extend over the caudal half of the dome of the cranivm (Fig, Snl2), -The
opacity of the area increased and hy 40 days (C.R. 67 mm,) the area
involved reached rostrally to border on the frontal area, ventrally to the
temporal region and caudally to the interparietal centre, There was also,
caudal and ventral to the latier centre, an extensive radiolucent area between

the parietal centre and the developing occipital boncs (Fig. Snl7 and Sul8),

Alizarin red staining of foctus.

Of the three foetuses of 31 days (C.R. 35 mm.) examined by this
method, two revealed areas of stained parieizl centres, These were {wo
faint sheets of tissue placed on cither side of the head, caudal to the frontal
centres. They bad a lace-like appearance. These areas lucreasad in
exfent and by 33 days (C.R, 39 mm. ) were enlarging in a ventral direction
(Fig. AZI5), Af 35 days (C.R. 44.2 mm. ) the area of extension was involving
an increase i the rostro~caudal dimension of the more dorsal part (Fig., AZ18)
so that by 36 days (C.R. 49 mm.) the area was of such preportion as to
approximate with the temporal central ventrally and the frontal centre
rostrally (Fig, AZ21), ‘lThis lattev junction wasg of a close nature with the
lacy framework of both cantves apparently touching, There still remained
an unstained area on the vertex of the cranium (Fig, AZ22) but the caudal

border was related to the interparictal centres (Fig, AZ20).



Pexiod of gestation 41-50 days.

Radiography of foetus.

The centre continued to increase in area during this period and

its increased density was noticeable (Figs. X6 and X7).

Radiopgraphy of foctus impregpated with silver nitrate,

The centre coutinued to jncrease in area during this period and

its increased density was noted (Figs. Sn20 and Sn32).

Alizarin red staining of foetus.

The extension of these centres continued with the overall increase
In skull size. ‘There still remaincd throughout this period a gap of ustained
tissue between the parietal and frontal centres dorsully (Tig. AZ36), The
periphery of thesc centres elsewhere was clogely related to ox overlapping
their neighbours, except the temporal centres. On the internal surface
there was developing a ridge of increased thickness which ran close to and
parallel with the caudal border of the centre., This ridge increased in
prominence during the period. The position of this ridge can be seen on

the exterior in Fig, AZO6IL,

Period of gestation 51-60 davs.

Radiopraphy of foetus.

At the beginning of this period the dorsal and caudal horders
increased in vadiopacity, as was apparcnt at 52 days (C.R. 108 mm., ),
I addition, another line of denser bone was shown, paraliel to the cavdal

border and running ventrally. By 54 days (C.R. 112 mm.) these structures



were clear iu position and remained throughout the period. The entire

centre continued Lo incrcase in size (Figs, X8 and X9),

Radiopraphy of foctug impregnated with silver nitvate,

By 53 days (C.R. 108,3 min .} on a lateral plate, the region
immediate to the caudal border was denger thap the remaining parietal
tissue (Fig, Sn37) and this appearance continued throughout the period

(Fig. Sn54),

Alizarin red staining of foetus.

The extent of increase In the centres was in step with the increase
in the boncs of the neurocranim, The inner ridge was becoming more
massive and closely fclated to the interparietal centre which had a flattened
border to accomodate it (Fig. AZ67). There still existed at the end of this
phase, a dorsal gap in the tissue and there were still spaces separating

these centres and the temporal contres (Figs. AZY7 and AZ98),

Period of gestation 61 days onward,

Radicgraphy of foetus,

The whiter region at the rostro-dorsal angle was now triangular
in shape with its apex directed rostro-ventrally and the white lines were

still preseni. These cbservations were on lateral plates (Fig. X10),

Radiography of foetus impregnated with silver nitrate,

The denser axca at the cavdo~dorsal region of these centres was

apparent laterally and also on a dorso~venival view a similar line could he



seen paralleling the caudal bhoxder of these centres (I'ig., Snd3).

Alizarin red staining of foetus.,

The Inner caudal ridge was now extensively projecting forward
into the intevior with the ridges of both centres producing a V-shaped

formation.

e o s .

Histologically the centres were seen to develop from membrane thus
bearing out the description of Mivart (1881). The development was from
two primary cenires, one for each side, and tiieir arrival in alizarin red
stained specimens was first marked by the presence of two stained axeas
in the foetus of 31 days (C.R. 35 mun.) which is later than the 28 day foetus
of the series described by Drews (1933). Alsb the C.R. length of 35 mm.
differed from the iength given by Drews of 46 mm. However, his description
of ossification continuing in the fifth week of gestation is in aporoximate
agreement, The initial radicgraphic appearance was at 37 days and 38 days
(C.R., 50,5 mm, and 58 mmm. ) the earlier time being with silver nitrate
impregnation of the foetus. The develomnent of the processus tentoricus
was seen in the alizarin stained foetus in the 41-50 day period and radio-
grapbically from 52 days (C.R. 108 mm,) onward, This development

resuvlted in a structure similar to that described by Jayne (1898).



9§ ﬁrontale .

Mivart (3881) states that the centre for this bone arises from
membrane along with the supracccipital, parietals, interparietal, frontals,
squamosals, vomer, nasals, lachrymals and malars, Lesbre (1897)-
describes the frontal bones as developing from two single primary centres
almost simultaneously with the parictals. -Jayne (1898) describes the frontal
bone in a skull shoxtly before birth ag very convex and there are asg yet, uo
frontal sinuses, but the frontal postorbital processes arc small tuberceles,
Drews (1933) first describes the frontal in a foetus of 46 mm . or 28 days- and

relates that it ossifics during the fifth week.

Period of gestation 21-30 days.

Radiography of foetus.

This structure was not apparent in any of the radiographs of the

Toetuses of this period.

Radiography of foetus impregnated with silver nitrate.

The foetuses of 39 davs (C.R. 29,1 mm.) all had a small somewhat
rectangular patch of impregnated tissue apparent above the orbital region on
lateral viewing. On dorso-ventral exposure the two strips could be seen

Iying laterally on either side of the developing skull (Figs, Sul and Sn2),

Alizarin red staining of foetus,

Of the foectiises of 28 days, two (C.R. 28 end 26 num, ) had stained

tissue of the os fromtale (Fig. AZ1), "Ihe foctus of C.R. 26 mm. had small



rectangular sheets, one above each of the orbits, whilst the other foetus

had more extensive areas staining with small spicules radiating out from
the doxsal border of the sheets giving them an irregular rounded appearance.,
The 30 day (C.R. 32 min.) foetuses had bilateral stained sheets over the

orbit with a similar radiating pattemn at the doxsal border (Fig. AZ4).

Period of gestation 31-40 days.

Radiography of foctus.

The frontals were not positively identified until 33 days (C.R. 38 mm.)
when they were best observed on the dorso~ventral projection as faint areas
of opacity dorsal to the oxbits and extending dorso~laterally. ‘lhe lateral
view was of a faint area placed immediately above the developing orbit
(Figs. Xl and X2), By 36 days (C.R. 49 mum.) the areas had wcreased in
size and improved i definition. On dorso~ventral projection they were semi-
circular areas situated above the orbits; on lateral viewing the areas were
fainter. The extension of the frontal bonc was increasingly evident as this
period progressed and by 38 days (C.R, 538 mun. ) the dorsal line of the head
was paralleled by the outline of the froutal bones when seen laterally., 'On
dorso-ventral exposure the rostral line of the dome of the cranium was
formed by the frontal centres. By 40 days (C.R. 66 mm.,) the area of the
frontal development extended on lateral plates from the middle of the cranium

into and rostral to the dorsal part of the orbit (Figs. X3, X4 and X5).

Radiography of foetus impregnated with silver nitrate,

In the 31 day (C.R. 35 mm. )} foctus there wag an arca of increased

opacity abeve the developing oxbit as seen on lateral exposure, while on dorso-



ventral viewing the most rostral outline of the cranium was formed of

the developing frontal centres (Figs., Sn4 and SuS). By 34 days (C.R.,

43 mim. ) the area of opacity had extended caudally an.dl dorsally in the
region of the cranium, Rostrally a projcction was seen runuing ventrally .
_ toward the maxilla, These were obsexrvations on a lateral plate (Fig. Sn8).
The structures weve seen on a dorso-ventral exposure ag 2 line extending
around the lateral and rostro-lateral boundaries of the cranium. There
was also an area of increased opacity present over the orhit and towainds
midline with a prolongation running down the medial aspect of the orbit
(Fig. Sn9)., By 39 days (C.R. 63 mm, ) the extension of the arca was
marked so that by 40 days (C.R. 67 mm. ) the centre extended rostrally to
the maxilla, caudally to the parietal, caudo ~ventrally to the developing
temporal region ag well as providing most of the medial wall of the orbit

(Figs, SniS and Snl7).

Alizarin red staining of foetus.

In the 31 day (C.R. 35 mun.) foetus the stained area extended over the
orbital region with a convex border and a more densely staining basal Iz_nc
dorsal to the oxrbit (Fig., AZ6). The 33 day (C.R, 39 mum. )} foetus cxhibited a
larger staived area doxsally (Fig. AZ1Z)and the denscr line was bifurcating
rostrally with one branch curving round the rostral aspect of the oxrbit and
the more dorsal also running rostrally (Fig. AZ13). By 35 days (C.R., 44,2
mm .} this bifurcaticn had created a notched appearance of the rostral horder
into which the maxillo would eventually fit and there was developing from
these cenires a dovso-medial wall (o the ovbit (Wig, AZISY.,  These larer

changes increasad in size in the subsequent foetuses aud by 38 days



(C.R, 38 mun, } the doxrsal extension of the stained areca was such as to
approximate with the parietal caudally and the opposite frontal rostro-
dovsally (Fig. A%25). Ilowever therc remained an open area at the most

darsal point of the crown where there was no stained tissue.

Period of gestation 41-50 days.

Radiography of foetus.

The area of coverage of the [rontal centres increased during this
period. Rostrally there was an extengion of the dorsal line of the lateral
image, being the point of junction with tl}e maxillary and nasal centres.,
This produced a slight concavity of the dorgal line at its rostral end.

Just dorsal to this concavity could be seen a faint dorsally arched line
running caudally above the developing orbit. By the end of this period,

the arched line was longer and more clearly discerned. (Fig. X7).

Radiography of foetus impregnated with silvex nitrate.

The field of the centres continued to increase with extension
continuing in the orbital region. Observed laterally,a fine line appeared
above the orbit by 43 days (C.R, 82,5 mm,) siguifying the dorsal rim of

that structure (Figsg, Sn20 and 31138).

Alizarin red staining of foetus.

The centres continued to enlarge and there was particular extension
of the medial wall of the orbit during the second phase of this period {Fig. AZ56).
The rostral noteh was commencing w roof over with a cmrved open network

of stajned tissue, being evident at the commencement of this period (Fig, A'Z35)



and by 47 days (C.R. 92 mm.) showing considerahle progress rostrally.

(Pig. AZ57).

Period of gestation 51-60 days.

Radiopgraphy of foetus,

By 52 days (C.R. 108 mm. ) the rostral prolongation was somewhat
in the shape of an inverted V and the arch above the orbit was hcreasing
in definition. The whole centre increased in size to correspond with the

enlargement of the head,

Radiography of foetus impregnated with silver nitrate,

The centra continued to enlarge during this period. The line above
the orbit was apparent throughout the period and by 57 days (C.R. 125 mm.)

a local thickening appeared just in front of the rostral end (Fig. Sn46).

Alizarin red staining of foctus.

There was an increase in size and the plate forming the medial wall
of the orbit was cxtending ventrally, During this period, the line marking
the doxsal rim of the orbit was more deeply stained signifying the formation
of a ridge (Figr. AZ73 and AZ97) and by the end of the period at the caudal

end of the ridge an eminence was appearing.

Period of gestation 6] days onward.,

Radiography of foctus .

The V formation rostrally was [11ing in by tliis ume and the dorsal

arched line was a distinct white line running round above the orbit,

fJ 2 wp



Radiography of foetus impregnated with silver nifrate,

The thickening on the dorsal orbital rim was developing into a
slight eminence which appeared to be directed slightly ventrally when

viewed on a lateral plate (Fig. Snb6).

