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Abstract

Cerny H.: Topographical Picture of Digit Ossification in the Sheep in the Late
Embryonic and Early Foetal Period of Development. Acta vet. Brno, 59, 1990: 91 —99.

Using a model of acropodium skeleton of three embryos (CRL 18—35 mm) and
26 foetuses (CRL 41—210 mm) of Merino sheep we studied the development of
the skeleton of digits during the late embryonic and early foetal period of ontogeny
using light microscopy.

Thé material was processed by standard methods for the study of histological
-sections. These were stained with hematoxylin-eosin, van Gieson and alc1an blue,
together with a mixture of Ponceau 2 R — acid fuchsine.

From the histotopographical point of view we described the structural picture
of the developing acropodium skeleton in relation with the foetal age ahd morpho-
logical determination of individual phases of ossification. We confirmed the sequence
of ossification of digits III and IV. The distal phalanx is the first to ossify, followed
by the proximal and then middle phalanges.

Ossification takes place at the age of 47 to 70 days of prenatal development. It
begins on the 47th day with desmogenous ossification of the tip of the distal phalanx,
progressing proximally and joining the endochondral ossification of the cartilaginous
skeleton of the cartilaginous skeleton of the corpus.

The onset of ossification of the cartilaginous skeleton of diaphyses of the proximal
and middle phalanges takes place on axial facets and progresses abaxially.

From the 80th day we can notice marked proliferation of blood vessels to the ske-
leton of epiphyses and distal capitula of the proximal and middle phalanges. The
spreading blood capillaries cause disintegration of cartilage, form numerous canals
holding osteogenous mesenchyma besides the vessels. Capitula of both phalanges
os51fy from the diaphysis.

Sheep, prenatal ontogeny, ossification of phalanges

The cartilaginous embryonic skeleton, which subsequently ossifies to form a definitive skeleton,
comes into being in the transformation of the prechondral into chondral blastema. The complexity
of the process of osteogeny is conditioned by the differentiation and growth of the structure in the
course of ontogenetic development.

Available literary references show that sheep skeleton was a frequent subject of investigation
in the past. A number of authors contributed to general knowledge of the cartilaginous skeleton,
its development and growth from the point of view of its morphology or function in relation to
its prenatal as well as postnatal ontogeny.

Although the development of the sheep foetal skeleton was described by Harris (1937), Benzie
(1950), Smith (1956), Lascelles (1958), Rajtova (1972, 1973), more recently by Neiss (1982)
and Cerny (1987) with a large number of detailed information, there is still enough room for
a detailed description of ossification in individual developmental periods in view of the step-like
character of this process, and histotopographical identification. )

We therefore decided to use the model of sheep acropodium to study the dynamms of changes
in the morphological picture of ossification in the period of early foetal ontogeny.
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Table 1
Age and Number of Embryos and Foetuses Used
Days after Number of
No. CRL (mm) Fertilization Individuals Stage of Ontogeny
1 18 — 1 late
2 25 — 1 embryonic
3 35 — 1 period
4 60 47 3
5 70 50 5 early
6 80 55 3 foetal
7 108 60 5 period
8 150 70 6
9 210 80 4
Materials and Methods

- A total of three embryos (CRL 18—35 mm) and 26 foetuses (CRL 41—210 mm) of Merino
sheep whose age was determined according to Evans and Sack (1973) was used for the study of
the development of the acropodium skeleton in the sheep.

The material was fixed in 10 % formol and processed in a standard manner for light microscopy.
Frontal, sagittal and horizontal sections made of tissue paraffin or celloidin blocks were stained
with hematoxylin-eosin, van Gieson, alcian blue and a mixture of Ponceau 2 R and acid fuchsine.

Results

In the embryo of CRL 18 mm, the laminae of the hand and foot are clearly
discernible (Fig. 2). Laminae are bowl-shaped, with the palmar and plantar facets
slightly concave. The edges of the two laminae feature delicate indentation, shallow
nicks between teeth marking the boundary between individual primordia. These
are formed by prechondral cellular blastema (Fig. 1), between principal primordia
of digit IIT and IV marked reduction of mesenchyma and formation of blood ves-
sels can be observed (Fig. 1). Clearly discernible at this time are also reduced
primordia of digits II and V all Figures are placed at the end of the volume.

