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pETERMINATION OF EPIPHYSEAL LINE CLOSURE TIME
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SUMMARY

Sixty six donkeys were used for radiological
description of the normal ossification centers
and determination of their closure time of bone
related to the hock joint. The animals were
apparently healthy of both sexes ranged from
one day to four years old. The recorded
ossification centers were the distal metaphysis,
epiphysis and medial & lateral malleoli of the
tibia and that of the tarsal bones; the talus,
calcaneus, central, fused first & second, third
and fourth, in addition to the proximal
epiphysis of second and fourth metatarsal
bones. The calcaneus (fibular tarsal bone)

deVelOped from two ossification centers; one

for the calcaneus proper and the other for the
tber calcis,
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between the first and second tarsal bones was
separated at birth and completely fused at one
month of age. At three months of age; the
lateral malleolus and the proximal epiphyseal
line of the lateral splint bone were completely
fused in addition to the talus, central and the
third tarsal bones which were observed smooth
with disappearance of subcondral bone opacity.
At six months age; the medial malleolus and
the proximal epiphyseal line of the medial
splint bone were fused in addition to the fourth
tarsal bone, epiphysis of calcaneus proper,
distal tibial epiphysis which were observed
smooth with disappearance of the granular
subcondral bone opacity. The distal tibial
metaphysis was ossified gradually from its
middle third up to nine months of age until be

completely ossified at 18 months age. The

apophyseal line of the tuber calcis was also

fused gradually up to 15 months of age until be
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onths age Wwith
completely fused at 30 m

appearance of a radio-opaque line. The radio-

opaque line of apophysis fusion disappeared at

48 months of age.

INTRODUCTION

The hock joint forms a powerful centre for

movement and consists of four major
articulations. The structures of the hock

constitute a region of special clinical

importance from the anatomical point of

view,

The calcaneus bone which is the largest tarsal
bone forms a lever for the extensor muscles of
the hock. The assessment of the ossification
time of epiphyseal lines is a good indicator for
skeletal maturity. The early use of animals for
training or drafting before skeletal maturity is
considered to be a Proper cause of the elevation
of the incidence of unsoundness ang skeletal

lameness in equine (Banks et g]. 1969, Stashak
1995 angd Stashak 2002),

| The accurate
determlnatlon of the closure tj

mes has a great
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Seleim et al. 1999). Also the funCIiOnal

physeal closure time has an important fact, on
the timing of surgery suggested to correct
angular limb deformities (Stashak 1995). The
study aimed to describe the normal epiphysea|
lines of bones related to the hock joint of the

donkey and determine their ossification time.
MATERIALS AND METHODS

The present study was carried on 66 animals of
both sexes (38 males & 28 females), ranged
from one day to four years old. The animals
were clinically apparent healthy and were
collected from villages present around the
faculty of veterinary medicine, Zagazig
University. They were put under radiographic
examination of hock joint for recording and
description of epiphyseal ossification centers of
bone related in all ages from birth to full
maturity at four years. In addition to that the
determination  of and

complete  fusion

ossification times of these centers Were

recorded.

A Mobile Fischer X-ray machine, H.G. Fischer

inc. USA.,
maximum out put of 125 k.V. and 100-300mA

Franklin  park, with

Illinois,
was used. The developer and fixer was from El-
Nasr Pharmaceutical chemicals Co. Abou Zaba!

ARE. The radiographic films were of ACMA,
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MXB-blue, medical x-ray film, Produced by
Kodak  (24x30cm.). The film cassette

enveloped super fast intensifying screens.

Different exposure factors were used according

to the thickness and age of the animals.

Kilovoltage ranged from (50-56) k.V. and
Milliampere/ Second ranged from (1-6) mAs.
Two views were used. The antero-posterior
view needed two k.V. more than the latero-
medial view. The focal film distance was 75cm.
in all radiografs. The processing was done with

the manual technique.

RESULTS

The study revealed that there were thirteen
ossification centers in the bones related to the
hock joint. The developmental changes of

ossifications from birth until determination of
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the closure time of these centers were also

recorded (table | ).

