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[With 18 Figs., 11 Tables and P late I—III]

The h ea rt topography, pericard ia l relations, shape, size, w eight and 
m orphology of th e  h ea rt as well as heart m easurem ents w ere studied 
in 37 m ale and fem ale European bisons of d ifferent age. In the  E uro
pean bison the h ea rt usually is situated  in the space between the 
posterior borders of the 3rd and 6th rib. Its ajpex is on the  level of 
the 6—7th costal cartilages. The pericardium  is attached to the  s te rn 
um w ith  two Ugg. sternopericardiaca  (inserted on the level of the 6—7th 
costal cartilagines) and one lig. phrenicopericardiacum. The h e a r t of 
an adult bison is cone shaped m arkedly w idened a t the base, re la tiv 
ely low and pronouncedly flattened la terally  w ith the apex usually  
bent slightly  tow ard  the posterior. Conus arteriosus dex ter  is situated  
high w ith rela tion  to ventriculus proprius of the  rig h t ventricle. The 
h ea rt m easurem ents a re  m uch la rger in the European bison than in the  
dom estic cattle, except for the posterior border which is shorter in the 
bison. In m ale bisons the  m ean h ea rt w eigth was 3.057 kg, or 0.495°/o 
of body w eight. The tricuspid  valve is composed of 3—7 cusps, m ost 
frequently  3 card inal cusps and one accessory cusp. The bicuspid valve 
is composed of 4—9 cusps, 2 cardinal and several accessory. In the 
righ t ven tricle  some chordae tendineae  w ere extending directly  from  
sep tum  in terven tricu lare  to cuspis septalis of the tricuspid  valve. Both 
mm. papillares  of th e  left ventricle usually send strong trabeculae 
carneae to the  la te ra l ven tricle  w all, a t the base of the  cusps of the 
bicuspid valve.
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I. INTRODUCTION

This w ork is a p art of the com plex study on the anatom y of the European bison 
w hich is carried  out at the European Bison Research C enter in W arsaw  under the 
guidance of Professor K. K r y s i a k .  This paper is firs t in the series describing 
th e  blood-vascular system and concerns the  heart as its central organ.

Table 1.
Listing of the  m ateria l studied.

s l 2 Z
No. wOJ X T3 O a» o 

Ph J2

Name Age* No. too<D x
T3 o (U o 
Ph XI

Name Age*

1 1372 Pop _ _ 4 1 1517 Pu I _ _ 1
2 — P lakat — 1 9 2 1564 Pom ila — 1 12
3 1304 Pomian — 1 19 **3 857 Plesnianka 1 7 19
4 1280 Porucznik — 5 8 **4 793 Pugorka 1 8 26
5 1292 Plon — 10 — **5 763 Puganka 2 2 12
6 1454 Zon 1 1 18 6 1148 Puzota 2 8 18
7 1459 Poronin 2 — 8 7 977 Powaga 7 7 8
8 1151 Puck 4 — 25 8 770 Popielica 12 1 12
9 1212 Pusłon 4 9 3 9 724 Puszynka 15 4 16

10 1034 Potok 4 9 20 **10 219 P lanarie 18 5 1
11 1208 Puzor 5 7 2 U 596 P u tka 20 4 14
12 1087 Pug 6 1 26 12 524 Beste 23 8 18
13 1082 Pozew g 4 13
14

**15
16

**17
18
19

1026
694
785
597
879
789

P u tar
Pustelnik
Pluszcz
P unk t
S tor-per
Plam iec

6
8

10
10
11
14

4
4
5
6 
5 
4

24
21
9

24
28
18

**1
**2
**3
**4
**5

1 
1 

1 
1 

1

H eart No. 33 
H eart No. 34 
H eart No. 35 
H eart No. 36 
H eart No. 37

20 575 Plato 17 3 29

*) Years, m onths, days. **) M aterial from  collection of Dr. J. K a l u ż n i a c k i .

The only published data on the  morphology of the European bison h ea rt are 
these of A l b r e c h t  (1957) who studied the heart in Bovinae and described one 
isolated h ea rt of an approxim ately  two year old European bison. N aturally , he 
could not consider the topography, pericardium  relations or the m orphology of 
a fully form ed h e^ rt of an adult anim al. His resu lts required  com parison w ith 
la rger and diversified m ateria l collected from individuals of different sex and age.

The p resen t resu lts w ere com pared w ith the  situation in other rum inants and 
especially in domestic cattle.

Studies on the m orphology of the  European bison h ea rt w ere s ta rted  by a form er 
sta ff m em ber of our D epartm ent, the la te Dr. Jan  K a l u z n i a c k i ,  who died in 
1955. Eleven hearts collected by him  w ere included in th e  m ateria ls of this study 
and some of his observations are  quoted in the text.
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II. MATERIAL AND METHOD

The studies w ere  carried  out on 37 bisons (Table 1) w hich did not have any 
m acroscopic anatom o-pathological changes of the heart, the lungs the ao rta  or the 
kidneys.

T he m ateria l was usually fixed w ith an aqueous solution of form alin or a m ix
tu re  w ith  denatu red  alcohol introduced under pressure th rough the  a rte ry  into the 
w hole carcass (P i 1 a r  s k i et al. 1967).

T he study involved topography of the  heart w ithin the  thoracic cavity , p eri
card ial relations, shape, size and w eight as well as morphologic description w ith 
app rop ria te  m easurem ents. The topography of the h ea rt was determ ined in the 
fixed carcass and docum ented by both descriptions and photographs.

Fig. 1. Schem e of the points of liner m easurem ents of the  h eart.

M ost of the m easurem ents w ere taken following the m ethods of S c h u b e r t
(1909) and P l e m i a n n i k o v  (1954c) designed for ca ttle  and goats (Fig. 1). Follow 
ing the assum ptoins of these au thors only pars ventricularis  was m easured. The 
em ployed m ethod of fixing the w hole carcass allows m easuring the  w hole heart, 
bu t only m easurem ents of pars ventricularis  w ere used for com parative purposes. 

T he following m easurem ents w ere taken on pars ventricularis  of the  heart:
1. H eight of the left surface i.e . the  left ventricle (Fig. 1, B—E)
2. H eight of the  rig h t surface (A—B)
3. H eight of the  rig h t ventricle (A—H)
4. H eight of the  h e a r t apex (B—G)
5. The m inim al w id th  (A—E)
6. The m axim al w id th  (C—D)
7. W idth of th e  le ft ventricle (A—F)
8. W idth of the  rig h t ven tricle (A—D)
9. H eart circum ference in th e  broadest place, beneath  the  coronary groove

10. C ircum ference of the left ven tricle
11. C ircum ference of the righ t ven tricle
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12. Length of the an terio r border
13. Length of the posterior border
14. Thickness of the righ t ven tricle  w all 0
15. Thickness of the  left ven tricle w all 0.

The m easurem ents 1—3 and 5—8 w ere taken w ith compasses, m easurem ents 4, 
14 and 15 — w ith a nonius slide and m easurem ents 9—13 w ith a flaxeh th read .