In the next period in embryo of CRL 25 mm the change of the prechondral
blastema into chondral blastema is taking place in the lamina of the hand with
the formation of embryonal cartilage.

Also foot lamina contains digit primordia formed by prechondral blastema with
gradual chondrogeny.

Hand and foot laminae in the embryo of CRL 35 mm are characterized by
a cut between principal primordia and the lamina as a whole becomes elongated.
Development of principal primordia takes place, primordia of digits II and V are
disproportionally smaller. The main part of the digit skeleton (phalanx proximalis
and media) is already formed by embryonal cartilage, the corpus of the distal
phalanx passing through the stage of differentiation of chondral blastema. Indi-
vidual phalanx skeletons are separated from each other by narrow gaps containing
in their central parts condensed material of the original mesenchymal blastema.
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The appearance of joint cavities of digit joints can be observed, which came into
being through the reduction of the blastema material.

In the foetus of CRL 60 mm (47 days), hypertrophy of the cartilage of the distal
phalanx and desmogenous ossification of the tip have begun (Fig. 3). Phalanx
media and proximalis are formed by normal cartilage at this stage. The above
description applies to the thoracic as well as the pelvic limbs.

The period of CRL 108 mm (60 days) is characterized by gradual ossification
of phalanges beginning with the phalanx distalis, then phalanx proximalis and
media. The apex of the distal phalanx is markedly ossified, cortical lamellae appear,
the perichondrium differentiates, the activity of the osteogenous blastema at the

. tip increases, and the surrounding cartilage is becoming hypertrophic.

Thin lamellae of the cortical bone appear on the surface of the corpus of pha-
lanx proximalis as a result of the activity of perichondrium, and later periosteum.
In the central part of the phalanx, endochondral ossification is taking place, while
in the proximal part a continuous cartilage of the skeleton is being formed. In the
epiphyseal skeleton, numerous canals occur proximally that contain blood vessels
and cellular osteogenous material.

The last of the phalanges to ossify is the phalanx media. On the axial area of
its corpus we can find the initial stage of the primary ossification centre which is
manifested by hypertrophy of chondrocytes and metachromasia of the ground
matter of the hypertrophic cartilage. A more detailed investigation shows a gradual
invasion of cellular osteogenous elements into the centre. The cells are derivatives
of the osteogenous layer of the perichondrium. In view of the fact that at this
stage the structure of the ossification centre shows no mineralization, radiographic
imaging is not possible.

The onset of the osteogenous phase, however, comes very soon because at the
next stage, i. e. 10 days later in the foetus of CRL 150 mm (70 days), the middle
part of the phalanx is completely ossified. Documents from this period show that
ossification begins axially and progresses in the abaxial direction (Fig. 10). On the
axial area, a thin edge of cortical bone due to periosteal ossification appears. Peri-
chondrium in this area differentiates completely into periosteum (Fig. 11).

Light microscopy shows that ossification of the tip of the distal phalanx continues
together with the differentiation of the periosteum and the endochondral ossifi-
cation of its corpus. Further development of endochondral ossification can also be
demonstrated in the proximal phalanx.

In foetuses of CRL 210 mm (80 days) the diaphyses of the proximal and middle
phalanges are completely ossified, individual beams of the spongious bone form
a compact anastomosing system. The medullary cavity is usually only hinted at
in the central parts of diaphyses. Because these are monoepiphyseal bones, the epi-
physodiaphyseal, boundary is formed only in proximal parts of of the bone. Distal
capitula of both phalanges ossify in later developmental stages from the diaphysis.
In this period, however, capitula are completely made up of cartilage.

Contrary to the cylindrical shape of proximal and middle phalanges, the distal
phalanx is markedly conical. Its skeleton is formed by cartilage, which arches in
a prominent skeleton of the processus extensorius at the dorsal crown-shaped
edge. The corpus and apex are formed by beams of a spongy bone, which are
mainly formed by periosteal ossification (Figs. 7, 8). Differentiation of osteogenous
cells and their secretion activity lead to the formation of new bone tissue, attached
to the surface of the cortical bone. The cortical bone is interrupted with commu-
nication to intertrabecular space. Osteogenous cellular material of the periosteum
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penetrates to the centre of the skeleton both independently and with blood vessels,
where it differentiates into cellular elements of bone marrow. The apex phalangis
distalis, just as the distal part of the corpus, originates from the osteogenous me-
senchymal blastema. First, the woven bone is formed, which is then restructured
into a definitive bony apex.

