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Abstract

Cerveny C.: Epiphysodiaphyseal Growth Zones in Metapodium and Acropodium
of Cattle in Postnatal Ontogenesis. Acta vet. Brno, 49, 1980: 11—30.

Anatomic and radiologic methods were used for the study and description of
macroscopic changes in the epiphysodiaphyseal growth zones of the metapodium
and acropodium of cattle in the postnatal developmental period. The results were
obtained from 79 clinically healthy animals of the Czech Red-Spotted cattle aged
from birth to 15 years. Localization of the epiphysodiaphyseal zone in the metapodium
and acropodium of calves and juvenile cattle was determined by means of external
orientation points on a live animal. We are suggesting their possible access during
experimental and clinical interventions. By means of comparison of radiographs
with osteologically treated preparations, a typical RTG-picture of different parts
of the epiphysodiaphyseal growth zones in the metapodium and proximal and middle
phalanges of the digits was described. The ontogenetic developmental series of the
postnatal period was used to study changes in the RT'G-picture and in the epiphy-
sodiaphyseal growth cartilage and the diaphyseal and epiphyseal osseous plates in the
macrostructure. By destruction of the epiphysodiaphyseal growth cartilage the
epiphysodiaphyseal growth zone grows into the epiphysodiaphyseal scar which gra-
dually disappears due to inner rebuilding of the bone.

Development, epiphysodiaphyseal growth zones, anatomy and rentgenology, cattle.

The epiphysodiaphyseal growth zones are differentiated in cartilaginous bone patterns with
establishment of epiphyseal ossification centres. Formation of secondary ossification centres in
different skeletal bones of cattle limbs was described by Kiipfer and Schinz (1923), Vokken
(1950), Fedrigo (1957) and Lindsay (1969). They suggest that in the course of the seventh
month of the intrauterine life secondary ossification centres appear in the phalanx proximalis and
phalanx media and subsequently distal epiphyseal centres appear in the metapodium. Development
of skeletal bones and disappearance of epiphysodiaphyseal growth cartilages in skeletal bones of
domestic mammals in the prenatal and postnatal periods were studied by Vokken and Tarasov
(1968). According to these authors establishment of a secondary ossification centre in the proximal
ulnar epiphysis can be taken as a sign of terminated intrauterine development. Kolda (1936)
and Barone (1966) have given more precisely defined data on disappearance of growth cartilages
from the skeletal bones of domestic mammals. They have suggested that the epiphysodiaphyseal
cartilages in the phalanx media in cattle disappear between the 15th—18th months after birth,
in the phalanx proximalis between the 20th—24th months and in the metapodia at the age of 2 years
and a half. The microscopic structure of the epiphyseal growth cartilage of cattle metatarsus in
ontogenesis was studied by Lassila (1928). The author described changes in thickness and shape
of the cartilage as well as alterations in microstructure of the epiphysodiaphyseal cartilage asso-
ciated with its destruction. The microstructure of the epiphysis-diaphysis union and removal of
epiphysodiaphyseal growth zone in man and dog was described by Haines (1975). In the epiphyso-
diaphyseal growth zone he differentiated, in addition to the epiphysodiaphyseal growth cartilage,
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epiphyseal and diaphyseal bony plates which had been suggested by Hasselwander (1910).
In radiographs these osseous plates appear as darker surfaces and are called by radiologists as
“‘epiphyseal and metaphyseal zone of temporary calcification” (Bldha 1963). Binev (1970) carried
out radiologic studies of limb bones of newborn and one-month old calves. His findings show
that sharp boundaries in radiographs separate epiphyses of different bones in both groups. Burt
et al. (1968) only present a list of epiphysodiaphyseal cartilages on the limb bones which can be
studied by radiologic methods. The RTG-picture of the cattle carpal joint was described by
Funk (1966) on the basis of comparative osteological material, and, the growth changes on distal
digit phalanges in cattle were described by Simon (1963). The epiphyses and apophyses of limb
bones in a foal were radiologically studied by Schmidt (1960) and those in a pig by Szemes
(1962). Besides listing epiphyses and apophyses of different limb bones and their morphological
description the authors also mention in the passing the period of disappearance of epiphysodia-
physeal growth cartilages. It is this problem that was concerned with by Weiss (1972) in the pig
and by Smith and Allock (1960) in the dog. Rajtova (1974) and Nowicki (1972, 1974) carried
out radiologic studies of postnatal development of limbs bones in the sheep and goat No-
wicki (1975) in the pig and Bressou et al. (1957, 1959) in the dog and cat.

The autopodium of thecattle is quite accessible for radiological and clinical examination. How-
ever, there is a lack of data on localization, morphology and RT G-picture of epiphysodiaphyseal
growth zones in the autopodium in the developmental period. Considering the fact that various
metabolic disorders in cattle are often accompanied by skeletal diseases (Seffner and Wujanz
1973) and that necessary literature data on macrostructure of the developing skeleton are not available
(McCallum et al. 1970) we have focused our attention on these problems and described macro-
scopic structural changes in the epiphysodiaphyseal growth zones of metapodium and acropodium
and their RTG-picture and topography on a live animal in the postnatal ontogenetic period.