Alizarin red staining of foetus.

The eminence at the candal cnd of the ridge over the orbit was

pronouncéd at birth, (Fig. AZ 112).

Conclusions.

Histologically the ossa frontale were seen to develop in membrane
agreeing with the findings of Mivart (188]) but several days in advance of the
appearance of the parietal centres., There were two centres, one for each
side, and their first appearance was detected in the alizarin red stained
specimens,being evident at 28 days (C.R. 25 mm.) which raatches the day
of gestation given by Drews (1933) but does not taily with his C,.R. length,
Lis being 46 mmn, as compared to these findivgs of 25 and 26 .,  The
first radiograrhic appearance was not until 30 days (C. R, 29,1 mun.) in the
silver nitrate impregnated foctus and 33 days (C.R, 38 mim. ) in the fresh
specimens, The supraorbital process as described by Jayne (1898) became

evident in the latter part of the 51 to 60 day peviod,



Qs ethimoidale.

Mivart (1881) describes this bone as developing from the ethmo-
vomerine cartilage with the median ethmoid and cribriform plate ogsifying
late. Leshre (1897) also adds that there is a caxtilaginous pﬁecursor’” ’
whilst Jayne (1898) pives greater detail of the ethmoids in his description
of the skull close to birth. He describes the lateral as coneisting of a
few folds of cartilage in which have appcared scveral bony nodules at the
rostral end of the future fourth piece and a small nodule in the medial part |
of the sixth piece. The mesethmoid and cribriform plate are represented
by cartilage. At birth these ossified nodules in the lateral ethmeoid at the
cnd of the terminal medial part of the fourth scroll have extended laterally
and upward along the caudal boundary of the ethmoidal cleft and also slightly
upward into the rostral ends of the {irst and second pieces. The sixth piece
had increascd ossification and a new centre had appeared in the seventh piece
whilst the fifth was still cartilaginous. Drews (1933) repoxts that shortly
before birth 130 mm. or 53 days, the oral ends of the endo-turbinals begin
to ossify but it is not until afier birth that ossification occurs in the ecto-
turbinal, laniiia cribricsa and the lamina perpendicularis., Crouch (1969)
illustrates the ethmoid bone of a kitten and shows a horizontal or eribriform

plate and the perpendicular plate.

Ewer (1973) describes the skull of Caneidea as having turbiuals
comprising a gingle maxillary, a nasal and a primary series of ethimo-
turbinals, the latter diffeventiating originally from the median nasat septum.
These arve sometimes collectively referred ro as endoturbinals.,  They ave

supplemented by Iater developing outgrowths from the side walls of the nasal



passages, forming an ectoturbinal series,

In a foetus from a litter obtained at birth, there was evidence of

alizarin red staining of the primary scries of the endoturbinglia (Fig, AZ 1110,



3 & 2D

Ogga turbinalia,

Both Mivaxt (1881) and l.esbre (I1897) indicate cartilaginous pre-
cursors for these bones and Lesbre (1897) describes the maxillary turbinate
as having one centre of ossification, Drews (1933) states that the start of

ossification of the turbinates cannot be established until just before bixth.

In a foctus from a litter obtained at bhirth, there was evidence of
alizarin red staining of the ventral conchae (maxillary ox ventral turbinalia),

This 1s similar to the find.ﬁl_gs of Direws (1933), ( Fig. AZ 1110,



Osg lacrimale.

Mivart (1881} describes this bone as arising from membrane with
the supraoccipitals, parietals, interparictals, frontals, squamosals, vomer,
nasals and malars., Jayne (1898) states that there is one centre of ossifi~
cation for this bone and that in the skull shortly before birth only a narrow
line of ossification can be seen along its rostral boxder and at birth the
ossification of the lacrymal has increasad to a narryow cirescentic band.

_Drews (1933) shows the Iaérym.al to be present in a foetus of 46 om. or 28

days, in the form of a punctate spot in the orbital region.

Period of gestation 31-40 days,

Radiography of foetus

There was ne radiographic evidence of the appearance of this

centre.

Radiography of foetus impregnated with silver nirate.

There was no evidence of this centre in radiographs of impregnated

foetusges,

Alizarin red gtaining of foetus.

Of the three litters of 31 days (C.R, 35 mm. ) only one contained a
[oetus revealing a small centre of stained tissue lying medial to the dorsal
border of the waxillary centre, This was in the form of a gmall crescent
of tissue. ‘lhe foctuscs of 33 days (C.R. 39 mm.) onward, all demonstrated
a centre at this point (Fig. AZIS and AZI6) by 36 days (C.R, 49 num, ) Uie

dorsal half had expanded to be approximately triangular in shape with a narrow



strip ventrally, terminating in a slightly expanded end, The centre
continued to Micrease in size and became move lace-like in form by 39

days (C.R, 063 nun.) onward (Fig. AZ33).

Period of gestation 41-50 days.

Radiography of foetus.

The ceutre was observed as a faint line when seen on a lageral
plate of the foetuses of 45 days (C.R. 86 mm.). It was sglightly cuived
with its concavity facing into the orbit, The image of the centre remained

faint throughout the remainder of the period.

Radiogranhy of foctns Imprepmated with silver nitrate.

‘The centre was first identified in a foetus of 43 days {C.R, 82.5 mm,)
and described an indefinite V-shape on a lateral plate (Fig. Sn20), Iying on
the rostral surface of the oxbit dorsal to the main substance of the developing
maxilla. It wag repeatedly obscrved m later plates but increased little in

size, remaining similar in cutline.

Alizarin red staining of foetus,

The centre became more triangular in form during this period and

increased slightly in size (Fipg. AZ41),

Period of gestation 51-60 days.

Radiography of foctus, :

The centre romained visible throughout the period as a {ine line

witl gome widening at the base. By 60 days (C.R. 136 mum. ) it was difficult



to determine it as a separate structure (Fig, X9).

Radiography of foetus impregnated with silver nitrate.

The centre was discerned on Jateral plates as an approximately

V-shaped centre but remained small throughout (Figs. Sn32 and Snd4).

Alizarin red staining of foetus.

The centre cxtended more laterally as an angled projection

but still retained a triangular shape,

Period of gestation 61 days onward,

Radiography of foctiis.

The density of the image had increased but its differentiation

from neighbouring centres was difficult (Fig. XI10).

Radiocpgraphy of foctus impregnated with silver nitrate,

The centre could not be discerned as a separate structure,

Alizarin red staining of foetus,

Therc was a narrow dorsal prolongation appearing at this stage

but the centre still remained small in comparison to its neighbours.

Conclusions,

The centre developed from membrane as was observed histo-
logically, but although it was secen gtained by alizarin red at 31 days
(C.R. 35 min.) it did not appear radiographically till 43 days (C.R.

82.5 mm.) in silver nitrate preparations and 45 days (C.R. 86 mum.)in



fresh specimens., The day of appearance of the alizarin stained centre
was later than that given by Drews (1933) who quotes 28 days and also the
C.R. length which he gives of 46 mm. is far removed from this finding
of 35 mm. The description of the centre at birth given by Jayne (1898)

resembles that found here,



Os nasale,

Mivart (1881) reports that the nasal bones develop from 111(31111‘Jrané
along with the supra-occipitals, the parictals, intcrparietals, {rontals
squamasa, vomer, lachrimals and malars. Jayne (1898) accords one
centre of ossification to this bone and states that it is ossified in a skull
close to birth, Drews (1933) notes the nasals as present in a [oetus of

63 mm. or 31 days and apparent as two osgified centres.

Period of gestation 31-40 days,

Radiography of foctus,

The first evidence of the presence of these centres was in the
foetus of 36 days (C.R. 49 mum.) when a faint line was seen running rostro-
caudally in the most dorsal part of the face. This line was moxre clearly
defined in the litter of 38 days (C.R, 58 mm. ) when it could be seen

lying rostral to the frontal centres (Figs. X3 and X3).

Radiggraphy of feetus impregnated with silver nitrate,

The presence of the centre of this bone was indefinite at 31 days

(C.R. 35 mm.) but by 34 days (C.R, 43 mm.) on 2 lateral plate, two strips
could be scen overlying cach other running parallel to the nasal profile of
the foctus (Fig, Sn8). They were also obvious on the dorso-ventral plate
as slightly diverging short strips (Fig, Sn9). The size of the centres
imcreased and by 40 days (C.R., 67 mm,) the lateral view was of a V-shaped
structure with the point of the V directed at the frontal region (Fig. Snl7),
On dorso-veatral plates the centres appeared crescentic, one to esither side

of midline (T'ig. Snl6).

2



Alizarin red staining of foctus.

At 31 days (C.R. 35 nmm, ) the centres were seen ag horse-ghoe
shaped structures, one to either side of midline with the convexity dorso/
caudally (IFFig, AZ7), By 35 days {C.R. 44,2 tam, ) the centres having -
increased in size, the areas contained within the horseghoe rings were
commencing to stain (Fig., AZ19) so that by 37 days (C.R. 56.5 mm, ) the
centres were almost complete with stained tissue (Fig., AZ24). Thug the
appc—:arancé at 40 days (C.R. 66 mmi.) was of two isosceles triangles pla ced

one to either side of midline ané with their bases rostral Tig. AZ32).

Period of gestation 41~30 days.

Radiography of foetus.,

The lateral image remained as a thin line increasing in length
during this period. On dorso-ventral plates, the outline was of two small
centres lying to either side of midline most rostratly with a rounded caudal
border, straight lateral and medial borders and a flattened rostral periphery.
This latter image was not fully apparent till 45 days (C.R, 86 mm.) when it
was still faint in outline. The centres incyxeased in size during the rernaining

period (Figs., X6 and X7).

Radiography of foetus impyconated with silver nitrate,

The dorso-ventral appearance was of two centres with straight
medial borders just to either side of midline and convex lateral borders
containing faintly vadiopaque tissue (Tig. Sn23). The opacity and extent
of the tisgue increased during this period and by 45 days (C.R. 86 mim.)

the centres were of even density. The lateral view was originally ivregularly



V-shaped {Fig. Sn24) but the area between the two levels became gradually

radiopaque during this period (Fig. Sn32).

‘Alizarin red staining of foetus.

The bilateral centres continued to appear as two triangles to either
side of midline but their dorsal surfaces were increasing in convexity giving

the centre a scrolled appeavance (IMig. AZ39).

Period of gestation 31-60 days,

Radiography of foetus.

The centre increased in sizc and definition durig this period

(Figs. X8 and X9).

Radiography of foetns impregnated with silver nitrate,

The density of the centres Increascd as did their size (IMig, Sn39),
On lateral viewing the profile became more pronounced as the rogtral tips
of the nasal centres protruded and were but sligl;tly' curved, 'lhis became
noticeable by 53 days (C.R. 108.3 mm.) (Fig. Sn38) and was obvicus at

57 days (Fig. Sn66).

Alizarin red staining of foctus.

The centres were pointed dorsally, with the point being at the nost
dorso~medial angle, so that the medial edges of the two centres were straight
and closc to each other in midline. The lateral horders were convex, The
outer surface was strongly convex aud, in the 52 day foetus (C.R. 108 mm. )

the tissue wag then lacy in appearance (Fig., AZ70), However, as the period
DL g I

-



progressed, the density of the centres increased and by 57 days (C.R.
125 mm, ) they were relatively opacque. The overall size had also

increased (Fig, AZI0L),

Period of gestarion 61 days onward.

Radiopraphy of foetus.,

The outline of the centres was well defined in both lateral and

dorso~ventral exposures (Figs. X10 and X11),

Radiography of foetus impregnated with silver nitrate,

The outline of the nasal centres was clear (Fig, SnS5) and the

profile well defined on lateral viewing (Fig. SnS6).

Alizarin red staining of foetus.

The ventral boxrdexr at its reglon of union with the lateral border
was beginning to project rostrally and ventrally to give at birth a short

pointed extension at this area.

Conclusions.