In epiphyseal cartilages, as well as in distal capitula of the cartilaginous model,
we can observe numerous osteogenous canals (Fig. 12) which contain blood vessels
and abundant cellular material. In the case of hypophyses, this osteogenous
cellular material comes from perichondrium or periosteum, its basic cell is the fi-
broblast which in subsequent stages of ossification differentiates into a cellular
element with a significant osteogenous potential — the osteoblast.

. On the other hand, capitula are penetrated by osteogenous cells from the for-
ming primary cavity of the ossifying diaphysis. The cellular material filling central
parts of the diaphysis undergoes differentiation into osteogenous cells and cellular
elements of the medulla (Figs. 12, 13, 14).

From the viewpoint of morphology, the existence of blood vessels with perica-
pillary cells in the proliferative and hypertrophic zone of the ossifying cartilage
(Fig. 15) and vessels penetrating from the epiphyseal perichondrium transchon-
drally to the diaphyseal region can be considered an interesting finding. In this
respect, we noted isolated cases of blood vessels penetrating from the proliferative
zone of the cartilage as far as the osteoid zone of endochondral ossification.

Morphological picture of the developmental stage studied manifests a pronoun-
ced proliferation of blood vessels and cellular elements to cartilages of epiphyses
and cartilaginous skeletons of capitula of the proximal and middle phalanges. It
was here that we observed penetrating blood capillaries accompanied with peri-
capillary cells. They were medullar capillaries of the diaphysis which invade the
capitulum cartilage and initiate its gradual ossification and the appearance of the
subchondral bone. The original skeleton is reduced to articular cartilage.

Discussion

The. development of appendicular skeleton] takes place in four stages. In
the late embryonal period, a conversion of prechondral mesenchymal skeleton
into cartilaginous embryonal skeleton takes place. Osteogeny proper begins with
the appearance of primary ossification centres in diaphyses of cartilaginous skele-
tons. The third stage is characterized by the appearance of secondary ossification
centres, ossification of epiphyses and the formation of epiphysodiaphysary lamel-
lae. And finally the fourth stage is connected with the ossification of epiphyseal
plate and the appearance of the definitive skeleton.

The first two stages take place in the prenatal period, the third is a transitory
stage between the pre- and postnatal development, and the fourth stage is linked
with the postnatal period of development. Our observations concern the morpho-
logical picture of the first two stages and partially also the third.

Ossification is a complex process of development taking place in phases, connec-
ted with tissue mineralization. Gradual mineralization of the basic bone tissue
material increases its density and allows its radiographic imaging. An advanced
degree of mineralization is an necessary condition for the use of the radiographical
method. :

In early stages of ossification of the cartilaginous foetal skeleton, important
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Table 2
Topographxcal Picture of Ossification Related to the Age of Embryo and Foetus

Embryo | Foetus

Digit Skeleton . .
(CRL (CRL Histotopography

Development mm) mm) o
Mesenchymal/prechondral skeleton 18 hand and foot laminae
Transformation of mesenchymal
skeleton 25 hand and foot laminae
into chondral skeleton cartilaginous :
embryonal skeleton formation 35 cartilaginous phalanges

Ossification of cartilaginous skeleton,

| individual phalanges
1. Phalanx distalis
hypertrophy of the corpus cartilage 60 corpus phalang. dist.
osteogenous mesenchymal blastema 60 its appearance on apex phalangis
dist.
desmogenous ossification 70 apex phalang. dist.
periosteal ossification 70 corpus phalang. dist.
| osteogenous activity of mesenchymal
blastema 108 ossification of apex )
periosteal ossification 108 initial ossification, corpus pha-
lang. dist.
210 progressing ossif. of corpus pha-
lang. dist.