M oreover, m any m easurem ents of both atrium s and the valve apparatus of the 
h ea rt are included in the descrip tive p a rt of this work. The w eight of the  h ea rt 
w as determ ined w hile it w as fresh; a fte r  rem oving pericardium  and reducing the 
length  of the arteries to 5 cm and the length of the veins to 2 cm. As data  on the 
w eight of some of studied bisons w ere not available, the ir body length  was 
m easured according to P i n k o s  et al. (1958) and given in tables 2 and  3 for 
com parison.

To study the anatom y of the  heart several incisions were m ade using a modified 
m ethod of Z e d e n o v  (1941) and partia lly  th a t of V e r m e s  (1926). The incisions 
w ere m ade in th ree stages.

1-st stage. Opening of the righ t atrium , righ t auricle and veuae cavae. F irs t 
incision (Fig. 2A.1) was m ade through the dorsal wall of atrium , from  vena cava 
cranialis to v. cava caudalis. The follow ing two incisions (Fig. 2A.2, 3) w ere through 
the  low er walls of both vv . cavae, down through the atrium  w all to the  level of 
the  coronary groove and then parallel to it. Fourth  incision (Fig. 2A.4) w as through 
the la te ra l wall of the rig h t auricle to its apex.

Fig. 2. Scheme of the incisions on: A — righ t atrium , righ t auricle and vv. cavae, 
B — righ t ventricle, C — left a trium , vv. pulmonales and left ventricle.

2-nd stage. Opening of the righ t ventricle. F irs t incision (Fig. 2B. 1) was tran s
verse through the w alls of the pulm onary arte ry  and ao rta  above th e ir  valves. 
Second incision (Fig. 2B. 2) w as th rough  the  pulm onary arte ry  betw een the 
sem ilunar cusps of its valve and then through the righ t ventricle to the apex along 
the left longitudinal groove. Third  cut (Fig. 2B. 3) was beginning at the  rig h t a trio 
ven tricu lar orifice and was perpendicu lar to the second incision.

3-rd stage. Opening the  le ft auricle, vv. pulmonales and the left ventricle. The 
left auricle was rem oved w ith  the firs t circuitous incision (Fig. 2C. 1). Second in 
cision (Fig. 2C. 2) was m ade through the dorsal wall of artium  between vv. pu l
monales. T hird was the incision of the  le ft ventricle (Fig. 2C, 3), from  a trio -v e n tri-

’) The m easurem ents w ere taken on th ree levels: in the th ickest spot i .e . 
beneath the  coronary groove, in the  center of ventricle height and on the apex. 
The m easurem ent in the th ickest place also included the thickness of trabeculae 
carneae which are presen t there .
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cular orifice to the apex, betw een two m m . pectinati. This cut began between 
cuspis parietalis and cuspis accessorius sinister of the biscupid valve. F ourth  incis
ion was opening the  aortic orifice betw een the sem ilunar cusps of its valve.

F rom  a h e a r t of an a d u l t2) ind iv idual m any transverse sections w ere m ade 
(Fig. 18) to illu s tra te  g raphically  the hearts shape. The sections w ere m ade p e r
pendicularly  to the  long axis of the h eart, every 2 cm as m easured on the  level of 
the rig h t longitud inal groove.

The quoted m easures of the blood vessels w ere com puted from  the form ula: 
d iam eter =  circum ference: ti ( S c h u b e r t ,  1909, P  a 1 m g r  e n, 1928a) a fte r m easu r
ing the  circum ference of the  vessels. The circum ference w as m easured on the in te r
nal su rface  of the  previously  cut vessel.

III. RESULTS

1. Topography of the Heart

The heart surrounded by pericardium is located in m ediastinum  
above the sternum  (Phot. 1, 2, 3). It occupies space betw een the hind  
borders of the 3rd and 6th rib. Its apex is directed posteriorly, left 
from the m edian plane of the body and it is on the level of 7th— 8th 
costal cartilage. The anterior border of the heart (Phot. 5, 6) is strongly  
convex. Its low er part faces the sternum and the upper part faces the 
anterior. The posterior border (Phot. 5, 6) is slightly  concave and 
directed posteriorly, toward the diaphragm.

The long axis of the heart (Phot. 2, 4) and the sternum  form an angle 
open toward the posterior. In adult specimens this angle is from 62 to 
65°, w hile in the younger anim als it is sm aller (Bison »Zon«, about 
1 year old —  55°, »Poronin« about 2 years old —  60°).

The heart together w ith pericardium is covered by the lungs except 
the apex and sm all areas adjacent to the ribs. On the left (Phot. 1) it 
is uncovered on the w idth of the fourth rib and fourth intercostal 
space; in adult anim als 11— 14 cm above the junction of the ribs w ith  
costal cartilágines. A lso on the right (Phot. 3) the heart w ith  pericard
ium is adjacent to the chest w all and is not covered by the lungs at 
the level of the 4— 5th rib. In young individuals these aspects of heart 
topography w ere similar; only in one case (1 day old bison) was peri
cardium w ith the heart com pletely covered by the lungs on the right 
side.

Variation. In the studied m aterial the topography of the heart in 
relation to the ribs was quite variable. The heart was sh ifted toward  
the anterior, betw een the anterior borders of the 3rd and the 6th rib

2) According to data of E m p e l  & R o s k o s z  (1963) E uropean bisons w ere 
considered adu lt w hen a t least 5 years old.
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(3 cases — 21.4%) or toward the posterior, between the anterior 
borders of the 4th and the 7th rib (2 cases — 14.3%). In the form er 
group one individual had 13 pairs of ribs instead of the usual 14 pairs.

2. Pericardium

In the European bison the line of transition of lamina parietalis  into  
lamina visceralis pericardi (Phot. 5— 8) goes along v. cava cranialis and  
truncus brachiocephalicus com. (Phot. 7— 1), in adult individuals 11—  
12 cm from the coronary groove. Then it passes to the left, goes along  
the pulm onary artery, reaches the left atrium and crosses obliquely  
v. azygos sinistra  (Phot. 5, 8— 1'). On the left atrium the transition  
line is below  vv. pulmonales  (Phot. 8— 1'). Further, it circles round 
v. cava caudalis  from below, arches up on the right atrium and opens 
into v. cava cranialis  (Phot. 6— 1').

Fig. 3. Schem e of insertions and course of the ligam ents connecting pericardium
w ith sternum  and diaphragm .

Sinus transversus pericardii lies between the pulm onary artery and 
the aorta on one side and the heart atria on the other. In adult in
dividuals it is about 18 cm long.