Histologically the centres were seen to develop in membrane.
There were two primary centres, one for the hone of cach side, The
alizarin red stained loetuses gave first positive identification of che
centtres at 31 days (C.R. 35 nun. ) which matches the day given by Drews
(1933) but his C.R. length fipure of 63 mm. is in excess of these findings
of 35 mm. Radiogrvaphically the contres were lirst scen at 34 days and
36 days (C.R, 43 mm, and 49 mm.) the earlier date being in the silver nitrate

specimens.



Vomer,

' M‘wari_: (1881} describes this bone as arising from membranc at
the same time as the supra-occipitals, inl:erpa.ri.etals; frontals, squamosals,
nasals, lachrymals and malars. Ile identifies it as having a single centre
being an ossification of the membfane investing laterally the lowest part
of the ethimmo-vomerine cartilage, Jayne (1898) however attributes its
development to two centres. In the skull shortly before birth he states
that the vomer is for the greatest part ossified, Drews (1933) finding
agreement with the latter, states that the vomef is a paired structure

appearing in a foetus of 46 mm. or 28 days.

302



Period of gestation 21-30 days.

Radiography of foctus.

There was no evidence of the presence of the vomer in the foetuses

of this group.

Radiography of foctus impregnated with silver nitrate,

In one of the foetuses of 30 days (C.R. 31 mm,) the centre for the
vomer could be seen on a lateral plate as a slight streak placed dorsal to

the developing oral cavity and divided obliquely caudo-dorsally.

Alizarin red staining of foetus,

There was no evidence of staining of the vomer in the foetus of

this group.

Period ot gestation 31-40 days.

Radiography of {oetus,

In the foetuses of 36 days thexe was an indication of the presence
of the vomer in two of the litter of C.R. 55 mm, but not in the othexr littex
(C.R. 499 mm.). The centre was double in one foetus, lving between the
outline ¢f the alac of the presphenoid and was only visible on the dorso=
ventral plates. The other-foetus in which the centre was present had a U-
shaped structurc in an identical position. The two litters of 38 days
(C.R. 58 and 60 mm, ) both had foetuses with the centre present but zgain
in one litter it appeared double and in the other it was U-shaped., The
subsequent litters demoustrated the centre (Fig, XS} but due to the lack of

a true dorso-ventral projection it was difficult to evaluate the shape.

[+ I8 VS )
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Radiography of foetus impregnated with silvexr nitrate,

In the foetus of 31 days (C.R. 35 mm. ) the development of the
vomer could be seen. It appcared on the lateral plate as a narrow line
running caudo-dorsal from the caudal bordexr of the maxilla, whilst on
the dorso-ventral plate it had the form of a band running in midline from
the rostral maxillary region (Figs. Sné and Sn7), The latcral appearance
in the 34 day foetus (C.R. 43 mm.) was wider at its rostral end whilst the
dorso-ventral form appeared divided longitudinally (Figs, Snl0 and Snll).
The vomer image was progressively masked by those of the maxilla and
zygomaticum during the remaining perilod when viewed latcrally (I'ig. Snl5)
but the dorso-ventral form was still recognisable lying in midline above the

maxilla, It continued to have a divided appearance (Fig. $nlé).

Alizarin red staining of foetus.

The vomer was stained in the foetus of 31 days (C.R., 35 mm. ) giving
the appearance of two narrow wings diverging from a midline wmion rostrally
and rumning caudo-dorsally (Fig. AZ6). This configuration resembled a
plough shape. The size of the centre increased with age and the wings
increased principally in’ length (Fig., AZ28). On the dorsal surface close
to the caudal end there was appearing on each side a raised roughened eminence

in the foetuses of 38 days (C.R. 58 mm.) onwaxrd.,

Period of gestation 41-50 days.

Radiography of foetus,

Observation of the vomerine centres was largely obstructed by

the development of overlying areas (Figs. X6 and X7). On dorso~ventral



plates in a few individuals the V form of the centres could be seen.

Radiogfaphy of foetus impregnated with silvex nitrate.

The V-fotimation of the centres was evident on dorso-ventral
viewing (Fig. Sn23) but the centres were difficult to discern on lateral
view (Fig, Sn22), There was an incrcase in size corresponding to the

general growth of the region.

Alizarin red stainiung of foctus.

The length of the two wings of the vomer increased throughout
the period, unification venirally was still evident. ‘The united body was
evident through the space between the palatine and maxillary centres
(Fig. AZ40) until tjl.e Iater part of this period when those gaps began to
close (Fig, AZ58). There appeared also separated rostral extensions of
the wings as they approached the vertical plates of the incisive centres.
On the dorsal surface at about two thirds of the way along the length, there
was seen developing at the commencement of this period a small truncated
prominence which rose in height during the remaining period (Fig. AZ59),
The caudal third of the wings were expanding vextically with a slight divergence

of the extensicn of both sides (Fig. AZ54).

Period of gestation 51-60 days.

Radiography of foetus.,

There was difficulty in outling the centre during this period but

there was apparent liscreasce in size (I'igs. X8 and X9).
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Radiography of foetus impregnated with silver nitrate.

There was difficulty in outling the centre during this period

but there was some increase in size (Fig, Sn48).

Alizarin red staining of foetus,

The centre increased in size during this phase., The dorsal
prominences were more noticeable and assumed a more transverse line
in the second half of this phase (Fig, AZ70). The more caudal portion
of the wings continued to expand in area. 'This area of extension was
progressively covered by the rostral growth of the praesphencid centres
so that by 57 days (C.R, 125 mm. )the presphenoids extended rostrally to

the level of the doxsal prominence of the vomerxr (Fig. AZ96).

Period of gestation 61 days onward,

Radiography of foetus.

The centres were not easily defined due to the overlying surrounding

tissue (Figs. X10 and XI1).

Radiography of foetus Impregnated with silycr nitrate,

The centres were not easily defined due to the overlying surrounding

tissue (Figs. Sn53 and SnS4).

Alizarin red staining of foetus,

'The final specimens revealed little of the growth of the vomer as
the ethmoids were now covering the vomerine centres with staining tissue

and the vomer appeared to have received Jittle stain as a consequence of
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pooxr infiltration of the staining fluid. There was no evidence to suggest

that any major alteration in development had occurred (Fig. AZILI).

Conclusions.

Histologically the vomer developed from membranc being

~ constructed alongside the more caudo-ventral part of the cartilage of the
nasal capsule which lay in midline. The alizarin red stained specimens
demounstrated a centre which appeared to have two wings unified at midline and
appearing first of all at 31 days (C.R, 35 mm,}, The silver nitrate impreg-
nated specimens were positive radiographically at 30 days (C.R., 29.1 mm., )
but the centres of the treated foetuses in a number of the earlier foetuses
appeared to be separated in midline but this may have been due to the finer
parts being still relatively radiolucent although calcified, Drews found

the centres to be paired appearing at 28 days but his C.R. length of 46 mm,
is in excess of these findings of 35 mm. Therz was no histological or
alizarin stained evidence of the pairing of the centres and this is similar to
the findings of Mivart (1881). However both Jayne (1898) and Drews (1933)

found them to be paired.
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Os hyoideum

“Mivart (1881) ascribes the origin of this apparatus to the second
andlrhird visceral axches, | The epi-, cerato- and basihyals ossify from
the lower end of the second arch while the thyrohyals are of the solitary
ossifications of the third visceral arch. Drcws (1933) states that the ossi-
fication of the hyold starts in the cat after birth, The basi-, thyro-, kerato-,

epi- and stylohyoid develop from one ossification core each,

- No detailed study was made of the hyoid apparatus during this

investigation,
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SUMMATION OF FINDINGS

IN GROUP A,



The Skeleton as a Whole.

The times of development of the centres of ogsification of the
entire skeleton, excluding the visceral skeleton, are compiled in the
table. 4. The number of centres developing in foetal life and their
times of appearauce, as detected using the seiected techniques, are

recorded.

In Figs, G1-7 there is recorded in graph form, the state
of development of the skeicton at all stages of gestation from 25 days or
20mm. C,R. length onward until full texm or 150 mm. C. R, length as
detccted on radiographs of fresh specimens. Using the graph, it is
possible to take a specific day of gestation which is marked on the horizontal
axls and by tracing vertically, to determine which bony elements would be
present at that particular time, Conversely, if a specific C.R. length is
taken on the vertical axis and a line drawn horizontally, then a determination
of the state of development of the bony elements anticipated at that C.R.

length can be made.

There was found to be a total of sixty-six types of centres of
osgification developed duri.nfg foetal lifc., This means that although a centre
may be repeated to cither side of midline e.z.; skull or repeated serially
e.g., vertebral column, the total of sixty-six represents only the sum of
the various types c.g., there are thirteen thoracic vertebrae but only two
types of centres are counted for this group i.e., one for the centrum and

one for laminar development. All of these centres were investigated using
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alizarin red staining and radiography both with and without silver nitrate
impregnation, Although all the centres were obsexrved histologically, for
their type of ossification only thirty-four were given times of appearance

on a histological basis.

Yrom the evidence presented on Table 4 it can he seen that of
the sixty-six types of centres examined, forty-six were revealed earliest
by alizarin red staining, with a further nine revealed as ecarly as by either
other technique. Using radiography of silver nitrate impregnated foetélse 8,
five centres were revealed earliest, with a further seven as eaxrly as by
either of the other mcthods. Radiography of fresh material was first to

reveal a centre in only two cases, with an equal fivst for another two centres.

It would appear therefore that alizarin red staining ig the most
sensitive of these techniques for revealing the early presence of calcified
material, with radiography of silver nitrate iinpregnated foetuses next and
the radlography of fresh foetuses the slowest to reveal the developing cenires.
However the difference in time between the first detection of centres using
alizarin red stain and silver nitrate impregnation was nevex great, ‘able 4,
which is similar to the findings of O'Rahilly and Meyer (1956}, The times
for radiograpay of the fresh fcetuses had more obvious disparities with the

times for the cther two methods.

Ag stated by O'Rahilly and Meyex (1950} histological examination
proved to be the most critical method of examination for the developing
centres, as it allowed assegsment as to whether merely primary calcification

was being observed ox the presence of a true centre of ossification. From
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the Table 4 it can be seen that the techniques of alizarin red staining

and silver nitrate impregnation were initially detecting the onset of primary
calcification and the formation of a periosteal collar. A true centre of
ossification did not usually occur until aflter scveral days. This was as

found by Meyer and O'Rahilly (1938). Hee A_PPEJ'ldbc

Study of the development of the structure of the formative centres
was best carvied out on alizarin red stained speciemens. 'The process of
histological study altheugh affording a move critical assay of the mode of
development necessitated the examination of a large amount of material in
order to build up a three dimensional image, The alizarin red method, on
the other hand, offered a three dimensional structure which could be manip-
ulated and was capable of being dissected to reveal underlying structures.
'This difficulty with histological preparations was most obvious when dealing

with the developing skull where alizarin studies proved to be most valuable.

Radiography was a useful method for recording increase in growth
and size of a centre providing sufficlient care was excercised in obtaining
accurate positioning of the fcetus. For intricate knowledge of detail, radio-
graphy of fresh material was of limited value due to the lack of contrast with
surrounding tissue and so impregnation with silver nitrate was necessary
before detail could be studied. Ilowever, in the head region, as the silver
salt increascd the radiopacity of the centres, it was necesgary to radiograph

the skull in sections to gain clear images of the deeper structures,
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THE RADIOGRAPHIC IDENTIFICATION OF THE

VARIOUS STAGCES OF PREGNANCY IN THE
DOMESTIC CAT
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The radiographic appearance of feline foetuses in utero has not

previously been repoxted before Boyd {1971), Joshua (1965) states that in
pregnancy diagnosis foetal heads and outlines are palpable from 49 days
(at which stage the skeleton is becoming radiographically visible). The
radiographic appearance of the centres of osgification of the limb bones
of feline foetuses ex utero has been reported by Boyd (1968), using crown -
rump (CR) measurements to assess foetal age; the earliest date at which
ogsification could be seen in the aépendicular skeleton ex uterg was at

31 days of gestation,

The radiographs of the adult female cats were examined for the
appearance, size and position of the uterus and for the presecnce of foetal
skeletal elements, The chronological order of the appearance of the

skeletal clements was recorded.