| 2. Phalanx proximalis
periosteal ossification, cortical la-
mella formation, endochondral ossi-

fication 108 diaphysis
210 ossification of diaphysis comple-
ted, primary medullar -cavity

_delineated

3. Phalanx media
formation of primary ossification

centre 108 axial facet of cart. diaphysis .,
peri- and endochondral ossification 150 diaphysis of middle phalanx-
progressing ossification 210 complete ossification of diaphy-

sis, primary cavity filled w1th me-
dullar blastema

vascular invasion to cart, skeletal of 210 cartilag. capitula and epiphyses
capitula and epiphyses, formation of of proximal and distal phalanges
osteogenous canals

morphological changes of structure take place. In view of insufficient tissue mine-
ralization, radiography cannot be successfully used to study these changes in
their full extent. We therefore consider it necessary to employ histological methods
to study- the situation in the late embryonal and early foetal period using tlssue
section.

When we look into the relation between the foetal age and the number of ossi-
fication centres of the appendicular skeleton, we will conclude that a significant
development of the skeleton does not take place before the age of 90— 100 days!
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From this point of view, Lascelles (1958) therofore divides the prenatal deve-
lopment in the sheep into two periods: 37—92 days and 92—141 days.

In the first period, structural differentiation mainly predominates, which is
clearly discernible histologically. The radiographic method, on the other hand,
would not yield unambiguous results, because structure imaging at the beginning
of ossification is insufficient.

The other period, from 90 to 100 days of age, is characterized by an absolute
increase in the number of ossification centres of the appendicular skeleton, which
comes as a result of ossification of epiphyses. This period is further characterized
by increased mineralization and general maturation of bone tissue. It is therefore
appropriate to use the radiographic method, which not only allows the study of
the skeletal development, but also provides the possibility of its further morpho-
metrical and densitometrical investigation.

When we compare our results concerning ossification of the acropodium with
literary data, we find some differences not only in the determination of the appea-
rance of ossification centres weith regard to the foetal age, but also in the sequence
of ossification of individual phalanges.

Harries (1937) reports that all phalanges on the pelvic and thoracic limbs ossify
on the 61st day simultaneously, Lascelles (1959) believes that ossification of the
Ist, 2nd and 3rd phalanges takes place in that order between the 59th and 71st
day, the thoracic limb being 2 days ahead of the pelvic limb. According to Rajtova
(1972), the first and second phalanges ossify from two ossification centres, while the
third phalanx from only one. Ossification begins on 47th day in phalanx distalis,
the corpus of the proximal phalanx ossifies on the 56th day and on the 58th day an
ossification centre appears in the cartilaginous skeleton of the middle phalanx
corpus. According to this author, the ossification of epiphyses and thus the for-
mation of secondary ossification centres does not take place before the 145th day.
Rajtova (1972) reports the same ossification sequence in individual phalanges
as Smith (1956), Neiss (1982) and Cerny (1987), while differring with them
in time intervals of their ossification. The range reported by Rajtova (1972) is
47th — 58th day, while Harris (1937) puts it on the 61st day. Neiss (1982) claims
that the first calcium in the distal phalanx is deposited in the foetus of CRL
67.5 mm, and that mineralization can be constantly demonstrated from the CRL
of 71 mm. The CRL reported by Evans and Sack (1973) represents the 48th
day of foetal age, the CRL of 71 mm the 50th day post conceptionem. Ossification
of diaphysis of the proximal phalanx begins at 76 mm, occurs regularly at 94 mm,
the middle phalanx ossifies at the lenght of 94 mm. In foetuses of CRL of 110 mm,
diaphyses of middle phalanges are ossified regularly. According to our previous
findings (Cerny 1987) as well as our recent observations, the onset of ossification
of phalanges III and IV is linked with the period of the 47th to 70th day. It is
evident that the histological method of the study of tissue sections can be used
a detailed documentation of the preossification stage, when ossification from the
structural point of view has already begun but the deposition of mineral substances
in the basic cartilaginous material is still insuffcient for radiographical purposes.
Our findings show that the beginning of the ossification proper, connected with
the mineralization of the basic material occurs in fact between the 50th and 62ad
day of prenatal development.