Materials and Methods

We have studied metapodium and acropodium on the total of 79 clinically healthy animals of
the Czech Red-Spotted cattle of both sexes, from birth to the age of 15 years. In the course of the
experiment we made, at monthly intervals, radiographs of the metapodium and thoracic and
pelvic-limb digits — radiographs of dead animals were made once and those of live animals repe-
teadly. For this we used a portable X-ray equipment MEGA-META 125 of the Radiologic Sec-
tion of the Department of Surgery of the University of Veterinary Science in Brno. A part of the
material studied was treated by using anatomic methods. We prepared mediolateral and dorso-
palmar (dorsoplantar) sections, and, some of the sections were treated by the method of differential
staining of the bone tissue with the use of alizarin-red (Cerveny 1972) and the others were treat-
ed by boiling maceration and bleaching in hydrogen peroxide. In the same way were osteolo-
gically treated some unsawn autopodia. More details are given in the following table:

Experimental material
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Results

When examining epiphysodiaphyseal growths zones of the metapodium and
acropodium of cattle during postnatal development, an epiphysodiaphyseal growth
cartilage, to,which the epiphyseal and diaphyseal osseous plates are attached (Fig. 4,
5 and 19), can be macroscopically well distinguished on osteologically-treated
and alizarin-red-stained preparations a« well as in radiographs. On the metapodium,
the epiphyseal growth zones are localized on the distal part of the phalanx proxi-
malis and phalanx media while on the digits they can be seen in the proximal
part. They lay on perpendicular plane to longitudinal axis of the mentioned bones
and their course was sinuous. With increasing age, in the whole period of active

Fig. 1. Sagittal section through fourth digit and metatarsus of right pelvic limb of new-born calf
(osseous tissue differentially stained with alizarin red).

1, 2, 3 — epiphysodiaphyseal growth zones of metapodium (1), of proximal (2) and middle phalanx
of the digit (3), 4 — articulatio metatarsophalangea, 5 — rudiment of the fifth digit; arrow at level of
lower edge of small claw basis to epiphysodiaphyseal growth zone in phalanx proximalis, 6 — torus
ungulae; arrow at level of the proximal edge of torus ungulae to epiphysodiaphyseal growth zone
in phalanx media.

Fig. 2. Sagittal section through the fourth digit and metacarpus of left pelvic limb of cattle aged 6

months. (Osseous tissue differentially stained with alizarin red.)

1, 2, 3 — Epiphysodiaphyseal growth zones, less conspicuous epiphysodiaphyseal cartilages,
4 — deep red colour represents diaphyseal and 4’ epiphyseal bony plates of epiphysodiaphyseal
growth zones, 5— articulatio metacarpophalangea, 6 — rudiment of fifth digit, 7 — proximal
edge of bulbs of hoof, arrows to changed topographical conditions in epiphysodiaphyseal growth
zones of digit phalanges and external orientation points, proximal edge of bulbs of hoof and basis
of small claws.
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Fig. 3. Sagittal section through third digit and metatarsus of left pelvic limb of a 2-week old calf.

(Osseous tissue differentially stained with alizarin red.)

1 — epiphysodiaphyseal growth zone of metatarsus with conspicuous growth cartilage and more

deeply coloured (2) epiphyseal and (3) diaphyseal bony plates, 4 — epiphysodiaphyseal growth

cartilage passing to cartilaginous coating of ossification centre of epiphyse.

Fig. 4. Mediolateral section through main digits and metatarsi of right pelvic limb of 2-week old
calf. (Osseous tissue differentially stained with alizarin red.)

1, 2, 3 — Epiphysodiaphyseal growth cartilages of metatarsi (1), proximal phalanges of digits (2)

and middle phalanges of digits (3), 4 — yet-separated epiphyses of main metatarsi, 5 — diaphyseal

and 6 — epiphyseal bony plates.

growth of the bone to the length, the sinuous course is more marked than in fetuses
and new-born animals and the epiphysodiaphyseal growth cartilages get thinner.
The margins of the ends of epiphyses and diaphyses adjacent to the epiphyso-
diaphyseal growth cartilage project over the smooth surface of the bones so that
they are easily palpable through the skin.

The epiphysodiaphyseal growth zones of the two main metapodial bones, of
the thoracic limbs are situated on the border of the distal quarters of the meta-
carpus, those of the pelvic limbs are situated on the border of the distal fifths of
the metatarsus. Owing to the course of the muscle tendons, the epiphysodiaphyseal
growth zone can be palpated on the limb with slight flexion of the digits in the
articulatio metacarpophalangea and/or articulatio metatarsophalangea on the dorso-
medial of dorsolateral side of the metapodium. A prominent transition of the epi-
physis to the diaphysis on the dorsolateral of dorsomedial perimeter of the meta-
podium can be easily palpated 2.5—3 cm proximally to the distal end of the meta-
podial trochlea in' newborn calves 'and 4—6 cm proximally to the distal end of
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the metapodial trochlea in older animals. Thus it is possible, by means of palpa-
tion, to precisely establish localization of the epiphysodiaphyseal growth zone.
In animals with terminated longitudinal growth of bones this prominence is unpal-
pable because of the skin thickness, although it can be seen on the surface of a bone
after maceration. _ - '

The epiphysodiaphyseal growth zone of the proximal phalanx of the digit is
situated on the border of the proximal quarters of the bone length. On a live
animal, its localization is determined by projection of the perpendicular plane
to the long axis of the proximal phalanx of the digit projected at the level of the
distal margin of the small claw basis (Fig. 1). These growth zones can be palpated
at the same site on the abaxial surfaces of the third and fourth digits. In older
calves over six months of age a 1—2 cm shift of the epiphysodiaphyseal growth
zone with respect to the basis of the small claws, due to morphological changes
in the digits in the course of their growth, can be observed (Fig. 2).

The epiphysodiaphyseal growth zone of the middle phalanx is also situated
on the border of the proximal quarters of the middle phalanx length. From the

e

Fig. 5. Mediolateral section through distal end of left metatarsus of a 20-month old bull.