-One-day-old (figure 1&2): The distal tibial
physis clearly appeared as a large irregular
translucent band and the distal tibial epiphysis
was incompletely ossified showing granular
subcondral bone opacity. The lateral malleolus
was separated from the distal epiphysis by
translucent line and the medial malleolus
showed incomplete ossification by its irregular
rough surface and granular subcondral bone
opacity. The apophysis of the tuber-calcis is
displayed as a wide translucent band and the
calcaneus tuber appeared as ovoid in shape.
The epiphysis of the calcaneus proper appeared
incompletely ossified with its irregularity and
subcondral bone opacity. The medial and

lateral ridges of trochlea tali in addition to the
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Fig. 1: Lateral radiograph of the hock
joint one-day-old donkey; Dt:distal tibia,
Ta:talus,  Ca:calcaneus, C:central,
t:third .s:second, f:first 1arsal bone,
sbisplint - bones,  Mb:third  metatarsal
bone. The distal tibial physis (thin black
arrow). distal tibial epiphysis (thin white
arrow), talus (black head arrow),
calcancus  proper(white head arrow),
apophysis of tuber cacis (thick black
arrow), central and third tarsal bones
with irregular round borders (white
arrows), separated first and second tasal
bones (black open arrow), fourth (tarsal
bone (white open arrow), fused proximal
physis of third metatarsus (black zigzag
arrow), proximal epiphysis of medial
splint bone (white zigzag arrow)

Fig. 2: Dorso planter radiograph of Ehe
hock joint one-day-old donkey; notice
scparated center of lateral mallcqlus (black
arrow) and incomplete ossification center
of medial malleolus (white arrow)

‘ -k joint
Fig .3: Lateral radiograph of the i;_s;.il(c)g‘o i
one-month-old donkey; notic¢ e wite
the first and second tarsal_rbzr:ion i
arrow), incomplete _oss: ic e i
subcondral bone opacity man; i
irregular surfaces of tarsal bone

joint spaces.
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i of the hock joint three-
et Latc;alnli';(;l.o %}r::p:‘uber calcis appcarhetfv :;
monlh-old, oshap‘c' the joint spaces § (:- o
pvedey l:owing and straightness, the out mto
prep naral & third tarsal bones 1n addmonh
e cTn;: ridges were clear and smooth, the
e lﬁiz of the lateral malleolus was cpmplete':y
3?3%3:1 and the proximal epiphyscal line of the

medial splint bone was completely fused.

Fig. 5: Lateral radiogarph of the hock joint
six-month-old donkey; notice the tuber
calcis appeared as beak like projection,
pointed dorsally and with broad blunt base
plantarly with marked narrowing of the
middle third (white arrow), the proximal
epiphysis of the lateral splint bone was
fused and distal tibial epiphysis was
smooth and regular

Fig. 6: Lateral radio
twelve-months-old
capping the whol
calcancous proper
middle and mark,

graph of the hock joint
donkey; the tuber calcis
¢ proximal surface of
with faint fusion in the
ed narrowing in the distal
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Fig. 7: Lateral radiograph of (he hock
joint fifltcen-months-old donkey; no:)'c
complete fusion of the middle ;hird lCt;
the apophyseal line of tuber calcis °

Fig. 8: Lateral radiograph of the hock joint
twenty months-old donkey: The planter
third of the apophyseal center of the tuber
calcis showed complete fusion

Fig. 9: Lateral radiograph of the hock joint
ioily-iwo-months-old donkey: Very faint
radio-opaque  line was noticed at the
middle of the apophysis of the tuber calcis
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irregular flat
central and third tarsal bones had 1rreg

ar bone opacity (incomplete
bone was

contour and granul
ossification). The fourth tarsal
displayed as irregular quadrilateral - shaped
sone. The first and second tarsal bones were
completely separated and ovoid in shape with
granular bone opacity. The proximal physis of
lahe third metatarsal bone was not displayed.
The proximal epiphyseal lines of the lateral and

medial splint bones were clearly separated.

-One-month-old (figure 3): Marked narrowing
at the ossification center of the lateral malleolus
was observed. Incompléte ossification and
subcondral granular bone opacity of all tarsal
bones were clearly demonstrated. This was
indicated by irregular bone surface and wide

joint spaces. Complete fusion of the first and

second tarsal bone was evident.

-Three-months-old (figure 4): The apophysis
of the lateral malleolus was completely ossified
with complete fusjon with the latera] margin of
the distal tibja] epiphysis. The tuber calcis
appeared as head-cap in shape. The articular

surface of the calcaneus Proper showed
Iregular surface, The trochlear ridges of the

talus

alus were regular and roypg. The outlines of
i .

he centra] and third tarsal boneg were clear and

Smooth, The joint spaces showed marked

n: i i
arrowing  anqd Straightness,
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fused and in the medial splint bone is narrowe

and separated.