In agreement with other authors, we can report that ossification of the diaphysis
of the proximal and middle phalanges always begins in their axial facets and pro-
gresses gradually in the abaxial direction. From diaphyses of these phalanges,
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ossification progresses distally, causing ossification of cartilaginous skeletons of
capitula. We observed intensive vascular penetration of medullar capillaries from
the diaphysis to the capitulum, which not only participates in cartilage resorption
but also leads to the appearance of distinct canals in the cartilage which are used
by osteogenous cells in their penetration from the primary medullar cavity to the
capitulum.

A slightly different type of ossification was observed in the distal phalanx. Its
cartilaginous skeleton is not fully replaced with bone tissue. Its apex and distal
part of the corpus is formed by desmogenous ossification from osteogenous
mesenchymal blastema. The remaining part of the corpus ossifies endochondrally.
Ossification progresses proximally, i. e. in the opposite direction than in the case
of proximal and middle phalanges.

Our results concerning the time of ossification of phalanges are in closest agree-
ment with the interval proposed by Neiss (1982). As regards their mutual com-
parison, our results show only insignificant differences with the data pesented by
Rajtova (1972).

More substantial are the differences with results of the other authors quoted.
These may be caused by breed variability of the material used, or by methods of
its processing.

Neiss (1982) also endorses an opinion that any differences that may occur in
an interpretation of conclusions concerning sheep skeleton ossification in prenatal
ontogeny could be attributed to existing breed differences, which the author
considers a kind of intraspecies variability. ’

Topograficky obraz osifikace skeletu prstu ovce v raném fetilnim obdobi
vyvoje

Na modelu zakladu akropodia 3 embryi (TK 18—35 mm) a 26 fett (TK 41 az
210 mm) ovce plemene Merino jsme v pozdnim embryonilnim a raném fetilnim
obdobi ontogeneze studovali v obraze svételného mikroskopu vyvoj skeletu prstu.

Materidl jsme zpracovali standartnimi metodikami pro studium histologickych
fezl, které jsme barvili hemotoxylin — eosinem, van Giesonem a alcianovou modii
spolu se smési Ponceau 2 R — kysely fuchsin.

Z histotopografického hlediska jsme popsali strukturilni obraz vyvijejiciho se
skeletu akropodia v zavislosti na fetdlnim v€ku a morfologické determinaci jednotli-
vych fazi osifikace.

Potvrdili jsme pofadi osifikace jednotlivych €linka III. a IV. prstu. Nejdfive
osifikuje distalni ¢lanek, nédsleduje proximalni a jako posledni osifikuje stfedni
¢lanek.

K osifikaci dochazi v rozmezi 47.—70. dne prenatilniho vyvoje. Zalind 47. den
desmogenni osifikaci hrotu distilniho ¢ldnku, $ifi se proximalné a navazuje na
enchondrilni osifikaci chrupavCitého zikladu téla.

Pocitek osifikace chrupavcitého zdkladu diafyz proximaélniho a stfedniho ¢lanku
zaCina na axidlnich plochéch a §ifi se abaxidlnim smérem.

Od 80. dne pozorujeme vyraznou proliferaci krevnich cév do zikladu epifyz
a distalnich hlavic proximalniho a stfedniho ¢lanku. Pronikajici krevni kapilary
rozruSuji chrupavku, vytvareji Cetné kandly, kterymi probihd spole¢né s cévami
osteogenni mesenchym. Hlavice obou ¢lanku osifikuji z diafyzy.
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Tonorpacdnueckas KapTuHa occuduvKaluu cKenera nanbua OBLbl
B paHHHii BHYTPUYTPOGHbLIA nepuoa pasBUTUS

Ha moaenun ocHoBbl akponoaus 3 am6puoHos (TK 18 - 35 mm) 1 26 nno-
aos (TK 41-210 mm) oBubl NOPOAbI MEPUHO Ha NO3AHEM 3MOPUOHANbHOM
M paHHeM NNOAHOM STane nepuoja OHTOreHesa Hamu NPOBOAMAUCH Ucche-
AOBaHWS pa3BUTUsS CKeneTa nanbua B UM306paXeHWU CBETOBOrO MMKpPO-
ckona. o

Matepuan o6pabaTbiBanu CTaHAApPTHbIMU MEeTOAaMKW AN U3YUEHUS TU-
.CTONOTMUECKUX Cpe30B, OKpaliuBas UX remMaTtoKCUNUHOM - 303UMHOM, BaH
F'M30HOM M anbuMaHOBbIM CUHUM COBMECTHO co cMecbto lNoHco 2 P - kuc-
NblA (PUKCHH.