1 — epiphysodiaphyseal growth zone, 2 — gap indicating macerated epiphysodiaphyseal growth
cartilage, 3 — diaphyseal and 4 — epiphyseal bony plate of growth zone, 5 — os metatarsale III
et IV, 6 — joined epiphyses of both bones.

Fig. 6. View of contact surfaces of epiphyse (A) and diaphyse (B) of right os metacarpale III et
1V of a 6-month old calf. Os metacarpale — III epiphyse inverted before dorsal surfaceof metacarpus.
1, 2, 3, 4 — tubercles in apexes of trapezoidal perimeter of diaphyseal contact surface, 1/, 2/, 3/,
4’ — corresponding grooves on contact surface of epiphyse.
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Fig. 7. Sagittal panel cut through distal end of metatarsus of a 5-year old cow.
1 — concentrated bony trabeculae of epiphysodiaphyseal scar, 2 — trabeculae of diaphyseal spongy
substance, 3 — trabeculae of epiphyseal spongy substance.
Fig. 8. — Sagittal panel cut through distal end of metatarsus of a 15-year old cow.
1 — reduced bone trabeculae of epiphysodiaphyseal scar due to inner rebuilding of bones; 2 —
trabeculae of diaphyseal spongy substance, 3 — trabeculae of epiphyseal spongy substance.

external view, this zone on the thoracic and pelvic limbs is situated on the trans-
verse plane projected on the middle phalanx of the digit at the level of the highest
point of the proximal margin of the horny bulbs (Fig. 1). In older animals, simi-
larly as in the phalanx proximalis, a shift in the above-mentioned projections
due to change in growth relations can be observed. The epiphysodiaphyseal
zone, too, shows a 1—2 cm shift more proximally to this plane (Fig. 2).

On radiographs, the epiphysodiaphyseal cartilage of the epiphysodiaphyseal
growth zone of the metapodium and acropodium is drawn as an undulated clear
line. Along both sides of this clear line, parallel shadows of epiphyseal and dia-
physeal bony plates are drawn (Figs 14 and 19). Parts of epiphysodiaphyseal
growth zones where new cartilage calcifies and is destructed to arise new bony
tissue can be observed in the radiographs. These are sites with higher mineral
supplementation, and the mineral substances are responsible for deeper shadow
in these areas of the growth zone. In this respect, higher activity can be recorded
on the diaphyseal bony plate. The epiphyseal bony plate is represented by a con-
trasting narrow shadowy demarcation near the epiphyseal surface of the epiphy-
sodiaphyseal growth cartilage and the diaphyseal bony plate is represented by
a wider and diffuse shadow. Changes were found in this bony area in the post-
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‘natal period, and above all changes associated with destruction of the epiphyso-
diaphyseal growth zones and rebuilding of bone structure in later age. Undulated
lines of epiphysodiaphyseal growth zones of metapodia can be identified on the
radiographs and derived according to osteologic preparations of the metapodia
with separated epiphyses. A relief of the contrast surfaces of both diaphysis and
epiphysis can be seen in these preparations (Fig. 6). Four tubercles with four
grooves between them are always identified on the distal epiphyses of the meta-
carpus and metatarsus. The tubercles are situated approximately in the middle
of the trapezoidal perimeter of the contact surfaces of the epiphyses and are cross-
-distributed. Corresponding grooves and tubercles are situated matrix like on
the contact surfaces on the diaphyses of these bones which fit into one another,
including epiphysodiaphyseal cartilage between. On the diaphyses these tubercles
are situated in the corners of the trapezoidal perimeter of the contact surfaces.
In radiographs the undulated epiphysodiaphyseal cartilage included between

Fig. 9. View of contact surfaces of diaphyse (A) and epiphyse (B) of proximal phalanx of fourth
digit of right thoracic limb of a6-month old calf. Proximal phalanx epiphyse is inverted abaxially
to diaphyse.

1, 2, 3, 4 — tubercles in apexes of trapezoidal perimeter of diaphyseal contact surface, 1, 2/, 3/,

4’ — corresponding grooves on contact surface of epiphyse.

Fig. 10. Cut surfaces of sagittally — cut pmxima;!itlt:irﬁ phalans of digit in thoracic limb of a 20-month
old bull.

1 — bony trabeculae of epiphysodiaphyseal scar, 2 — gap indicating hitherto remaining part of

epiphysodiaphyseal growth cartilage after maceration, 3 — epiphyseal spongy substance, 4 — dia-

physeal spongy substance, 5 — medullary cavity of diaphyse, 6 — epiphyseal and 7 — diaphyseal

bony plates of epiphysodiaphyseal growth zone.
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Fig. 11. — View of contact surfaces of diaphyse (A) and epiphyse (B) of middle phalanx of fourth
digit in right thoracic limb ofa 6-month calf. Eplphyse of middle phalanx of the digit isabaxially inver-
ted. 1, 2, 3, 4 — tubercles in apexes of trapezoidal perimeter of diaphyseal contact surface, 1/, 2/,
3, 4’ — correspondmg grooves on epiphyseal contact surface.

Fig. 12. Sagittal cut through middle phalanx of foutth digit in right pelvic limb of 5-year old cow.
1 — unmarked epiphysodiaphyseal scar representing proximal wall of medullary cavity of bone,
2 — medullary cavity, 3 — epiphyseal spongy substance.

the above described tubercles and grooves is represented under dorsopalmar
projection by two to three undulated or parallel or one-another-crossed clear
lines with a marked proximally projected apex of the epiphyseal ossification
centre in the middle long axis of both the third and the fourth metacarpus and/or
metatarsus. The clear lines are accompanied by shadows of the epiphyseal and
diaphyseal bony plates of the epiphysodiaphyseal growth zone (Fig. 17). Under
mediolateral projection the RTG-picture is similar (Fig. 16).