RESULTS.

25-35 days (C.R. 19-44.2 mm.). At this stage the uterus could be
seen to be enlarged and more cranial in its position in the abdomen.
Although centres of ossification for clavicle, mandible, maxilla, rihs, shaft
of humerus, xadius, ulna, femur and tihia were apparent on X-ray of the'
individual foetuses‘ra.diogﬂ:aphed cx utero from a litter of 34 days (C.R.

43 mm,) there was no evidence of such centres in the radiographs of pregnant

mothers.



36 ~ 45 days (C.R. 49-86 mm.}. In a radiograph of a pregnant
cat calculated to be in its 38th day (C.R. 58 mm. ) of gestation the uterus
wag cranial in position and enlarged. It was possible to observe ossifi-
cation of the foetal mandible, the frontal, maxillary and parietal bones of
the skull and the scapula, humerus and femur of the appendicular skeleton.
The bodies of the vertebrae were visible, as were the vibs. At 41 days
(C.R. 73 mm.) gestation the preceding findings were confirmed and the radius
~and ulna were also visible. Figure 1 illustrates those findings in littex 37.
The radiographs of two litters of 43 days (C.R. 82,5 mm.) demonstrated
the presence of the shafts of the tibia, ileum and ischium and the occipital

hones of the skull,

46~55 days (C.R. 88-113 mm, ). The previous findings were
constant in litters of 47 days (C.R. 92 mm.) but by now the interparietal
bones were visible, Figure 2 shows a lateral view of litter age 47 days
(C.R, 92 mm.). At 50days (C.R. 102 mm,) the metatarsal bones were
In evidence. At 52 days (C.R. 108 mm.) the phalanges of the digits were
seen, as was the sternim. This was constant in the two litters of this
age, Three litters of 53 days (C.R, 108,3 mm.) were examined and, in
all, the digits could be seen of both pectoral and pelvic limb, The fibular-

tarsal bone was also observed in these litters. In the skull the outlines of

the tympanic bullae were discernible,

56 days to parturition (C.R. 120-150 mm.). Figure 3 is a radio-
graph of litter 6%age 56 days (C.R. 120 mm, ) and demonstrates the structures

present at this stage, The previous findings were established in the litters
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up to 58 days (C.R. 130 mm.) when there was added the appearance of
molar teeth developing in the alveoli of the mandible and maxillae. The
last litter to be exé.mined, Fig. 4 was that of a cat in labour. IHere again
the teeth were visible within their alveoli and also the tibial-tarsal bone

could now be identified.

CONCLUSIONS,

Using the CR length measurements to assess foetal age, a method
of approximately estimating the various stages of pregnancy in cats using
radiography was pi‘oduced. It was seen lthat, althouph uterine enlargement
and displacement was seen as early as the 25th, day (C.,R, 19 mim, ) the
first signs of the foetal skeletal system were not apparent in utero until
the 38th. day (C.R, 58 mm.). TI'vom this time a progressive patiern of
appearance of ossified parts was noted which allowed a means of estimating

the day of gestation.



GROUP B.

The litters removed by Caesarian section are listed in Table 2.
The number of foetuses in each litter is given, as are the individual C.R.
lengths and known days since coitus, The selection of techniques to which

foetuses from each litter were subjected is also given.

The C.R. lengths of the foetuses of Group B were known as were
the days since coitus. Using these C.R. lengths, a calculated age in days
since coitus, was found for each litter using the method of calculation
utilised with Group A. The true age was then compared with the calculated
age and the results are shown in Table 5. Disparities arise in the rclation
hetween these two ages with the most marked differences being in the last ten
days of gestation.  The series Group A is a limited number only and there-
fore it would be wrong to discredit the met;hod of calculation of age used by

Farris.

To further test the accuracy of the findings of Group A, the foetuses
of Group B were subjected, as numbers per litter permitted, to the same
techniques for study as Group A, The observations made on a Group B
foetus were then compared to those made on a {foetus of comparable C.R,
length from Croup A, These observationg were on the timc of appearance
of the centres ¢f ossificaLio-n of the appendicular and axial skeleion. The

results of this comparison are given in Table 0.



Tt can be seen from these resuits that the observations on times
of appearance of centres of ossification related to C.R. length, which were
made in foetuses of Group A, closely resemble those made in foctuses In -
Group B and that no one technique differs markedly in efficacy in either
group, There were only two marked variances in times of appecarance
of centres. The time of appearance of the centre of the body of the prae-
sphenoid was recorded at 82 mwn, in Group A and 60.1 mm,. in Group B
when stained by alizarin red. In the case of the first appearance of the
centre for the ventral arch of the atlas this was evident in one foetus of
84.3 mm. and another of the litter of 85-91 mm. in Group B compared to
105 mm. in Group A, when impregnated with silver nitrate, This same
centre appeared earlier on radiographs of fresh specimens in Group B {.e.,

85-61 mm, compared to 103 nun, in Group A.

These resuitg indicate that data of this nature could possibly be

utilised for the following purposes:

'

(@)} To identify the age and C,R, length of a foetus presented without these
criteria e.g., a radiograph of an aborted foetus, The skeletal maturicy
of the unknown foetus is assessed and recorded, The results in Group A
are then consulted and a similar point in skeletal maturicy found, Itis
then reasonable to attribute the CLR. length of the foetus found to be at
that point of maturity in Group A, to the unknown foctus, An approxinate
age could then be given using the scale described by Farris {1950) but there

would appear to be a margin for correction in this.



(b) To assess whether a foetus of either known age or C,R., length

has achieved a state of skeletal maturity commensurate with its age

and C.R. Jength. 'This would be accomplished by comparing the state

of skeletal maturity of the foetus in question dircctly with that recoxded
in vbserved foetuses of similar C,R, length and age. This would allow
an opinion to be given as to the presence of foetal regression or deviation

from the normal pattern of ossification.

In further studies in this field, I hope greatly to increase the
numbers of litters in Group B and thus to increase the accuracy of
ageing a feline foetus from a given C.R, length, With the pattern
of ossification now described and assembled in a chronological order,
1 hope to project this work into the field of study of teratclogies with

regard to skeletal deformities in uterc or in the necnate.
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TABLE 1,

GROUP A,

LIST OF LITTERS EXAMINED
AND TECHNIQUES USED




LITTER
NUMBER

N
RN RN R AG T EnR -~ cowpamwn =

3Q

APALDWLWWWWWW
N=Qa~NAaNnswn =

-~
w

A S
(S0~

NUMBER OFF ESTIMATED

IMDIVIDUALS CROWN  AGE FOETUS

RECEIVED  RuUMP DAY OF XBAY X RAY X RAY

FROMLITTER LENGTHmm GESTATION FOETUS SILVERNITRATE PREGNANTQ ALIZARIN HISTOLOGY
! 17 24 B o &3 - 3
3 17 24 - - - - 4
3 7 24 4 -~ - - "
! 13 24 + - - - 2
3 19 25 &g - A - +
2 22 26 e - ~ - -
3 23 27 * = - ~ o+
4 232 27 4 - - ot b
2 25 28 4 - % o+
2 26 28 4 o .- ol ofw
4 26 28 o 3o + =+ -
2 29 30 < i - o=~ e
5 291 30 5 t3 3 o -
2 at 30 b = % - -
2 31-2 30 % + + - -
2 32 30 + rem - & 4
3 32 30 % 4 . < -
3 55 31 e - - E3 o+
2 35 31 4 "o wan + 4
4 35 31 * + %+ 3= +
2 a8 33 e - - £ o+
4 39 33 o - - o+ &
2 39-8 33 4 & = of &
2 43 34 -+ * 4+ L) -
3 ad 34 o+ - o= - "
2 442 35 + - + *
3 49 38 % & w + 3
2 55 36 e - -~ + &
3 56-5 3z ok + o= 4 -
2 58 38 o+ - + e "+
2 60 38 + - - + -
4 63 39 € + & + +
3 65 39 e + + S -~
2 56 50 v o + +
7 67 40 + + - +* -
5 689 40 % oo - + 5
3 73 41 s ES % - .
2 75 a1 - - - 3 -
4 75 4 o+ - - - +
3 78 42 o+ . & - -
2 80 42 o - o ™ "
5 82-5 43 + & & + -
5 oz 43 4 - 33 “* -
4 84 44 4 4 & ey -
6 85 44 + * - o -




N WUMBER OF ESTHWIATED

INDIVIDUALS CROWN  AGE FOETUS '
UTTER  RECEIVED  RUMP DAYOF  XRAY XRAY X RAY
NUMBER FROMLITTER LENGTHmm GESTATION FOETUS SIVERNITRATE PREGNANTQ ALIZARIN HISTOLOGY

46 5 85 a4 4 3 o+ + +
47 4 85 45 + + 3 + -
48 4 83 46 + + + + -
49 4 90 46 + - - - =
50 4 %0 45 "+ & - 5 4
51 2 91 47 % - - - &
52 a 92 av + 4 “+ e -
53 7 92 a7 4 - + % -
54 8 94 48 4 - * +* ~
55 4 905 48 + * b + =
56 4 102 50 + & + + -
57 5 103 50 + - + - -
58 2 105 51 + + 4 + -
59 4 1055 51 + - + + -
60 5 108 52 + & + 4 -
61 4 1083 53 + + 4 + -
62 4 109 53 + + 4 - -
63 2 o 53 + - e - +
84 2 112 54 + o 4 & +
65 3 112 54 + + % Ao -
66 4 13 51 3y At < + -
B7 4 14 54 4 + o & -
68 2 115 54 & - - o+ -
69 2 120 56 4 w + + b
70 2 121 56 * & 4 + -
71 3 122 56 o+ - + - -
72 8 125 57 i + - e -
73 4 25 57 + 4 ke + -
74 3 127 57 A= * -- 8 1 -
75 a 130 58 + e + + =
76 2 130 58 + - + - -
77 4 130 58 + - - - -
78 2 133 59 + - - + -
79 2 136 80 + + + & -
80 1 138 60 + . - - -
81 2 10 &1 + = - - +
82 4 146 52 & = & - -
83 2 ATBIRTH + . - + .
B4 3 AT BIRTH * * - + -
85 2 1 DAY RR + - * .
&6 2 2DAYSER + - - o -
87 2 2 - . o+ am < - :
88 3 3o & - - - ,
89 1 g - + = = ©
80 3 B * " i 1+2 TOTAL .

. ; 43 TUTALG

TOALSO  TOTAL 288 LSmaLeo Tomeaz | TS oA P ans




TARLE 2.

GROUP B,

LIST OF LITTERS, AGES, C.R. LENGTIHS
AND TECHNIQUES USED
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TABLE 3.

GROUP A.