C rucrtotonorpacMueckoin TOUKWM 3peHUs HaMKu onucaHa CTPYKTypHas
‘KapTUHa pa3BMBaloLlerocs ckenera akponoaus B 3aBUCUMOCTH OT BHYTPH-
'YyTPOOHOro BO3pacTa U MOPMONOrMUECcKOro onpeaeneHus OTAENbHbIX 3Ta-
NOB OKOCTEHEHHUS. -

Hamu Obina noaTBEpXAEHa NOCNeA0BaTEbHOCTb OKOCTEHEHUS OTAENbHbIX
«panaHr 3 1 4 nanbua. CnepBa NPOUCXOAUT OCCUDUKALUA AUCTanbHOW da-
NaHry, cnepyeT NpoKCcUmanbHas U nocneaHei occuduuupyeT cpeaHsas da-
naHra.

OkocTeHeHHe npoucxoauT B nepegenax 47 - 70 cytok nNpeHaTanbHOro
pa3suTusa. HaunHaeTca oHa Ha 47 CcyTKWM AeCMOreHHOW occudurKauuen KOH-
unMka AUCTaNnbHOW hanaHru, pacnpocTpaHssCb NPOKCUManbHO, NpoAomKaeT
3HXOpHanbHbIM OKOCTEHEHWEM XpSAlleBaToOW OCHOBbI Tena.

Hauano occudukaummn xpsulesaton OCHOBbl AWacdu3a MPOKCUMaNbHOWM
W cpeAHei banaHr MPOMCXOAWUT Ha akCWanbHbIX MOBEPXHOCTAX, pacnpo-
CTpaHfsicb B abakCManbHOM HanpaBneHUMU.

HauuHasi ¢ 80 cyTok MOXHO HabnwAaTb CyLIECTBEHHYIO Nponudepauunto
KPOBSIHbIX COCYAOB B OCHOBaHWE 3MWU(MU30B U AUCTaNbHbIX FONOBOK NpPOK-
‘CUManbHO u cpeaHen danaHr. [lpoHuKalowlMe KpOBEHOCHbIe Kanuanspbl
paspylwatoT xpsw, o6pa3ys MHOMOUMCNEHHble KaHanbubl, KOTOPbIMKU COB-
MECTHO C COCyAaMM NPOXOAUT OCTeOreHHas Me3seHxuma. FonoBku obenx
<banaHr ocCUMULUPYIOT OT AnadU3a.

I am grafetul to Mrs. A. Hlouskova and Mrs. R. Spésné for the preparation of histolegical pre-
parations and other technical assistance. ‘
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Plate I.

Cerny H.: Topographical Picture




Plate I.

Figs. 1, 2: Embryo, CRL 18 mm. Prechondral mesenchymal blastema in foot plate. 1 — primor-
dium III, 2 - primordium IV, 3 - reduction of the mesenchyma in future interdigital crevices
with the formation of blood vessels. HE, mag. 3.2x4, embryo mag. 3.5x

Figs. 3, 4: Foetus, CRL 60 mm. Initial ossification of the distal phalanx. 1 — cartilaginous skeleton
of the phalanx dist, 2 — hypertrophic cartilage on the apex, 3 — osteogenous mesenchymal blas-
tema, 4 — osteoblasts with osteoid basic material, 5 — bony apex, beginning of surface lamella
formation, van Gieson, magn. 10x8, foetus magn. 1.5x

Plate II.