The pericardium is fastened with paired ligg. sternopericardiaca  and 
lig. phrenicopericardiacum.  Pericardium is connected w ith  the sternum  
by ligg. sternopericardiaca  (Phot. 4, Fig. 3— 3). The right sterno-peri- 
cardiac ligam ent is connected w ith the sternum on the level of the 6th 
costal cartilage. However, the left sterno-pericardiac ligam ent is sh ift
ed posteriorly and has an insertion on the level of the 6 do the 7th 
costal cartilage. In adult individuals these ligam ents w ere 2— 5 cm high  
and 2— 4 cm wide.
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Variation. O ccasionally sterno-pericardiac ligam ents did not form  
a continuous w all but had large openings. In one case (7.1%) each  
ligam ent was divided into tw o parts: weaker anterior part and stronger 
posterior part.

On the level of the heart coronary groove pericardium is connected  
with the diaphragm by lig. phrenicopericardiacum  (Phot. 4, Fig. 3— 4). 
In adult anim als it was 1.2— 2.2 cm high and 0.5— 0.7 cm long.

Variation. In one case (7.1%) lig. phrenicopericardiacum  lay  lower 
than usual, in the m iddle of the posterior heart border. In another 
case (Phot. 4— 4') there was an additional strong lig. phrenicopericar
diacum  in the v in icity  of the heart apex. It was 5.5 cm high and
1.5 cm long.

3. E x terna l M orphology3) of the H eart

3.1. Shape, Size and W eight

Studies on the shape and size of the fresh heart usually concern only  
pars ventricularis  which does not collapse after isolating the heart 
from the carcass and determ ines the shape of the w hole organ.

The heart of the European bison has a shape of a short laterally  
flattened cone, w idened at the base (Phot. 2, 5— 8). The apex is usually  
blunt and most frequently it is bent posteriorly.

The base of pars ventricularis  of the heart is oblique in relation to 
its long axis. The longest distance betw een the base and the apex is 
on the anterior left surface of the heart and the shortest is on the level 
of the posterior border. This is indicated by the m easurem ents of the 
height of the left and the right surface and the length of the anterior 
and the posterior border (Table 2).

The lateral flattening of the heart is w ell seen in the m iddle of the 
ventricles height (Fig. 18-C, D). However, close to the base the cross
-section of the heart becomes oval, strongly widened in the anterior  
part (Fig. 18-A, B). The cross-section of the apex made im m ediately  
below the right ventricle is round (Fig. 18-F, G).

A high position of conus arteriosus d ex ter  (Phot. 7— 62; Table 2) 
seem s characteristic of the bison heart.

M easurements of the heart were made on the fixed  m aterial. Either 
the heart w as placed in aqueous solution of formalin (group II) or the 
whole carcass was injected through the artieries w ith preserving  
solutions (group I — Table 2).

3) The term s »external structure«  and »internal structure« w ere used according 
to earlier au thors describing the m am m alian heart — H u v . y l e r  (1926), W a 1 d- 
m e i e r  (1828), G s c h w e n d  (1931), S p a n g 1 (1932).



Table 2.
E xterna l m easurem ents of the h ea rt of th e  E uropean bison (mm).
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E—B** A -B A -H B -G C -D A -E A -F A -D
G roup I -0 * 0 *

1 Pom ian _ 2 126 57 121 100 85 13 — — — — 338 138 200 147 107
? Porucznik — 5 — — 130 120 95 31 — — — — 408 173 235 156 130
3 Plon — 10 — — 153 132 109 37 — — — — 448 181 267 180 150
4 Zon 1 2 190 — 171 131 111 25 — — — — 528 211 317 212 143
5 Poronin 2 — 212 — 180 146 120 26 — — — — 527 205 322 230 142
6 Puck 4 1 247 — 196 153 128 35 201 157 133 174 612 242 370 230 162
7 Pusłon 4 9 244 — 212 165 133 35 208 154 140 168 600 250 350 255 167
8 P u ta r 6 5 267 — 234 193 164 45 237 160 154 191 682 280 402 285 190
9 Pluszcz 10 5 — — 212 169 140 37 215 140 130 173 631 263 368 237 186

9 9
10 Puzota 2 9 _ 217 163 134 128 17 _ _ — — 509 189 320 225 153
i i P u tka 20 4 252 — 175 135 105 41 201 144 138 176 597 244 353 212 137
12 Beste 23 9 267 — 188 152 127 36 199 155 142 167 594 240 354 213 172

G roup II — ç fc f
13 Pop 4 days — — 85 78 73 6 — — — — 245 105 140 113 88
14 P lakat — 1 132 71 122 100 78 19 — — — — 333 140 193 134 117
15 Potok 4 10 243 — 180 146 131 32 — -  - — — 550 242 308 220 182
16 Pug 6 2 280 — 209 175 155 42 — — — — 656 262 394 — —
17 S tor-per i l 6 255 580 186 169 150 32 212 141 140 162 598 255 343 253 205
18 Plam iec 14 5 262 — 205 170 140 40 189 124 112 146 525 225 300 225 185
19 Plato 17 4 — 750 197 166 141 38 — — — — 570 240 330 227 210

*) Age in years and m onths. **) Points of m easurem ents afte r fig. 1.
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Age in years

Fig. 4. D ifferences in the  grow th of the length  of the an terior h ea rt border (1) and 
posterior h ea rt bo rder (2) in m ale bisons during  post-em bryonic developm ent.

Age in years

Fig. 5. D ifferences in the grow th of the heigh t of the  left h ea rt surface (1) and the 
rig h t h ea rt surface (2) in  m ale bisons during postnata l developm ent.
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During the postnatal developm ent the heart of the European bison  
not only increases but also changes its shape. The difference betw een  
the length of the anterior and the posterior border is progressively in
creasing (Fig. 4), sim ilarly to the difference between the heigh of the 
le ft and the right surface of the heart (Fig. 5). Consequently, the plane 
of the pars ventricularis  base gradually changes its angle w ith the 
long axis of the heart during postnatal development.

Table 3.
The w eight of the  studied bison hearts  (cfcf).

No. Nam e yrs.
Age
m onths

Head ß 
body 
(cm)

Body
wt.
(kg)

H eart wt. H eart/ 
body wt. 

ratio N
ot

esAbsolute
(kg)

RelativeO'/0

1
2

P lak a t
P ud 1

1
1

132 71
318

0.660
1.800

0.929
0.566

1/107
1/176

) tuO

! l

3 Pug 6 2 280 _ 3.650 _ _
4 P la te r 1 7 3 228 530 2.450 0.462 1 216
5 P usteln ik  ! 8 5 269 630 3.100 0.492 1/203 •M
6 P unk t 2 10 7 — 470 2.300 0.489 1/204 \ 3 1 'Ö
7 S to r-p er 11 6 255 580 3.350 0.577 1/173 <
8 P lam iec 14 5 262 — 3.150 — —
9 Plato 17 4 — 750 3.400 0.453 1/220

Avg. (3—9) 3.057 0.495 1/204

]) Body w t. =  weighed in the parts; 2) M easurem ents by Dr. J. K a l u ż n i a c k i .

