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Using material of the hind-limbs of 119 European bison (Bison bonasus
Linnaeus, 1758) (74 males, 45 females) the author studied the joints
in course of postnatal development. When the opportunity occurred, the
observations were also made for comparative purposes on other species
of Bovinae. The capacity of articular cavities and linear measurements
of ligaments, articular cartilages, menisci and articular surfaces were
measured. The angles of the curvature of the articular surfaces and
the range of movements for flexion and extension of joints (except
sacroiliac and hip joints) were also estimated. The results concerning
the dimension of articular surfaces and menisci and the capacity of
the acetabulum were analysed statistically for groups, consisting of more
than 4 specimens.

[Inst. Animal Physiol,, Agric. Acad., 03-849 Warszawa, Grochowska
272, Poland]
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From among the studies on the structure of joints in the European

bison Krysiak’s (1951) paper concerning the morphology of the nuchal
ligament sh%ﬂd be mentioned here. Empel (1962) published a study
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on the suturae between the bones of the skull of this animal and W e-
grzyn & Serwatka (1961) their detailed observations on the sacro-
sciatic ligament in the European bison and domestic cattle. Radomski
(1972) investigated the structure of the joints and ligaments of the fore-
limbs of the bison in its postnatal development on rich materials. Taking
the opportunity of their osteological studies, Wréblewski (1927),
Koch (1932), Poleiner (1932), Janicki (1938), Jusko (1953),
Empel & Roskosz (1963), Sokolov (1972) and Kobryn (1973)
made detached observation on the articulations of bones. In discussing
the volume of the autopodial bones in the European bison, Kobry n-
czuk & Kobryn (1973) provided remarks useful for the subject con-
cerned and Swiezyhski (1962) gave a short morphological description
of the middle interosseous muscle of this animal. Pilarski & Ros-
kosz (1957) studied the problem of the ankylosis of the lumbosacral
joint in the process of sacralization of the last lumbar vertebra in the
European bison and Radomski & Kobryna (1969) described a case
of the dislocation of the shoulder joint. A case of the occurrence of a
pseudoarthrosis in the cervical vertebrae has been reported by Kobryn
& Kobrynczuk (1973).

The lack of a systematic study of the joints in the hind-limbs of the
European bison in the course of postnatal development has induced the
author to take up this problem.

- 1I. MATERIAL AND METHOD

The present study was carried out on the hind-limbs of 71 European bisons,
47 males and 24 females. Further observations of articular surfaces were made
on the skeletons of 48 European bisons (27 males and 21 females) belonging to the
collection of the European Bison Anatomical Research Centre, Agricultural Acade-
my, in Warsaw. The carcasses of animals were obtained from breeding stations
and zoological gardens of this country. The age of specimens was established on
the basis of the European Bison Pedigree Book (Zabinski, 1947—1965; Zabin-
ski & Raczynski, 1972). The division of the material into age groups, sepa-
rately for either sex, is given in Table 1.

When the opportunity occurred, detached observations were also made for com-
parative purposes on other species of the Bovinae, like Bison bison L., Bison bo-
nasus—Bison bison hybrids, Bison bonasus—domestic cattle hybrids, domestic cattle,
Watussi cattle, buffaloes, zebus and yaks. This material is presented in Table 1,
the age of the European bison—domestic cattle hybrids being given after Pyvtel
& Krasinska (1971). The domestic cattle and other species derived from zoolo-
gical gardens were considered to be adult on the basis of the state of ossification
of the epiphyseal cartilages. Measurements of the capacity of articular cavities
were made on fresh carcasses by injecting them with warm gelatin colloid by
Kostyra’s (1962) method. This made it possible to get to know the shape of the
articular cavities and their communications, if there were any, with the neighbour-
ing synovial bursae. Linear measurements (to an accuracy of 0.1 or 1.0 mm) of
ligaments, articular cartilages, menisci, articular surfaces, etc. were made on dissect-
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ed carcasses, fixed by the method of Pilarski et al. (1967). Fresh preparations
of the limbs, separated from the whole of body were fixed in a 4% solution of
formalin. The volume of the menisci (in cu. cm) was measured by immersing them
in a liquid in a graduated mcasuring-glass. The capacity of the acetabulum of the
hip bone was determined by filling it with shot, after its rirmn had been evened

Table 1

Material. ,
n — in all examinations; n, — only in examinations of articular sur-
faces; n, — in all examinations of articular surfaces, 1 — for speci-

mens used in all examinations, 2 — for specimens used in examinations
of articular surfaces.

European bison

Avg. age, years
Group Agerange n ny N, 1 2
Males
0 0—7 days 8 8 0.00 0.00
1 1—12 month 5 5 0.33 0.38
11 1—4 years 11 5 16 2.11 2.34
111 4—8 years 8 9 17 6.01 5.77
iv 8—12 years 8 7 15 10.27 9.91
v over 12 year 7 6 13 14.60 15.85
Females
0 0—8 days 4 4 0.00 0.00
1 1—12 month 1 1 0.42 0.42
11 1—4 years 6 3 9 1.92 2.24
111 4—8 years 1 5 6 4.57 6.14
v 8—12 years 3 4 7 8.65 9.82
\% over 12 year 9 9 18 18.45 17.20
Total (B! 48 119
Other Bovinae
Species Sex n Name Age
Bison bison L. F 4 adult
B. bonasus X B. bison M 1 adult
B. bonasus X cattle M Fest 0.5 years
Felon 0.5 years
Fellach 2 years
Festyn 2.5 years
Fey 4.1 years
Fez 4.5 years
. Farad 4.5 years
F Felly 1.3 years
Fela 2.6 years
Fama - 9.0 years
Domestic cattle M 2 adult
F 10 adult
Watussi cattle M 1 adult
F 1 adult
Bubalus bubalus L. M 1 adult
Zebu F 1 adult
Yak F 1 adult
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with plasticine. For measuring its thickness, the articular cartilage was removed
by making a cut with a scalpel along a chord of the articular surface.

Auxiliary angles of the curvature of articular surfaces were measured in sagittal
planes on carcasses and digested skeletons from museum collections. Although the
shape of articular surfaces corresponds only in approximation with geometrical
figures, it proves helpful to represent them for comparison as regular solids. This
procedure was recommended and adopted, among other workers, by Duerst (1926),
Poplewski (1927), Vokken et al. (1961) and Kostyra (1962). Here, such
studies have been carried out only for joints with articular surfaces described
more or less on the same radius. In the European bison these articular surface
include the trochlea and condyles of the femur and the surfaces of the tarsocrural,
proximal intertarsal and metatarsophalangeal joints.

In order to determine the auxiliary angle (a) of the sagittal curvature of an
articular surface, the length of the chord a (BC) was measured (Fig. 1 — an
example of the calculation of this curvature in the metatarsophalangeal joint),
then a point A was chosen so that it was approximately the highest point of the
arc in relation to its chord BC, and the lines AB and AC were measured (auxiliary
measurements). The use of trigonometrical formulae for the triangle ABC with
sides a, b and ¢ made it possible to work out the value of the auxiliary angle fi.
Then, it was easy to fix the angles a1 and o. The following working formula is
used to calculate the angle

cos a/2=(a?—b2—c?)/+2bc
The value obtained for the angle a should be marked in the appropriate quarter
of the rectangle of coordinates.

Then, the angle o being known, the radius of curvature (r) was calculated from
the equation

r=a/(2sina/2)

The angle g of a concave articular surface (Fig. 1 shows as an example the

proximal articular surface of the proximal phalanx) was obtained from the equatjon

sin f/2=1/a(sina/2)
where 1 is the chord (DE) of the concave articular surface, the other symbols being

the same as previously. .
The range of movements for the flexion and extension of the tarsocrural, proxi-

mal intertarsal and metatarsophalangeal joints was calculated by subtracting the
values of the angles of the adjoining articular surfaces from each other:

g=a—f when o>

p=f—a when a<p

The ridges of the trochlea of the femur lie in the planes which form a dihedral

angle a below the knee. This angle was calculated from the formula

tga/2=(b—c)/2a
where a is the length of the chord of the lateral ridge of the trochlea, and b and ¢
are the proximal and distal widths of the trochlea.

The trochlea of the femur is inclined to a side, forming an angle o with the
plane parallel to the long axis of the femur and passing through the backmost
points of the condyles of this bone. The equation used to calculate this angle was

tga=c/(a—Db)

The lengths of the lines a, b and ¢ were obtained with the help of a special table,
designed by Empel & Roskosz (1963) and illustrated diagrammatically in Fig. 7.

The angles of inclination of such elements as the head and condyles 0° the femur

‘3
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and the trochleae of Mt III+IV in relation to the long axis of the bone were
determined trigonometrically as angles of suitably chosen triangles.

The angles formed in the sagittal plan by the long bones meeting in the joints
were determined in a similar way. About 100 photographs of European bisons in
side view were used for this purpose. The prominences of the skeleton and central
points of the joints manifesting themselves through the skin served as measuring
points. The coxofemoral, femorotibial and tibiometatarsal angles were measured
by this method. The accuracy of measurements is given in decimals of a degree.

The results concerning all the dimensions of articular surfaces and menisci and
the capacity of the acetabulum were analysed statistically (s and v) for groups

Fig. 1. Determination of the angle of convex and concave curvatures of an articular
surface exemplified by the metatarsophalangeal joint.

a — angle of curvature of the trochlea of MtIII+IV, § — angle of curvature of

the proximal articular surface of the proximal phalanx, r — radius of curvature
of trochlea and articular surface of the proximal phalanx, «;, f1 — central angle
and angle inscribed in a circle with the centre 0, a (BC) — chord of trochlea,

1 (DE) — chord of articular surface of proximal phalanx, I — bones of MtIII+IV,
11 — proximal phalanx.

consisting of more than 4 specimens. This procedure was not applied for the di-
rnensions of ligaments, since the data obtained, under different conditions of pre-
paration, for these structures, readily undergoing decay, were approximate.

The growth coefficient is, according do Davletova (1960), the quotient of
rmeasurements in groups V and 0. Bisons belonging to groups III, IV and V
are regarded as adult specimens. The Latin nomenclature is based on the
Nomina Anatomica Veterinaria (1973), on text-books by Poplewski (1948), E11-
enberger & Baum (1943), Martin & Schauder (1938) and papers by
Nickel & granger (1953) and Kostyra (1962).



492 F. Kobrynczuk

III. OWN OBSERVATIONS
1. Joints of the Pelvic Girdle

1.1. Pelvic Symphysis

The fibrocartilage of the pelvic symphysis forms two centres, of which
the anterior (Fig. 2—1) unites the pubic bones and the posterior
(Fig. 2—2) the ischia of the opposite sides. The two centres are con-
nected by a narrow isthmus of the same tissue. In the youngest Euro-

Fig. 2. Horizontal section through pelvic symphysis (16-month-old male).
1, 2 — anterior and posterior cartilaginous centres, 3 — ischiatic arch, 4 — edge
of the obturator foramen.

pean bisons the symphyseal fibrocartilage passes into the epiphyseal
cartilage of the ischial tuberosity and forms the cartilaginous bordering
of the ischiatic arch (Fig. 2—3). A small number of fibres run trans-
versely on the dorsal surface of the symphysis, their nugber being

re
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greater on the ventral side; they meet in the midline to form a high
fibrous crest. In the anterior portion of the symphysis these fibres
extend obliquely cephalad and in the posterior portion obliquely caudad.

The pelvic symphysis is strengthened anteriorly by the anterior pubic
ligament (Fig. 3—1). This ligament is in the shape of an isosceles
triangle, the base of which extends between two iliopectineal eminerfces
and the vertex points to the front. This vertex is the point of attachment
for the straight abdominal muscle (Swiezynski, 1962). In adult
European bisons the length of the branches of this l1gament is, on the
average, 165 mm and its thickness 4 mm.

Fig. 3. Pelvic girdle, seen from the ventral side (14-years-old male).
1 — anterior pubic ligament, 2 — iliolumbar ligament, 3 — quadrate muscle of
loins.

It should be mentioned, as a supplement to the study carried out by
Empel & Roskosz (1963), that the pelvic symphysis begins to ossify
at the age of 8 years in males and a year earlier in females, the mere
process of ossification taking 21 months in males and 18 months in
females.

1.2. Sacroiliac Joint

In foetuses, just before birth, and in new-born bisons the auricular

surfaces of the sacrum and ilium are united by a cartilaginous insertion,
4 mm thick. In cross-sections this insertion shows brown points arranged
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along the future articular cavity of the sacroiliac joint. In calves up to
year of age these points are replaced by detached or combined spaces
filled with the synovial fluid. Their number ranges from 15 to 25. Such
a multiple cavity of this joint occurs in 2-year-old European bisons.
In specimens aged 2—9 or 11 years there is a single articular cavity
in the form of a fissure. In males from 9 or 11 to 14 years of age it
becomes obliterated in favour of a fibrous joint and this, at the age
above 14 years, changes into a synostosis, which in old males is so
perfect that the boundary between the sacrum and ilium becomes effaced.
In females the fibrous joint, appearing at the same time as it does in
males, remains unossified throughout lifetime.

Table 2

Dimensions of obturator foramen (in mm).

Group n Length Width Length.‘ width
X s v % s v ratio
Males
0 8 13.1 1.0 2.3 21.9 0.6 2.7 1:0.51
1 5 54.4 6.2 11.4 32.2 4.8 14.8 1:0.60
11 16 93.9 12.4 13.2 57.8 6.2 10.7 1:0.62
II1 17 108.0 5.7 5.3 68.6 3.7 5.4 1:0.64
v 15 109.9 6.1 5.6 70.0 3.7 5.3 1:0.64
v 13 111.9 3.2 2.8 73.4 5.2 7.1 1:0.64
Growth coeff. 2.57 3.35
Females
0 4 36.0 17.0 1:0.51
1 1 — — _—
11 9 86.8 9.3 10.7 53.6 4.7 8.8 1:0.62
111 6 98.2 4.2 4.2 61.8 1.0 1.6 1:0.68
v 7 96.8 3.0 3.1 65.4 4.0 6.1 1:0.68
v 18 98.4 2.0 2.0 65.7 24 3.6 1:0.66
Growth coeff. 2.73 3.81

The fibrous membrane of the capsule of the sacroiliac joint is a hard
swollen lip surrounding the articular fissure. In young specimens it is
richly impregnated with fibrocartilage. On the ventral side of the joint
this membrane gives rise to the ventral sacroiliac ligament, from which
silvery periosteous fibres run off. They extend medially and mingle
with the fibrous ring of the intervertebral disc of the lumbosacral joint.
Moreover, on the ventral side this joint capsule is strengthened by the
insertion of the quadrate muscle of loins (Fig. 3—3).

The interosseous sacroiliac ligament of the European bison consists
of a fairly large number of detached fibres stretched transversely in the
gap between the wings of the sacrum and ilium.

The other ligaments in the sacroiliac joint of the European bison have
been described by Wegrzyn & Serwatka (1961).
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1.3. Obturator Membrane

In European bisons this membrane is very thin, hardly 0.1—0.2 mm
in thickness in adult specimens. It arises at the anterosuperior edge of
the obturator foramen and extends posteromedially. Between this mem-
brane and the free edges of the obturator foramen there is a crescent
aperture, through which the internal obturator muscle comes out of the
pelvic cavity. The obturator foramen is finally furnished with both
obturator muscles. In the obturator membrane, close to the anterior
edge of the foramen is the obturator canal, the lumen of which is equal
to an index finger in diameter.

The obturator foramen is elliptic in shape. Its dimensions (Table 2)
suggest that it attains its almost ultimate size in 4-year-old bisons. The
growth coefficient is greater for the width than length, which indicates
that the foramen becomes more and more rounded with age. Sexual
dimorphism is revealed by the fact that the growth coefficients of this
foramen are greater in females.

1.4. Other Joints of the Pelvic Girdle

The ventral surface of the ilium is united with the transverse process
of the last lumbar vertebra by the iliolumbar ligament (Fig. 3—2).
its length averages 80 mm and the thickness 3.5 mm in adult specimens.
An additional fibrous structure connecting the transverse process of the
last lumbar vertebra to the hip tuberosity may appear in old European
bisons.

2, Hip Joint

The external outline of the acetabulum of the European bison is
intermediate between a circle and an isosceles triangle. The rim of the
acetabulum is undulate in relation to its bottom and shows three eminen-
ces and three notches, an ilioischiatic, an iliopubic and an ischiopubic.
This last is termed the acetabular notch proper. In absolute values the
half of its width in the youngest specimens (Table 3). This width is, in
addition, characterized by great individual variation.