NUMBERS OF INDIVIDUALS WITH VARIATIONS TN BONY
LLEMENTS OF THORAX AND VER'TEBRAL COLUMN




: . Number Number Number
Hgtie . i ,
_ . Number of of af
. mated Indi- . . P .
Litter . of cervical thoracic lunbae
age vidualg . I, -
(days) ribs verte- veite« verie~
< brae brac brae
42 AQ a 14 : 14 7 13 7
b 13 : 13 7 13 7
59 54 a 13 + 12 7 13 7
h 13 12 7 i3 7
65 57 a 14 : 14 7 i3 7
b 14 : 14 7 13 7
c 14 .14 7 13 7
70 61 a 14 :14 7 14 7
b 14 : 14 7 14 7




TABLE 4,

GROUP A,

LIST OF CENTRES NOTED AND THEIR TIMES OTF APPEARANCIE
WITH CORRESPOINDING C.R, LENGTHS




OSSA MIEMBRI THORACICI

\ C.R. length Day of
Bonc. Centre | .Method_ — gestation
Clavicula Corpus R 35 31
[ 29 30
A 25 28
H 17 21
Scapula Corpus R 38 33
S 31 30
A 35 3]
H 35 ;38 31:33
Humerus Corpus R 35 31
' S 29 30
A 25 28
H 23 129 27 : 30
Prox. Lpiphysis R 1 day post-partum
5 Pust-partum
A At birth
Radius Corpus R 38 33
S 29 K14
A 25 28
H 23 :29 27 : 30
Ulna Corpus R 39 33
S 29 30
A 25 28
H 23 :29 27 :+ 30
Ossa Corpus R 49 36
Metacarpalia S 43 34
II I Iv Vv A 38, 38, 38,43 33, 33, 33,34
11 43 : 58 34 : 38
Metacarpus 1 R 56 40
(proximal S 82 43
element ) A 63 39
)2t 63 : 84 39 : 44




TABLE - OSSA MEMBRI THORACICI (contd. ):
Bone Centre Method C.R. length Day ?f
mim, gestation
Ossa digii-~ R G0, 66, 66,66 40, 40, 40, 40
orum Manus S 66, 63, 66,66 40, 39, 40, 40
I It 1Iv v A 63,58,63,66 39, 38, 39, 40
Phal.anx proxi- Corpus H 63 : 84 39 : 44
malis
Phalanx media  Corpus R 69, 69, 69,80 40, 40, 40, 42
S 82,75,82,82 43,41, 43, 43
A 69, 69, 69,82 40, 40, 40, 43
H 63 : 84 39 : 44
FPhalanx Corpus R 49, 49,49 58 36, 36, 36, 38
distalis ‘ S 43,43,56,56 34, 34, 37, 37
A 38,38,38,43 33,33,33,34
H 44 : 63 34 : 39
QOssa digit~ R 69 40
orum manusg S 82 43
I A 82 42
Middle element Corpus H 63 : 84 39 : 44
Distal element Corpus R 49 36
S 43 34
A 39 33
H 44 : 63 34 : 39

n

me o

Radiography of foetus

Radiography of foetus impregnated. with silver nitrate
Alizarin red staining of foetus
Histology




0S5SA MEMBRI PELVINI,

Centre Method C.R. length I?ay Of .
min. gestation

Os ilium - Corpus R 49 36
S 43 34
A 35 31

H 38 ; 44 33:35
Os ischii Corpus R 58 38
: S 56 37
A 49 36

H 63 : 66 39 : 40
Os pubis Corpus R 112 54
S 12 54
A 108 53
H 112 54
Femur Corpus R 35 31
5 29 30
A 25 28

H 29 : 38 30 : 33
Tibia . Corpus R 35 31
S 29 30
A 25 28

H 29 : 38 30 :33
Fibula Corpus R 49 36
S 29 30
A 25 28

H 29 : 38 30 : 33
Ossa tarsi R 112 o4
Talus Corpus S 12 54
A 112 54
H 112 54

contd,

ii
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TABLE - OSSA MEMBRI PELVINI (contd. ):
Bone - Centre Method C.R. length Day ?f
mm, gestation -
Calcaneus Corpus R 91 47
S 84 44
A 84 44
H 85 : 90 44 : 46
Ossa metatarsalia - R 49 36
I~V Corpus S 56 37
A 43 34
H 44 : 58 34 : 38
Ossa digitorum R 66, 66, 66,73 40, 40, 40, 41
Pedig I 1II S 73, 69, 69, 83 41, 40, 40, 43
Iv v A 69,69, 69,82 40, 40, 40, 43
Phalanx proxi- Corpus H 63 : 84 39 ; 44
malis
Phalanx media R 73,73,73,78 41, 41, 41, 42
S 83, 73, 83, 83 43, 41, 43, 43
A 82 43
H 63 : 84 39 ; 44
Phalanx distalis R 66, 66, 66,73 40, 40, 40, 41
S a0 37
A 49 36
H 43 : 63 34 :39

T b
Bl

Higtology

Radiography of foetus
Radiography of foetus impregnated with silver nitrate
Alizarin red staining of foetus




AXIAL SKELETON

Bone Centre Method C.R. length Day ?f ]
o, dgtation
Vertebrae Centrum R 49 36
Cervicales S 56 37
I - ViII A 39 33
H 44 . 83 35 :39
Laminae R 49 36
S 43 to 56 34 to 37
A 44 35
H 44 1 63 35:39
Atlas Laminae R 49 36
S 43 34
A 35 31
H 44 : 63 35:39
Ventral body R 105 51
{Arch) S 105 51
A 92 47
B - -
Axis Laminac R 49 36
s 43 34
A 39 33
H 44 : 63 35 : 39
- Centrum R 49 36
S 56 37
A 39 33
H 44 : 63 35 :39
Rastral body R 84 44
(Dens) S 84 44
A 82 43
H ~ -
Vertebrae Centrum R 49 35
Thoracicae 5 43 to 56 34 to 37
A 35 1o 39 31 to 33
H 44 : 63 35 :39
Laminae R 49 36
s 56 37
A 39 33
H 44 1 63 35 :39

¢ fil

k,
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TABLE - AXTIAL SKELETON (contd. }:
Bone Centre C.R. length Day ?f
mm, pgestation
Vertebrae Centirum R 49 36
Lumbales S 43 to 36 34 to 37
A 39 33
H 44 : 63 35139
Laminae R 49 36
S 56 37
A 43 34
H 44 1+ 63 35 : 39
Vertebrae Centrum R 49 to 606 36 to 40
Sacrales ) 56 to 67 37 to 40
A 49 to 66 36 ta 40
H 44 : 63 35 : 39
Laminae R 49 to 66 36 to 40
S 67 40
A 66 40
H 44 + 63 35 : 39
Ventral body R 13¢ 58
S 121 56
A 108 52
H - -
Vertebrae Centruxm R 58 38
Caudales S 43 34
(Coceygeae) A 35 36
H - -
Laminae K 73 41
S 67 40
A . 606 40
H - .
Og Axcus R Post-partum
Haoeimalis S 108 53
A 24 44

—_
(="

contd.
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TABLE - AXIAL SEKELETON (contd, ):
Bone Centre Mecthod C.R. length Day ?f
mim. gestation -
Costae Corpus R 38 to 39 33 to 36
S 35 31
A 35 31
H 35: 38 3133
Sternum Corpus R 58§ to 66 38 to 40
S 36 tp 66 37 to 40-
A 49 to 66 36 to 40
H 44 1 63 35139
R = Radiography of foetus
S = Radiography of foetus impregnated with silver nitrare
A = Alizarin red staining of foetus
H = Histology




i6

OS5A FACIET

Bone Centire Methaod C.R. length Pay ?f
mi. gestation
Maxilla Centre R 35 31
5 29 30
A 25 28
Os Centre R 38 33
Incisivum S 29 30 -
A 26 28 ‘
Os Centre R 39 33
Palatinum 5 29 30
A 29 30
Os Centre R 49 36
Zygomaticum S 29 3
A 26 28
Mandibula Centre R 35 31
s 29 30
A 25 28
R = Radiography of foetus
S = Rediography of foetus impregnated with silver nitraie
A = Alizarin red staining »f foctus




OSSA. CRANIT

Bone Centre Method ©.R. length - Dayof
mim. gestation
Os Basgioccipital R 49 36
Occlpitale S 36 37
A 39 33
Exoceipital R 49 36
S 56 37
A 39 33
Supraoccipital R 49 36
S 43 34
A 39 33
Os Intex- Centre R 49 36
parietale S 43 34
A 39 33
Os Basi- Corpus R 105 51
sphenoidale S 84 44
A 66 40
Ala R 49 36
) 43 34
A 44 35
Os Prae- Corpus R 105 &1
sphenoidale S 84 44
A 82 43
Ala R 66 40
S 63 39
A 58 38
Os Centre R 56 37
pterygoideum S 35 3l
A 35 K31

contd,

i%
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TABLE = OSSI CRANII (contd. ):
_ . C.R. length Day of
Bone Centre Method . gestation
Os Temporale Centre R 49 36
Pars Squamosa 5 4.3 34
A 35 31
Parg I'ympanica Ectotympanic R 58 38
S 43 34
A 39 33
Pars Petrosa 4 Centres R 112 54
S 84 44
A 84 to 94 44 to 48
Os Parietale Centre R 58 38
S 56 37
A 35 31
Osg Frontale Centre R 38 33
5 31 30
A 25 28
Os Lacyimale Centre R 85 45
S 84 43
A 35 3l
Os Nasale Centre R 49 . 36
S 43 34
A 35 31
Vomer Centre R 49 36
S 31 30
A 35 31
R = Radiography of foetus
S = Radiography of foetus impregnated with silver nitrate
A = Allzarin red staining of foetus




TABLE 5,

COMPARISON OT' GROUPS A AND B FOR C.R,
LENGTHS AND ESTIMATED AGE

L9
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TABLE 6.

COMPARISON OF GROQUPS A AND B FOR TIMES
OF APPEARANCE OTF CENTRES OF OSSIFICA'IION

21
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APPENDICULAR SKELETON

Ossa membri thoracici

Clavicula
No disparity detected
(N. D. D.)
Scapula
Corpus Group A C.R. 35mm. + ve Alizarin

Corpus Group B C.R, 29-32mm. +ve  Alizarin | .

Corpus Group A C.R. 58 mm, 4 ve X-Ray Pregnant Female
Coxpus Group B C.R. 60.1mm. - ve X-Ray Pregnant Female
Humerus

Corpus Group A C.R. 58 mm. + ve X-Ray Pregnant Female

Corpus Group B C.R. 060.1 mm. -ve X-Ray Pregnant Female

Radius
N, D. D
Ulna
N. D. D
Carpus
N.D.D
Corpus V. Group A C.R. 43 mm. - ve Alizarin

Corpus C Group B C.R. 4) mm. - ve Alizarin




Manus Digits II-V,

Phalanx proximalis.

Corpus II, Il and V Group A C.R. 63, 63,66 mm., :i-ve Alizarin

Corpus II, Il and V Group B C,R. 60.1mm. + ve Alizarin

Corpus I, IIl and IV Group A C.R. 66, 66,66 mm,. - ve X-Ray

Corpus I, Ill and TV Croup B C.R. 60.1mm, +ve X-Ray

Phalanx media

N.D. D
Phalanx distalis
Corpus V Group A C.R. 43 mm. 4 ve Alizarin
Corpus V Group B C.R. 41 mm, +ve Alizarin
Manus Digit T,

N.D.D
Ossa membri pelvini
O35 ilium
Coxrpus Group A C.R. 43 mm, +wve Silver Nitrate

. Corxpus Group B C.R. 40mm. + ve Silver Nitrate

Os ischium
Cotpus Group A C.R. 58 nm, +ve X-Ray
Corpus Group B C.R. 60.tmm. ~ve X-Ray

Os Eupis_

23




Femur

Corpus

Corpus

Tibia

Fibula

Tarsus

Calcaneus
Corpus

Corpus

Calcancus Body

Calcaneus Body

Talus

Metatarsus

Corpus

Corpus

Peg Digits I1-V.

Group A C.R., 58 mm.
Group B C.R. 60.1mm,
N. D. D.
N. D, D,
Group A C.R. 84 mm.
Group B C.R. 80-43 mm.
Group A C.R. 91 mm.
Group B C.R. 85-%1 mun.
NC D. D.
Group A C.R. 43 mm.
Group B C.R. 41 mm,

Phal. prox. et med.

N, D. D,

24

+ve X-Ray Pregnant Femalc

~ve X-Ray Pregnant emalce

+ ve $Silver Nitrate

~ve -+ ve Silver Nitrate U

‘+ve X-Ray

-ve X-Ray

+ ve  Alizarin

+ve Alizarin
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Phalanx distalis

Corpus 11 -V Group A C.R. 499mm. +ve Alizarin

Corpus Group B C.R. 4lmm, -+ ve Alizarin




-Costae
Corpus
ICorpus
Corpus’

Corpus

Corpus

Corpus

206

AXIAL SKELETON

Group A C.R. 35 mm, +ve Alizarin

Group B C.R., 29-32 mm. 4 ve Alizarin

Group A C.R. 58 mm, + ve X-Ray

Group B C.R, 60.1 mm. -~ ve X-~Ray

Group A C.R. 109 mm. - ve X-RayPregnant Female
Group B C.R. 110 mm, - ve X-Ray Pregnant Female

Vertebrae cervicales ITL - VII

Atlas

l.aminae

Laminae

Ventral Body (Arch)

Ventral Body (Arch).