The absolute w eight of the heart of adult male bisons was from  
2.300 to 3.600 kg, mean 3.057 kg (n =  7). This corresponds to 0.58% —  
0.45% of body w eight, or 1/173— 1/220 of the w eight of the whole 
animal (Table 3).

3.2. Pars atrialis

A tr iu m  dextrum . Pars sinusalis of the right atrium is surrounded  
by num erous circular fibers of the myocardium (Fig. 6— 30). O nly in 
the posterior part, on the lateral wall are the fibers rather scarce. In 
adult anim als the perim eter of atrium  d e x t r u m 4) was 15.5— 18.3 cm 
in the m ales and 15.0— 18.0 cm in the females.

Several large veins open into the right atrium: v. cava cranialis, 
v. cava caudalis, sinus coronarius and v. azygos dextra.  In adult spec

4) M easured from  the left atrium  along its righ t w all and to the d istinct border 
of the  rig h t auricle.
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im ens the orifice of v. cava cranialis (Phot. 5, 6, Fig. 6— 19) had a dia
m eter of 38.8—46.1 mm in m ales and 39.4— 41.0 mm in fem ales. Its 
term inal part close to the orifice leading into the right atrium w as 
covered by fibers of myocardium. V. cava caudalis (Phot. 6, 7, 8, Fig. 
6— 21) at the level of the posterior heart border had the follow ing dia
meters: 35.6— 41.3 mm in adult m ales and 40.4—47.0 mm in adult 
females: It indicates that in the m ales v. cava cran. w as larger or equal 
to v. cava caud. O nly in one adult were the relations sim ilar to those 
observed in fem ales, nam ely v. cava cran. was slightly  less developed  
than v. cava caud.

Fig. 6. E x terna l m orphology of the righ t a trium  of the bison heart; rig h t view.

Sinus coronarius (Fig. 6— 22) originates at the level of the posterior 
heart border from the merging of v. cordis magna (Fig. 18A— 23) and 
v. azygos sin. (Phot. 5, 8,— 24). This vessel goes anteriorly in the 
coronary groove and opens into the right atrium. In adult anim als the 
diam eter of coronary sinus at the orifice was aproxim ately 2 cm. 
IV. cordis media  (Fig. 8— 25) opens into the terminal part of this sinus. 
O nly in one case (2.8%) it was opening directly into the right atrium.

On the outside the coronary sinus is covered by circular and sligh tly  
oblique fibers of myocardium (Fig. 6— 22). However, at the orifice of 
this vessel there are only longitudinal fibers which spread radially. They  
are derived from the w all of the right atrium. M yocardium surrounds 
also the term inal parts of the vessels forming the coronary sinus. In 
adult individuals myocardium was covering about 8 cm of v. azygos s i
nistra and about 3.5 cm of v. cordis magna.

Auricula dextra  (Phot. 5, 6, 7, Fig. 6— 13) lies at the anterior border 
of the heart and its free sharp apex (in adult animals 4.0— 6.5 cm long) 
is directed left being adjacent to the pulm onary artery. The upper border 
of the auricle borders w ith v. cava cranialis and truncus brachiocepha- 
licus com. It is transverse to the long axis of the heart. The ventral 
border of the right auricle goes obliquely left and dorsally to the level 
o f , the coronary groove. It has num erous variable notches. In adult
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individuals the right auricle had the follow ing dimensions: height, 
7.3— 10.0 cm in m ales and 8.5— 9.2 cm in females; perimeter, 14.5—
15.5 cm and 14.0— 14.2 cm, respectively.

V v. pulmonales  (Phot. 8, Fig. 7— 26) open into atrium  sinistrum  (Phot. 
8, Fig. 7— 12) through three sinuses: right, left and caudal. A ll sinuses 
are covered by w ell prononced myocardium w ith m ulti-directional 
fibers, w hich covers also the proximal parts of vv . pulmonales  (Fig. 7).

Sinus d ex ter  (Fig. 7— 28) runs on the dorsal surface of the right 
auricle and the right branch of the pulm onary artery is adjacent to its 
dorsal w all. Two veins from the right lung which drain blood from its 
apical and cardiac lobes go into the right sinus.

Fig. 7. E x te rna l m orphology of the left a trium  of the bison heart; an terio-dorsal
view.

Sinus sinister  (Fig. 7— 27) is least developed of the above m entioned  
three sinuses. It originates by the merging of vein branches which drain 
blood from  the apical and cardiac lobes of the left lung. This sinus 
turns right, crosses v. azygos dextra  from the top and opens into the 
dorsal w all of the left atrium. '

Variation. In 4 cases (16.6%) the left sinus was ending on the lateral 
and in 2 cases (8.3%) on the dorso-lateral w all of the le ft atrium.

Sinus caudalis  (Fig. 7— 29) is best developed of the left atrium sinu
ses. It is formed by tw o large veins which drain blood from both 
diaphragmatic lobes and from the interm ediate lobe of the lungs. This 
sinus opens into the dorso-caudal w all of the atrium. The circum ference 
of the le ft a tr iu m 5) w as 16.0— 19.0 cm in adult m ales and 10.5— 17.0 
cm in adult fem ales.

Auricula sinistra  (Phot. 5, 8, Fig. 7— 14) is approxim ately triangle
shaped. Its apex is on the level of the coronary groove and the apex

5) M easured from  the orifice of v. cava caudalis to the apex of the left auricle.
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is d irected dorsally. The ventral border of the left auricle is strongly  
notched. There is a considerable individual variation in the shape of 
the notches and therefore they are hard to describe.

In adult individuals the auricle had the follow ing dim ensions: height, 
8.5— 11.8 cm in m ales and 6.5— 10.8 cm in females; circum ference, 
13.0— 19.4 cm and 12.0— 15.5 cm, respectively. The left auricle was 
u sually  larger than the right. However, in 5 cases (14.3%) it was 
sligh tly  smaller.

3.3. Pars ventricularis

Facies dextra  (f. a tr ia l is6) —  FP; Phot. 6) is formed m ainly by the 
w all of the right ventricle, w hile the w all of the left ventricle forms 
on ly  a sm all part of it. On the right surface there is the right longitu
dinal groove. The anterior part of the right surface is strongly convex.

Facies sinistra (f . auricularis — FP; Phot. 5) is formed predom inantly  
by the w all of the left ventricle. The right ventricle form s only its 
anterio-lateral part. The le ft longitudinal groove lies on this surface.

Margo cranialis (m. acutus  —  FP; Phot. 5, 6— 5) is strongly convex, 
especially  in adult individuals. It has a distinct incision (Phot. 5, 6) at 
the connection of the w alls of the right and the left ventricle.

Margo caudalis (m. obtusus  —  FP; Phot. 5, 6— 6) is s ligh tly  convex  
in its dorsal part and concave in its ventral part, close to the heart 
apex. In five cases (14.3%) its course was resembling a straight line. 
M argo caudalis is much shorter than margo cranialis (Table 2).

In adult individuals both borders m eet at the heart apex form ing an 
angle 68° —  81° in cTcf and 60° —  82° in 9 9 . In young anim als, betw een  
birth and m aturity, this angle had values w ithin the same range.