On account of the ossification of the acetabular lip in this place, the
iliopubic notch in the margin of the acetabulum may close to form an
additional foramen for the passage of appropriate vessels.

The acetabular lip (Figs. 4, 5, 6—1), triangular in cross-section, is
based on the edge of the acetabulum. Externally it passes into the
periosteous fibres and on the side of the acetabular cavity unites with
its articular cartilage. It is best developed in the ilioschiatic notch, where
in the youngest specimens it reaches 7 mm in thickness and raises the
edge of the acetabulum by 8 mm. In adults it is respectively 12 mm
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Fig. 4. Cross-section through the left hip joint, seen from behind (male foetus).
Fig. 5. Cross-section through the right hip joint, seen from behind (5-year-old male).
Fig. 6. Anteromedial aspect of the hip joint (8-years-old female) (joint capsule

filled with gelatin — black in colour in Figs. 4 and 5).
1 — acetabular lip, 2 — acetabular fossa, 3, 4 — articular cartilage of acetabulum
and femoral head, 5 — epiphyseal cartilage of femoral head, 6 — greater trochanter,
7 — articular capsule, 8 — ilioischiofemoral ligament, 9 — ligament of femoral
head, 10 — trochanteric bursa of biceps muscle of thigh, 11 — pelvic bone, 12 —
: femur.
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Table 3

Dimensions of pelvic acetabulum (in mm and cu. cm).
G.C. — growth coefficient.

Dimension . .
Group n Vertical Horizontal _ Depth - Capascxty W“_ith Ofs notch
- — X S v X v X v
X S v X s v
Males
0 8 36.1 20 5.5 38.4 3.0 7.8 20.3 5.0 24.6 12.2 1.2 9.8 103 1.0 9.7
I 5 485 37 1.6 54.0 3.5 6.5 26.6 4.0 150 32.2 127 39.4 84 14 167
11 16 62.7 1.7 2.7 67.0 2.2 3.3 42.3 1.7 4.0 72.4 8.1 11.2 75 29 387
IIT 17 639 33 5.2 69.7 14 2.0 43.8 2.6 59 79.0 8.8 11.1 58 16 276
v 15 650 35 54 70.3 2.4 3.4 45,1 2.4 53 84.9 7.0 8.2 49 1.7 347
\% 13 649 14 22 71.6 35 4.9 45.2 49 108 88.6 6.3 7.1 49 13 265
G.C. 1.80 1.86 2.23 7.26 0.48
Females
0 4 312 34.7 17.6 9.5 10.5
I 1 470 48.0 26.4 31.0 6.0
I 9 553 24 4.3 58.6 2.8 4.8 34.7 2.2 6.3 51.5 8.1 15.7 71 21 296
III 6 580 33 5.7 62.5 2.4 3.8 374 .21 5.6 58.3 4.1 8.1 56 23 411
v 7 580 14 24 63.4 2.0 3.2 33.8 1.7 4.4 61.5 3.2 5.2 61 2.0 328
A% 18 584 30 5.1 63.5 1.7 2.7 39.7 3.7 9.3 66.2 6.1 9.2 51 14 274
G.C. 1.88 1.83 2.26 6.97 0.48
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thick and 15 mm wide. At the height of the acetabular notch the lip
passes into the transverse acetabular ligament (see further).

The outline of the lunate articular surface of the acetabulum is
8-shaped in the youngest European bisons and consistent with its name
in adults., Its pars major is divided from the pars minor by a rough
surface having the structure of synovial fossae.

The acetabular fossa (Figs. 4, 5—2) is approximately twice as large
in area in the youngest European bisons as it is in adults. In foetuses
and newborns the meeting point of the three bones of the pelvic girdle
is visible at the centre of the fossa as a small triangular field built merely
of a thin membrane of connective tissue. Three lines of synchondroses
radiate from the central point of the acetabular fossa and divide the
circumference into three equal parts.

The capacity of the osseous acetabular socket (Table 3), i.e. the socket
without its lip, attains its almost final value in the four-year-old bison.
The growth coefficient of the depth of this socket (Table 3) exceeds
this coefficient for its vertical and horizontal dimensions, which indicates
that in foetuses and newborns the sockets are relatively shallower than
they are in adults. The proportions of the three basic linear dimensions
show that one-year-old European bisons already have their sockets ulti-
mately shaped.

The sockets with the lip preserved are deeper than those without the
lip by 5.5 mm in foetuses and newborns and by 8 mm in adults.

In foetuses and newborns the articular cartilage of the acetabulum
(Figs. 4, 5—3) is 1.8 mm thick in the pars minor of the acetabular
surface and up to 2.4 mm in the pars major. In adults the thickness of
this cartilage is the same in both parts, about 0.9 mm. In the youngest
specimens the articular cartilage passes into the synchondroses of the
three bones of the pelvic girdle meeting in the socket.

Geometrically, the head of the femur of European bisons is a combina-
tion of a cone and a hemisphere. Mounted on the neck of the femur, it
forms with the shaft an angle of 130°, which opens ventromedially.
The growth coefficients for the vertical and horizontal dimensions of
the head (Table 4) exceed these coefficients for the respective dimen-
sions of the acetabulum (Table 3). Thus, it may be inferred indirectly
that in postnatal life the volume of the femoral head of the European
bison increases more than does the capacity of the acetabulum.

The articular cartilage of the femoral head (Figs. 4, 5—4) blends
peripherally with the epiphyseal cartilage (Fig. 4—5) in foetuses and
newborns. In the same specimens the articular cartilage covers also the
surface of the neck, merging into the cartilaginous structure of the
greater trochanter on the outside (Fig. 4-—6). In adults this cartilage
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covers only the articular surface of the head except for its fovea. The
thickness of this cartilage in the youngest specimens is 4 mm close to
the depression of the head and 5—6 mm in the periphery. In adults
it is more or less uniform, 1.0—1.5 mm.

In foetuses and newborns the capsule of the hip joint (Figs. 4, 5, 6—71)
is attached by mean of its fibrous membrane to the femur just below
the line of epiphyseal cartilage and extends as far as the greater tro-
chanter on the dorsal side. Its other attachment occurs on the acetabular
lip. In adult European bisons the attachment of the joint capsule to the
femur is shifted in comparison with its place in the youngest specimens
beyond the line of the former epiphyseal cartilage on the dorsal side

Table 4

Dimensions of femoral head (in mm).

Vertical dimension Horizontal dimension
Group n - =
X S v X s v
Males B
0 8 27.4 1.3 4.7 28.3 3.1 11.0
1 5 38.7 45 11.6 42.4 3.0 7.1
{1 16 52.2 1.7 3.2 56.8 1.5 44
111 17 55.8 1.5 2.7 58.8 2.6 2.6
18% 15 58.3 1.0 1.7 60.3 3.3 5.5
v 13 58.8 1.4 2.4 60.9 1.9 3.1
Growth coeff. 2.14 2.15
Females
0 4 23.7 24.5
I 1 375 43.3
11 9 47.0 1.8 3.8 50.0 6.7 13.4
111 6 50.4 14 2.1 53.6 2.0 3.7
v 7 51.9 2.0 3.8 €48 2.0 36
v 18 52.1 1.4 2.7 55.3 2.0 36
Growth coeff. 2.20 2.26

and extends to the place where the neck passes into the shaft of the
bone on the ventral side. Thus, in both cases in adult specimens the
fibrous membrane of the capsule of this joint is attached to the femoral
head at a distance of about 2 cm from the edge of the articular surface
to the outside. As in the youngest specimens, its other attachment
is on the acetabulum.

Two parts of the synovial membrane can be distinguished in the hip
joint of the European bison. One of them participates in the formation
of the joint capsule, the other is connected with the ligament of the
femoral head (see further).

In foetuses and newborns the synovial membrane, which goes to
the making of the joint capsule accompanies the fibrous membrane
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from one attachment to the other. In adults a similar situation is
observed as regards the attachments of both membranes to the aceta-
bulum, whereas on the femur the synovial membrane is attached to
the edges of the articular cartilage, from where it goes on to the
circumference, to the attachments of the fibrous membrane, thus covering
the neck stripped of articular cartilage. It has however been found that
the synovial membrane covering the femoral neck in middle-aged Euro-
pean bisons disappears in old specimens.

The capsule of the hip joint is moderately tense. It is thickest on the
dorsal side. On the posterior side of the joint it forms a recess the size
of a cherry, which is pressed into the trochanteric fossa as the synovial
bursa of the obturator muscles.

The capacity of the cavity of the hip joint is 11-—17 ml in age group
0, 20—29 ml in group I, 27—40 ml in group II and on the average
36—50 ml in adults. The lower limits refer to females, the upper ones
to males. The amount of the synovial fluid that I managed to obtain
from the cavity of this joint was 6—8 ml in adults.

Ligaments of the Hip Joint

The ilioischiofemoral ligament (Fig. 6-—8) begins antero-inferiorly at
the base of the greater trochanter and ends, split into two portions,
in the region of the ischiatic spine. Its undivided part is 20 mm wide
and 2.5 mm thick in foetuses and newborns and, respectively, 45 and
5 mm in adults.

The transverse acetabular ligament connects the margins of the
acetabular notch and at the same time bounds the acetabular foramen,
through which run the extra-acetabular portion of the ligament of the
femoral head and ramifications of the synovial membrane with small
vessels. The length of this ligament corresponds to the width of the
acetabular notch (Table 3). Its width is 8.2 mm and the thickness 3.0 mm
in the youngest European bisons and, respectively, 17.6 and 7.3 mm in
adults. The medial edge of the transverse acetabular ligament gives
attachment to a part of the ligament of the femoral head.

The ligaments of the femoral head (Figs. 4, 5—9) arises in the fovea
of the femoral head and runs towards the acetabular notch. Here, it
divides into a part that ends in the periosteum of this notch and a part
that mingles with the transverse acetabular ligament. A band branches
off the latter part and passes out of the acetabular cavity through the
acetabular foramen to terminate in a special groove of the ischium.
This band is an extra-acetabular portion of the ligament of the ligament
of the femoral head. .

Starting from its attachment to the femur the ligament discussed is
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accompanied by a fold of the synovial membrane, which enwraps it. In
the region of the acetabular fossa the fold widens calix-like and is
attached to the edges of this fossa without coming into contact with
its bottom. A part of the synovia membrane enters the acetabular
foramen to accompany the extra-acetabular portion of the ligament
under discussion.

The length of the ligament of the femoral head is 25 mm in foetuses
and newborns of both sexes, 35 mm in adult males and 31 mm in
adult females. The ratio of the length of this ligament to the horizontal
dimension of the acetabulum is as 0.65:1 in the group of the youngest
males and on the average as 0.50:1 for adult males. In females this ratio
is as 0.72:1 in the youngest group and as 0.49:1 for adults. If in turn
the length of this ligament is compared with the horizontal dimension
of the femoral head, the ratio is, respectively, as 0.88:1 and 0.59:1 for
the youngest and adult males and as 1.0:1 and 0.57:1 for the youngest
and adult females. These comparisons show that the ligament of the
femoral head is relatively longer and, what is more, considerably longer
m the first days of life of European bisons than it is in adult specimens.

As regards the thickness and width of the ligament concerned, indi-
vidual variation is very great. In group 0 of males the width averages
4.7 mm, ranging from 3.6 to 6.0 mm, whereas in adult males the mean
is 13.5 mm and the range 8.4—19.0 mm. These data in females are =
6.7 mm (3.5—8.8 mm) for the youngest specimens and x=11.5 mm
(5.0—17.0 mm) for adults. Somewhat smaller individual variation is ob-
served in the thickness of this ligament. The mean thicknessis 3.0 mm
(2.0—3.5 mm) for groups 0 of both sexes and, respectively, 5.5 mm
(3.0—8.0 mm) and 7.5 mm (5.0—10.0 mm) for adult males and females.

3. Stifle Joint

3.1. Femorotibial Joint

The condyles of the femur and the long axis of this bone form an
angle of 110°, open to the rear. The length, or the chord, and the width
of one condyle approximate the corresponding dimensions of the other
(Table 5). The length:width ratio of the condyles changes with age in
favour of the first dimension (Table 5). The angle of the curvature of
the medial condyle is somewhat greater than that of the lateral condyle
(Table 5) or, in other words, the medial condyle is more convex than
the lateral. The length of the curvature radius of the lateral condyle
(Table 5) is mostly somewhat greater than that of the medial. The lateral
condyle lies in a sagittal plane, whereas the medial one deflects medially
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from this plane at an angle of 20°. The medial condyle is, in addition,
pushed farther to the back and, as a result, the rotation axis in the

femorotibial joint runs obliquely to the sagittal plane, with which it
forms an angle of 77°.

Table 6

Dimensions of distal end of femur (in mm).
A — width ratio of distal end of femur to intercondylar fossa.

Width of intercon-
Group n Lenght Wwidth dylar fossa A
X s v % s v X s v

European bison, males

0 8 77.3 7.2 9.3 67.3 3.2 4.8 20.8 2.4 11.5 1:0.31
I 5 102.5 2.8 2.7 85.0 5.6 6.6 19.5 14 7.2 1:0.23
II 16 134.7 8.2 6.1 105.2 5.6 5.3 18.1 0.6 3.3 1:0.17
III 17 144.2 8.1 5.6 114.9 4.0 3.5 17.6 1.0 5.7 1:0.15
Iv 15 144.6 5.7 3.9 117.3 3.9 3.3 17.1 2.0 11.7 1:0.14
v 13 144.3 6.1 4.2 120.8 7.2 6.0 17.1 1.0 5.8 1:0.14
G.C. 1.78 1.79 0.82
European bison, females
0 4 79.5 64.0 18.7 1:0.29
I 1 103.0 82.0 20.0 1:0.24
II 9 117.8 9.0 7.6 94.4 6.2 6.6 18.2 1.1 6.0 1:0.19
111 6 128.0 4.0 3.1 103.6 3.0 2.9 17.4 1.6 9.2 1:0.17
v 7 131.0 2.6 2.0 104.5 7.4 7.1 17.8 14 7.9 1:0.17
v 18 136.2 6.7 4.9 109.0 3.6 3.3 17.5 1.8 10.3 1:0.16
G.C. 1.72 1.70 0.94
Bison bison L., females
4 1269 93.6 14.2 1:0.15
Bison bonasus — Bison bison hybrid, male
1 147.0 126.0 13.8 1:0.11
Domestic cattle, males
2 159.0 131.8 15.4 1:0.12

Domestic cattle, females
10 1354 10.2 7.5 100.8 1.4 14 15.2 2.0 7.9 1:0.15
Watussi cattle, male

1 140.5 124.5 11.1 1:0.09
Watussi cattle, female
1 131.0 106.5 11.2 1:0.11
Bubalus bubalus L., male
1 135.5 113.0 17.2 1:0.15
Zebu, female
1 119.0 94.5 13.6 1:0.14

Yak,, female
1 91.5 81.0 6.5 1:0.8
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The intercondylar fossa becomes narrower with age (Table 6). Con-
sequently, the width ratio of the distal end of the femur to this fossa
changes during postnatal life (Table 6). As the length of the distal end
of the femur hardly differs from the width in growth coefficient (Ta-
ble 6), its comparison with the width of the intercondylar fossa gives
a similar ratio.

The articular cartilage of the femoral condyles (Fig. 8—1) changes its
colour in course of life. In foetuses and newborns it is pale blue, in
animals above one year of age cream, and in the oldest ones almost
white with patches in brick-red colour. In some males, more than 15

Fig. 7. The angle of inclination (a) of the femoral trochlea in the foetug (left)
and the adult European bison (right).
a, b, ¢ — auxiliary lines used to calculate the angle a.

years old, and in females 2—3 years older, degenerative changes appear
in this cartilage, affecting circular areas, 1—2 cm in diameter, adjacent
to the intercondylar fossa. In males the thickness of the articular carti-
lage on the lateral condyle is 5.7 mm in group 0, 3.0 mm in group I
and 1.3 mm, with small deviations, in the other groups, and in females
it is, respectively, 4.4, 1.4 and 1.3 mm. On the medial condyle the thick-
ness of this cartilage is 6.3 mm in group 0, 2.7 mm in group I and 1.3 mm
in the remaining groups in males and, respectively, 3.9, 1.2 and 1.3 mm
in females.