In newborn animals the epiphysodiaphyseal growth cartiiages on the meta-
carpus are approximately 1 cm thick, on metatarsus approximately 1.5 cm thick
and in radiographs they can be seen both under dorsopalmar (dorsoplantar)
and mediolateral projection. In this period of life the undulation of the growth
zone is not conspicuous (Fig. 13) and dilatation of the peripheral perimeter of
the epiphysodiaphyseal growth cartilage is evident. In 2-week-old calves the
undulation is more marked and the clear line of the epiphysodiaphyseal growth
cartilage is narrower. In older animals up to two years, too, the clear lines of
the epiphysodiaphyseal growth cartilage can be well distinguished. In both po-
sitions of the epiphysodiaphyseal growth cartilage clear lines of shadows re-
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presenting the diaphyseal bony-plate can be seen especially on the diaphyseal
side and those representing the epiphyseal bony plates on the epiphyseal side.
These shadows correspond to areas with deeper discoloration on sagittal macro-
sections through the metapodium differently stained with alizarin red (Fig. 4).
In radiographs from newborn calves the shades of the epiphyseal and diaphyseal
dony plates in the epiphysodiaphyseal growth zone are not marked. They are
more conspicuous in radiographs from 2-week-old calves (Fig. 14) and can be
traced in radiographs till the period of epiphysis-diaphysis joining. In cattle of 2
years and a half we have radiographically recorded the initial stage of removal

Fig. 13. Radiograph of epiphysodiaphyseal growth zones of metapcdium and digit phalanges
of left pelvic (A) and left thoracic (B) limbs of a new-born calf, (Plantodorsal and palmodorsal pro-
jection).

1 — cleared epiphysodiaphyseal growth cartilages of metapodia, 2 — 2’ — unmarked shadows
of diaphyseal and epiphyseal bony plates of epiphysodiaphyseal growth zone of metapodium,
3 — epiphysodiaphyseal growth zone in phalanx proximalis and 3’ — phalanx media, 4, 5, 6 — epi-
physes of metapodia (4), proximal (5) and middle (6) phalanges of digits, 7 — clear lines indicating
joint cavities of metapodial joints and digit phalanges,8 — ossification centres for ossa sesamoidea
phalangis proximalis, 9 — processus extensorius phalangis mediae, 10 — distal prominence of

epiphysodiaphyseal growth zone, III — third digit, IV — fourth digit.

Fig 14. Radiograph of epiphysodiaphyseal growth zones of metapodium and phalanges of digits
in right pelvic (A) and right thoracic (B) limbs of a 2-week old calf. (Plantodorsal and palmodorsal
projection.)

1, 2, 3 — clear epiphysodiaphyseal growth cartilages in growth zones, 2’ — shadow of diaphyseal
and 2" — epiphyseal bony plates of epiphysodiaphyseal growth zone, 4 — metapodial epiphyses,
5 — epiphyses of proximal and 6 — middle phalanges of digits, 7 — processus extensorius phalan-

gis mediae.
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Fig. 15. Radiograph of epiphysodiaphyseal growth zones of metapodia and acropodia of right (A)
and left (B) pelvic limb bones of a 1-month old calf (plantodorsal projection).

1, 2, 3 — undulated clear lines of epiphysodiaphyseal cartilage bordered with wider shadow of
diaphyseal and narrower shadow of epiphyseal bony plates of metapodial (1), phalanx proximalis
(2) and phalanx media (3) growth zones.

Fig. 16. Radiograph of epiphysodiaphyseal growth zones of metapodia and acropodia of right
(A) and left (B) pelvic limbs of a 1-month calf under lateromedial oblique (A) and mediolateral
(B) vertical projections. Clear lines of epiphysodiaphyseal cartilages are multipled and crossed

one another due to oblique projection.

1, 2, 3 — epiphysodiaphyseal growth zones of metapodia (1), phalanx proximalis (2) and phalanx
media (3), 4 — ossa sesamoidea phalangis proximalis, 5 — ossa sesamoidea phalangis distalis,
6 — articulatio metatarsophalangea, 7 — articulatio interphalangea proximalis.

of the epiphysodiaphyseal growth cartilage in the metacarpus. The cartilage is
being gradually replaced by means of epiphyso-diaphyseal synostosis and clear
lines representing cartilage can be seen in radiographs only in limited areas of the
epiphysodiaphyseal growth zone (Fig. 22).

 The radiographs from adult cattle aged 5, 6 and 15 years present, at the site
of the epiphysodiaphyseal growth zones, shadows of concentrated osseous tra-
beculae deflected in accordance with the course of the previous epiphysodiaphy-
seal growth zones (Fig. 23). These remnants of the epiphysodiaphyseal growth zo-
nes, which are called epiphysodiaphyseal scars, are conspicouous on sagittal macro-
sections through the metapodia (Fig. 7). In older animals, as it can be seen on
the material from a 15-year old cow, marrow cavities, owing to inner rebuilding
of bones in the metapodia, develop even in the distal direction and the trabecu-
1ae of the spongy substance in this area are rebuilt to such an extent that remnants
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of once active epiphysodiaphyseal growth zones — the osseous trabeculae of the
epiphysodiaphyseal scar — here and there had been resorbed and in radiographs
and sagittal sections of the bones they are drawn incomplete (Figs 8 and 24).