Fig. 5: Foetus, CRL 150 mm. Ossification of distal phalanges. 1 — cartilaginous skeleton, 2 — endo-
chondral ossification of phalanx corpus, 3 — apex resulting from desmogenous ossification,
4 - osteogenous mesenchyma HE, magn. 4x10

Fig. 6: Foetus, CRL 150 mm. Ossification of apex phalangis distalis. 1 — mesenchyma, 2 — osteo-
genous mesenchyma, 3 — bony apex, 4 — differentiating corium, 5 — blood vessel, 6 — epidermis
HE, magn. 10x10

Fig. 7: Foetus, CRL 210 mm, longitudinal section of the phalanx. 1 — cartilaginous skeleton,
2 — proc. extensorius, 3 — continuous lines of endochondral ossification of the phalanx corpus,
4 — intertrabecular space, 5 — blood vessel, 6 — osteogenous periosteum. HE, magn. 10x1

Fig. 8: Foetus, CRL 210 mm, detail of apex phalangis distalis. 1 — desmogenous ossification of the
apex, 2 — osteogenous periosteum, 3 — corium, 4 — surface lamella with trabeculae, 5 — broad
intertrabecular space, 6 — blood vessels. HE, 4x10



Plate II.




Plate III.

Fig. 9: Foetus, CRL 70 mm, apperance of primary ossification of the diaphysis of the middle pha-
lanx. 1 — middle phalanx cartilage, 2 — primary ossification centre on the axial side of cartilagi-
nous skeleton, 3 — metachromasia of the basic cartilaginous material, 4 — hypertrophic chondro-
cytes, 5 — perichodrium. Alcian blue — Ponceau 2 R with acid fuchsine, magn. 20x10

Fig. 10: Foetus, CRL 75 mm. Ossification of the middle phalanx corpus. 1 — cartilaginous capitu-
lum of the proximal phalanx, 2 — skeleton of the middle phalanx, 3 — endochondral ossification
progressing abaxially, 4 — newly appearing osteogenous canals in the phalanx skeleton.
HE, magn. 4x10

Fig. 11: Foetus, CRL 70 mm, detail of periosteal ossification of the middle phalanx. 1 — perichon-
drium, 2 — osteogenous periosteum layer, 3 — beginning of cortical lamella of compact bone,
4 — hypertrophic cartilage, 5 — ossiformous zone of endochondral ossification. HE, magn. 10x10

Plate IV.

Fig. 12: Foetus, CRL 210 mm, ossification of the corpus of proximal and middle phalanges.
1 — beams of the spongious bone of the diaphysis, 2 — epiphysis of the middle phalanx,
3 — lamella of the compact bone of the proximal phalanx corpus, 4 — capitulum of the proximal
phalanx, 5 — spongious bone of the middle phalanx corgus, 6, 7 — primary medullar cavity,
8 — osteogenous canals of the middle phalanx epiphysis, 9 — capitulum of the middle phalanx.
Alcian blue — Ponceau 2 R with acid fuchsine, magn. 6.3x2

Fig. 13: Foetus, CRL 210 mm. Detail of the capitulum of the proximal phalanx. 1 — capitulum,
2 — epiphysis of the middle phalanx, 3 - articular cavity of the proximal joint of the digit,
4 — penetrating blood vessel, 5 — osteogenous canal with a blood vessel and pericapillary osteo-
genous cells, 6 — spongious bone of the diaphysis, 7 — primary medullar cavity with medullar
vessels. Alcian blue — Ponceau 2 R with acid fuchsine, magn. 17.5x2 .

Plate V.

Fig. 14. Foetus, CRL 210 mm. Qssification of the proximal phalanx. 1 — epiphysis, 2 — spongious
bone of the diaphysis, 3 — capitulum, 4 — surface lamella of compact bone of the diaphysis,
5- (Frimary medullar cavity filled with mesenchymal blastema. Alcian blue — Ponceau 2 R with
acid fuchsine, magn. 6.3x2

Fig. 15: Foetus, CRL 210 mm. Endochondral ossification of the diaphysis of the proximal phalanx.
1 — growing cartilage zone, 2 — hypertrophic cartilage zone, 3 — blood vessels with transchondral
behaviour, 4 — erosion line, 5 — osteoid zone of ossificatoin. Alcian blue — Ponceau 2 R with
acid fuchsine, magn. 32x2

Figs. 12-15 were made at the Anatomical Institute of the University of Veterinary Science in Han-
nover using macroscope WILD M 420 with an automatic camera WILD MPS 45
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