The articular surfaces of the tibial condyles resemble saddles in shape.
Their articular cartilage (Figs. 8, 9, 10—2) is characterized by physical
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features similar to those of the cartilage described above, not excluding
pathological changes, which on both condyles occur in the vicinity of the
appropriate intercondylar tubercles. The thickness of this cartilage on
both condyles is 2.6 mm in the youngest males and 1.7—1.8 mm in the
remaining ones, whereas in females it is, respectively, 2.2 and 1.3—1.4
mm. In foetuses and newborns the articular cartilage of the condyles
of the tibia passes into its epiphyseal cartilage (Fig. 10—3).

Menisci

The menisci of European bisons, the lateral (Figs. 8, 11, 12, 13, 15,
16-—4) and the medial (Figs. 11, 12, 14, 15, 16—5), resemble the conchae
of human ear in outline. In most cases the lateral meniscus is slightly
longer and broader than the medial one (Table 7). Both these fibrocar-
tilages are thinnest in the middle of their length, the lateral meniscus
being thickest at the back and the medial one in the front. In the course
of postnatal life the relative thickness at the back of the lateral
meniscus increases considerably, becoming smaller in the middle
portion. The shape of the medial meniscus hardly changes during
life. The thickness given in Table 7 is a mean value from its three
measurements analysed. Sexual dimorphism is manifested by the fact
that in males the growth coefficient of the thickness is greater for the
medial meniscus in contradistinction to the situation in females. In both
sexes this thickness is much greater in the lateral meniscus. As regards
volume, the lateral meniscus exceeds the medial, but not strikingly
(Table 7). In analysing the increments in this parameter, one can see
that the menisci of males attain their final size earlier than those of
females. In the oldest specimens the menisci sometimes undergo de-
formation. Their peripheral margins lose their characteristic semicircular
line and the fibrous processes their morphological distinctness, the axial
margins look like unhemmed fabric and the notches become lengthened
and deepened. The menisci are cream in colour, with brick-red stripes.

N Meniscal Ligaments

The anterior tibial ligament of the lateral meniscus (Fig. 11—1) arises
from the anterior end of the meniscus and ends between the layers of
the anterior cruciate ligament in the medial intercondylar area.

The anterior tibial ligament of the medial meniscus (Fig. 11—8) is the
extension of the anterior end of the meniscus. It ends in front of the
attachment of the previous ligament in the lateral intercondylar area.

The anterior ligaments of the menisci form an obtuse angle, pointing
to the front. This angle is 180° in the phase of extension and 130° in
the phase of flexion.
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Fig. 8. Sagittal section of right stifle joint through lateral femoral condyle. Medial
view (8-year-old male).
Fig. 9. Sagittal section through the middle of the left stifle joint, Lateral view
(8-year-old male).
Fig. 10. Same as Fig. 9 (male foetus).
Fig. 11. Menisci of the right femorotibial joint, seen from above (9-year-old female).
Explanations to figures 8—16 see page 60.
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Fig. 12. Left stifle joint after the removal of the lateral sac of the femorotibial
joint. Anterior view (10-year-old male).
Fig. 13. Right stifle joint. Lateral view (8-year-old male).
Fig. 14. Left stifle joint. Medial view (10-year-old male).
Fig. 15. Right stifle joint after the removal of the medial sac of the femorotibial
joint. Posterior view (8-year-old male).

21
36
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Fig. 16. Left stifle joint after the removal of the joint capsule. Posterior view
(10-year-old male).

(In Figs. 8, 9, 10, 12, 13, 14 and 15 the joint capsules are filled with gelatin; in
Figs. 8 and 9 — black in colour).
1, 2 — articular cartilage of femoral and tibial condyles. 3 — epiphyseal cartilage
of tibia, 4, 5 — lateral and medial menisci, 6 — proximal bursa of lateral collateral
ligament, 7, 8 — anterior tibial ligaments of lateral and medial menisci, 9, 10 —
posterior tibial ligaments of lateral and medial menisci, 11 — femoral ligament
of lateral meniscus, 12 — capsule of femorotibial joint, 18 — joint partition, 14 —
subextensor pouch, 15 — tendons of long digital extensor and third peroneal muscle,
16 — subpopliteal pouch, 17 — popliteal muscle, 18 — lateral collateral ligament,
19 — distal bursa of lateral collateral ligament, 20 — medial collateral ligament,
21 — distal bursa of medial collateral ligament, 22, 23 — anterior and posterior
cruciate ligaments, 24 — longitudinal ligament of stifle, 25, 26 — articular cartilage
of femoral trochlea and patella, 27 — capsule of femorotibial joint, 28 — middle
patellar ligament, 29 — lateral patellar ligament, 30, 31 — its lateral and medial
portions, 32 — bursa of biceps muscle of thigh, 33 — medial patellar ligament,
34 — femoropatellotibial ligament, 35 — infrapatellar fat body, 36 — femur, 37 —
tibia, 38 — patella, 39, popliteal artery, 40 — fatty tissue, 41 — third peroneal
muscle.
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The posterior tibial ligament of the lateral meniscus (Figs. 11, 15,
16—9), the broadest and at the same time thinnest of the ligaments
under discussion, arises from the posteroinferior edge of the meniscus
and ends 1t the edge of the popliteal notch of the tibia, laterally to the
terminal attachment of the posterior cruciate ligament.

The posterior tibial ligament of the medial meniscus (Fig. 11—10),
covered by the posterior cruciate ligament from behind and by the
medial portion of the longitudinal ligament of stifle from above (Fig.
11—24), arises from the posterior end of the meniscus, runs forward and
inward and ends in the posterior intercondylar area.

The femoral ligament of the lateral meniscus (Figs. 10, 11, 15, 16,—11)
has it origin on the femur, at the height of the upper edge of its medial
condyle. Hence it extends downwards and laterad towards the peripheral
border of the lateral meniscus. It is the only ligament of those discussed
that is connected with the fibrous membrane of the joint capsule.

All the ligaments of the menisci are characterized by the parallel and
relatively loose arrangement of their fibres.

The capsule of the femorotibial joint (Figs. 8, 9, 10, 14, 15—12) is loose
and comparatively thin. Its fibrous membrane is best developed on the
posterior side of the joint, where it blends with the adventitia of the
and virtually lacking in the front. In the youngest European bisons the
fibrous membrane is attached along the line of the epiphyseal cartilages
of the femur and tibia and to the peripheral edges of the menisci except
the groove for the tendon of the popliteal muscle, impressed in the
peripheral border of the lateral meniscus. In adults the attachmenis of
this membrane are moved away from the margin of the joint by about
2—3 cm on the femur and coincide with these margins on the tibia.

The synovial membrane forms two sacs, a lateral and a medial, which,
clinging to each other in a sagittal plane of the joint, constitute a par-
tition of the joint (Fig. 10—13). The cavities of these sacs communicate
with each other in 7 per cent of cases, and the chiefly ins old bisons,
by an aperture in the partition. The medial sac communicates with the
femoropatellar joint cavity in all European bisons. The lateral sac forms
two pouches and a synovial bursa. Its subextensor pouch (Figs. 8, 13—14)
has the shape of an elongate drop and underlies the common tendon
of the long digital extensor and third peroneal muscles in the groove
for muscles in the tibia. Measured from the margin of the articular
surface of the tibia, this pouch hangs for a distance of 4 cm in the
youngest European bisons and 7—8 c¢m in the oldest specimens. The other
pouch of the lateral sac of the joint under description is the subpopli-
teal pouch (Figs. 8, 13, 15—16), which extends under the tendon of origin
of the popliteal muscle (Figs. 13, 15, 16—17). The third structure of the



Table 8

Dimensions of collateral ligaments of femorotibial joint and cruciate ligaments of stifle joint (in mm). L. — length,
W — width, T — thickness.

L _ Collateral ligaments Cruciate ligaments
Group n Lateral Medial Anterior Posterior
L w T - L w T L w T L w T
Males
0 8 45.0 6.9 1.2 64.0 7.3 14 33.0 4.0 34 44.0 15022
1 5 540 7.3 1.8 80.0 N 1.7 41.5 6.0 3.8 52.0 8.0 2.6
II 11 78.0 12.7 3.4 135.0 14.0 3.4 55.0 10.1 6.2 67.0 84 53
TII 8 82.0 17.5 3.7 142.0 17.2 3.9 57.0 9.7 6.3 70.0 8.3 5.4
v 8 86.0 17.6 4.2 140.0 17.1 4.4 55.0 99 6.3 68.0 84 55
A 7 88.0 18.1 44 142.0 17.0 4.7 50.0 9.8 6.1 65.0 8.2 5.0
G.C. 1.91 2.62 3.67 222 233 3.36 152 245 1.79 1.48 1.09 227
Females
0 4 430 63 1.2 60.0 7.2 1.2 280 38 3.2 422 58 22
I 1 63.0 6.5 1.5 86.0 9.0 0.8 39.0 6.0 4.0 46.0 6.1 3.0
11 6 65.0 9.5 3.3 90.0 132 2.5 42.0 7.2 4.6 56.0 5.8 4.7
III 1 84.0 13.5 3.5 129.0 128 2.8 . 44.0 7.0 3.5 55.0 64 50
v 3 74.0 15.3 3.8 120.0 15.0 3.5 42.0 7.3 4.7 57.0 6.0 4.7
v 9 79.0 15.9 4.0 123.0 15.1 4.0 42.0 8.0 5.2 58.0 6.1 4.8
G.C. 1.82 2.52 3.33 2.06 2.10 3.33 153 211 1.66 137 105 2.18
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lateral sac is the proximal synovial bursa of the lateral collateral liga-
ment of the femoropatellar joint (Figs. 13, 15—6). This bursa separates
the ligament from the substratum, i.e. the tendon of origin of the popli-
teal muscle.

Ligaments of the Femorotibial Joint

The lateral collateral ligament (Figs. 11, 12, 13, 15, 16—18) arises from
the fossa for its attachment on the femur. The deep portion of this
ligament ends on the lateral surface of the tibial condyle and its super-
ficial portion passes finally into the fibrous band of the leg, constituting
its superficial layer (Fig. 17—2). The distal synovial bursa of this liga-
ment (Fig. 13—19) is autonomous.

The medial collateral ligament (Figs. 11, 12, 14, 15, 16—20) runs from
the fossa of its attachment on the medial side of the femur to the tibia,
where its attachment forms a line parallel to the long axis of this bone.
This ligament has only a distal synovial bursa (Fig. 14—21).

The collateral ligaments of the femorotibial joint are loosely connected
with the articular capsule and menisci. The medial ligament can be par-
ticularly easily displaced in a sagittal plane. The measurements of these
ligaments are given in Table 8.

The anterior cruciate ligament (Figs. 9, 10, 11—22) arises from the
intercondylar fossa of the femur and extends forward and downward.
Above the posterior intercondylar area of the tibia it reveals a tendency
to split into a lateral and a medial part. Crossing the posterior cruciate
ligament on the lateral side it turns right by 90° round its long axis
and thus its medial portion becomes a superficial layer and the lateral
portion a deep one. The superficial layer runs to the front above the
attachment of the anterior tibial ligament of the lateral meniscus on
the tibia and ends in the anterior intercondylar area. The deep layer
reaches the anterior part of the central intercondylar area and termi-
nates posteriorly to the attachment of the above-mentioned ligament of
the lateral meniscus.

The posterior cruciate ligament (Figs. 9, 10, 11, 15, 16—23) goes away
cbliquely from the anteromedial part of the intercondylar fossa of the
femur. It extends backwards, clinging closely to the floor of this fossa,
which, being a semicylinder, constitutes a sort of pulley for it. The liga-
ment ends flattened at the edge of the popliteal notch of the tibia, partly
overlapped by the femoral ligament of the lateral meniscus. The measu-
rements of the cruciate ligaments are given in Table 8.

The longitudinal ligament of the stifle (Fig. 11—24), which is a thin
structure (7 mm wide and 1 mm thick in adults), extcends antero-poste-
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Table 9
Dimensions of trochlea of femur (in mm and degrees).
G.C. — growth coefficient, W. — width.
R . Angle of trochlear
Group, N W. proximal W. distal g ridges
name _ - _
X s v X s v X s v
European bison, males
0 8 27.2 4.4 16.2 24.3 3.6 14.8 4.0 2.3 57.5
I 5 35.6 5.8 16.3 30.8 4.7 15.2 4.4 1.9 435
I 16 55.0 4.6 8.4 41.1 3.5 8.5 9.8 1.4 14.2
III 17 58.6 3.2 5.5 44.4 3.5 7.9 9.3 1.0 10.7
v 15 61.1 3.3 5.4 45.1 2.2 4.9 10.2 1.6 15,7
v 13 60.5 2.8 4.6 44.8 1.4 3.1 9.5 1.7 17.9
G.C. 2.22 1.84 2.37
European bison, females
0 4 24.0 21.7 2.8
I 1 35.5 31.5 1.7
I 9 46.1 4.1 8.9 35.8 4.2 11.7 8.5 1.9 22.3
111 6 51.0 1.0 0.2 39.0 1.0 2.6 9.1 0.5 5.5
v 7 51.0 1.4 2.7 39.2 2.0 5.1 8.3 1.7 204
\% 18 55.2 4.7 8.5 41.2 4.2 10.2 9.5 1.5 15.7
G.C. 2.80 1.90 3.42
American bison, females
4 49.7 40.4 9.2
European bison — American bison hybrids, male
1 62.0 46.8 9.4
European bison—domestic cattle hybrids, females
Fest 55.0 48.0 11.7
Felon 62.0 49.0 8.3
Fellach 68.0 54.0 8.8
Festyn 68.0 54.0 8.8
Fey 63.0 47.0 10.3
European bison—domestic cattle hybrids, females
Felly 60.0 45,0 11.7
Fela 62.0 49.0 9.3
Fama 56.0 43.0 9.3
Domestic cattle, males
2 70.0 59.0 6.6
Domestic cattle, females
10 53.9 4.5 8.3 43.6 4.5 10.3 7.8 1.4 18.1
Watussi cattle, male
1 55.0 43.8 8.1
Watussi cattle, female
1 50.8 43.8 5.5
Bubalus bubalus, male
1 56.0 39.4 11.8
Zebu, female
1 46.5 38.0 6.5
Yak, female
1 37.5 34.8 3.5
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rierly. It is situated between the lamellae of the joint partition. It arises,
together with the superficial layer of the anterior cruciate ligament, from
the tibia. Passing to the rear, it divides into two unequal bands, which
end at the edge of the popliteal notch of the tibia.

3.2. Femoropatellar Joint

In its structure and function the trochlea of the femur of the European
bison combines elements of a technical pulley, wedge and screw. Its
proximal width exceeds the distal one, and the same is true of the growth
coefficients of these widths (Table 9). In consequence, the planes in which
the trochlear ridges lie cross below the stifle, forming a dihedral angle,
the size of which is slight in foetuses and newborns and discernible
without the necessity of measuring in adults (Table 9). The chord or
length of the lateral ridge is smaller than that of the medial. The growth
coefficient of the chord is greater for the medial ridge (Table 10). The
radius of the medial ridge is greater than that of the lateral and so is
its growth coefficient. The angle of the curvature is always larger in the
lateral ridge. The difference between these parameters increases with
age (Table 10). The femoral trochlea is deflected laterally by an angle
of 75° in group 0, this angle being 69° in adults (Fig. 7). Over its extent
from the top downwards, the articular surface of the trochlea undergoes
a 38° torsion towards the medial side.

The articular cartilage of the femoral trochlea (Figs. 8, 9, 10—25)
blends with the epiphyseal cartilage in young specimens. It covers the
articular surface of the trochlea and also a small area of its medial sur-
face. Beyond the medial ridge it passes into the articular cartilage to
the medial condyle of the femur. Its thickness on the ridges is consi-
derable, ranging from 5.0 to 9.0 mm in groups 0 and I in males and
from 2.8 to 7.3 mm in these groups in females. In adult bisons of both
sexes it is 1.3—1.9 mm.

The articular surface of the patella, together with the fibrocartilage
of the patella arising from it, constitutes a partly elastic exact cast of
the femoral trochlea. The thickness of the articular cartilage (Figs. 8, 9,
10—26) ranges from 2.9 to 4.3 mm in males of groups 0 and I and from
2.0 to 2.6 mm in females of these groups. In adults of both sexes it is
1.3—2.1 mm. It is characterized by great individual variation.