Ventral Body (Axrch)

Ventral Body (Arch)

Ventral Body (Axch)

Ventral Body (Arch)

N. D. D.
Group A C.R, 43 mm. + ve Silver Nitrate
Group 8 C.R. 40 mm., + ve Silver Nitrate
Group A C.R, 105 mm, + wve - ve Silver Nitrate

Group B C.R. 80-84.3 mm. +ve —ve Silver Nitrate
(2 foetuses

exarined)
Group A C.R, 105 mm, + ve Silver Nitrate
Group B C.R. 85-91 mm. + ve Silver Nitrate
Group A C.R. 105 mm. 1-ve X-Ray

Group B C.R. 85-91 mm. 4+ ve X-Ray




Vertebrae thoracicae, lumbales, sacrales et caudales.

‘N. D. D.




Ossa Facieil

Maxilla
Centre Group A
Centre Group B

Qs incigivum

Os pa latinum

Og zygomaticum

Mandibula
Centre Greup A

Centre Group B

Osgsa Cranii

Os occipitale

Centre Group A
Centre Group B

Exoccilgita_l

SKULL

C.R. 58 mm.

C.R. 60.1 mm.

C.R., 58 mm.

C.R. 60,1 mm.

C.R. 39 mm.

C.R. 4] mm.

+ ve

- ve

+ ve

- ve

+ve

-'—Vc

X-Ray Pregnant Female

X-Ray Pregnant Female

X-Ray Pregnant Female

X+-Ray Pregnant Female

Alizarin

Alizarin

28




Supraoccipital

Centre Group A

Centre Group B

Os interparietal

Osg basisphenoidale

Corpus Group A

Corpus Group B

Alae Group A

Alae Group B

Os praesphenoidale

Corpus Group A

Carpus Group B

Alae

Os plerygoideum

Centre Group A

Centre Group B

Os temporalc

Pars squamosa

Centre Gyroup A

Centre Group 3

C, R. 39 mm.

C.R. 4Ilmm,

C.R. 66 mm.

C.R, 60.1mm.

C.R, 44 mm.

C.R. 41lmm.

C.R, 82 mm.,

C.R. 60.1 mm.

C.R. 35 mm.

C.R. 24-32 mm.

C.R, 35 mm,

C.R. 29~32 mm.

+ ve

- ve

+ ve

+ ve

+ ve

1 ve

tre

+ ve

ZR!)

Alizarin

Alizarin

Alizarin

Alizavin

Alizaxin

Alizarin

Alizarin

Alizarin

Alizaxin

Alizarin

Alizarin

Alizarin
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Pars tympanica

N. D. D,
Pars petrosa
4 Centrés Croup A C.R, 12 mm. +ve X-Ray
4 Centres Group B C.R. 110 mm, +ve X-Ray
Os parietale
Centre Group A C.R., 58 mm. +ve X-Ray Pregnant Female
Centre Group B C.R, 60,1 mm. -ve X-Ray Pregnant Female
Os Froptale
Centre Group A C.R. 58 mm. 4+ ve  X-Ray Pregnant Female
Centre Group B C.R. 60.1 mm. - ve X-Ray Pregnant Female
Os lacrimale

N. D. D,
Os nasale

N. D. D.
Vomer
Centre Group A C.R, 35 mm, +ve Alizarin

Centre Group B C.R. 29-32mm., +ve Alizarin

f
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RADIQCGRAPHY OF FOETUS

FORELIMB

In Figs. G1-7 thexe is recorded in chart form, the state

of development of the skeleton at all stages of gestation from 25 days ox

20 mm. C.R, length enward mntil full texm ox 150 mm. C. R, length as

detected on radiographs of fresh specimens. Using the chart it is

possible to take a specific day of gestation which is marked on the horizontal
axis and by tracing vextically, to determine which bony elements would be
present at that particular time, Conversely, if a specific C.R. length is

taken on the vextical axis and a line drawn horizontally, then a determination

~of the state of development of the bony elements anticipated at that C.R,

-

length can be made.
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FIG. G2,

RADIOGRAPHY OF FOETUS

0S COXAE
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FIG., G3.

RADIOGRAPHY OF FOETUS

HINDLIMB
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FIG. G4.

RADIOGRAPHY OF FOKTUS

AXTAL SKELETON
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RADIOGRAPHY OF FOETUS OSSA FACIEL
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FIG. G6.

RADIOGRAFHY OF FOETUS

OSSI CRANIIL

BRAIN CASE
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FIG, G7,

RADIOGRAPHY OF FOETUS

OSSI CRANII
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X = SERIES OF PLATES FOR
RADIOGRAPHY OFF TOETUSES
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C.R.
%39, 8mm,

ESTIMATED AGE
3% days

RADIOGRAYII

LATERAT

46




FIiG.
X2

LITTER
No.23

CeRe
39, 8mm,

ESTIMATED AGE
33 days

RADIOGRAPH

DORSO VEN

TRAL

47




48

FIG, LITTIR C.R. ESTIMATED AGE RADIOGRAFH LATERAL
X3 No 3T T3, 41 days




FIG. | LITTER C.R. ESTIMATED AGE RADIOGRAPH DORSO VENTRAL
X4 No. 37 T2mm, 41 days




51

FIG. LITTER C.Re SSTIMATED AGE RADIOGRAPH LATERAL AID
X5 Noe 39 T5umm, 41 deys DORSO VENTRAL




FIG.
X6

LITTE
o, r)

-

2

C.R.
92rmm,

ESTIMATED AGE
47 days

RADIOGRAPH




52

FIG,. LITTER C.R. ESTIMATED AGE RADIOGRAPH LATFRAL
X7 10653 92mm, 47 deys




rIG.
X8

IJI"L"JT_—IPL
lo.78

C.Ti.
133%mm,

SSTIMATED AGE
59 days

RADIOGRAFH

DORSO VENTRAL




I'IG. LITTER C.R. ESTIMATED AGE RADIOGRAPH LATERAL
X9 o, T8 13%mm, 59 days




FIG.
X10

LITTFR
To.84

C.R.

e

ESTIMATED AGE
at birth

RADIOGRAPH

LATERAL

95




56

PIG, LITTH Cels ESTIMATED AGE RADIOGRAPH DORSO VENTRAL
X1l o .84 ——— at birth




sn

- SERIES GF PLATES FOR RADIOGRAPHY
OF FOETUSES IMPREGNATED WITH
SILVER NITRATE

ot

7




FIG. LITTER CeRe ESTIMATED AGE SILVER DORS0 VEHTRAL
S 1 Hoel3 29 ,1mm, 50 days NITRATE




FIG. LITTER C.R. ISTIMATED AGE SILVIR LATERAL
SN 2 Wo.13 29,1mm, 30 days WITRATE




FIG.
SN 3

LITTER
No.15

CeRe
31, 2mm,

ESTIMATED AGD
30 days

SILVER
NITRATE

LATERAL

60




ESTIMATED AGE

61




62

FIG. LITTER C.R. BSTIMATED AGE SILVER DORSO VENTRAL
S5 No.20 35mm, 31 days NITRATE




63

PIG. LITTER C.R. ESTIMATED AGE SILVER DORSO VENTRAL
SN 6 1020 35, 31 days NITRATE HEAD




FIG.,
SW 7

LITTER
o020

Ce.R.
35mm,

ESTIMATED A
31 days

faan
\111

SILVER

NITRA

O
114

LATERAL
HEAD

64




65

FIG. LITTTR C.R. ESTIMATED AGE SILVER LATERAL
SN 8 Mo.24 43mm, 34 days NITRATE




66

FIG, LITTTR Ce.Re ESTIMATED ACE SILVER DORSO VENTRAL
SN 9 No.24 4%mm, 34 days NITRATE




FIG, LITTER C.R, ESTIMATED AGE SILVER DORSO VENTRAL
SN 10 oe24 45mm, 34 days NITRATE HEAD

=J




68

FIG, LITTER C.R. ESTIMATED AGE SILVER DORSO VENTRAL
9N 11 No.24 43mme, 34 days NITRATE  HEAD & MANDIBLE




FIG. LITTER C.R. ESTIMATED AGE SILVER TATERAL
ol 12 Ho.29 56 5mm, 57 days NITRATE




FIG,
8y 13

LITTER
o« 32

C.R,
651:]:“0

ESTIMATED AGE

39 days

STLVER
NITRATE

DORSO VENTRAL

-J




FIG,.
SN 14

LITTER
o33

CoRe
65mm.

ESTIMATED AGE
39 days

SILVER
NITRATE

LATERAL

71




FIG, LITTER C.R. ESTIMATED AGE SILVER LATERAL HEAD
SN 15 oe33 65mm, 39 days NITRATE

=J




FIG,
SN 16

LITTER
llo.3%3

C.Re
65mm .,

ESTIMATED AGE
39 days

SILVER
NITRATE

DORSO VENTRAL
HEAD

=}




FICG,
SN 17

TN
LITTER

T« 55

C.Re
6Tmm,

sSTIMATED AGE

40 days

SILVER

LATERAL

=J




FIG,. LITTER C.R. EST
SN 18 Mo« 35 6Tmm,

"TMATED AGE
40 days

SILVER
NITRATE

DORSO VENTRAL

N

ot




IIG,
SN 19

LITTIR
o« 42

C.R.
82.5

.
>
.
.
-
-
-
-
-

SILVER DORSO VENTRAL

ESTIMATED AGE
NITRATE

43 days




FIG. LITTER CoRe GOTIMATED AGE SILVER LATERAL
SN 20 No.42 82.5 4% days NITRATE




-1
(0]

FIG. LITTER C.R. ESTIMATED AGE SILVIE DORSO VENTRAL
SN 21 No.44 8/4mm, 44 days NITRATE

- ]




-3
4]

FIG, LITTER CeRe ESTIMATED AGE SILVER LATERAT,
SN 22 Hoe44 84mm, 44 days NITRATE




FIG. LITTER C.R. ESTIMATED AGE SILVER DORSO VENTRAL
SN 23 No.44 84mm, 44 days NITRATE HEAD




FIG, LITTER C.R. ESTIMATED AGE SILVER LATERAL
SN 24 No«45 85mm, 44 days NITRATE




FIG.
SN 25

LITTER
lo. 45

C.R.
851’1]230

ESTIMATED AGE
44 days

SILVER
NITRATE

LATERAL

82




FIG.
SN 26

LITTER
lioe 46

Cela
85mmn,

ESTIMATED AGE
44 days

SILVER
NITRATE

LATERAL MEDIAN
SECTION HEAD

83




FIG. LITTER C.R. ESTIMATED AGE SILVER DORSO VENTRAL
SN 27 o« 47 86mm, 45 days NITRATE




FIG,

SN 28

LITTER
o.48

C.R.
88mm,

ESTIMATED AGE
46 days

SILVER
NITRATE

DO

RS

00

O VENTRAL
HEAD

ot




FIG,
SN 29

LITTER
No.48

C.R.
88mm,

I"

Q
ny

TIMATED AGE
46 deys

SILVER
NITRATE

MANDIEBLE

86




FIG. LITTER  C.R. ESTIMATED AGE SILVER  LATERAL
SH 30  No.52  92mm. 47 deys NITRATE

87




FIG.
SN 33

].'IO ) 56

CeRs
102mm,

ESTIMATED AGE
50 days

SILVER
NITRATE

DORSO VENT

RAL

88




FIG.
SN 32

LITTIR
Ho.59

C.R.
105, 5um,

89

STy L~

s -
f 3 .

ESTOATE

51 deys

ACE

SILVER LATERAL
NITRATE




FIG.
S 33

LITTER
No.59

C.H.
105, 5mm,

ESTIMATED AGE
51 days

SILVER
NITRATE

LATERAL

90




E’IG: LITTER ST SILVER LATERAL
SN %4 No.60 ) NITRATE




92

FIG, LITTER (o151 8 ESTIMATED AGE SILVER DORSO VENTRAL
SN 35 0466 108mm, 52 days NITRATE




-

<

& Y

v
-
-
ot

FIG. LITTER C.Re ESTIMATED AGE
S %6 No.61 108, Smm, 53 days

SILVER
NITRATE

93

DORSO VENTRAL




94

FIG. LITTER C.R. ESTIMATED ACE SILVER LATERAL
BN 37 Ho.61 108, 3mn, 5% days NITRATE




FIG.
SN 38

LITTER

C .n.
109mm,

ESTIMATED AGE
05 days

SILVER
NITRATE

LATERAL

o




FIG.
SN 39

LITTER

No.62

GoRe
109mm.