The epiphysodiaphyseal growth zones of the proximal phalanx, too, can be
well traced by radiological methods. The typical undulation of the epiphyso-
diaphyseal growth cartilage and of the adjacent epiphyseal and diaphyseal bony
plates of the growth zone is conditioned by the shape of the contact diaphyseal
and epiphyseal surfaces. On the contact surfaccs of thece parts of the proximal
phalanx, too, similarly as on the contact surface between the diaphysis and epi-
physis and the epiphysodiaphyseal growth cartilage on the metapodium, four
tubercles and four grooves can be seen (Fig. 9). On the distally situated diaphysis
the tubercles are located, similarly as on the metapodial diaphysis, in-the corners
of the rectangle-shaped perimeter of the contact surface of the proximal phalanx
diaphysis and epiphysis. To these tubercles correspond, matrix-like, grooves in
the corners of the rectangle-shaped perimeter of the contact surface of the
proximally-laying epiphysis. On the epiphyses, too, are four tubercles, but their
peaks are situated approximately in the middle of the sides of the rectangle-shaped

Fig. 17. Radiograph of epiphysodiaphyseal growth zones of metacarpus and digit phalanges of
left thoracic limb of 3-month old calf (dorsopalmar projection).
1 — clear lines of epiphysodiaphyseal cartilages of growth zone, 2 — shadow of diaphyseal and
3 — epiphyseal bony plate of growth zone.
Fig. 18. Radiograph of epiphysodiaphyseal growth zones of metacarpal bones and digit phalanges
of left (A) and right (B) thoracic limb of a 6-month calf. (Palmodorsal projection.)

For Legend see Fig. 17.
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Fig. 19. Radiograph of epiphysodiaphyseal growth zones of metatarsal bones and digit phalanges
- of right pelvic limb of a 8-month calf. (Plantodorsal projection.)
For Legend see Fig. 17.
Fig. 20. Radiograph of epiphysodiaphyseal growth zones of metacarpal bones and digit phalanges
of left thoracic limb of a 20-month cattle. (Dorsopalmar projection.)
1 — epiphysodiaphyseal growth zone of metapodium after union of epiphyses, 2 — clear lines
of epiphysodiaphyseal growth cartilage, 3 — diaphyseal and 4 — epiphyseal bony plates of epi-
physodiaphyseal growth zones.

perimeter of the contact surface. The dorsopalmar (dorsoplantar) as well as medio-
lateral projection presents the tubercles and grooves of the contact surfaces si-
tuated one behind the other, and consequently the epiphysodiaphyseal growth
cartilage included between them and the parallel diaphyseal and epiphyseal
bony plates are represented in the radlographs as an undulated clear line distally
inclinating to the longitudinal axis of the digit phalanx and lined, along both
sides, with the shadow of the epiphyseal and diaphyseal bony plates of the epi-
physodiaphyseal growth zone. The line of the epiphysodiaphyseal growth zone
of the proximal phalanx in the radiographs under dorsopalmar (dorsoplantar)
projection appears parallel to the joint groove line of the phalanx basis. In new-
born as well as in older animals the undulated line of the epiphysodiaphy-
seal phalanx of the digit can be well distinguished and the projection of the
diaphyseal and epiphyseal bony plates is getting more contrast with increasing
age. The epiphyseal bony plate produce a narrower and more marked shadowy line,
while the diaphyseal bony plate is represented as wider diffuse shadow. At the
age of 20 months, when partial removal of the epiphysodiaphyseal growth cartilage
was recorded, these bony plates were here and there synostically joined in a higher
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degree, or, after total destruction of the cartilage, their union was complete
(Figs 10 and 21). In the radiographs, the epiphysodiaphyseal growth zone at this
developmental stage is represented by a more conspicuous shadow of irregular
width and sporadical clear slot-like points of residual cartilage (Fig. 21). In older
animals, i. e. two or more years old, epiphysodiaphyseal scars (Fig. 22) can be
seen in the area of the epiphysodiaphyseal zone in the radiographs. With increasing
age, the demarcation line of the epiphysodiaphyseal scar is, similarly as in bones of
the metapodium, obscure due to the: rebuilding that had occurred in the bones
(Figs 23 and 24). )

The epiphysodiaphyseal growth zones of the middle phalanges of the digit
show undulated course in the radiographs as do the epiphysodiaphyseal growth
zones of the proximal phalanges of the digits. This similarity results from the

Fig. 21. Radiograph of epiphysodiaphyseal growth zones of metapodia and digits of left thoracic
(A) and right pelvic (B) limb of a 20-month bull. (Dorsopalmar and dorsoplantar projection.)
1 — in epiphysodiaphyseal growth zones of metapodia growth cartilages are fully preserved,
2 — in epiphysodiaphyseal growth zones of digit phalanges in pelvic limb cartilage is removed and
clear lines of cartilage is replaced by shadow of concentrated bony trabeculae of ‘“‘epiphysodia-
physeal scar” where synostosis of epiphysis and diaphysis takes place, 3 — slot-like clearing in
epiphysodiaphyseal growth zone of proximal phalanx of third and fourth digit in thoracic limb
indicating remnants of epiphysodiaphyseal cartilage.
Fig. 22. Radiograph of epiphysodiaphyseal growth zones on metacarpus and phalanx of digits
of left thoracic limb of a two-and-half years old cow. (Palmodorsal projection.)
1 — clear lines of remnants of epiphysodiaphyseal growth cartilage along perimeter of growth
zone, 2 — diaphyseal and (2° —) epiphyseal bony plates of growth zone fused after destruction
of growth cartilage to form (3 —) concentration of osseous trabeculae of epiphysodiaphyseal scar.