-Six-months-old (figure 5): The djsty tibial
epiphysis appeared smooth and regular, The
medial malleolus was completely fused The
tuber calcis appeared as beak like projectio;,
pointed dorsally and with broad blunt base
plantarly. The epiphysis of the calcaneus proper
showed regular and smooth articular surface.
The border of the fourth tarsal bone was clearly
demarcated. The proximal epiphyseal linc of

the medial splint bone was completely fused.

-Nine-months-old: The middle third of the
distal tibial physis was fused and the dorsal and
planter thirds showed marked narrowing. The
tuber calcis appeared capping the whole

proximal surface of the calcaneous proper.

-Twelve-months-old (figure 6): The distal
tibial physis showed fusion of the planter third
with marked narrowing of its dorsal third. ‘Tt
apophyseal ossification center of the tubc:
calcis showed fajnt fusion of its middle third

and marked narrowing of both planter and
dorsal thirds.

-Fifteen-months-old (figure 7): The middlc
third of the apophyseal ossification center of
the tuber calcis wag completely fused.

“Eighteen-months-old; Tne dorsal third o the
distal tibial physis was completely fused. The

apophyseal center showed faint fusion of ils

@ CamScanner
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planter third with marked narrowing of jys
dorsal third.

-Twenty-months-old (figure 8): The planter

third of the apophyseal center of (he tuber

calcis showed complete fusion,

-Thirty-months-old: Complete fusion of the
apophysis of the tuber calcis was evident with

radio-opaque line at the whole length of the

closed apophyseal line.

-Thirty six-months-old: The radio-opaque line
of the apophyseal closure of tuber calcis was

seen in the middle and dorsal part.

-Forty two months (figure 9): Very faint
radio-opaque line was noticed at the middle of

the apophysis of the tuber calcis.

-Forty eight-months old: Disappearance of the
radio opaque sclerotic line from the apophysis

of the tuber calcis.
DISCUSSION

The recorded radiological ~findings for
determination of the ossification centers and
their closure time of hock joint in donkeys are
NOt completely described or classified before.
Lack of literatures concerning this subject

Stimulated the authors of this work to determine
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the different epiphyseal lines and other
ossification centers of hock joint and estimation

of their ossification time.

The hock joint of donkey revealed thirteen
ossification centers; the distal metaphysis,

epiphysis and medial & lateral malleoli of the

tibia and the ossification centers of the talus,
calcaneus proper & tuber clacis, central, fused
first & second , third and fourth tarsal bone in
addition to the medial and lateral metatarsal
bones. These centers were also recorded in
horses by Getty (1975), MacCallum et al.
(1978), Stashak (1995) and Butler et al. (1999).

The characters of the epiphyseal and
apophyseal plates were evident, lucent and
wavy band through the first year of age. These

characters were also described in the apophysis

of tuber calcis in donkeys by El-Shair et al.
(1992) and in camel by Ahmed et al. (2003).
The irregular contour and granular subcondral
bone opacity of the epiphysis indicating in
addition to wide joint spaces to incomplete
ossification of these centers. This should be
differentiated from the similar radiogarphic
findings as in cases of infectious arthritis and
joint ill in foals. These observations were
similar to that recorded in horses by Thrall

(1998) and Butler et al. (1999).
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e third metatarsal
This is
This

The proximal physis of th
bone was not displayed at birth.
birth.

attributed  to its closure at

observation was in agreement  with Getty

(1975), Buttler et al. (1999) and Dyce et al.
(2002). Separation of the first and second tasal
bones at birth and fusion after one month was
in agreement in horses with Getty (1975), Dahn
& Ueltschi (1989) and Butler et al. (1999).
Closure of the lateral malleolus and talus,
central & third tarsal bones in addition to the
proximal epiphysis of the lateral metatarsal
bone occurred at three months. These results
agreed with that of Butler et al. (1999), while
Douglas and williamson (1970) stated that the
lateral malleolus fused from 3-8 months in
horses. Closure of the medial malleous, medial
metatarsal bone, epiphysis of the calcaneus
proper and fourth tarsal bone at six months was
in agreement with Butler et al. (1999). The
closure of distal physis at 18 months was in

agreement with Douglas & Williamson (1970)

and Stashak (1995) in horses. Closing of the

apophysis of tuber calcis at 30 months agreed
r.1early With the results of El-Shair et al. (1992)
In donkeys while disagreed with results given
by Smallwood et al. (1984) and Butler et al.
(1999). The later Stated that the closure of that

center in horseg occurred from 16-24 months
Disappearance of the radio- .

o Opaque line at the
usion of calcaneyg apophysis at 48 months was
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in agreement with the results recorded by E.
Shair et al. (1992).
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