SILVER
NITRATE

DORSO VENTRAL

96




C 'HO
112mm,

ESTIMATED AGE
54 days

SILVER

LATERAL

~J




FIG.
S 41

LITTER
No.65

C .R.
112mm,

s
-
$

.'.-.-oeooﬂ“{i‘:‘

O

ESTIMATED AGE
54 days

SILVER
NITRATE

DORSO VENTRAL

98




99

RRTLTL PR g T

FIG. LITTER C.R. ESTIMATED AGE SILVER DORSO VENTRAL
SN 42 No.65 11i2mm, 54 days NITRATE HEAD




100

IR C.R. ESTIMATED AGE SILVER MANDIBLE
S 43 No.65 112mm, 54 deys NITRATE

FIG. LITT




101

e

FIG, LITTER C.R. ESTIMATED AGE SILVER LATERAL
SIT 44 No.TO 121mm., 56 days
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FIG. LITTFR  C.R. ESTIVMATED AGE SILVER  DORSO VENTRAL
SN 45 No.70  121mm. 56 deys NITRATE




103

FiGe LITTER CeRe ESTIMATED AGE SILVER LATERAL
S 46 Ilo.T4 127mm, 57 days NITRATE




104

FIG, LITTER C+.R. ESTIMATED AGE SILVER DORSO VENTRAL
Sl 47 o.T4 127mm, 57 days NITRATE




FIG.
SN 48

|

LITTER
o ° 74

C .Ro
12Tam,

ESTIMATED AGE
57 days

SILVER
NITRATE

DORSO VENTRAL
HEAD

105




106

rIiG. LITTER CeRe ESTIMATED AGE SILVER DORSO VENTRAL
SN 49 o 75 130xm. 58 days NITRATE




FIG. LITTER C.R. ESTIMATED AGH SILVER TATERAL
S 50 No.T5 130mm, 58 days NITRATE

|

10




108

FIG. LITTER C:R. ESTIMATED AGE SILVER LATERAL
SI 51 No.T9 13%6mm, 60 deys NITRATE




FIG, LITTER C.R. ESTIMATED AGE SILVER DORSO VENTR
SN 52 NoeT9 136mm, 60 days NITRATE

?J‘i T )

109




110

FIG, LITITR CueRe ESTIIATED AGE SILVER DORSO VENIRAL
S 53 NoeT9 1%6mn, 60 days NITRATE HEAD




111

FIG. LITTER CeR. ISTIMATED AGE SILVER LATERAL
SN 54 No.T9 136mm, 60 days NITRATE HEAD




PIG.
SN 55

LITTER
1o.84

C.Ra

ESTIMATED AGE
at birth

SILVER
NITRATE

DORSO VENTRAL

112




FIG. LITTER C.R. ESTIMATED AGIH SILVER LATERAL
SiT 56 No.84 — at birth NITRATE

113




144

AZ - SERIES O PLATES FOR FOLETUSES
STAINED WITH ALIZARIN RED




115

AZ LITTER C.R. ESTDIATED AGE ALIZARIN LATERAL
1 Ho.9 25um, 28 days

AZ LITIER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
2 No,10 26mm, 28 days



AZ
b

AZ
4

LITTER

No.l2

LITTER
No.l3

C.R.
2%mm,

C.R.
29.1mm,

ESTIMATED AGE
30 days

ESTIMATED AGE
30 days

ALIZARIN

ALIZARIN

VERTRO DORSAL

LATERAL

116



AZ LITTER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
5 No.1l7 S2mm, 30 days

AZ, LITTER C.R. ESTIMATED AGE ALIZARTN  VENTRO DORSAL
6 No.,18 35mm, 31 days

11

=1



118

AZ LITTER C.R. ESTIMATED AGE ALJZARIN VENTRO DORSAL
T No.18 35mm, 31 deys

AZ LITER C.R, ESTIMATED AGE ALIZARIN LATERAL
8 No.18  35mm, 51 days



119

AZ LITTIER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
9 No.,19 35mm. 31 days

AZ LITTER C.R. ESTIMATED AGE ALIZARIN LATERAT,
10 No.20 35mm, 31 days



120

AZ LITTER C.R. ESTIMATED AGE ALIZARIN LATERAL
11 No,22 3%mm, 33 days

AZ LITTER C.R. ESTIMATED AGE ALIZARIN LATERAL
12 No.22 3%9mm, 33 days




121

AZ LITTER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
13 No.22 30mm, %

AZ LITTER C.R. ESTIMATED AGE ALIZARIN ROSTRAY, HEAD
14 No.22  3S9mm, 33 days



AZ LITTER C.Re ESTIMATED AGE ALIZARIN LATERAL
15 110'25 3908:'-:). 33 df(y'g

AZ LITTER C.R. ESTIMATED AGE ALIZARIN  VENTRO DORSAL.



123

AZ LITTER C.R. ESTIVMATED AGE ALIZARIN LATERAL
17 No.26 44.2mm, 35 days

AZ IITTER C.R. ESTIMATED AGE ALIZARIN  LATERAL
18  No.26 44.2m, 35 deys




AZ LITTER CeRe ESTIMATED AGE ALTZARTI VEITTRO DORSAL
19 Noe26  44.2rm, 35 days

A7 LITTER C.Re. ESTIMATED AGE ALIZARIN DORSO VEINTRAL
20 Noe27  4Smm., %6 days




125

AZ LITTER C.R. ESTIMATED AGE  ALIZARTN  LATERAL
21 Noe27  49mm, 36 days

AZ LITTTR C.Re. ESTIMATED AGE  ALIZARIN  VENTRO DORSAL
22 Noe27  49mm. 36 days




126

AZ LITTER CeRe ESTIMATID AGE LIZARIN  LATERAL
23 No.28  55um, 36 days

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN DORSO VENTRAL
24 Noe.29  56,5mm, 37 days




AZ LITTER C.R. ESTIMATED AGE  ALIZARIN LATERAL
25 No.29 56, 5mm, 37 days

A7 LITTER  C.R. BSTIMATED AGE  ALIZARIN  TATERAL
26 0,30  58mm, 38 days

o

~J




128

AZ LITTER CeRe ESTIMATED AGE ALIZARIN DORSO VENTRAL
27 No.30  58mm, 38 days

AZ  LITTER C.R. ESTIMATED AGE  ALIZARTYY  DORSO VENTRAL
28 No.30  58mm, 38 days HEAD




129

A7 LITTER C.R. ESTIMATED AGE ALIZARIN  HEAD VENTRO DORSAL
29 No.30  58mm, 38 days MANDIBLE, REMOVED

A7, LITTFR  C.Re. ESTIMATED AGE  ALIZARIN  TATERAL
30 No.32  63%mm,. 39 days




130

AZ LITTER C.Re. ESTIMATED AGE ALTZARIN DORSO VENTRAL
31 No.%2  63mm. 39 days

AZ LITTER C.,R.,  ESTIMATED AGE ALIZARIN VENTRO DORSAL
32  No.32  63mm, 39 days




131

AZ LITTER C.R. ESTIMATED AGE ALIZARIN LATERAL
33 No.34  66mm, 40 days

AZ LITTER C.R. ESTIMATED AGE ALIZARIN  CRANIO LATERAL

34 Wo.36 68,9mm., 40 days VIEW OF CALUDAL
END




AZ  LITTER C.R. ESTIMATED AGE  ALIZARIN VENTRO DORSAL
35 No.4l  &60rm. 42 days

AZ LITTER C.R.,  ESTIMATED AGE ALIZARTH DORSO VENTRAL
36  No.41  80mm, 42 days

132



133

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  ILATERAL
37 No.4l  80mm. 42 days

AZ LITTER Ce.R. ESTIMATED AGE  ALIZARIN  VENTRO DORSAL
38 No.42  82,5mm,. 43 days




134

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  ROSTRAL VIEW
39 No.42  82,5mm. 43 days OF HEAD

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN HEAD
40 No.42  82,5mm, 43 deys VENTRO DORSAL




135

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
41 No.42 82.5mm, 43 days DORSO VENTRAL

AZ L1TTER C.R. ESTIVMATED AGE  ALIZARIN MANDIBULA
42 No.42  82,5mm, 43 days



136

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN  LATERAL
43 No.44  84mm. 44 days

AZ  LITTER C.Re. ESTIMATED AGE  ALIZARIN TATERAL
44 No.44  84mm. 44 days CAUDAL END




AZ
45

LITTER
No.44

C.R.
84mm,

ESTIMATED AGE
44 days

ALIZARIN

LATERAL
PELVIC LIMB

AZ
46

LITTER
No. 44

C.R.
84,

ESTIMATED AGE
44 deys

ALIZARIN

LATERAL
PELVIC LIMB

137




138

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN LATERAL
47 No.46  85mm. 44 days

AZ LITTER C.R. ESTIMATED AGE ALIZARIN  VENTRO DORSAL
48 No.47  86mm, 45 days PELVIS




139

AZ LITTER C.R.,  ESTIMATED AGE ALIZARIN VENTRO DORSAL
49 To.48 86m. . 46 days C

.}LZ LITTER C.R. ESTIMATED AGE  ALIZARIN TLATERAL
50 No.48  686mm, 46 days



140

AZ LITTER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
51 No.48  86mm. 4b days THORAX

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN DORSO VINTRAL
52 No.48  86mm, Ap deys CAUDAL END




141

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN VENTRO DORSAL
5% No.53 92mm, AT days

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
54 No,5% 92mm, 47 days DORSO VENTRAL



142

AZ LITTER C.R.,  ESTIMATED AGE ALIZARIN HEAD
55 Noe.53  92mm. 47 days VENTRO DORSAL

AZ LITTER C.R. ESTIMATED AGE ALTZARIN LATERAL
56 Noe54  94mm. 48 days




143

AZ LITTER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
o No.54  94um, 48 days

AZ LITTER ClRe ESTIMATED AGE  ALIZARIN HEAD
58 No.,55 95mm. 48 days VENTRO DORSAL




144

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
59 No.55  95mm,. 48 days DORSO VENTRAL

A7 .LITTER C.Re ESTIMATED AGE  ALIZARIN  MANDIBULA
60 No.55 95mm. 48 days




145

AZ  LITTER C.Re. ESTIMATED AGE ALIZARIN  LATERAL
61 No.56  102mm, 50 days

AZ  LITTER C.Re. ESTIMATED AGE  ALIZARTN  DORSUM OF MANUS
62 No.56  102mm, 50 days




146

AZ LITTER CeRe ESTIMATED AGE  ALIZARIN PECTORAL & PELVIC
63 No.58  105mm., 51 days LIMBS, LATERAL

A7Z  LITTER C.R. ESTIMATED AGE  ALIZARIN  SACRO ILIAC REGION
64 No.58  105mm, 51 days LATERAL




14

AZ
65

66

LITTER
o, 58

LITTER
N'Oe 59

C .R ®
105mm,

CeRe
105, 5mm,

ESTIMATED AGE
51 days

ESTIMATED AGE
51 days

ALIZARIN SACRO ILTIAC REGION
VENTRO LATFRAL

AT,IZARIIT VENTRO DORSAL




148

AZ ILITTER C.Re. ESTIMATED AGE  ALIZARTN  DORSO VENTRAL
67 No.60  108mm. 52 days

AZ . LITTER C.R. ESTIMATED AGE  ALIZARIN  PELVIC REGION
68 No.60  108mm. 52 days VEINTRO DORSAL




149

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN PELVIC REGION
69 No.60  108mm, 52 days DORSO VENTRAL

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
70 No.,60  108mm, 52 days DORSO VENTRAL



150

AZ  LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
71 No.60  108mm, 52 days VENTRO DORSAL

AZ  LITTER  C.R. ESTIMATED AGE  ALIZARTHW  MAWDIBULA
72 No.60  1.08mm, 52 days




151

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN LATERAL
73 No.61  108,3mm, 53 days

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  THORACO~-LUMBAR
T4 No.61 108, 3rm., 53 days REGION LATERAL







153

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN DORSUM OF PES.