24

Fig. 23. Radiograph of distal end of left thoracic limb of a 6-year old cow. (Dcrsopalmar projection.)
1 — osseous trabeculae of epiphysodiaphyseal scar of metacarpus to match line of epiphysodia-
physeal growth cartilage; 2 — rebuilding of inner structure in phalanx proximalis during postnatal
development results in development of medullary cavities and 3 — partial resorption of osseous
trabeculae of epiphysodiaphyseal scar.

Fig. 24. Radiograph of distal end of left pelvic limb of a 15-year old cow. (Dorsoplantar projection.)
1 — markedly resorbed osseous trabeculae of epiphysodiaphyseal scar of metatarsal bones and
(2 —) proximal and (3 —) middle phalanges of digits due to inner rebuilding of bone.

similar shape of the contact surfaces of the diaphysis and epiphysis of the middle
phalanx of the digit which include epiphysodiaphyseal growth cartilage as it
is on the proximal phalanx of the digit (Fig. 11). The tubercles, however, are
almost half lower and the grooves half shallower, their localization being corres-
pondent. The dorsopalmar (dorsoplantar) projection of the epiphysodiaphyseal
growth cartilages, too, is represented in radiographs as clear line slightly undulated
along the phalanx perimeter and distally concave in the phalanx axis. The clear
line of the epiphysodiaphyseal growth cartilage, too, is bordered by shadows
of the epiphyseal and diaphyseal bony plates. The distal flection of the epiphyso-
diaphyseal growth zone line of the middle phalanx of the digit is, due to lower
tubercles and shallower grooves, less conspicuous than on the proximal phalanx
of the digit. The sagittal ridge of the joint groove of the middle phalanx basis
is terminated by a proximally-projecting extensor process on the dorsal side.
This joint groove ridge and the extensor process of the middle phalanx of the
digit is represented in radiographs as a proximally-projecting antipole to the
distal flection of this growth zone (Fig. 14). Under mediolateral projection, the
RTG-picture of the epiphysodiaphyseal growth zone in the middle phalanx of the
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digit conforms with that in the proximal phalanx, except the shallower distal flection.
If X-rays pass at oblique angle to the epiphysodiaphyseal growth zone plane,
all details on the uneven contact surface of the epiphysis and diaphysis are drawn
separated and thus the undulated shape of the epiphysodiaphyseal growth zone
is represented in the radiographs as two or more clear and shadowy lines deposited
one above the other. A similar situation can be also found in the phalanx proxima-
lis. The finding reported here was recorded in radiographs of animals aged from
birth to the period when the epiphysodiaphyseal growth cartilage was disappear-
ing. In the animals of 20 months or more, epiphysodiaphyseal scars were observed
in the epiphysodiaphyseal growth zone; these scars, however, were not marked
because no larger central marrow cavity is produced in the middle-phalanx
epiphysis, as it is in the epiphysis of the proximal phalanx of the digit and the
metapodia, which would contribute to better contrast of massed bony trabeculae
of the epiphysodiaphyseal scar. In adult cattle, owing to rebuilding of bones
during postnatal development, the bony trabeculae of the epiphysodiaphyseal
scar get into direct contact with developed diaphyseal marrow cavity (Fig. 12)
and during further bone rebuilding they gradually fuse with the spongious subs-
tance of the proximal end of the phalanx, so that they cannot be well distinguished
in radiographs as well as sagittal macrosections through bones.

Discussion

The studies concerned with disorders in mineral metabolism of cattle have
faced a number of unexplained problems associated with skeleton morphology.
The problem of topographoanatomic and radiologic knowledge of growth zones
in the skeleton in the postnatal developmental period represents one of these
problems.

McCallum et al. (1970) have emphasized importance for clinical diagnosis
of knowledge of ossification centres and growth sites on the skeleton. Of major
importance in this respect is the knowledge that can be employed in clinical and
laboratory examination of farm animals kept under large-scale farming conditions.
Besides a number of biochemical and clinical laboratory methods radiologic exa-
mination of the skeleton must also be considered. Thus not only more complete
view of skeleton health can be obtained, but also of the stage of its development
and maturity. The epiphysodiaphyseal growth zones in the skeleton of domestic
mammals have been neglected both in anatomic and radiologic studies, although
marked morphologic changes occur in these areas during the development of
an individual. We have succeeded in recording these changes even in radio-
- graphs. The literature dealing with origination of ossification centres in different’
bones of cattle (Kiipfer and Schinz 1923; Vokken 1950; Fedrigo 1957;
Vokken and Tarasov 1968 and Lindsay 1969) presents chronological survey
of ossification onsets in bones and is of basic importance for determination of
skeleton maturity of an individual both in fetal and postnatal developmental pe-
riods. Nevertheless it has not contributed to the knowledge of growth zones.
Of more importance in this respect are literature data on dissappearance of growth
epiphysodiaphyseal zones on the skeleton (Kolda 1936; Vokken and Tarasov
1968). However the authors have mostly stated chronological sequence of de-
struction of growth zones but they have not given more details of anatomic and
radiologic conditions. Microscopically, these sites have been studied in greater
details (Haines 1975). In one case we recorded the period of disappearance of
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growth zones of the metapodium in an animal aged 2 years and a half and on
proximal phalanges of the digits in three animals at the age of 20 months after
birth. Chronologically, this time is in accordance with the data of Kolda (1936)
and Barone (1966). The radiographic findings were also confirmed on osteo-
logically treated osseous material from the same animals. Burt et al. (1968), it
is true, carried out radiological studies of the growth zones on young cattle limbs,
however they have solely listed ossification centres and growth cartilages that
are radiologically detectable on the limbs. Although Binev et al. (1970) descri-
bed normal RTG-picture of limb bones and joints in calves, they have not descri-
bed the epiphysodiaphyseal growth zones of different bones in detail and they
have only given a general description of the RT G-picture of limb bone epiphyses.
We have tried to study the epiphysodiaphyseal growth zones in the postnatal
ontogenetic period and on the basis of comparison of radiographs with the anato-
mic conditions on the processed topographic and osteologic preparations from
the same animals, and, to detect macromorphologic alterations in the structure
as well as in radlographs

Localization of the epiphysodiaphyseal growth zones in the autopodium and
proximal and middle phalanges of the digits in our investigations was determined
with the aid of external orientation points on a live animal. The orientation points
settled can be utilized for routine clinical examination of these parts of the ske-
leton as well as for eventual experimental interventions in the growth epiphyso-
diaphyseal zone and for taking bioptates from these parts of the skeleton.