Sulcus coronarius (Phot. 5 to 8, Fig. 8— 7) lies betw een atrium and 
ventricles. U sually  a large amount of fat is accum ulated in this sulcus 
area beneath pericardium.

Sulcus longitudinalis sinister (s. in terventricular is paraconalis —  FP; 
Phot. 5 to 7— 8) begins at the coronary groove betw een the pulm onary  
artery and the left auricle and lies on the left surface of the heart 
being nearly parallel to its posterior border. It crosses the anterior 
border on the level of the described incisura, goes across the left heart 
surface and joins the right longitudinal groove. In the left longitudinal 
groove there are blood vessels and adipose tissue beneath pericardium. 
The fat is especially abundant at the beginning of this groove.

6) In  th is w ork new  anatom ic term s proposed by F. P r e u s s  (1956) for the  
description of anim al heart w ill be given in addition to the  term s h ithe rto  used. 
For clarity , the  form er term s w ill be m arked-F P .
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Sulcus longitudinalis d ex te r  (s. inter ventricular is subsinosus —  FP; 
Phot. 6, Fig. 8— 9) originates on the level of ostium v. cavae caudalis. 
It goes from  the coronary groove toward the heart apex, first straight 
but later forming an arch; its convexity  facing posterior and eventually  
m erging w ith  the left longitudinal groove. Adipose tissue is found only  
at the beginning of the right longitudinal groove, around the blood 
vessels.

Variation. In the studied hearts the right longitudinal groove w as 
very variable. In four cases (11.4%) it was straight or nearly straight 
over its w hole length. In four other cases (11.4%) the groove was 
reaching only half of the right ventricle height, and below  the right 
surface of the heart was smooth. The blood vessels usually  located in 
the right longitudinal groove were below a thin layer of myocardium.

Sulcus longitudinalis accessorius (s. marginis obtusi — FP; Phot. 5, 
8, 10) begins at the coronary groove, usually at the level of the poste
rior heart border. It goes first along this border and then on the left 
heart surface down to the apex. Along this whole groove fat is depo
sited beneath the pericardium.

Variants. In the European bison there is considerable variation in the 
course of the interm ediate groove. In 11 cases (31.4%) it began at the 
level of the left auricle apex and was located exclu sively  on the left  
heart surface. In 8 cases (22.8%) the interm ediate groove did not reach 
the apex but ended in the m iddle of the left ventricle height.

In two cases (5.7%) the interm ediate groove was observed on the 
w all of the right ventricle. It w as beginning at the coronary groove in 
the v icin ity  of the anterior border, between the right auricle and the 
right atrium. Then it was going down the anterior border of the heart 
nearly reaching the apex of the right ventricle.

4. Internal Morphology of the Heart

4.1. The Right A trium

A triu m  d ex tru m  (Fig. 8, 12— 11) is composed of tw o parts, pars sinu- 
salis and pars propria atrii. They are divided by the circular crista ter- 
minalis  on the internal w all of atrium (Fig. 8— 33).

Pars sinusalis (Fig. 8— 30) occupies the dorsal part of the right atrium  
and large vein -vessels open into it. In the European bison, sim ilarly to 
other ruminants, pars sinusalis is composed of two regions: regio cra- 
nio-dorsalis  and regio caudalis. These regions are quite d istinctly  se
parated by tuberculum  intervenosum  (s. Loweri)  (Fig. 8, 12— 34). This 
intervenous crest is formed by a strong bundle of m yocardium fibers 
and in adult anim als it can be as high as 5— 7 mm.
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Regio craniodorsalis (Fig. 8, 12— 31) of the above m entioned pars si- 
nusalis has a shape of a tube bent dorsal and w idened at the end. 
O stium  v. cavae cranialis  (Fig. 8, 12— 35) is on its anterior w all and 
v. azygos dex tra  (Fig. 6— 20) opens on its dorsal wall. From four to 
eight vv . cordis m inim ae  which drain the blood from the w alls of the 
right atrium  also open in this region. Their openings are on the anterio- 
lateral wall.

Regio caudalis (Fig. 8, 12— 32) of pars sinusalis is sm aller then the 
form er region and is not so d istinctly  separated from the contours of 
the right atrium. It is adjacent to sep tum  interatriale. O stium  v. cavae 
caudalis  (Fig. 8, 12— 37) is on the posterior w all of this region and sinus 
coronarius (Fig. 8, 12— 38) opens below. In the m ajority of the studied  
hearts lamina valvu lo idea  — Z e d e n o v  (1961) (Fig. 8, 12— 39) was pre
sent betw een these openings. In adult animals it was 1— 6 mm long. It 
w as partially  covering ostium sinus coronarii. In 9 cases this lamina was 
absent.

Fig. 8. In te rn a l m orphology of the left h ea rt a trium  of the bison; r ig h t view.

Pars propria a tr i i  (Fig. 8, 12— 40) is a ventral region of the right 
atrium. It is separated from pars sinusalis by about 1 cm w ide jasc. ter-  
minalis  (Fig. 8— 33') a circular bundle in the w all of the atrium. This 
bundle runs obliquelly  from the dorsal w all of the right auricle in 
posterio-ventral direction on the lateral w all of the right atrium. It 
lays below ostium sinus coronarii and m erges w ith sep tum  interatriale.

A protruberance of the internal w all of the atrium, crista terminalis  
is form ed along the course of the above described m uscular bundle. On 
the lateral w all of pars propria atrii there are from 2 to 7 d istinctly  
developed mm. pectinati  (Phot. 12, Fig. 12— 42). They u sually  spread 
fan-like posterior and anterior, from crista terminalis  toward the coro
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nary groove. One of these m m . pectinati  is better developed and crosses 
into the right auricle. In 3 cases (8.6%) this better developed m. pec ti-  
natus  w as not uniform but divided into several bundles.

Auricula dextra  is a part of pars propria atrii. Its internal w alls are  
covered w ith num erous mm. pectinati. Their occurence and course are  
very variable but they can be divided into two groups. The first group  
is form ed by 3— 7 weak mm. pectinati  (Phot. 9— 43) which begin at the  
dorsal border, go toward the auricle apex slightly ventrally and gra
dually disappear on its anterior w all. O nly in 2 cases (5.7%) they had  
a sligh tly  different course being directed exclusively  ventrally. From  
5 to 9 mm. pectinati  of the second group (Phot. 9—43') are stronger. 
They begin at the ventral border of the auricle run dorsally and sligh tly  
to the le ft and eventually  disappear on its anterior wall.

The m edial w all of the right atrium forms septum  interatriale  (Fig. 
8, 12— 36). It has smooth w alls. Near ostium v. cavae caudalis on the  
septal w all there is a large oval depression, the so called fossa ovalis  
(Fig. 8, 12— 44). A t the anterior it is surrounded by the high lying and  
strongly thickened margin, limbus fossae ovalis (Fig. 8, 12— 45). B etw een  
this margin and the septal w all there is a strong infundibular depression  
directed toward the left atrium. The long axis of fossa ovalis has a an- 
terio-caudal direction and in adult individuals is 3.8— 4.6 cm long. The 
depth of this depression w as from 2.5—3.8 cm.