The fibrocartilage of the patella is in the form of a lamella inclined
towards the trochlea. In adult European bisons its thickness is up to
3 cm. Inferiorly it passes into the medial patellar ligament (Figs. 11, 12,
14—33).

The capsule of the femoropatellar joint (Figs. 8, 9, 10, 12, 13, 14,
15—27) js virtually represented by the synovial membrane. This capsule



66 F. Kobryhczuk

is attached to the articular edges of both bone components of this joint.
On the medial side it passes into the capsule of the femorotibial joint.
As a whole, it is a roomy, loose, excessively developed sac. Above the
patella this excess manifests itself as a blunt pouch directed upwards,
the length of which approximates that of the patella, whereas below the
patella the capsule develops two swells on the lateral side and one on
the medial (Figs. 12, 14—27). The synovial membrane of the femoro-
patellar joint is characterized by very great accumulations of villi and
fclds. Their largest numbers occur in the region of the apex of the patella
and at its base. The villi are hair-shaped and 1—6 cm long in adults.
The height of folds reaches 3 em.

The total capacity of the cavity of the femoropatellar joint and the
medial sac of the femorotibial joint averages 80 ml in foetuses and new-
borns, 125 ml in calves of group I, 225 ml in adult males and 180 ml in
adult females. The amount of synovial fluid obtained from this common
cavity is up to 14 ml in adult males and 9 ml in adult females. The
capacity of the lateral sac of the femorotibial joint is 16 ml in group 0
and 70 ml in group I of both sexes and, respectively, 100 and 80 ml in
adult males and females.

Ligaments of the Femoropatellar Joint

The middle patellar ligament (Figs. 8, 9, 10, 11, 12, 14—28) is a band,
uniform in width, directly underlying the fascia of the stifle. It is a down-
ward continuation of both the tendon of the rectus muscle of the thigh
and the medial portion of the lateral vastus muscle. Out of the ligaments
of the patella the middle patellar is the only one that has no connections
with the joint capsule, since it is separated from it by the infrapatellar
fat body, in which it carves a suitable groove. On the tibia it crosses
the attachment of the lateral patellar ligament. A spacious infrapatellar
bursa, 36 by 45 mm in adults, occurs under the insertion of the middle
patellar ligament.

The lateral patellar ligament (Figs. 8, 9, 11, 12, 13, 14—29) extends
at an angle of 30°, pointing downwards, to the previous ligament. It is
in the form of a trapezium oriented with its shorter base down and
consists of two portions, a lateral (Fig. 12—30) and a medial (Fig. 12—31).
The lateral portion is the extension of the tendon of the anterior part
of the femoral biceps muscle. The medial portion, arising from the side
edge of the patella, is somewhat wider than a half of the width of the
lateral portion. Under the unpaired part of this ligament is the spacious
subtendinous bursa of the biceps muscle (Fig. 13—32), its capacity being
3—4 ml in the youngest specimens and 40—50 ml in adults. The lateral
patellar ligament blends with the subextensor pouch of the capsule of
the femorotibial joint.
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The medial patellar ligament (Figs. 11, 12, 14—33) is a thin tape bent
to the rear like a sabre. The further two-thirds of this ligament is over-
lapped by the femoropatellotibial ligament (Figs. 12, 14—34). The medial
patellar ligament arises from the fibrocartilage of the patella and is
inserted into the tibia. Only in the middle section it loses contact with
the articular capsule, being separated from it by the infrapatellar fat
body.

The dimensions of the patellar ligaments are given in Table 11. In
analysing these measurements, we find that the lateral ligament is the
strongest of them and the medial one the weakest in adults and that

Table 11

Dimensions of patellar ligaments (in mm).

G Lateral Middle Madial
rou n
P Length Width Thickn. Length Width Thickn. Length Width Thickn.
Males
0 8 70.4 19.2 2.4 88.0 19.3 2.2 74.0 8.8 1.3
I 5 82.0 17.5 3.0 126.0 18.1 3.5 63.4 11.7 1.7
1I 11 106.0 25.4 7.3 150.0 25.7 5.1 139.0 22.6 2.9
111 8 114.0 31.0 7.4 159.0 21.2 5.4 161.0 28.4 3.8
v 8 121.0 42.0 9.1 159.0 29.1 6.2 143.0 28.5 4.3
\'% 7 130.0 42.0 9.3 158.0 28.3 6.1 141.0 29.0 4.5
G.C. 1.75 2.19 3.88 1.80 1.47  2.77 1.91 330 346
Females
0 4 58.0 14.0 2.1 97.0 16.8 2.1 70.0 8.3 0.8
1 1 90.0 16.0 3.0 112.0 18.5 4.0 106.0 11.2 1.0
11 6 93.0 23.0 5.9 121.0 22,0 4.2 124.0 19.5 1.6
111 1 108.0 23.0 6.0 130.0 22.0 4.1 111.0 18.0 2.7
v 3 110.0 28.0 7.7 130.0 24.0 5.1 135.0 20.0 3.5
v 9 99.0 32.0 8.1 124.0 25.0 6.1 127.0 23.8 3.8
G.C. 1.71 2.31 3.86 1.28 149 290 1.81 2.87 4.75

t

the medial ligament undergoes the greatest postnatal development and
the middle one the smallest.

The femoropatellotibial ligament (Figs. 12, 14—34) is Y-shaped. Its
arms connect the patella to the femur and correspond to the medial
femoropatellar ligament. The body of this structure arises from the
aponeurosis of the medial vastus muscle and the fascia of the stifle.
It partly overlaps the medial patellar ligament, with which it terminates
on the tibia.

The volume of the infrapatellar fat body (Figs. 9, 10, 14—35) is 15 cu.
cm in the youngest European bisons. In adult males it ranges betwen 50
and 120 cu.cm and in adult females between 35 and 100 cu.cm. It
depends to a great extent on the general condition of the animal.
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4, Fibrous Band of the Leg

The fibrous band of the leg (Fig. 17) is considered to be a remnant
of the shaft of the fibula. It is set among appropriate muscles of this
region. Proximally it is divided into two layers, a superficial (Fig. 17—2),
which is a downward prolongation of the lateral collateral ligament of

Fig. 17. Fibrous band of leg.
1 — fibrous band of leg, 2 — its superficial layer (lateral collateral ligament of
femorotibial joint), 3 — deep layer, 4 — interosseous membrane of leg.

Fig. 18. Vestigial fibulae. From left to right, three fibulae of 8-, 10- and 15-year-old
male European bisons, the fourth one of an adult male buffalo.

the femorotibial joint, and’a deep (Fig. 17—3), which arises from the
tibia, in the place where its fibular process is present in domestic cattle.
The uniform band ends on the lateral surface of the tibia, in the distal
third of this bone. The interosseous space of the leg, occurring between
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this band and the tibia, is filled with the thin interosseous membrane
of the leg (Fig. 17—4), in which there are two interosseous foramina.

The presence of the vestigial shaft of the fibula in the band (Fig. 18)
in 15 per cent of the Furopean bisons belonging to groups III—V is
a notably individual character.

5. Hock Joint

Intertarsal Joints

Tarsocrural joint. The concave articular surface of the cochlea of the
tibia is described with the same radius at the corresponding ridges of the
proximal trochlea of the tibial tarsal articulating with it (Table 12). The
angle of the curvature of the articular grooves of the cochlea is smaller
than that of the ridges of the proximal trochlea of the tibial tarsal
corresponding with them by about 65°, which constitutes the flexion-
extension range of the movements in this joint. The thickness of the
articular cartilage of the cochlea is strikingly small comvared with the

Fig. 19. Synovial fossae (x) on the articular surfaces of the hock joint. A — articular
surface of tibial cochlea, B — articular surface of tibial tarsal bone, C — articular
surface of Tce+TIV.

thickness of this cartilage in other joints. It is 1.1 mm in groups 0 and I
and only 0.1—0.2 mm in older groups.

A characteristic morphological detail of this cartilage of the tibial
cochlea in all European bisons is the presence of a synovial fossa in it
(Fig. 19 A—=x). In adult bisons it is visible also on digested bones, which
indicates that the defect affects not only the cartilaginous tissue but the
bone as well. In foetuses and newborns the future area of this fossa
is manifested as a place coated with a very thin light-brown connective-
tissue membrane, which peripherally passes into articular cartilage. As
regards several-month-old calves, the membrane is already missing and
the bottom of the fossa is of rough osseous tissue with numerous nutrient
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foramina scattered all over it. In the youngest and oldest males the
length of the fossa is 15 and 25 mm, respectively, and the width 7 and
10 mm. In the youngest and oldest females this length is correspondingly
12 and 22 mm and the width 6 and 10 mm. The depth of the fossa is
approximately twice as great as the thickness of the surrounding articular
cartilage.

The proximal trochlea of the tibial tarsal has two sagittal ridges
unequal in breadth. The lateral ridge is broader and therefore blunter
than the medial one. The angles of the curvatures of both trochlear
ridges are given in Table 12. The angle is smaller in the lateral ridge.
In respect of other parameters the ridges resemble each other (Table 12).
The articular cartilage of the proximal trochlea of the tibial tarsal is
1.6 mm thick in the youngest groups and 0.3 mm in the oldest ones.

The tarsocrural joint co-forms the calcaneomalleolar joint, situated
laterallly, which in its general outlines is similar to this joint in domestic
cattle.

Proximal intertarsal joint. The ridges of the distal trochlea of the
tibial tarsal bone have smaller chords and radii but larger angles of
curvature than have those of the proximal trochlea of this bone (Table
12).

The articular cartilage of the distal trochlea passes on to the posterior
surface of the tibial tarsal, where it participates in the formation of the
proximal talocalcaneal joint. It also passes from the cartilage of the
distal talocalcaneal joint. In the place where this cartilage passes on to
the posterior surface of the bone there is a noticeable synovial fossa
(Fig. 19 B—x), the development and morphological characters of which
are similar to those described for the synovial fossa of the cochlea of
the tibia. Its length is 4 mm and the width 3 mm in the youngest bisons
and, respectively, 32 and 8 mm in the oldest specimens.

Medially, the proximal articular surface of the fused central and fourth
tarsal bones (T'c+T IV) is the negative impression of the distal trochlea
of the tibial tarsal only that the angle of its curvature is smaller than
the angle of the curvature of the trochlear ridges by about 95°. Thus,
theoretically this difference is the flexion-extension range of movements
in the proximal intertarsal joint. The synovial fossa on the proximal
articular surface of the Tc¢+T IV (Fig. 19C—x) is a remnant of the
syndesmosis between the central and fourth tarsal bones, which occurs
in foetuses and newborns. The cartilage in the proximal intertarsal joint
is 1.6 mm thick in the youngest specimens and 0.3 mm in the oldest
ones.

The distal intertarsal and tarsometatarsal joints are plane joints, re-
sembling those of domestic cattle in structure. Their articular cartilage
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ic about 1.3 mm thick in the youngest European bisons and 0.2—0.3 mm
in the oldest.

Intratarsal joints. The proximal and distal talocalcaneal joints are of
the greatest functional-motor importance. The cavity of the proximal
talocalcaneal joint between the posterior surface of the tibial tarsal and
the adjoining surface of the fibular tarsal forms a perfect arc, the angular
value of which is 75° in all European bisons. The gliding fibular tarsal
bone moves over a distance having an angular value of 30°. The distal
talocalcaneal joint is an arthrodia.

The sides and the plantar surface of the capsule of the hock joint
is made of a fibrous membrane which here develops strong colateral and
plantar ligaments. Only on the anterior side and in the angle formed
by the tibia and the body of the fibular tarsal bone the fibrous membrane
is thin and relatively loose.

This fibrous membrane is common to all the tarsal joints mentioned.

The synovial membrane is attached to the margins of the articular sur-
faces of the respective bone components. Moreover, it wraps the inter-
osseous ligaments and the long peroneal muscle tendon, which runs
transversely in the cavity of the tarsometatarsal joint towards its inser-
tion. The synovial membrane, in addition, encloses the artery supplying
the tibial tarsal bone and extending in the cavity of the proximal talo-
calcaneal joint.

On the anterior side the capsule of the hock joint forms two swellings.
The lateral swelling (Fig. 24—1) is visible between the lateral digital
extensor tendon (Fig. 24—51) and the long digital extensor tendon
(I'ig. 24-—50). The smaller medial swelling (Figs. 22, 24—2) is situated
between the third peroneal muscle tendon (Figs. 22, 24—47) and the
anterior edge of the medial collateral ligament (Figs. 22, 24—12—13).

In the angle formed by the tibia and the body of the fibular tarsal
the capsule of the hock joint pouches halfway up the body of the fibular
tarsal (Fig. 22—3). The synovial membrane of the pouch bears villi.

The synovial membrane of the hock joint comprises 5 articular cavities.
The first and roomiest of them is common to the tarsocrural, proximal
intertarsal, and proximal and distal talocalcaneal joints. The second cavity
is that of the distal intertarsal joint. The tarsometatarsal joint has the
next three cavities. One of them occurs between the first tarsal and
the fused third and fourth metatarsal bones and the other two, separated
from each other by the canal of the long peroneal muscle, belong to the
remaining part of the tarsometatarsal joint.

The cavity of the joint between TI and MtIII+1IV has not a commun-
ication with the joint formed by the vestigial MtII and MtIII+1V,
although their close vicinity would suggest its presence.
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The greatest capacity, and so measurable, is that of the first joint cavity.
In foetuses and newborns it is 24—36 ml, in calves up to one year of age
35—45 ml, in adult males 50—60 ml and in adult females about 50 ml.
The other four joint cavities are fisures, the capacity of which does not
exceed 1 ml each in adults.

Ligaments of the Hock Joint

Lateral side. In European bisons the lateral collateral ligament (Figs.
20, 24, 256—4—38) is divided into 5 parts:

1. The tibiometatarsal part (Fig. 20—4) arises from the posterolateral
surface of the distal end of the tibia and arches downwards. On its way
it is attached to the malleolus of the fibular tarsal and Tc¢+TIV and
terminates on MtIII+IV. The insertion tendon of the long peroneal muscle
(Figs. 20, 24—48) penetrates under the anterior border of the tibiome-
tatarsal part at the height of the tarsometatarsal joint. The anterior border
of this part overlaps the calcaneometatarsal part of the ligament under
discussion (Fig. 20—6) in adulth bisons, with which it may be coalesced.

2. The calcaneomalleolar part (Fig. 20—5) is another, deeper lying,
portion of this ligament. It arises anteriorly to the attachment of the
previous part on the malleolus and above it on the tibia. It ends attached
to a special rough area on the lateral side of the fibular tarsal bone.

3. The calcaneometatarsal part (Fig. 20—6) begins on the lateral
surface of the fibular tarsal bone, below the insertion of the calcaneo-
malleolar part, and ends on MtIII+1V, posteriorly to the tibiometatarsal
part. '

4. The tibiocalcaneal part (Figs. 20, 24, 25—7) is the third, counting
from the outer side, layer of the ligament. It arises anteriorly on the
tibia, below the proximal annular ligament (Figs. 20, 22, 24—35) and
has a multiplanar spiral course. It runs inferolateroposteriorly and is
attached to the fibular tarsal bone, above the calcaneomalleolar part.

5. The talomalleolar part (Fig. 20—8) originates at the posterior edge
of the malleolus and runs the shortest way to the fossa for attachment
of the ligament on this side of the proximal trochlea of the tibial tarsal
bone. The dimensions of individual parts of the lateral collateral liga-
ment are given in Table 13.

The lateral talometatarsal ligament (Fig. 21, 25—09) begins in its fossa
for attachment on the lateral side of the distal trochlea of the tibial
tarsal and ends on MtIII+IV. In old European bisons it grows together
with the calcaneometatarsal ligament, which is posterior to it. This last
ligament (Fig. 21, 25—10) arises on the coracoid process of the fibular
tarsal bone and terminates on the anterolateral aspect of MtIII+IV.

The lateral ligament connecting Tc+TIV with MtIII+IV (Fig. 21—11)



Table 13

Dimensions of lateral collateral ligament of hock joint (in mm).
L — lenght, W — width, T — thickness.