Although a number of authors have studied the RTG-picture of limb skeleton
development in different animal species both in prenatal and postnatal period
(Bressou et al. 1957, 1959; Schmidt 1960; Szemes 1962; Nowicki 1972,
1975, etc.), they have not dealt in their studies with the epiphysodiaphyseal growth
zone. Developmental knowledge in the literature of macrostructure and the RTG-
-picture of the cattle limb skeleton during postnatal development is only frag-
mentary and is limited to some parts of the limb skeleton (Funk 1966; Simon
1963) or to early postnatal periods (Burt et al. 1968; Binev 1970). In radiological
studies the epiphysodiaphyseal growth zones radiographs mostly are merely
stated (Carlson 1967; Morgan 1972) without presenting a detailed description
of these important parts of bones. Nor data on developmental changes in the mor-
phological structure and the RTG-picture of the epiphysodiaphyseal growth
zones in cattle are available. In this respect we have tried to contribute to this know-
ledge of the period from birth to adult age.

There is no uniform nomenclature concerning the sites of longitudinal growth
of long bones at the level of the epiphysodiaphyseal border. Such denomination, no
doubt, must include the site from which an intensive cell proliferation arises,
i. e. the epiphysodiaphyseal cartilage or the fibrous plate and also areas where
young osseous tissue arises and is rebuilt. They are areas adjacent to the epiphyso-
diaphyseal growth cartilage and growth fibrous plate denominated as epiphyseal
and diaphyseal osseous plates (Hasselwander 1910; Haines 1975) which can
be microscopically differentiated as parts of calcified cartilage, erosion line,
osteoid and ossiform parts of the adjacent secondarily-rebuilt bone trabeculae
at the diaphyseal side, and, substantially the same parts, but considerably reduced
except the massed bone trabeculae, at the epiphyseal side. For these differentiated
areas ensuring longitudinal growth of long bones we have chosen a summary
denomination ,,epiphysodiaphyseal growth zone“. This denomination is substan-
tiated both for the epiphysodiaphyseal growth zones where it is the cartilage that
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represents the proliferating tissue and for the epiphysodiaphyseal growth zone
described by Smith (1962) where it is the fibrous tissue that represents the pro-
liferating element.

In this growth zone we could macroscopically and radiologically differentiate
the epiphysodiaphyseal cartilage and the adjacent epiphyseal and diaphyseal bo-
ny plate, and, at the same time we could detect anatomic as well as radiologic
changes in these of the epiphysodiaphyseal zone in the course of postnatal develop-
ment. The shading size of the epiphysodiaphyseal growth cartilage and its contrast
along both sides of the clear line depends on the content of radiologically-contrast
mineral elements in these areas of the epiphysodiaphyseal growth zone. Oblique
projection of X-ray produces that clear lines of the epiphysodiaphyseal cartilage
appear multiple and laying one above the other or even crossed one another.
It must be taken into account that under lateral projection the projection of the
epiphysodiaphyseal zones of the two digits will overlap one another. Of interest
is comparison of alizarin-red-stained macrosections through the metapodium and
the digits with the radiographic findings. Darker and deeper discoloration of the
bone trabeculae in the epiphyseal and especially diaphyseal bony plate areas
corresponds to the shadows in the radiographs observed in the same areas of the
epiphysodiaphyseal growth zone. This discoloration indicates a higher massing
of the spongions substance trabeculae and a higher content of calcium salts to
which alizarin red shows a specific affinity (Lillie 1965; Puchtler et al. 1969).

Conclusion

We have studied localization of the epiphysodiaphyseal growth zone on the ske-
leton of the metapodium and acropodium in cattle and possibility of their tracing
during experimental and clinical interventions. By using anatomic and radiologic
methods we have studied and described macroscopic changes in the area of growth
zones in the metapodium and acropodium in the postnatal developmental period.
The results were obtained from 79 clinically healthy animals of the Czech Red-
-Spotted cattle aged from birth till the age of 15 years.

We are prorosing the denomination ,,epiphysodiaphyseal growth zone* for the
longitudinal growth sites in long bones. The epiphysodiaphyseal growth zone
includes the epiphysodiaphyseal growth cartilage and diaphyseal and epiphyseal
bony plates. These are well distinguishable on anatomic macrosection through
bones as well as in radiographs.

The epiphysodiaphyseal growth cartilage is represented in radiographs by an
undulated clear line. Along this clear line, parallel shadows of the epiphyseal
and diaphyseal bony plates can be seen. The epiphyseal bony plate is represented
by a narrow contrast shadow with sharp boundaries and the diaphyseal bony plate is
indicated by a wider difuse shadow.

Localization of the epiphysodiaphyseal zones in the metapodium and proximal
and middle phalanges of the digits of calves and juvenile cattle was determined
with the aid of external orientation points on a live animal. Access for eventual
intervention in the epiphysodiaphyseal growth zone of the metapodium and’ acro-
podium in calves is proposed from the dorsoabaxial side at the levels of settled
orientation points, with necessary correction in the juvenile cattle.