Foramen ovale w as observed only in four young individuals (1— 42 
days old). H owever, one of the studied young animals (19 days old) 
already had closed foram en ovale.

4.2. The Left A trium

A tr iu m  sinistrum  (Fig. 15— 12) has smooth internal w alls except the 
area of the left auricle. Three ostia of the sinuses which bring the blood  
from vv .  pulmonales  are seen in its dorsal part. Betw een the sinuses 
and across from the left atrioventricular orifice lie the left tuberculi  
intervenosi.  The largest (Fig. 15— 46) located at the orifices of sinus 
caudalis and sinus sinister  is formed by a strong myocardium bundle, 
which in adult anim als w as 4.5— 6 mm thick. The second tuberculum  
in tervenosum  (Fig. 15— 46') lies on the border betw een orifices of sinus 
d ex ter  and sinister  and is about 5 mm high. The remaining tuberculum  
in tervenosum  lies betw een the ostia of sinus sinister  and caudalis  and 
can be up to 5 mm high. The above described tuberculi intervenosi , 
except the last one, are formed by strong fibers of myocardium. These 
fibers go from the left auricle on the dorsal w all of the discussed  
atrium, surround the ostia of the sinuses of the vv. pulmonales  and
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spread radially on its right wall. The third tuberculum  intervenosum  
is formed by the fibers of the myocardium which surround the caudal 
sinus.

In the left auricle mm. pectinati (Phot. 10) are better developed than 
in the right auricle. They can be divided into tw o distinct groups, 3— 9 
(in the average 5— 6). Mm. pectinati  of the first group (Phot. 10— 48) 
begin at the dorsal border of the left auricle, run ventrally  and gra
dually disappear in its lateral w all, w ithout reaching the base of the 
auricle. The second group of mm. pectinati (Phot. 10— 48) begins at the 
base of the auricle. Individual m uscular bundles run dorsal and in ter
lace w ith mm. pectinati  of the former group and gradually disappear 
in the lateral w all of the auricle. There are 4— 9 (on the average 5— 6) 
of these units.

The m edial w all of the le ft atrium is formed by sep tum  interatriale  
(Fig. 15— 36). Part of this septum which originates at valvula  foram i
nis ovalis, is rather d istinctly  convex in the direction of the le ft atrium. 
This is the thinnest part in septum  interatriale.  In this area the thick
ness of m yocardium  is only 1.0— 1.5 mm in adult individuals.

In the m iddle and in the dorsal part of the left atrium w all a sick le
shaped fold (Fig. 15— 49) was observed in the m ajority of the studied  
hearts. It is a rem nant of the free margin of the em bryonal foramen  
ovale  valve. This fold w as usually connected w ith  m ostly single, rather 
strong chorda of tendinous character (Fig. 15— 47), which w as short, 
directed anterior and ending in septum  interatriale.

Variation. In the European bison a variable number of chordae ten-  
dineae m ay branch from the above described sickle-shaped fold. In 
8 cases (22.8%) there were two chords and in 2 cases (5.7%) —  three. 
In three cases (10.7%) the sickle-shaped fold w as absent.

4.3. The A trio -ven tricu lar Orifices and Their Valves

Ostium  atrioventriculare dex tru m  (Fig. 8, 9, 18A— 53) is roughly  
oval shaped and w ider at the anterior end. The long axis of this oval 
is directed from the posterior to the anterior and slightly  obliquely  
left. In the hearts of adult individuals the perim eter of the right atrio
ventricular orifice w as ranging from 22 to 27 cm. The cusps of the 
tricuspid valve are attached to the fibrous ring of this orifice.

Valva a tr ioventricular is dextra s. tricuspidalis  (Fig. 8, 9, 10, 12, -18A, 
-54) is com posed of three cardinal cusps and accessory or interm ediate  
cusps, w hich occur betw een  the former ones and are very variable in 
both num ber and size (Table 4).

The tricuspid valve of the European bison can be classified into 5 
types and m any variants, depending on the occurence of interm ediate
13 — Acta therio l.
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Table 4.
The num ber of cusps in the a rtio -v en tricu la r velves of the bison heart.

Valve
No. Nam e Sex T ricuspid Bicuspid

3 4 5 6 7 4 5 6 7 8 9

1 Pop cf X X X
2 Pom ian o* X
3 P lak a t cf X X
4 Porucznik cf X X
5 Plon cf X X
6 Zon cf X X
7 Poronin cf X X
8 Puck cf X X
9 Pusłon o’ X X

10 Potok cf X X
11 Puzor cf X X
12 Pug cf X X
13 Pozew cf X X
14 P u ta r cf X X
15 Pluszcz cf X X
16 S to r-per cf X X
17 Plam iec cf X X
18 Plato cf X X
19 Pu I o X X
20 Pom iła 9 X X
21 Pleśnianka 9 X X
22 P ugorka 9 X X
23 P uganka 9 X X
24 Puzota 9 X X
25 Powaga 9 X X
26 Popielica 9 X X
27 Puszynka 9 X X
28 P lanarie 9 X X
29 P u tka 9 X X
30 Beste 9 X X
31 No. 31 — X X
32 No. 32 — X X
33 No. 33 — X X
34 No. 34 — X X
35 No. 35 — X X

Total 2 17 5 10 1 2 8 14 8 2 1
in %  5.7 48.6 14.3 28.6 2.8 5.7 22.9 40.0 22-9 5.7 2.8

cups and size of cardinal cusps (Fig. 10). Cardinal cusps w ere named  
according to their location: septalis, cranialis  and caudalis, w hile cuspi 
accessorii were named: cranialis, caudalis and la te ra l is1).

Cuspis septalis  (Fig. 8, 9, 10, 12, 18A— 54a) is short and wide with  
a sem icircular free margin. Its length 8) was variable, in adult anim als 
from 2.0 to 3.6 cm and the width measured at the base w as 5.7—  
10.0 cm.

7) Because of the occurence of num erous in te rm ed ia te  cusps in  the  bison the 
above m entioned nam es w ere introduced.

R) M easured from  the base to the fa rthes t point of the  free m argin.
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Cuspis cranialis  (c. angularis  —  FP; Fig. 8, 9, 10, 12, —  54b) is 
triangular w ith  truncated apex and variable height (cf. Fig. 10). In 
adult individuals it was 3.1— 4.7 cm long and 3.6— 6.8 cm broad at the 
base.

Cuspis caudalis (c. parietalis  —  FP; Fig. 9, 10, 12, 18A, —  54c) 
resem bles a triangle with a broad base and truncated apex. Its length  
was 2.8— 3.9 cm and the w idth at the base, 5.0— 8.2 cm.