Tibiometatarsal Calcaneomalleolar Calcaneometatarsal Tibiocalcanean Talomalleolar
Group n part part part part part
L w T L w T L w T L w T L w
Males
0 8 67.3 7.1 1.1 38.8 5.7 1.1 42,7 8.8 1.6 35.0 10.5 1.3 18.7 8.3
I 5 94.0 6.6 1.6 40.7 9.5 1.3 57.0 8.7 1.7 443 10.1 2.3 14.7 11.3
11 11 105.1 9.6 2.6 55.9 10.6 2.0 740 124 3.2 55.0 14.6 3.0 18.4 139
111 8 113.0 124 3.6 54.1 12.3 2.9 76.8 133 3.5 61.3 15.2 3.6 20.0 139
v 8 116.6 125 43 55.8 12.3 3.4 7.4 139 3.8 61.1 15.1 4.6 20.2 13.6
v ki 117.4 123 4.8 53.4 12.3 4.0 7.3 136 4.0 65.1 15.4 4.5 19.5 12.9
G.C. 1.74 1.74 4.36 1.40 2.16 3.64 1.82 1.54 2.50 1.86 147 3.46 1.42 1.55
Females
0 4 66.2 5.8 1.1 36.8 52 1.0 37.5 8.1 1.4 33.7 9.9 1.2 12.0 7.8
I 1 720 6.2 1.4 38.0 6.6 1.7 48.0 8.8 1.8 45.0 11.0 2.5 13.2 10.2
11 6 985 8.0 2.0 42.0 8.7 1.4 545 1V.0 2.7 49.2 12.8 2.1 17.0 12.5
111 1 1130 9.6 2.8 51.0 9.0 2.0 60.0 135 2.5 55.0 12.0 3.5 18.0 13.0
v 3 107.7 10.5 3.4 51.0 10.7 2.9 63.0 1238 3.0 58.0 13.7 3.8 18.3 12.6
v 9 1128 10.8 3.7 50.8 10.8 3.6 726 124 33 57.0 14.2 39 18.4 129
G.C. 1.70 1.86 337 138 2.i0 3.60 195 154 2.36 1.69 1.43 3.25 1.53 1.65




Fig. 20. Left hock joint with its capsule partly removed. Lateral view. Superficial
layer (14-year-old male).

Fig. 21. Right hock joint with its capsule removed. Lateral view. Deep layer
(8-year-old male).
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Fig. 22. Right hock joint. Medial view. Superficial layer (14-year-old male).
Fig. 23. Right hock joint with its capsule removed. Medial view. Deep layer
(8-year-old male).
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is divided into two parts, an anterior and a posterior, separated by the
tendon of the long peroneal muscle (Fig. 21—48), which squeezes in
between them.

Medial side. The medial collateral ligament (Figs. 22, 23, 24—12-—14)
splits into three parts in European bisons:

1. The part connecting the tibia with the fibular tarsal and Tc+TIV
(pars tibiocalcaneocentroquartalis — Figs. 22, 24—12) has the shape of
a trapezium with its longer (distal) base against the long plantar ligament
(Fig. 22—29). This part begins on the anteromedial surface of the distal
end of the tibia and terminates on the sustentaculum of the fibular tarsal
bone and Te+TIV, exchanging fibres with the long plantar ligament.

2. The tibiometatarsal part (Figs. 22, 24—13) extends obliquely under
the previous part. It arises from the distal end of the tibia and on its
way is attached in turn to Tc¢+TIV, TII+TIII and TI to end on MtIII4+IV.
Its anterior border and the medial talometatarsal ligament (Figs. 22, 23,
24, 25—15) coalesce by the medium of loose fibres, and the posterior
border blends with the long plantar ligament (Fig. 22—29).

3. The tibiotalar part, (Figs. 22, 23—14) is the third and deepest portion
of the ligament concerned. It begins on the posterior edge of a special

Fig. 24, Left hock joint. Anterior view. Superficial layer (l4-year-old male).
Fig. 25. Right hock joint with its capsule removed. Anterior view. Deep layer
(14-year-old male).

Fig. 26. Right hock joint with its capsule removed. Posterior (plantar) view. Deep
layer (8-year-old male).

(In Figs. 22 and 24 the joint capsules are filled with gelatin). 1, 2 — lateral and

medial swellings of joint capsule, 3 — pouch of joint capsule, 4—8 — lateral
collateral ligament, 4 — tibiometatarsal part, 5 calcaneomalleolar part, 6 — calca-
neometatarsal part, 7 — tibiocalcanean part, 8 — talomalleolar part, 9 — lateral
talometatarsal ligament, 10 — calcaneometatarsal ligament, 11 -— lateral centro-
quartometatarsal ligament, 12—14 — medial collateral ligament, 12 — tibiocalca-
neocentroquartal part, 13 — tibiometatarsal part, 14 — tibiotalar part, 15 — medial
talometatarsal ligament, 16—21 — ligaments of the medial side connecting: 16 —

tibia with Te+I1V, 17 — Te+TIV with TI, 18 — Tc+TIV with TII+TIII, 19 —
TI with TII+TIII, 20 — TI with MtIII+IV, 21 — TII+TIII, 22—27 — ligaments
of the anterior side connecting: 22 — Tt with Tc+TIV, 23 — Tt with MtIII+IV,24 —
Te+TIV with MtIII+IV, 25 — TII+TIII with Tc+IV, (intratarsal), 26 — TII+TIII
with Te+TIV (intertarsal), 27 — TII+TIII with MtIII+IV, 28, 29 — lateral and
medial parts of long plantar ligament, 30—33 — ligaments of the plantar side
connecting: 30 — Tf with Tc+TIV, 31 — Tec+TIV with TI, 32 — Tc+TIV with
MtIII+IV, 3¢ — interosseous talocalcaneal ligament, 35, 36 — proximal and distal
annular ligaments, 37 — tibia, 38 — malleolus, 39 — fibular tarsal bone, 40 — tibial
tarsal bone, 41 — Tc+TIV, 42 — TI, 43 — TII+TIII, 4 — MtIII+1V, 45 — surface
for articulation with MtII, 46 — tarsal canal, 47 — tendon of third peroneal muscle,
48 — tendon of long peroneal muscle, 40 — tendon of extensor muscle of digit III,
50 — tendon of long extensor muscle of digits, 51 — tendon of extensor muscle of
digit IV, 52 — tendon of superficial flexor muscle of digits, 53 — tendon of deep
flexor muscle of digits, 54 — tendon of long flexor muscle of great toe and posterior
tibial muscle, 55 — tendon of long flexor muscle of digits, 56 — short extensor
muscle of digits, 57 — middle interosseous muscle, 58 — anterior tibial muscle,
59 — lateral plantar vein.
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process of the tibia, and ends in the fossa for attachment on this side
of the proximal trochlea of the tibial tarsal bone. The dimensions of the
medial collateral ligament are included in Table 14.

The medial talometatarsal ligament (Figs. 22, 23, 24, 25—15) is an
autonomous tape-like structure. It arises from its fossa for attachment
on this side of the distal trochlea of the tibial tarsal bone and ends on
MtIII+1V.

After the removal of the ligaments described above, the ligaments that
connect the following bones appear on the medial side: the tibia with
Tc+TIV (Fig. 23—16), Tc+TIV with TI (Figs. 23, 26—17), Tc+TIV with

Table 14

Dimensions of medial collateral ligament of hock joint (in mm).
L — length, W — width, T — thickness

Part connecting tibia Tibiometatarsal

G with T¢+TIV and Tf part Tibiotalar part

roup n Width
L prox. dist. T L W T L w T

Males
0 8 51.0 9.0 26.5 2.1 52.8 5.4 1.9 18.8 11.6 1.1
I 5 62.0 11.3 40.0 2.7 75.3 5.5 1.9 17.7 11.0 2.2
I 11 70.0 14.3 47.3 3.8 86.3 7.5 2.7 20.2 13.1 2.7
111 8 74.5 18.4 48.1 5.6 82.2 8.0 3.6 33.3 14.3 3.1
v 8 79.7 19.0 44.7 8.0 83.7 9.0 3.7 32.0 13.9 4.1
v 7 83.6 18.7 47.8 8.0 85.6 9.3 3.9 31.3 14.0 4.1
G.C. 1.64 2.08 1.84 3.81 1.62 1.72 2.05 1.67 1.21  3.73
Females

0 4 46.8 8.7 23.8 1.7 47.7 5.3 1.8 16.0 9.7 1.0
I 1 56.0 9.0 35.0 2.0 60.0 6.0 2.3 16.0 11.0 2.0
II 6 66.0 12.1 42.5 3.6 67.5 7.2 2.2 25.4 13.8 2.2
111 1 80.0 14.0 40.0 4.8 65.0 7.5 2.4 26.0 12.0 2.0
v 3 70.3 14.7 44.7 6.8 65.3 7.2 3.1 217.3 12.0 25
v 9 76.0 15.8 41.9 6.1 73.9 8.0 3.0 27.8 12.6 3.0
G.C. 1.62 1.82 1.76 3.59 1.55 1.50 1.67 1.74 1.24 3.00

TII+TIiI (Fig. 23—18), TI with TII+TIII (Fig. 23—19), TI with
MtIII+IV (Figs. 23, 26—20), TII+TIII with MtIII+I1V (Fig. 23—21).

Anterior side. The removal of the short extensor muscle of the digits
in European bisons (Figs. 20, 22, 24—56) uncovers the poorly developed
dorsal tarsal ligaments connecting the following bones: Tt with Tc+TIV
(Fig. 25—22), Tt with MtIII+IV (Fig. 25—23), Tc+TIV with MtIII+IV
(Fig. 25—24), TII+TIII with Tc+1V (intratarsal — Fig. 25—25), TII+TII11
with Tc+TIV (intertarsal — Fig. 25—26), TII+TIII with MtIII+IV (Fig.
25—27).
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Posterior (plantar) side. The long plantar ligament consists of a lateral
and a medial part joined by a middle sheet. These three elements remain
distinct only in foetuses and newborns, whereas in adult European bisons
they exchange fibres with each other.

The lateral part (Fig. 20—28) begins over the whole length of the
posterolateral border of the fibular tarsal bone, being initially united
with the middle sheet. Further towards the digits it separates from this
last and at the height of the sustentaculum tali is divided into an anterior
and a posterior portion. The anterior portion is attached to the postero-
lateral surface of Tc+TIV,its anterior margin being grown together with
the calcaneometatarsal part of the lateral collateral ligament and termi-
nates on MtIII+IV between the attachment of this ligament and the
middle intcerosseous muscle, running in this place. The posterior portion
runs perpendicularly, is attached to Tc¢+TIV and a special tubercle on
this side of the proximal end of MtIII+IV and next merges with the
superficial part of the middle interosseous muscle.

The medial part of the long plantar ligament (Fig. 22—29), much
stronger than the lateral part, passes from the tuberosity and body of
the fibular tarsal bone on to the posteromedial border of the sustentacu-
lum tali and next on to Tc¢+TIV, thus forming two bridges over the
passages for appropriate tendons of the deep flexor muscle of the digits.
In its further course the medial part splits into an anterior and a poster-
ior portion. The anterior portion runs on to the posteromedial surface
of Tc+TIV, where it is attached, next reaches TII+TIII and ends on
this side on MtIII+IV. At the height of Tc+TIV the posterior portion
is divided into an anterior and a posterior branch, the first of which ends
on MtIII+IV. The posterior branch behaves analogously to the posterior
portion of the lateral part of the ligament being described.

The middle sheet becomes thinner inferiorly and ends in a sharp semi-
lunar margin, from under which the tendon of the deep flexor muscle
of the digits emerges. The tendon of the superficial flexor muscle of the
digits is contiguous to the posterior surface of this sheet.

The removal of the long plantar ligament and middle interosseous
muscle detects the ligaments connecting the following bones on the plantar
side of the hock joint: Tf with Tc+TIV (Fig. 26—30), Tc+TIV with TI
(Fig. 26—31), Tc+TIV with MtIII+IV (Fig. 26—32), TI with MtIII+IV
(Fig. 26—33).

Interosseous Ligaments of the Hock Joint

The interosseous talocalcaneal ligament (Fig. 25-—-34) of European bi-
sons is a strong structure extending transversely in the tarsal sinus.



Table 15

Dimensions of articular surfaces of medial metatarsophalangeal joint (in mm and degrees).

Medial trochlea of MtIII+IV Proximal articular surface Range
Curvat of proximal phalanx of move
Group n Length urvature ments
(chord) T Angle Length (chord) Angle % —%,
X S v b3 e v s X s v X v s X
Males
0 8 230 28 12.2 11.9 211 45 2.1 210 1.2 5.7 87 43 49 124
I 5 314 3.4 10.8 16.3 212 4.1 1.9 216 1.7 79 83 49 59 129
II 16 413 1.9 4.7 20.6 204 4.0 2.0 2097 17 5.7 93 58 6.2 111
II1 17 40.1 2.0 5.0 20.7 209 57 2.1 305 1.2 39 95 4.0 4.2 114
v 15 419 1.8 4.3 219 213 59 28 31.5 0.0 0.0 92 56 6.1 121
v 13 419 1.7 4.1 21.5 207 3.6 1.7 31.7 1.0 3.2 94 52 5.5 114
G.C. 1.82 1.81 0.98 1.51 1.08 0.91
Females
0 4 21.2 11.0 212 19.4 82 130
1 1 33.0 17.3 215 21.0 86 129
II 9 375 2.1 5.6 18.0 200 42 21 258 16 6.2 86 3.7 43 114
I1I 6 385 23 6.0 20.0 211 48 23 283 14 49 92 43 4.7 118
v i 383 14 3.6 19.6 205 4.2 2.0 279 1.0 3.6 91 1.5 1.6 114
v 18 376 26 6.9 19.4 208 5.1 2.4 274 24 8.8 89 3.7 42 119
G.C. 1.77 1.76 0.98 141 1.08 0.90
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The other interosseous ligaments are small structures connecting the
following bones: Tc+TIV with MtIII+I1V, Tc+TIV with TII+TIII,
TII+TIII with TI, TII+TIII with MtIII+IV and TI with MtIII+1V.

6. Metatarsophalangeal Joints

The structure of two trochleae of the metatarsal bones is similar. The
dimensions of the ridges of the medial trochlea are given in Table 15.

Fig. 27. System of extending forces of hock joint.

F — force of extensors of hock joint, O — axis of rotation of tarsocrural joint,
O, — axis of rotation of proximal intertarsal joint, p(AO) — arm of extending
force traced from centre O, q(CO,;) — arm of extending force traced from centre

O,, ¢ — angle of inclination of long axis of tibial tarsal bone to arms p and q.

The articular cartilage which covers the articular surfaces of the tro-
chleae is thin, 1.6—1.9 mm in the youngest specimens of both sexes and
0.2—0.5 mm in adults. Covering the working articular surfaces of the
trochleae, it also passes on to their axial and abaxial surfaces, occupying
small crescent areas.
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The proximal articular surfaces of the proximal phalanges are negative
copies of the trochleae of the metatarsal bones, but the angles of their
curvatures are smaller than those in the trochleae (Takle 15). This diife-
rence (xr;—xs) is at the same time the flexion-extension range of move-
ments in the two metatarsophalangeal joints (Table 15).

The thickness of the articular cartilage on the articular surfaces of the
proximal phalanges is similar to that of the cartilage of the trochleae.

In structure and arrangement the sesamoid bones of the proximal
phalanges resemble those of domestic cattle.

In European bisons either metatarsophalangeal joint has its own joini
capsule, but both capsules have their fibrous membrane in common. The
attachment of this membrane coincides with the margins of the articular
surfaces of particular bone components of the joints, except for the dorsal
surface, where it is moved away to the outside from these edges by about
1 cm. The attachment of the synovial membrane presents itself similarly.

The capsule of either of these joints forms two pouches. The dorsal
pouch (Fig. 28—1) extends above the appropriate trochlea of the meta-
tarsal bones and is 4 cm long in adult bisons. The plantar pouch (Fig.
28—2) squeezes in upwards between the portions of the deep part of the
middle interosseous muscle and the metatarsal bones, being 3 cm long
in the youngest specimens and 7—8 cm in adults of both sexes.

The synoviai membranes of both joints cling to each other in a sagittal
plane and form a joint partition. In all European bisons this partition
has an oval aperture, by which the cavities of these joints communicate
with each other. The total capacity of both these cavities is 17 mi in
males of group 0, 15 ml in females of this group and up to 20 ml in
calves of both sexes up to 1 year of age. In adult males it ranges from
35 to 45 ml and in adult females from 30 to 35 ml. The amount of sy-
novial tluid obtained from both these cavities reaches 3 ml in adults.