By means of comparison of radiographs and osteologically processed prepara-
tions of the cattle metapodium and acropodium skeleton we described a typical
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RTG-picture of different parts of the epiphysodiaphyseal growth zones in the
metapodium and proximal and middle phalanx of the digi

During postnatal developmental period, with mcreasmg age of the animal
clear lines indicating the epiphysodiaphyseal growth cartilage in the radiographs
get narrower and the shades of the epiphyseal and diaphyseal bony plate are
more marked. The RTG-picture of the epiphysodiaphyseal growth zones does not
change more subtantially until the period of partial destruction of the cartilages
in the growth zone after complete union of the diaphysis and epiphysis.

In the period of partial destruction of the epiphysodiaphyseal growth cartilages
the clear line indicating the epiphysodiaphyseal growth cartilages is here and there
interrupted by shadows of the synostotic union of the epiphysis and diaphysis.

After total destruction of the epiphysodiaphyseal growth cartilage, shadows
of bone trabeculae of the epiphysodiaphyseal scar were described in the radio-
graphs. These scars gradually dlsappear in accordance with increasing age due to
~ inner rebuilding of bones.

Epifysodiafysarni rastové zény metapodia a akropodia skotu v post-
natalni ontogeneze

Anatomickymi metodami a rentgenologicky jsme prostudovali a popsali makro-
skopické zmény v epifysodiafysirnich rustovych zénich metapodia a akropodia
u skotu v postnatilnim obdobi vyvoje. Vysledky jsme ziskali na 79 jedincich Kkli-
nicky zdravého skotu &ervenostrakatého plemene ve v€ku od narozeni do 15. roku.
Umisténi epifysodiafysirnich z6n na metapodiu a akropodiu u telat a juvenilniho
skotu jsme vymezili pomoci zevnich orientacnich bodl na Zivém zvifeti. Navr-
hujeme moZnosti jejich dosazeni pfi experimentilnich a klinickych zikrocich.
Na zdkladé srovnidni rentgenogrami a osteologicky zpracovanych preparitd jsme
popsali typicky rentgenovy obraz jednotlivych ¢asti epifysodiafysarnich ristovych
z6n metapodia a proximélnich a stfednich ¢lankd prsti. Na ontogenetické vyvojové
fadé postnatilniho obdobi vyvoje jsme sledovali zmény na rentgenovém obraze
a v makrostruktufe epifysodiafysirni ristové chrupavky a diafysirni a epifysarni
kosténé ploténky. Zanikem epifysodiafysirni rustové chrupavky se epifysodiafy-
sarni ristovd zéna méni v epifysodiafysarni jizvu, kterd v dusledku vniténi pre-
stavby kosti postupn€ mizi.

Auuduseo-xuadusapHpie 30HBI POCTA METANOZUS M AKPOIOAHUs KPYIHOIO
poraroro ckora B TepHON HOCTHATANHLHOIO OHTOreHe3a

AHaTOMUYECKMMU METOLAMH M DEHTTEHOJIOTHYECKH ObLIM HaMM HCCJIEHNOBAHE
¥ ONMCAaHBI MaKpOCKOIIMYEeCKHE W3MEeHEeHUs B snuduseo-nuadusapHbIX 30HAL
pOCTa METaloIMA ¥ aKpOIOAUS POTaTOro CKOTa B IOCTHATAJBHBIA IIEPHOK, PasBU-
tus. Pe3ynbraThl 6BLIM HaMy IOJy4eHbl Ha 79 KIMHMYECKM 3IOpPOBEIX KOPOBAY
IKpacHo-mrecTporo mieMeH: B BO3pacTe CO OHA poskmeHus mo 15 mer. Pacmonoxe-
Hue apudu3eo-quadU3apHEIX 30H Ha METANIOLUM M AKPOIONMM TEJAT M MOJOLHA-
Ka 6MJM HaMu olpenesieHbl C IOMOLIBI0 HAPYXXHBIX OPHEHTHPOBOYHBIX TOUEK Ha
’KuBOM >XuBOTHOM. [Ipensaraiorcs BO3MOXXHOCTH HX NOCTMKEHHS B XOJ€ BKCIEpH -
MEHTAJbHBIX M KIMHHYECKHX BMewaTeibcTBa. Ha OCHOBe CpaBHEHMS pPEHTIEHO-
IPaMU U OCTEOJIOTHYECKM 06pabOTaHHBIX IIpernapaToB HaMu OBLJIO OIMCAHO Xapakx-
TepHOE PEHTTEHOBCKOe M3006pajkeHHe OTIEJbHBIX YacTeil snuduseo-guaduaapHbLX
30H pOCTa METaIOIMA U OCHOBHBIX U cpemHuX danaHr manbues. Ha omroreneru-



29

YeCKOM pfAle PasBUTUA IOCHATAJBHOTO IIEpHOfZa HaMu HabJiomaguch M3MEHEHUS
PEHTTEHOBCKOTO M306pa)KeHUA U MaKpOCTPYKTypHl snuduseo-nuadusapHoro xps-
ma pocTa U SUUPUIApHEIX ¥ IuadUsapHBIX KOCTHBIX ILIACTHHOK. McuesHoBeHMeM
snuduseo-guadusapHoro xpsAma pocra MeHserca snuduseo-muadusapHas 30HA
pocta B snuduseo-nuadusapHeiil pyber], KOTOPEL BCIENCTBHE BHYTpPEHHeH IIepe-
CTPOMKHU KOCTH IIOCTENIEHHO MCYe3aer.
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