77  No.61 108.,3mm, 53 days PROXTMAL EXTREMITY
OF TIBIA,CAUDAL END

A7 LITTER CsRs ESTIMATED AGE  ALIZARTN LATERAL
78 No.64  112mm, 54 days




154

A7 LITTER C.Re ESTIMATED AGE  ALIZARIN CAUDAL END
VENTRO DORSAL

79 No.64  1l2mm. 54 days

ALIZARTH LATERAL
PECTORAL LIMB

LITTER C.Re LESTIMATED AGE
80 To.64  1l2mm. 54 days -

L7



155

AZ LITTER C.Re. ESTIMATED AGE ALIZARIN LATERAL
8l N°o65 112mm, 54 days

AZ  LITTER C.R. ESTIMATED AGE  ALIZARTN  VENTRO DORSAL
82 No.65 1l2um, 54 days




156

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN MEDIAL ASPECT
83 No.65  112um, 54 days PECTORAL LIMB

AZ LITTER C.Re ESTIMATED AGE ALTIZARIN LATERAL, ASPECT
84 No.65 112mm, 54 days PEC'TORAL LIMB



157

AZ LITTER CeRe ESTIMATED AGE  ALIZARIN LATERAL
85 No.65 112mm, 54 days

AZ LITTER C.R. ESTIMATED AGE ALIZARIN PRELVIC REGION
86 No.66  113mm, 54 days VENTRO DORSATL




158

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN PELVIC REGION
87 No.,66  11l3mm, 54 days LATERAL

LZ LITTER CeR. FSTIMATED AGE  ALIZARIN  PRECTORAL & PELVIC
88 No.68  115mm, 54 days LIMBS. LATERAL



AZ  LITTER
89 No.68

AZ  LITTER
90 No.68

C.R.
115mm,

CeRe
115mm,

ESTIMATED AGE
54 days

ESTIMATED AGE
54 days

ALIZARIN

ALIZARIN

PECTORAL & PELVIC
LIMBS DORSO VENTRAL

CRANIAL ASPECT
LUMBAR VERTEBRA

ot




160

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN DORSAL ASPECT
91 No.69  120mm, 56 days LUMBAR VERTEBRA

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN LATERAL
92 No.,70  121um, 56 days




161

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN VENTRO DORSAL
93  No.70  12lmm, 56 days

AZ LITTFR C.R. ESTIMATED AGE  ALIZARIN HEAD
94 No.72 125mm,. 57 days DORSO VENTRAL



162

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
95 No.73  125mm, 57 days VENTRO DORSAL

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
96 No.73  125mm. 57 days DORSO VENTRAL/
OBLIQUE



163

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
97 No.74  127mm, 57 days LATERAL

AZ LITTER C.,R.  ESTIMATED AGE ALIZARIN HEAD
98  No.74 127mm. 57 deys DORSO VENTRAL




164

AZ LITTER C.Re. ESTIMATED AGE ALIZARIN CRANIAL ASPECT
99 No.75 130mm, 58 days HUMERUS

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  TATERAL
100 Noes75  150mm, 58 days




165

AZ LITTER C.Re. ESTIMATED AGE  ALIZARIN VENTRO DORSAL
101 No.75  130mm. 58 days

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN CERVICAL VERTEBRAE
102 No.75  130mm., 58 days CRANIAL VIEW




166

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN CERVICAL VERTEBRAR
103 No.75  130mm,. 58 days VENTRO DORSAL

L7  LITTER  C.R. ESTIMATED AGE  ALIZARIN PELVIC LIMB
104 Wo.78  13%3um, 59 days CRANIAL ASPECT,TOP
TATERAL ASP. BELOW




167

AZ LITTER C.R. ESTIMATED AGE ALIZARIN  FEMOROTIBIAL JOINT
105 No.78  133mm, 59 days LATERAL VIEV

#F

A% LITTER Ce.Re ESTIMATED AGE ALIZARIN PELVIC REGION
106 No,78  133mm, 59 days VENTRO DORSAL




168

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN PELVIC REGION
107 No.78  133mm. 59 days LATERAL/OBLIQUE

AZ LITTER C.Re ESTIMATED AGE  ALIZARIN TATERAL
108 Noe.79  13%6mm. 60 days



169

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  VENTRO DORSAL
109 No.79  136mm, 60 days

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  DORSUM RIGHT
110 No.79  13%6mm, 60 days MANUS



170

HEAD
PARASAGITTAL

A7  LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
1L Noe83 e at birth DORSO VENTRAL




17§

HEAD
LATERAL

A7  LITTER C.R. ESTIMATED AGE  ALIZARIN HEAD
112 10483 = at birth VENTRO DORSAL



172

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN MANDIBULA
113 Noe83  mw at birth

AZ LITTER C.R. ESTIMATED AGE  ALIZARIN  LATERAL
114 NoeB4  memem at birth
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AZ LITTER C.R. ESTIMATED AGE ALIZARIN VENTRO DORSAL
115 N0e84 oo at birth

A7Z LITTER C.R. ESTIMATED AGE  ALIZARIN  LATERAL SHOULDER
116 Noe84 = et birth
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AZ  LITTER C.Re ESTIMATED AGE  ALIZARIN THORAX
117 N0eB4 — wemeeem at birth DORSO VENTRAL

AZ LITTER C.Re ESTIMATED AGE  ALIZARIN PELVIC LIMB
118 oo  wmmem= at birth LATERAL VIEW



AZ  LITTER C.R. ESTIMATED AGE ALIZARIN PELVIC REGION
119 N0e85 — mmmem 1 day P,P. VENTRO DORSAL

AZ  LITTER CeRe ESTIMATED AGE  ALIZARIN LUMBAR VERTEBRA
120 085  memsem 1l day P.P. CAUDAL VIEV
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FI1G., 1. Radiograph of 37, 41 days, ventral-dorsal expcsure. Uterus
can be seen displacing abdominal contents anteriorly. Foetuses are
seen in both left and right lateral abdominal pcsitions.
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FIG, 2. Radiograph of litter 53, 47 days, lateral exposure. Uterus
cen be seen largely filling abdominal cavity,
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FIG., 3. Rediograph of litter 70, 56 days, lateral exposure. The
sternum and phalanges are now visible, The foetus placed most
ventrally illustrates those structures.
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FIG, 4. Radiograph of litter 82, at parturition, lateral exposure.
The foetal skull can be seen lodging in the pelvic inlet.
The teeth can be observed forming in the mandible,









CROVN RUMP LENGTH MEASUREMENT

Arey (1948) states embryos are measured in two principal ways, the
commonest being the crovn rump length (designated C.R.) or sitting height
and this is defined as the distance from vertex to breech. The form of

the measurement is illustrated by Arey (1948).

It is agreed that there is no absolutely accurate method of estimat-
ing the age of an embryo from its length, Hamilton, Boyd and Mossman (1952)
and these authors cite earlier work by Streeter (1942, 1945 and 1948), but
they recognise that crown rump length may be useful in estimating the
approximate ages and define the crown rump length (C.R.) as the skull to
the breech (i.e. the mid-point between the apices of the buttocks). This
definition is also given by Iangman (1969) who again warns that this can

only be an approximate indication of the real age of the embryo.

In the early veterinary literature Iesbre (1897) uses the term crown
rump length and it is defined in his text book (1923) as the dimension
taken from the vertex cf the head to the origin of the tail. Evans (1973)
in his dissertation of prenatal development of domestic and laboratory
mammals states that measurement of embryos and foetuses are cited as crown
TUmp (C.R.) lengths. He repeats the definition that crown rump measurement
is the distance between the highest point of the head and the most caudal
extent of the buttocks at the base of the tail. He offers a caution on the
use of this measurement in domestic mammal foetuses pronouncing that care

must be taken with foetal posture during measurement.

The measurement of foetuses in this work corresponds to-that given and
illustrated by Arey (1948) for crown rump length. In Group A each foetus
was carefully placed before measurement to produce a standard position and
then the crown rump length was taken. With foetuses of less than C.,R. 35 mm,
there/



there was some difficulty in positioning due to a tendency to curving but
here a thread held between two pairs of forceps was used to establish the
distance between crown and rump and then the length of thread was read
agaeinst the scale on the calipers. Foetuses of over 35 mm. and up to
120 mm. were measured using calipers as illustrated in Fig. C.l. The
scale on the calipers was capable of recording 0,01 mm. Foetuses of over
120 mm, were measured using a metric stick as shown in Fig. C.2. When a
litter was received each individual was measured as described. Any gros-
sly abnormal individual was discarded and not used further in the study.
The separate foetuses in a litter having been measured for C.R. length,
the average C.R. length for that litter was then calculated., This average
litter C.R. length is the figure that appears in Teble I and is the fig-

ure used in assessing the approximate age of the litter.

As the number of foetuses in each litter varied, it was not always
possible to carry out all four techniques for examination in each litter.
Similarly the numbers of each sex varied with each litter and so with
the numbers of litters available for study it was not possible to obtain
sufficient males and females to allow all the techniques to be carried
out in duplicate at each litter size, which would have a2llowed comment

of sexual variation, if any, to have been made.
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CR MEASUREMENT — THREAD TECHNIQUE
FOETUS BELOW 35mm
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FIG, H.l CLAVICLE, H. & E, X 4.
Litter No.8 Co.Re23, 2mm, 27 Days Text P,20 NoiotTs

The centre for the clavicle is evident in the middle of the field.
There is calcified tissue to be found in the mesenchymal condensations

forming the clavicle and osteoblasts are now present.




FIG, H.2 HUMERUS, H. & E. X 4.
Litter No. 4 C.R. 18mm, 24 Days Text P.33 Vol. I.

The developing shaft of the humerus is found in the centre of the field.
There is evidence of degeneration of cartilage cells at the middle of
the shaft.



FIG, H.3 HUMERUS., H. & E., X10,
| Litter No. 4 C.R, 18mm, 24 Deys Text P.33 Vol. I.

This field demonstrates the middle of the shaft of the humerus and

shows the degenerating cartilage cells which are rounded and swollen.




FIG. H.4 HUMERUS. H. & Ea, x 4.
Litter No.16 C.R. 32mm., 30 Days Text P.33 Vol. I.

In this field, in the shaft of the humerus, there is invasion of the
collapsed centre of the cartilaginous shaft by the periosteal bud,.

The central area is surrounded by a2 periosteal collar.




FIG’. Hos 4 OSSA DIGITORU}T I‘IANUS H. & Eo’ X 40
- PHALANX MEDIA,
Litter No.46 C.R. 85mm, 44 Deys Text P.T4 Vol. I.

The shaft demonstrates the typical changes seen to occur in early
endochondral ossification of a long bone with a periosteal collar
surrounding the collapsed central portion of the shaft which has-

been invaded by the periosteal bud.




FIG, H.6 TARSUS, CALCANETUS. H., & E., X &
Iitter No.46 C.R. 85mm, 44 Days Text P.114 Vol.I.

There are degenmerating areas of cartilage cells to be seen in the

model of the calceneus, and deposition of calcified ground substence.




FIG., HoT VERTEBRAE THORACICAE, H. & E., X %e
Litter o.32 C.R. 63mm, 39 Days Text P.152 Vol. X.

The area of degenerating cartilage cells to be seen in the right of
the field shows signs of invasion of the cartilaginous body by osteo-
genic components and blood vessels. The area top left indicates these

changes occurring in the developing lamina.



FIG, H.8 MANDIBULA, H, & E., X 4.
Litter N°.16 C.R. Bm. 30 m Text Po229 Vol.I.

The cartilaginous precursor of the mandible lies at the top centre of

the field and below this is seen an area of ossifying tissue.



FIG. H.9 0S FRONTALE H, & E., X 4.
Litter No.l6 C.Re 32mm, 30 Deys Text P.290 Vol.I.

This field shows intramembranous ossification occurring in the

mesenchymal layer of the developing frontal bone.