Ligaments of the Metatarsophalangeal Joints

The abaxial collateral ligament (Fig. 30—3) of European bisons consists
of two portions, a superficial and a deep, which cross at an acute angle.
The axial collateral ligament (Fig. 31—4) is situated in the intertrochlear
incisure of the metatarsal bones. It is in the form of a distally broadening
lamina. Between the axial collateral ligaments of the two metatarsopha-
langeal joints there is a fissural space, through which the interdigital
branch of the middle interosseous muscle passes (Figs. 31, 32—13).

Sesamoidean Ligaments

Proximal seamoidean ligaments. The proximal sesamoidean ligaments
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are appropriate portions of the middle interosseous muscle. In European
bisons this muscle divides halfway down the metatarsus into a superficial
and a deep part. The superficial part (Figs. 28, 30—5) is the downward
extension of the fibres of the long plantar ligament and unlike the deep
part has no muscle fibres. It splits into two portions, a lateral and a
medial, which with the corresponding branches of the superficial flexor
muscle of the digits form two tendinous sheaths (Figs. 30, 31, 32—&8),
which embrace the appropriate tendons of the deep digital flexor. The
deep of the middle interosseous muscle (Figs. 29, 30, 31, 32—7—23) un-
dergoes numerous divisions on its way down. Thus, at the distal third
of the metatarsus it divides into lateral and medial abaxial portions
(Figs. 30, 32—8, 9) and a middle sheet (Fig. 32—10). The sheet, in turn,
splits into three branches, two of which are axial, a lateral (Fig. 32—11)
and a medial (Figs. 31, 32—12), and the third — the interdigital branch
(Figs. 31, 32—13) — is unpaired and lies between the axial branches.

The abaxial portions of the deep part of the middle interosseous muscle
reach the abaxial and, partly, axial sesamoid bones. Above the sesamoid
bones they send off the lateral and medial abaxial branches (Figs. 29,
30, 32—14, 15) to the external surfaces of the joints. These branches
reach the dorsal surfaces of the middle phalanges, where most of their
fibres terminate together with the medial and lateral digital extensor
tendons. The other fibres of these branches, as the lateral and medial
bands of the distal phalanges (Figs. 29, 30—16, 17), disappear in their
periosteum. At the height of the metatarsophalangeal joints the abaxial
portions give off the lateral and medial sesamoid bands (Figs. 30, 32—18,
19) to the external edges of the abaxial sesamoid bones.

The axial portions of the deep part of the muscle under study reach
the axial and, externally, also abaxial sesamoid bones.

The interdigital branch of the muscle sheet goes under the interdigital
intersesamoidean ligament (Figs. 31, 32—26) in the intertrochlear incisure,
where it undergoes a strong lateral flattening. At this height it sends
off some of its fibres (Fig. 31—20) to the interdigital intersesamoidean
ligament (Figs. 31, 32—26) and another bundle (Fig. 31—21) to the pro-
ximal interdigital ligament (Fig. 31—39). After sending off this last bun-
dle of fibres, the interdigital branch divides into the lateral and medial
axial twigs (Figs. 29, 31, 32—22, 23). These twigs pass on to the dorsal
surfaces of the toes and end on the middle phalanges together with the
corresponding medial and lateral digital extensors.

On the surfaces of the non-divided deep part of the middle interosseous
muscle and on its longitudinal and transverse sections one can see muscle
and on its longitudinal and transverse sections one can see muscle fibres
embedded in the fibrous structure of this muscle. The number of muscle



Fig. 28. Sagittal section through digit IV of right hind-limb. Joint capsules of digits
filled with gelatin (black) (8-year-old male).

Fig. 29. Digits of right hind-limb. Anterior view. (16-month-old male).

Explanation of Figs. 28—32.

1, 2 — dorsal and plantar pouches of capsule of metatarsophalangeal joint, 3, 4 —
abaxial and axial collateral ligaments of metatarsophalangeal joint, 5—23 — middle
interosseous muscle, 5 — superficial part, 6 — tendinous sheath of deep flexor
muscle of digits, 7 — deep part, 8, 9 — lateral and medial abaxial portions, 10 —
middle sheet, 11, 12, 13 — lateral, medial and interdigital axial branches, 14, 15 —
lateral and medial abaxial branches, 16, 17 — lateral and medial bands for distal
phalanx, 18, 19 — lateral and medial sesamoidean bands, 20, 21 — fibres of inter-
digital branch to interdigital intersesamoidean and proximal interdigital ligaments,
22, 23 — lateral and medial axial twigs, 24—26 — lateral, medial and interdigital
intersesamoidean ligaments, 27, 28 — lateral and medial collateral sesamoidean
ligaments, 29, 30 — lateral and medial abaxial oblique sesamoidean ligaments,
31, 32 — lateral and medial axial oblique sesamoidean ligaments, 33, 34 — lateral
and medial abaxial cruciate sesamoidean ligaments, 35, 36 — lateral and medial
axial cruciate sesamoidean ligaments, 37, 38 — lateral and medial phalangosesa-
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Fig. 30. Joints of digit IV in left hind-limb. Axial view (10-year-old male),

moidean ligaments, 39 — proximal interdigital ligament, 40, 41 — dorsal and plantar
pouches of capsule of proximal interphalangeal joint, 42, 43 — abaxial and axial
collateral ligaments of proximal interphalangeal joint, 44 — axial ligament of
proximal and distal interphalangeal joints, 45—47— axial, abaxial and central
plantar ligaments, 48, 49 — dorsal and plantar pouches of capsule of distal inter-
phalangeal joint, 50, 51 — abaxial and axial collateral ligaments of distal inter-
phalangeal joint, 52—55 — abaxial and axial ligaments attaching sesamoid bone
of distal phalanx to middle and distal phalanges, 56—61 — distal interdigital
ligament, 56, 57 — lateral and medial proximal branches, 58, 59 — lateral and
medial middle branches, 60, 61 — lateral and medial distal branches, 62, 63 —
proximal and distal annular ligament, 64 — metatarsal bones III4+IV (MtIII+1IV),
65 — proximal phalanx, 66 — sesamoidean bone of proximal phalanx, 67, 68 —
middle and distal phalanges, 69 — sesamoidean bone of distal phalanx, 70 — tendon
of long extensor muscle of digits, 71 — tendon of extensor muscle of digit IV,
72 — tendon of extensor muscle of digit III, 73 — tendon of superficial flexor
muscle of digits, 74 — its portion for digit III, 75 — tendon of deep flexor muscle
of digits, 76, 77 — its portion digits IV and III.
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Fig. 31. Joints of digit IV in right hind-limb. Abaxial view (10-year-old male).

Fig. 32. Joints of digits in left hind-limb with joint capsules and proximal digital
ligament removed (10-year-old male).

Explanations see pages 84 and 85.

tibres decreases considerably with age. In young specimens they are
particularly distinct in the distal part of the muscle.

Middle sesamoidean ligaments. The medial and lateral intersesamoidean
ligaments (Fig. 32—24, 25) connect the abaxial sesamoid bones to the
axial ones in the corresponding digit. Impregnated with cartilaginous
tissue, these ligaments constitute the bottoms of the gliding grooves for
two sheaths of the deep digital flexor tendons.

The interdigital intersesamoidean ligament (Figs. 31, 32—26) connects
the two axial sesamoid bones. It has, in addition, a connection with the
interdigital branch of the middle interosseous muscle (Fig. 31—20).



Joints of hind-limbs of the European bison 87

The lateral and medial collateral sesamoidean ligaments (Figs. 30, 32—
—27, 28) connect the external edges of the abaxial sesamoid bones with
the tubercles for ligaments on the proximal phalanges and also by means
of thin strips (not shown in the figures) with the abaxial surfaces of the
two trochleae of the metatarsal bones. In some specimens synovial bursae
were found under the distal attachments of these ligaments.

Distal sesamoidean ligaments. The medial and lateral abaxial oblique
sesamoidean ligaments (Figs. 30, 32—29, 30) and the medial and lateral
axial oblique sesamoidean ligaments (Fig. 32—31, 32) arise one from
each sesamoid bone and run downward to the proximal phalanges. In
European bisons they may be regarded as extensions of some fibres of
the axial and abaxial portions of the middle interosseous muscle.

The lateral and medial abaxial cruciate sesamoidean ligaments (Fig.
32—33, 34) and the lateral and medial axial cruciate sesamoidean liga-
ments (Fig. 32—35, 36) begin on the distal edges of the sesamoid bones
corresponding to their name, below which bones they cross in pairs to
end on the plantar surfaces of the proximal phalanges.

The lateral and medial phalangosesamoidean ligaments (Fig. 32—3T7,
38) arise from the distal edges of the axial sesamoid bones, below which
they cross. The lateral ligament terminates on the proximal phalanx of
digit III and the medial one on the proximal phalanx of digit IV.

The proximal interdigital ligament (Fig. 31—39) is a conspicuous bundle
of fibres which run transversely between the surfaces of the proximal
phalanges facing each other. Some fibres of this ligament reach the axial
plantar ligaments of the proximal interphalangeal joints as well as the
distal interdigital ligament. On the other hand, the proximal interdigital
ligament receives fibres from the interdigital branch of the middle in-
terosseous muscle (Fig. 31—21).

7. Proximal Interphalangeal Joints

Structurally these two joints are autonomous. They are separated from
each other by the fasciae and loose tissue that penetrate into the inter-
digital space.

The articular surface of the trochlea of the proximal phalanx has the
shape of a heart whose tip is bent forward and slightly upward.

The articular fovea of the middle phalanx is an imperfect negative
copy of the trochlea of the proximal phalanx.

The articular cartilage covering both articular surfaces is 1.4—1.6 mm
thick in foetuses and newborns, 0.5—0.8 mm in calves up to 1 year of
age, and 0.2—0.3 mm in adults.

The attachments of the joint capsule coincide with the margins of the
articular surfaces except the dorsal surface, where the line of attachment
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is moved somewhat upwards. The joint capsule pouches upwards (dorsal
pouch — Fig. 28-—40), squeezing in under the tendon of the extensor
muscle of digit III or IV. The axial pouch sinks as far as the distal in-
terphalangeal joint on the axial side of the digit. The roomiest plantar
pouch (Fig. 28—41) extends halway up the proximal phalanx. In spite
of these pouches the cavity of the joint discussed is small. Its capacity
is 1.5—2.0 ml in group 0 of both sexes, 3.0—4.5 ml in calves up to 1 year
of age, 6.6 ml in adult males and 4.6 ml in adult females.

Ligaments of the Proximal Interphalangeal Joints

The abaxial collateral ligament (Fig. 30—42) arises with the proximal
portion of the distal interdigital ligament from a fossa for attachment
on the proximal phalanx (Figs. 30, 32—56, 57) and ends at a tubercle
for attachment on the middle phalanx. .

The axial collateral ligament (Fig. 31—43) much stronger than the
previous one, begins in a fossa for attachment on the proximal phalanx
and ends on a tubercle for attachment on the middle phalanx. In its distal
section the posterior portion of fibres intertwine with the fibres of the
middle portion of the distal interdigital ligament (Figs. 31, 32—58, 59).
Small synovial bursae lie under the proximal and distal attachments of
this ligament.

The axial collateral ligament of the proximal and distal interphalangeal
joints (Fig. 31—44) extends over two joint. It begins together with the
previous ligament and terminates on the axial surface of the distal pha-
lanx. The axial pouch of the capsule of the proximal interphalageal joint
is squeezed in under this ligament.

The plantar ligaments form a Y-shaped structure. Its paired parts are
the axial and abaxial plantar ligaments (Figs. 30, 31, 32—45, 46) and the
central plantar ligament constitutes the unpaired part (Figs. 28, 32—4T7).
As a whole, the plantar ligaments are strong structures. Situated on the
plantar side of the joint, they inhibit its hyperextension.

8. Distal Interphalangeal Joints

Apart from the common structure, which is the distal interdigital li-
gament, these joints are autonomous.

The articular surface of the trochlea of the middle phalanx is an irre-
gular semi-cylinder. The gentle groove of the trochlea runs obliquely
and consequently the trochlea resembles a screw. The angle of the cur-
vature of the articular surface of the distal phalanx is greater than that
of the curvature of the trochlea on the middle phalanx.

The articular cartilage is 1.8 mm thick in foetuses and newborns and
ranges between 0.3 and 0.4 mm in adults.
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The dorsal pouch of the capsule of the distal interphalangeal joint
(Fig. 28—48) extends upwards above the coronary border of the hoof for
about 0.5 cm in the youngest specimens and up to 1.5 em in adults. It
reaches to the axial pouch of the proximal interphalangeal joint. The
plantar pouch (Fig. 28—49), much more spacious than the dorsal one,
squeezes in upwards under the insertion tendon of the.deep digital flexor
and runs nearly halfway up the middle phalanx. ‘

Between the distal phalanx and its sesamoid bone is the fissural joint
cavity connected with the cavity of the distal interphalangeal joint.

Ligaments of the Distal Interphalangeal Joint

The abaxial collateral ligament (Fig. 30—50) is an isosceles triangle
in shape, its apex being directed upwards. It begins on the peripheral
surface of the middle phalanx, from where it tends, assuming the shape
of a broad fan, towards the distal phalanx. In some European bisons the
anterior margin of this ligament is accompanied by vertically running
fibres which arise on the proximal phalanx. These fibres correspond to
the abaxial collateral ligament of the proximal and distal interphalangeal
joints.

The axial collateral ligament (Fig. 31-—51) is a weak fibrous structure,
united with the joint capsule.

The sesamoid bone of the distal phalanx is attached to this phalanx
by two small ligaments, an abaxial and an axial (Fig. 32—54, 55), and
to the middle phalanx also by two, axial and abaxial, ligaments (Fig.
32—52, 53).

The distal interdigital ligament is an unpaired symmetrical six-branched
structure, having attachments on all phalanges. The lateral and medial
proximal branches of this ligament (Figs. 30, 32—56, 57) take rise on the
abaxial surfaces of the proximal phalanges. The stronger lateral and
medial middle branches (Figs. 31, 32—58, 59) arise from the surfaces of
the middle phalanges facing each other, and the lateral and medial distal
branches (Fig. 32—60, 61) from the axial edges and surfaces of the distal
phalanges and also from their sesamoid bones. The body of the distal
interdigital ligament is the place where fibres of its particular branches
meet and exchange.

9. The Joints of Accessory Digits II and V

The bone skeleton of vestigial digits II and V of European bisons
consists of two rudimentary phalanges connected with each other by
means of a small joint. The superior phalanx in both digits resembles
a wheat grain in size and shape and the inferior one a pumpkin seed.
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The accessory digits are joined to each other and also to digits III and
IV only by loose tissue. The so-called tendons of the accessory digits are
distinct structures; they arise from the connective tissue surrounding the
hooves of the rudimentary digits and take the shortest way to the abaxial
surfaces of the distal phalanges of the chief digits and their sesamoid
bones.

I1V. DISCUSSION

The locomotive organ of the European bison, a typical inhabitant of
the primaeval forest, is efficient, as regards its limbs, for all lifetime.
The natural environment in which it dwells, free from human intervent-
ion, permits this animal to keep its body mass in a correct physiological
relation to the biomechanical strength of its limbs and, consequently, is
unpropitious to the formation of morphological distortions in them. The
efficiency of the locomotive organ of the European bison is confirmed
by studies on joints in the pelvic and also the thoracic limb (Radom-
ski, 1972). Neither have pathological changes been found in the osseous
and muscular systems (Empel & Roskosz 1963; Swiezynski,
1962). The cases of deformation in the limb joint of European bisons
signalled in literature (Jusko, 1953; Radomski & Kobryn, 1969)
and changes in the articular cartilages of the stifle joint observed in the
present study constitute a very small proportion of the large number
of specimens examined.

It is thought that in its manner of locomotion the European bison is
similar rather to small ruminants like sheep, goat, roe, etc. than to the
domestic cattle (Sztolcman, 1926; Wroéblewski, 1927). Its muscu-
lar system also shows more similarities to this system of, e.g., the deer
or sheep than to that of the cow (Swiezynski, 1962). On the other
hand, in skeleton morphology it comes nearer to domestic cattle than to
small ruminants (Empel, 1962; Roskosz 1962: Empel & Roskosz,
1963; Kobryn, 1973).