Cuspis accessorius caudalis (Fig. 9, 10, 12, — 54d) was present in 
91.4% of the studied bisons. It was located betw een cuspis caudalis and 
cuspis septalis. Its shape and size were variable (Fig. 10-d). U sually  it 
was com posed of one cusp, som etim es of two and exceptionally  of three 
cusps. Cuspis accessorius caudalis was, in adult individuals, 1.2— 4.0 cm 
long and 1.5— 5.5 cm broad at its base.

Fig. 9. The base of ventricles of the bison heart; dorsal view.

Cuspis accessorius lat. (Fig. 10— 54f) lies between cuspis cranialis  and 
cuspis caudalis  and w as observed in 31.4% of the animals. It is usually  
the w eakest cusp of the tricuspid valve and only in one of 11 cases it 
was re la tively  w ell developed (Fig. 10—V, f).

Cuspis accessorius cran. (Fig. 10, 54e) occurs relatively rarely (14.3%) 
and lies betw een cuspis cranialis  and cuspis septalis  of the tricuspid  
valve. In adult anim als it was 1.4— 2.9 cm long and 1.0— 1.5 cm broad 
(at the base).

Ostium atrioventriculare sin. (Fig. 9, 18A— 68) is approxim ately  
oval shaped and its long axis is transverse to the long axis of the body 
(when the heart is in physiologic position). In adult individuals its 
circum ference was ranging from 20.0 to 23.6 cm. The cusps of the 
bicuspid valve are attached to the fibrous ring in the left atrioventri
cular orifice.
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V alva atrioventricular is sinistra s. bicuspidalis, s. mitralis  (Fig. 9, 11, 
15, 18A— 69) is composed of two cardinal cusps: septalis  and parietalis  
and two interm ediate cusps: left and right. The interm ediate cusps are

____________ 54___________
t ) .. Ç "  ' 4 9

Fig. 10. Types of the tricusp id  valve in  Fig. 11. Types of the bicuspid valve in
the  bison h eart; d raw n  a fte r cu tting  bison heart; draw n a fte r cu tting  and

and spreading the valve. spreading the valve.

sm aller than the cardinal cusps but occasionally they attain consider
able dimensions. Thirteen types of the bicuspid valve (Fig. 11) w ere  
identified  in the European bison, depending on their shape, size and 
the num ber of individual cusps (Table 4).
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Cuspis parietalis s. caudalis (Fig. 9, 11, 15, 18A— 69b) is approxim a
te ly  square or rectangular. In adult anim als it was 2.6— 4.4 cm long 
and, at the base, 3.0— 5.7 cm wide.

Cuspis septalis  (Fig. 9, 11, 15, 18A— 69a) is sem icircular and the 
largest of the bicuspid valve cusps. I had variable length in relation  
to cuspis parietalis.  In the studied individuals cuspis septalis  and cuspis 
parietalis  w ere usually  of the same length. However, in some cases 
cuspis septalis  w as longer or shorter than cuspis parietalis  (Fig. 11). In 
adult anim als the above described cusp was 2.7— 3.9 cm long and 6.8—  
8.3 cm broad at the base.

Cuspis accessorius sin. (Fig. 9, 11, 15, 18A— 69c) had very variable 
shape. In 16 cases (45.7%) it was uniform, in 14 cases (40%) it was 
divided into tw o cusps and in the remaining 5 cases (14.3%) —  into  
three. Cuspis accessorius d ex ter  (Fig. 9, 11, 15, 18A— 69d) had also 
very variable shape and size. M ost frequently (28 cases —  80%) it w as 
composed of 2 or 3 cusps and som etim es (7 cases —  20%) of 1 or 4. 
The size of both interm ediate cusps and the remaining ones is compared  
in fig. 11.

4.4. The R ight V entricle

Ventriculus d ex te r  (Fig. 9, 18 B to F— 50) has a shape of irregular 
cavity w ith  tapered apex. The ventricular septum  form s its median  
wall. The right ventricle can be divided into ventriculus proprius  or 
afflux  route, betw een the atrio-ventricular orifice and the ventricle  
apex; and conus arteriosus dex ter  or reflux route, betw een the apex  
and the pulm onary orifice.

Ventriculus proprius  (Fig. 12, 18 B, C-51) has num erous trabeculae  
carneae  on the internal w all and betw een them shallow  or deeper 
sulci and mm. papillares  w ith  chordae tendineae  and mm. transversi.

Trabeculae carneae  (Fig. 12— 52) located on the lateral w all of the 
described ventricu lus proprius,  are very  w ell pronounced. T hey are 
oblique and directed from the atrioventricular orifice toward the 
apex of the right ventricle i. e. ventrally  and to the right. Specially  
w ell developed are chordae tendineae  on the lateral w all below  the 
tricuspid va lve (Phot. 12; Fig. 18BC— 52'). They are parallel to the 
long axis of the heart. O ccasionally only their ends are attached to the 
w all and their m iddle parts are free. There were from 3 to 7 chordae  
tendineae  and m ost frequently four.

On the ventricular septum  chordae tendineae  are less pronounced  
than on the lateral w all and the sulci betw een them are shallow er and 
shorter. Trabeculae carneae are parallel to the long axis of the heart.
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M. papillaris cran. (m. p. magnus  —  FP; Phot. 12, Fig. 12, 18B, D—  
55) is the largest, begins on the anterior wall of the right ventricle, is 
directed dorsally and ends w ith an apex (Fig. 13, 18B— 55') composed  
of a variable number of cones, most frequently 2 or 3. The m uscle is 
broad, very  flat and has an oval crossection. Its surfaces are smooth  
and only close to the base there were three quite pronounced sulci in 
the m ajority of animals. The dimensions of m. papillaris cranialis, 
sim ilarly to those of the remaining muscles occuring in the right and 
the left ventricle, are presented in table 5.

Fig. 12. The righ t ventricle of the bison heart; la te ra l wall incised and opened;
an terio r view.

Variants. In two cases (5.7%) m. papillaris cranialis was cylinder
-shaped and its apex had only one cone (Fig. 13c). In two other cases 
(5.7%) it had a split apex (Fig. 13d, e) and in one case (2.9%) its apex 
ended w ith 4 cones (Fig. 13f).

Chordae tendineae  (Fig. 12— 60) of m. papillaris cranialis were 8— 17 
in number and on the average, 10— 11. Alm ost all were beginning at 
its apex and in m ost cases only one or two were beginning a little  
below in the depression beneath the apex.