In studies carried out so far (Empel & Roskosz, 1963) the age
at which the pelvic symphysis undergoes ossification is given in appro-
ximation. The author’s own observations have permitted the specification
of the time and duration of ossification of this joint, allowing for di-
morphic differences. _

The newborns and calves of European bisons, like other mammals (K o-
styra, 1962; Bochenek & Reicher, 1968), have their acetabula
shallow and, compared with domestic cattle (Vokken et al., 1961),
bisons have the acetabular lip lower.

The lack of the ligament of the femoral head is observed in many
mammals (Bochenek & Reicher, 1968; Kostyra, 1962). Among
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others it has not been met within one of the European bison domestic
cattle hybrids examined (own observation). The reduction of this structu-
re is accompanied also by the disappearance of the fovea in the femoral
head. The great individual variation of the ligament of the femoral head
in European bisons with regard to its size and thickness and the complete
disappearance of this ligament in some mammals indicate that unlike all
the other ligaments of the joint it does not strengthens the frame of the
joint (Vokken et al., 1961), but in all probability serves as a track
for the passage of the blood-vessels supplying the femoral head. The
mediocre mechanical role of this ligament is suggested by the fact that
it is not built of fibroconnective tissue but of fibrocartilaginous one
(Akajevskij, 1968). The macroscopic appearance of the ligament of
the femoral head in European bisons confirms its cartilaginous structure,
except for its extraacetabular part built of fibroconnective tissue.

Table 16

Articular angles of European bison at the time of walking (in degrees).

Angle In flexion In extension Range of movement
L

Vertebral column — hipt 158 158 0

Hip — femur 55 112 57

Femur — tibia 121 128 7

Tibia — metatarsus 136 156 20

1 After Wegrzyn & Serwatka (1961)

In contradistinction to domestic cattle but similarly to the horse (K a-
dletz, 1932) the European bison possesses the ilioischiofemoral ligament
in the hip joint. On the other hand, it lacks the pubofemoral ligament
observed in domestic cattle (Vokken et al,, l.c.), in which it strengthens
the capsule of the hip joint on the ventral side. These differences in the
structure of the fibrous membrane which makes up both the ligaments
mentioned persuade us to suppose that unlike the cow but very like the
horse the European bison can perform rapid movements straightening
the hind legs to the rear, colloquially called »kicking«, as reported by
Wroblewski (1927).

In European bisons the rotation axes of the two hip joints lie in a ho-
rizontal plane and cross at 120° in the pelvic cavity. As a result, at the
time of flexion in these joints the stifles alternately straddle the belly
and the femora describe the curved surface of conic sectors. The deviation
of the stifles to the outside in their straddling the belly has been esta-
blished at 35° in the cow (Vokken et al.,, 1961) and it is undoubtedly
smaller in European bisons on account of the fact that their abdominal
tunics are pulled up. The weight ratio of the organs of the alimentary
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system to the body is greater in domestic cattle and European bison—
—domestic cattle hybrids than in European bisons (Szulc et al., 1971;
Pytel, 1969). Further, the abdominal tunic is better developed in Euro-
pean bisons than in domestic cattle (Swiezynski, 1962). As a result
of all this, the belly of the European bison does not flag so loosely and,
what follows, the femora move in planes approximating to sagittal ones
during flexion at the hip joint. Hence, the European bison has a »light
and graceful« step Wroéblewski, 1927), in which, perhaps just for
this reason, it resembles small ruminants (Sztolcman, 1926).

In Bison bison (own observations) the capacity of the hip joint cavity
is 38 ml and in cows 50 ml (Vokken et al, l.c.). In adult European
bisons this capacity has intermediate values.

In domestic cattle the lateral meniscus is longer and broader than the
medial one (Abieljanc, 1957) and thus, except for a few cases, the
situation here is opposite to that in European bisons. However, the laieral
meniscus is thicker than the medial in all, European bisons, domestic
cattle, and European bison—domestic cattle hybrids (Montané &
Bourdelle, 1917).

The menisci of European bison—domestig cattle hybrids compared with
those of European bisons (Table 7) are characterized by morphological
heterosis, and so are the internal organs of these hybrids (Pytel &
Krasinska, 1971; Szulc et al., 1971).

The symmetry of the stifle joint depends on the size ratio of the
menisci (Abieljanc, 1959). The more menisci resemble each other
in shape and size, the more symmetrical the stifle is and, consequently,
the more efficacious it is as an element of the locomotive organ. Digiti-
grades have symmetrical stifle joints, plantigrades asymmmetrical ones,
and ungnlates hold an intermediate position. In this respect the stifle
joint of European bisons must be regarded as more symmetrical than
that of European bison—domestic cattle hybrids.

It is thought (Abieljanc, 1957; Akajevskij, 1968; Brihl,
1969) that as fibrocartilaginous structures the menisci absorb shocks in
the stifle joint. In the author’s opinion, their presence in the gap of the
femorotibial joint conditions also the simultaneous occurrence of two sorts
of movements, gliding and rolling.

The transerverse ligament of the stifle, present in other mammals
(Abieljanec, 1957; Kostyra, 1962, Vokken et al, 1961; Bo-
chenek & Reicher, 1968), is missing in European bisons. The lack
of this structure has also been observed in F; European bison—domestic
cattle hybrids and in Bison bison. On the other hand, in all European
bisons a small ligamental structure, absent from other mammals, has
been found extending from front to rear between the intercondylar tu-
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bercles of the tibia; the term »longitudinal ligament of stifle (lig. longi-
tudinale genus)« has been proposed for it (Fig. 11—24).

The insertions of the collateral ligaments of the femorotibial joint,
situated relatively low on the tibia, allow the condyles of the femur to
glide over the articular surface of the tibial condyles, forward during
extension and backward during flexion. As in other ungulates (Vokken
et al., 1961), these ligaments are tensed very much when the stifle joint
is extended, preventing any movements except those sagittal in direction.
A small range of adduction, abduction and rotation is possible when the
joint is half-flexed or flexed and the collateral ligaments are moderately
slackened. The tension and relaxation of these ligaments is caused by
the fact that the fossae for their attachment on the femur do not lie in
the rotation axis of the femorotibial joint, but above it and somewhat
to the rear. Writers differ in opinion as to the structure of the lateral
collateral ligament of the femorotibial joint. This ligament is beliesved
to arise from the fibres of the fibrous membrane of the joint capsule
and those of the tendon of the peroneus longus muscle (Swiezynski,
1962), or exclusively from the fibres of the capsule (Peleiner, 1932).
The author’s investigation confirms the first view and at the same time
it shows that some of the fibres of the lateral collateral ligament extend
downward to form the superficial layer of the fibrous band of the leg.

The cruciate ligaments of the stifle joint (ElIlenberger & Baum,
1943; Poplewski, 1934) are said to inhibit hyperextension in this
joint. Observations made on preparations of the stifle joints of European
bisons show that these ligaments, in addition, fulfil the task, not less
important, of gliding the femoral condyles over the articular surfaces
of the tibial condyles. This function is performed as follows: while the
stifle joint is being straightened, the anterior cruciate ligament winds
on the semi-cylinder formed by the bottom of the intercondylar fossa
of the femur. As a result, the ligament is shortened and pulls the distal
end of the femur to the front. In flexion the anterior cruciate ligament
unwinds and, in turn, the posterior cruciate ligament becomes wound on
the semi-cylinder mentioned; thus shortened, it pulls the distal end of the
femur backwards. The menisci which constitute the natural substratum
of the condyles of the femur, travel forward and backward together
with them.

There are controversial views on the communication betweeen the two
cavities of the femorotibial joint in domestic cattle. Some investigators
think that these cavities are isolated from each other (Chauveau et
al., 1903; Sisson & Grossman, 1960) and others claim that there
is always a communication between them (Vokken et al., 1961; Nic-
kel et al, 1960). My own observations show that hardly 7 European
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bisons in a hundred, and then chiefly old ones, have the two cavities
connected, whereas in most European bisons, European bison—domestic
cattle hybrids, Watussi cattle and buffaloes they are isolated from each
other by a joint partition. Admittedly, however, there is a communicat-
ion between the medial sac of the femorotibial joint and the cavity of the
femoropatellar joint in all the Bovinae not excluding European bisons.

According to some authors (Ellenberger & Baum, 1943; Vok-
ken et al, l.c.), all the patellar ligaments are the insertion tendons of
the quadriceps muscle of the thigh. Abiel janc (1962) writes that only
the middle patellar ligament is derived from that muscle, whereas the
medial patellar ligament has origin from the medial femoropatellar liga-
ment. In his and other author’s opinion (Sisson & Grossman, 1960),
in respect of derivation the lateral patellar ligament is associated with
the lateral femoropatellar ligament and the tendon of the biceps muscle
of the thigh.

In European bisons the middle patellar ligament is the downward
extension of the fibres of the rectus muscle of the thigh and, partly, the
lateral vastus muscle. The author is of opinion that the medial patellar
ligament of these animals is as a whole a product of the fibrous mem-
brane of the joint capsule, from which also the lateral patellar ligament
arises (medial portion), receiving some fibres from the tendon of the
biceps muscle of the thigh (lateral portion).

European bisons and F; European bison—domestic cattle hybrids have
a ligamental structure which does not occur in domestic cattle but is
observed in a somewhat modified form in the pig (Kostyra, 1962),
i.e. the femoropatellotibial ligament (Figs. 12, 14-—34). This ligament ari-
ses from the combination of the medial femoropatellar ligament proper
with the aponeurosis of the fedial vastus muscle and the fascia genus.

The lateral femoropatellar ligament is not present in European bisons.

The opinion prevails (Abieljanc, 1955, 1962) that in domestic cattle,
as in the horse but to a smaller extent, the so-called static loop exists
in the stifle joint, locking it whenever the animal rests in a standing
position. The elements of this loop are, among others, the middle and
medial patellar ligaments and the medial ridge of the femoral trochlea.
In European bisons and F; European bison—domestic cattle hybrids the
lcop should be still more efficacious than it is in domestic cattle on
account of its additicnal element, which is the femoropatellotibial iiga-
ment.

In the shanks of some European bisons and one buffalo examined the
rudimentary fibulas were found (Fig. 18), which had not even been men-
tioned before in the osteology of limbs of the European bison (Empel
& Roskosz 1963) and domestic cattle.



Joints of hind-limbs of the European bison 95

A peculiarity of the hock joint is that in comparison with other syno-
vial joints its postnatal development is small, as evidenced by the small
increments in its chief cavity and the small growth of its osseous com-
ponents after birth (Kobrynczuk & Kobryn, 1973).

The relative thinness of the articular cartilage of the tarsocrural joint
in European bisons is worthy of notice, and this is true as regards juvenile
specimens. It is generally accepted that articular cartilage thickens during
work (Vokken et al, 1961) and that its thickness is proportional to
the pressure exerted on it (Bochenek & Reicher, 1968). However,
Poplewski (1927) gives a different opinion. According to him, pressu-
re makes articular cartilage thinner. This last view would seem to be
true, since, for instance, the stress in the tarsocrural joint of European
bisons is greater than that in the femoropatellar joint and yet its articular
cartilage is considerably thinner than that in the latter joint.

Synovial fossae (Fig. 19) in the hock joint are noticeable. The distribu-
tion of these structures and the role they play in mammals have not as
yet been explained. Abieljanc (1968) finds them situated most fre-
quently in the elbow, hip, hock and metacarpo- and metatarsophalangeal
joints. In man synovial fossae are believed to be pathological lesions
(Brihl, 19269). Some writers (Vokken et al, l.c.) think that their
functinn is to produce synovial fluid. The accumulation of synovial fossae
in the tarsal joint of European bisons suggests another hypothesis, name-
ly, that they appear in joints in which a relatively large articular surface
is accompanied by a synovial membrane small in area, which is the case
in the tarsal joint.

In European bisons, as in other Paraxonia, two funcionally equivalent
joints occur in the hock, the tarsocrural and the proximal intertarsal. The
flexion-extension range approximates to 65° in the first of these joints
and to 95° in the second, adding to 160°. This cumulative flexion-exten-
sion range is great relative to the »demands« of the tarsal joint during
normal walk. It should then be supposed that the tarsocrural and pro-
ximal intertarsal joints do not work simultaneously, the first of them
being active during normal walk, whereas the other joint is activated
only in situations demanding special effort, e.g., in fighting with the horns
or climbing up a hill. In both cases, however, the straightening force F
(Fig. 27) is equal, the tuberosity of the tibial tarsal bone being the point
of its application. There are two arms of this force, p and q. The shorter
arm p arises from the rotation centre of the tarsocrural joint (0), the
other, longer arm g begins at the rotation centre of the proximal inter-
tarsal joint. Thus, we are here concerned with two moments of one and
the same force, for which

F-p<F-q
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The dorsal pouches of the capsules of both metatarsophalangeal joints
have greater absolute dimensions in European bisons than in cattle (E m-
pel, 1969); they are 6 cm long in cows and may reach up to 8 cm in
European bisons.

In cows two axial collateral ligaments of the metatarsophalangeal joints
have been reported (Koéhler, 1902; Nickel & Langer, 1953) to
have their anterior edges joined. In European bisons these ligaments are
anteriorly connected only by the synovial membrane. Moreover, the ab-
axial collateral ligaments of the metatarsophalangeal joints are uniform
structures in cows, evidently consisting of two layers in European bisons
(Fig. 30—3).

Macroscopic observation of the middle interosseous muscle of the Euro-
pean bison made it possible to compliment the results obtained by S w i e-
zynski (1962). Muscle fibres embedded in the fibrous structure of this
muscle belong only to its deep portion, naturally before its division into
branches. Red muscle fibres were observed on non-fixed preparations
of this muscle, both on its surface and in sections. In longitudinal sections
these fibres concur in four vertical trips separated from each other by
strips of fibrous tissue, whereas in cross-sections there appear four fields
lying side by side and consisting of concentric rings or arches of muscu-
lar tissue. In both cases the arrangement of the muscle fibres is remini-
scent of the four interosseous muscles in the tetradactyl limb. In
contradistinction to the situation found in the horse, in which the proxi-
mal portion of the middle interosseous muscle contains more muscle fi-
bres (Krysiak, 1937/38), in European bisons more of these fibres are
accumulated in the distal portion of the muscle discussed.

The presence of muscular tissue in the interosseous muscle is observed
in all European bisons, this tissue being particularly abundant in juveni-
les, whereas in domestic cattle (Vokken et alt.,, 1961) its fibres are
met with only in calves. Nickel et al. (1960) hold the opinion that in
small ruminants this element has a muscular structure, but Reiser
(1903) wrote nothing on this subject in his study on the muscular system
in small ruminants. If however Nickel et al. (1960) are right, the
middle interosseous muscle of European bisons would be more similar
in this respect to this muscle in small ruminants than to its counterpart
in domestic cattle.

In the deer, sheep and goat (Reiser, 1903) the interdigital branch
of the middle interosseous muscle, before sinking under the interdigital
intersesamoidal muscle, sends off fibres symmetrically to the sides, to
the axial sesamoid bones, which has also been found in European bisons
but in a small number of specimens.

The plantar pouch of the proximal interphalangeal joint extends one-
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third of the way up the proximal phalanx in domestic cattle (Empel,
1969) and therefore it is shorter here than in European bisons. Nickel
& Langer (1953) have found this pouch situated farther to the outer
side in cattle than it is in European bisons.

No elastic ligaments have been encountered in the distal interphalan-
geal joint of the European bison, whereas in domestic cattle it is situated
on the antero-axial side of the joint (K6hler, 1902), neither has the
elastic nature of the ligament of the sesamoid bone of the distal phalanx
been established, although it has been recorded from domestic cattle by
Nickel& Langer (1953).

Swiezynski (1962) writes that the middle interosseous muscle in
the fore-limb of the European bison gives off special branches to accesso-
ry digits II and V. Radomski (1972) is of the opinion that these digits
in the fore-limb of the European bison have no direct connection with
the middle interosseous muscle, but are held, above all, by the fascia
metacarpi. The same opinion is expressed by K6 hler (1902) with regard
to the attachment of these digits in domestic cattle and a similar situation
has also been observed in the hind-limbs of European bisons.

Information concerning the osseous structure of rudimentary digits
II and V of domestic cattle is controversial (Nickel et al., 1960;
Vokken et al, 1961). In bisons, European bisons and Watussi cattle
each rudimentary digit consists of two phalanges. It would be inconside-
rate to claim that in the Bowinae it is the distal phalanx that is absent
from such digits, although this would be suggested by the law of reduct-
ion of digits (Poplewski, 1948),

The tendons of accessory digits II and V should be considered, in spite
of their name, to be descended from the interdigital ligaments, connecting
the abaxial digits with the axial ones in tetractyl animals. The mecha-
nical role of the accessory digits of the European bison seems to be clear.
Their hoofs bear sings of wear and therefore, notwithstanding their high
position, they come into contact with a soft substratum, thus increasing
the bearing surface of the digital organ in these animals. Easy movements
of European bisons on swampy and miry ground is mentioned also by
Wroblewski (1927).

It is difficult to determine the angles formed by long bones meeting
in joints on carcasses and the flexion-extension range of movements in
particular joints of moving European bisons. The method of determinat-
ion of these values on the basis of photographs is not precise and this
1s why values obtained in this way, offered in Table 16, are left without
any comments.

At an analysis of the dimensions of structures making up particular
joint of bones in the hind-limbs of European bisons it should be stated
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in general that the postnatal growth of these joints in males of groups 0,
I and II is intenser than in females of the same age groups. In adult
European bisons become smaller and smaller in males of groups III—V,
this drop in increase being milder in females.

Moreover, it may be stated that the dimensions presented are nearly
always larger in males and so are the growth coefficients.
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Franciszek KOBRYNCZUK
PORLACZENIA KOSCI KONCZYN MIEDNICZNYCH ZUBRA
W ROZWOJU POZAPLODOWYM
Streszczenie

Badania przeprowadzono na zwlokach 71 zubréw (47 samcbéw i 24 samic). Ponadto
dokonano obserwacji powierzchni stawowych na ko$écach 48 zubréw (27 samcéw
i 21 samic) stanowigcych cze$é zbioré6w muzealnych O$rodka Badan nad Anatomiag
Zubra przy Akademii Rolniczej w Warszawie. Padle zwierzeta pochodzilty z kra-
jowych o$rodkéw hodowlanych. Material podzielono na 6 grup obejmujacych zwie-
rzeta poczawszy od plodoéw tuz przed urodzeniem i noworodkéw az do osobnikéw
najstarszych. W celach por6wnawczych przeprowadzono réwniez fragmentaryczne
badania na innych Bovinae a miedzy innymi na bydle domowym i krzyzéwkach
bydia domowego z zubrem.

Zbadano wszystkie polaczenia ko§ci w konczynach miedniczych. W badaniach tych
okre§lono, postugujac si¢ metoda wiasna, wielko§¢ katowa krzywizn powierzchni
stawowych, warto§é promieni i cigciw tych krzywizn oraz inne parametry katowe.
Na zwlokach §wiezych zbadano pojemno$§é i ksztalt jam stawowych przez wpro-
wadzenie don kolorowego, cieptego roztworu zelatyny. Ponadto na zwlokach utrwa-
lonych przy pomocy formaliny zmierzono grubo$é chrzgstek stawowych oraz do-
konano pomiaréw wiezadel i lgkotek. Poza tekstemn ujmujacym morfologie pola-
czen, badania udokumentowano 16 tabelami i 32 rysunkami wykonanymi przez
autora.



Table 16

Dimensions of ridges of temoral trochlea (in mm and degrees).

G - - Lateral ridge Me. ridge
. roup, engt Curvature Length
Species, sex No. . g Curvature
P name _(chord) T Angle (chord) ; Angle
X s v X X s v X s v i % s v
European bison, M 0 8 52.0 3.9 75 315 111 10 0.9 570 90 53 352 108 46 492
I 5 61.1 2.2 3.6 35.9 117 35 3.0 7.5 1.4 1.8 47:2 110 1:7 15
II 16 80.6 4.4 54 419 148 97 6.6 1073 7.8 7.3 62.3 119 113 9'5
IIT 17 853 79 9.3 43.5 1567 39 24 113.1 56 5.0 64.2 123 9.4 18
v 15 89.4 3.6 4.0 455 159 44 28 1159 45 39 64.3 128 33 26
v 13 87.9 79 9.0 44.8 158 6.2 3.9 114.1 6.0 5.2 62.3 129 41 32
G.C. 1.69 142 142 2.00 178 119 '
European bison, F 0 4 48.3 292 111 57.7 345 113
I 1 65.0 37.0 123 81.0 460 122
II 9 71.3 1.8 2.5 37.1 142 8.2 58 947 9.3 9.8 56.4 114 93 82
111 6 75.8 3.7 4.9 39.2 150 2.0 13 1005 45 4.5 56.9 124 47 38 .
v 7 78.8 5.0 6.3 40.3 156 6.0 3.8 1036 6.6 6.4 58.7 124 104 84
v 18 81.8 3.3 4.0 425 154 56 36 106.7 5.3 5.0 60.1 123 85 63
GC 1.69 146 139 1.85 174 108
Bison bison, F 4 69.€ 373 137 104.¢ 596 124
Bison bison
-~ B. bonasus
hybrid, M ’ 1 918 48.2 144 118.5 69.0 118
European bison Fest 87.0 464 139 ) 109.0 609 127
— domestic cattle Felon 90.0 465 149 114.0 59.6 146
hybrids, M Fellach 91.0 50.8 127 126.0 735 118
Festyn 94.0 50.3 138 131.0 899 114
Fey 830 42.6 154 107.0 606 124 [
Fez 93.0 47.5 156 . 1240 : 720 119
Farad 100.0 52.4 145 138.0 785 123
European bison —  Felly 74.0 406 131 102.0 528 130 .
domestic cattle Fela 81.0 405 178 109.0 62.6 121 ST
hybrids, F Fama 81.0 41.5 155 109.0 604 129 d
Domestic cattle, M 2 95.2 485 158 116.0 670 120 Do
Domestic cattle, F 10 77.1 53 6.9 402 147 21 14 1006 1.3 1.3 62.0 109 3.6 33 I ;
Watussi cattle, M 1 83.5 43.6 146 111.5 66.1 115 o : ;
Watussi cattle, F 1 79.5 414 148 102.5 56.0 129 - ‘..-‘
Bubalus bubalus L., M 1 82.4 445 136 100.0 B 556 128
Zebu, F 1 72.0 37.0 154 90.3 566 110
Yak. F 1 57.2 31.1 134 5.2 56 5 128
Table 12
Dimensions of trochlea of tibiotarsone (in mm and degrees).
Proximal trochlea . Distal trochlea
Lateral ridge Medial ridge Lateral ridge Medial ridge
Group n Length Curvature Length Curvature Length Curvature Length Curvature
(chord) T Angle (chord) T Angle (chord) T N Angle (chord) T Angle
X s v % X s v X s v b X s v X s v X X s v X s v X X v
Males
0 8 38.1 31 8.1 21.1 129 7.8 6.0 36.5 1.6 44 18.6 151 104 69 250 0.7 2.8 12.8 202 95 4.7 28.8 14 49 14.4 178 7.8 44
I 5 42.8 18 4.2 22.7 141 6.6 47 44.7 49 110 22.2 164 44 27 300 19 6.3 15.2 201 6.7 33 344 19 55 17.6 199 7.7 39
II 16 50.2 33 6.6 26.4 143 94 6.6 48.0 3.3 6.9 24.2 167 11.0 6.6 344 2.2 6.4 17.4 198 8.2 4.1 387 1.7 44 20.3 215 03 438
T 17 505 24 438 26.5 145 9.0 6.2 49.8 2.0 4.0 24.9 171 11.3 6.6 350 2.1 6.0 17.7 194 99 5.1 394 21 53 20.4 213 75 35
v 15 52.6 14 2.7 26.9 154 6.8 4.4 50.2 0.6 1.2 25.1 180 10.1 56 365 1.8 49 18.6 192 7.3 3.8 412 16 39 214 205 6.0 29
v 13 520 37 1.1 27.2 149 8.1 5.4 50.2 1.8 3.6 25.1 180 8.2 46 366 2.0 5.5 17.9 190 7.1 3.7 408 2.0 49 21.2 212 6.2 29
G.C. 1.36 1.29 1.16 1.39 1.35 1.19 1.47 1.40 0.93 142 1.47 1.19
Females
0 4 37.5 214 123 36.8 19.6 140 23.2 12,5 223 26.2 13.4 206
1 1 42.0 27.8 134 40.0 20.5 155 29.8 15.1 200 35.1 18.1 208
11 9 44.7 1.3 29 23.9 139 109 7.8 43.4 0.8 1.8 219 166 56 3.4 30.7 1.4 4.7 16.6 201 10.0 5.0 348 14 40 18.0 209 53 25
111 6 468 23 49 24.4 147 5.8 3.9 45.4 1.1 2.4 22.7 173 8.1 4.7 31.8 1.8 5.7 15.9 188 6.5 35 354 20 56 18.5 213 57 2.1
v 7 478 33 6.9 25.0 143 8.4 59 46.4 2.1 4.5 23.4 169 8.1 438 334 2.0 6.0 16.8 195 11.3 5.8 363 03 0.9 19.1 215 57 26
vV 18 482 27 56 25.3 144 113 7.8 47.3 1.5 3.2 23.8 173 8.1 4.7 322 1.7 53 16.3 192 139 7.2 371 16 43 19.3 211 11 53
G.C. 1.28 1.18 1.17 1.28 1.21 1.24 1.39 1.30 0.86 1.42 1.44 1.02




Table 5
Dimensions of femoral condyle (in mm and degrees).

Lateral condyle

Medial condyle

) Curvature ) . Curvat
Species Sex  Group n  Length (chord) Width Length: Length (chord) Width rvature Length:
T Angle width ‘T Angle width
X s v % s v % X s ratio e s v R s v % X s y  Tratio
European bison M 0 g 368 22 60 210 20 95 190 151 181 120  1:0.75  37.6 42 112 211 31 149 19.0 165 46 28  1:0.78
I 5 53.5 3.2 6.0 32.2 36 112 275 153 21.2 13.8 1:0.66 48.0 6.6 13.8 32.0 44 138 24.0 175 6.2 3.5 1:0.50
II 16 66.0 4.8 7.3 41.0 3.0 7.3 33.2 167 10.1 6.0 1:0.61 64.2 3.5 5.4 43.3 3.2 7.4 32.1 182 5.9 3.2 1:0.48
III 17 69.7 2.6 3.1 46.7 2.4 5.1 35.1 167 9.5 5.7 1:0.49 69.9 3.0 4.3 474 2.2 4.6 35.0 179 © 8.1 45 1:0.47
v 15 70.8 1.0 14 48.8 1.0 2.0 35.9 161 4.8 3.0 1:0.45 714 1.4 2.0 49.4 1.7 3.4 356.7 177 3.2 1.8 1:0.44
Vv 13 71.8 3.9 5.4 49.6 3.7 7.4 36.2 164 7.4 45 1:0.45 72.1 1.7 2.4 50.6 1.4 2.8 36.1 177 8.9 5.0 1:0.42
G.C. 1.95 2.36 1.88 1.09 1.92 2.40 1.90 1.07
F 0 4 353 20.8 18.7 150 1:078  34.3 20.1 173 166 1:0.63
T 1 50.0 29.0 . 25.3 162 1:0.70 46.0 29.0 23.0 174 1:0.59
II 9 60.5 2.8 4.6 38.5 3.6 9.4 30.4 168 159 9.5 1:0.57 56.8 1.7 3.0 38.2 2.8 7.3 28.4 181 4.7 2.6 1:0.49
III | 6 64.0 2.2 3.4 41.2 2.0 4.8 32.7 156 6.2 4.0 1:0.55 63.0 14 2.2 41.8 2.2 5.3 315 179 4.0 2.2 1:0.51
v 1 63.7 2.0 3.1 42.8 2.0 47 31.9 172 6.4 3.7 1:0.49 63.3 2.4 3.8 43.0 2.2 5.1 32.2 176 4.4 2.5 1:0.47
Vv 18 64.6 3.0 4.6 43.4 2.6 6.0 32.5 162 2.6 1.6 1:0.49 64.0 6.7 10.5 439 2.2 5.0 31.8 181 6.7 3.7 1:0.46
G.C. 1.83 2.09 1.74 1.08 1.87 2.18 1.86 1.09
Bison bison F 4 582 38.6 29.3 168 1:051 569 40.3 285 173 1:0.41
B. bonasus —
B. bison hybrid M 1 751 58.2 38.6 153 1:029  69.2 55.0 4.7 172 1:0.23
Domestic cattle M 2 79.2 58.5 39.9 166 1:0.35 76.4 55.6 N 38.3 186 1:0.37
F 10 63.9 5.9 9.2 43.8 1.6 3.6 32.2 166 13.1 7.9 1:0.46 62.2 3.8 6.1 40.7 3.2 7.9 31.1 176 4.8 2.7 1:0.53
Watussi cattle M 1 7 59.5 36.3 162 1:021  69.0 48.5 35.7 150 1:0.42
F 1 59.8 48.0 29.9 184 1:0.20 610 48.3 30.8 163 1:0.26
Bubalus bubalus M 1 66.8 50.5 33.9 161 1:0.32 66.2 43.5 33.1 185 1:0.52
Zebu F 1 559 43.8 279 180 1:028 545 37.6 27.3 174 1:0.45
Table 7
Linear dimensions and volume of menisci (in mm and cu. cm).
Lateral méniscus Medial meniscus
Sex Group n Length Width Thickness Volume Length Width Thickness Volume
X s v X s v X s v X s v X s v X s v % s v e s v
European bison
M 0 8 413 26 63 269 06 22 139 1.3 9.4 50 1.7 34.0 38.7 26 6.7 278 08 29 9.0 07 7.8 43 03 1.0
I 5 435 23 63 28.0 1.5 54 139 1.6 115 83 12 144 46.1 30 69 320 05 16 7.8 08 10.2 7.0 3.0 43
II 11 603 10 16 413 1.0 24 180 14 7.8 200 5.0 25.0 63.5 50 179 453 08 1.8 153 18 118 197 48 244
III 8 61.4 26 42 428 2.0 48 193 24 12.4 222 22 99 64.9 14 22 467 01 0.2 162 0.8 49 206 4.1 199
v 8 65.0 14 23 434 22 51 200 06 3.0 248 3.0 12.1 67.0 22 33 510 05 1.0 157 1.0 64 238 39 164
v i 640 1.0 1.6 444 22 50 202 06 3.0 28.1 2.0 7.1 70.0 56 8.0 51.0 18 35 158 1.2 76 281 22 178
G. C. 1.54 1.65 1.45 5.62 1.81 1.83 1.76 6.55
F 0 4 31.5 23.2 119 4.0 36.2 25.5 9.9 3.2
1 1 43.0 28.0 11.2 8.0 46.0 345 9.3 7.0
II 6 51.8 32 62 346 1.0 29 160 1.2 7.5 11.2 1.7 152 50.8 32 6.3 362 1.0 23 115 0.8 7.0 10.0 1.6 16.0
II1 1 51.0 370 16.8 13.0 55.0 38.5 12.3 11.5
v 3 54.7 31.3 17.8 14.0 58.0 41.0 11.3 13.3
Vv 9 597 14 23 415 2.0 48 183 1.0 5.5 186 1.2 6.4 59.7 1.8 3.0 443 28 6.3 136 1.0 74 155 17 110
G.C. 1.59 1.79 1.64 4.65 1.65 1.74 1.37 4,84
European bison — domestic cattle hybrid
M ‘Fest 68.0 42.0 21.0 24.0 58.0 440 14.0 10.0
Felon 61.0 40.0 20.0 21.0 64.0 43.0 12.7 145
Fellach 76.0 48.0 20.3 30.0 70.0 51.0 14.3 23.0
Festyn 65.0 440 20.0 27.0 71.0 46.0 12.5 21.0
Fey 64.0 45.0 18.7 25.0 61.0 47.0 13.0 18.0
Fez — —_ — — 78.0 52.0 14.7 —_
Farad 75.0 48.0 14.0 30.0 74.0 53.0 145 34.0
F Felly 55.0 43.0 19.0 19.0 57.0 40.0 13.0 12.0
Fela 66.0 43.0 18.0 21.0 65.0 47.0 11.7 11.0
Fama 53.0 36.0 18.3 17.0 58.0 40.0 13.0 14.0

Acta theriol., 21, 4, wklejka str. 64/65.