Chordae tendineae  of m. papillaris cranialis are attached to both 
cuspis parietales; 2— 8 (mean 4— 5) to cuspis cranialis, and 3— 10 (mean 
6— 7) to cuspis caudalis. The latter ones w ere stronger. W henever 
cuspis accessorius lateralis  is present in the tricuspid valve, the 
described m uscle is connected with this cusp by 1— 3 tendinous chords.
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M. papillaris subarteriosus  (Fig. 12, 18— 56) lies on the dorsal part of 
the ventricular septum, in adult animals approxim ately 4.5 cm from  
ostium a. pulmonalis. This is usually  the w eakest m. papillaris  of the 
right ventricle although som etim es it is only slightly  sm aller than 
m. papillaris caudalis dexter.  The apex of m. papillaris subarteriosus

Table 5.
M easurem ent of m m . papillares of the E uropean bison h ea rt (in mm).
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Right ventricle L eft ven tricle
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1 Puck 54 32 68 26 32 33 12 12 14 118 108 39 33 26 20
2 Pusłon 49 34 53 24 29 21 14 11 13 130 110 36 36 25 22
3 Potok 44 32 27 23 21 23 11 10 6 130 103 38 37 20 17
4 P u ta r 69 42 67 36 25 20 11 19 19 140 121 38 37 29 23
5 Pluszcz 60 33 50 23 25 21 11 6 17 135 105 40 39 19 17
6 Plam iec 51 38 40 23 25 21 12 5 11 162 118 43 39 27 22
7 P lato 48 37 31 24 22 16 8 9 10 135 109 38 39 18 19

8 P utka 46 33 38 26 25 25 12 11 9 123 84 40 37 20 18
9 Beste 49 36 43 28 30 23 10 13 17 125 107 36 34 26 24

a b c d e f

Fig. 13. The varian ts of the apex  of m . papillaris cranialis in the  bison.

ends u sually  w ith  a single cone about 5 mm long. Surfaces of the 
described m uscle are smooth.

Variation. In 6 cases (17.1%) the left border of the apex of m. pa
pillaris subarteriosus  was elongated dorsally into trabecula camea.  It 
was ending on the ventricular septum  beneath the right atrio-ventri-
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cular orifice. In 2 cases (5.7%) the apex of the described m uscle w a s  
divided into two cones.

Chordae tendineae  of m. papillaris subarteriosus were connected w ith  
cuspis cranialis  and cuspis septalis  of the tricuspid valve. There w ere  
from 4 to 13 chords but on the average, 9— 10. They extend not on ly  
from the apex of the described m uscle but also from its right surface  
and som etim es from m. transversus cordis.

Cuspis cranialis receives 2— 8 and on the average 4— 5 tendinous 
chords w hile cuspis septalis  receives 1— 8, on the average 4— 5. M. p a 
pillaris subarteriosus  can also send 2— 3 chordae tendineae  to the ir 
regularly occuring cuspis accessorius cranialis.

M. papillaris caudalis d ex ter  (Fig. 12, 18D— 57) extends from the  
ventricular septum close to its caudal part merging into the lateral 
wall. Its b luntly ending apex is usually  cylinder-shaped. The height of 
the apex is variable and can be up to 1.8 cm.

Fig. 14. The varian ts of the apex of m. papillaris caudalis dexter  in the bison.

Variation. The variability of the structure of m. papillaris caudalis  
d ex ter  results from the division of the apex or from the occurrence of 
an additional trabecula camea.  The apex of this m uscle was divided  
into 2 or 3 cones in 7 cases (23%) (Fig. 14b, c, d) and in 4 cases (11.4%) 
it w as double (Fig. 14e, f, h). In two cases (5.7%) the quite strong tra 
becula cam ea  (Fig. 14, g, h) was extending from the apex of m. papil
laris caudalis d ex ter  and ending on the lateral wall of the ventricle  
close to the right atrio-ventricular orifice.

Chordae tendinae  of m. papillaris caudalis dexter  were from 4 to 15 
in number (on the average 7—8) and were ending in cuspis caudalis,

a b c d
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cuspis septalis  and cuspis accessorius caudalis of the tricuspid valve. 
Cuspis caudalis receives 1— 6 chordae (average 3— 4), cuspis septalis  
1— 6 (average 2— 3) and cuspis accessorius caudalis 1— 8 (average 2— 3).

Variation. In 6 cases (17.1%) m. papillaris caudalis d ex ter  did not 
send any chordae tendineae  to cuspis septalis  of the tricuspid valve.

M. papillaris accessorius (Fig. 12— 58) was present in 60.6% of the 
studied m aterial (20 cases). It is located on the ventricular septum, 
posterio-dorsally to m. papillaris caudalis dexter.  It w as cone-shaped  
w ith a blunt apex. From 1 to 7 (average 2— 3) chordae tendineae  of 
this m uscle w ere usually  connected with cuspis accessorius caudalis.

Variation. In two cases m. papillaris accessorius was double. In 3 
cases it was sending 1— 3 chordae tendineae  also to cuspis septalis  and 
in 2 cases also 3 chords to cuspis caudalis.

M m. papillares proprii septales  (Fig. 12— 59) were present in the 
hearts of 11 bisons (33.3% of the studied material). They were small, 
cone shaped and lay  on the ventricular septum anterior from m. pa
pillaris caudalis dexter .  Their number was variable. Two to four chor
dae tendineae  of these m uscles were ending in cuspis septalis  of the 
tricuspid valve. In addition to the above m entioned chordae tendineae  
of m m . papillares proprii septales, cuspis septalis  of the tricuspid valve  
was in 20 cases (60.6%) connected also w ith 2— 9 (average 4— 5) chords 
extending from the ventricular septum  (Fig. 12, — 60'). O nly in one of 
the studied hearts (3.3%) mm. papillares proprii septales  and the above 
described independent chordae tendineae  were not present.

Mm. papillares proprii laterales (one or two) w ere present only in 
tw o cases (5.7%). They were on the lateral w all of the right ventricle  
posterio-ventrally  to m. papillaris cranialis. Each of these m uscles was 
cylinder shaped w ith  the apex ending in a single cone. One or two 
chordae tendineae  w ere connecting these m uscles w ith cuspis caudalis 
of the tricuspid valve.

Mm. transversi  w ere represented by one strong and several weaker  
m uscles. The relatively  stronger m. transversas  (Fig. 12, 18B, C, — 61) 
goes from the ventricular septum to the lateral w all of the right 
ventricle on which it ends below m. papillaris cranialis. It is nearly  
circular in the crossection w ith a diam eter from 7.5— 11 mm and 
a length from 4.5 to 6.5 mm (in adult animals). It ends on the lateral 
w all of the right ventricle often forming 3— 4 strong branches. Occas
ionally  it receives also several thin branches from the ventricular 
septum. In four cases (11.4%) instead of the above described strong 
m. transversus  there w ere two weaker muscles.

The rem aining 2— 6 mm. transversi of the right ventricle are usually  
short, threadlike and strongly tendinous. They connect the ventricular
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septum  w ith m. papillaris caudalis dexter.  In 8 cases (22.8%) somee of 
the m entioned m. transversi  usually  tendinous, had defin itely  musciular 
character and their diam eter was up to 2 mm. In 3 cases (8.5%) the 
sm all threadlike mm. transversi  w ere found also near the apex of the 
right ventricle. They were beginning on the ventricular septum and 
ending on the lateral wall.

Conus arteriosus d ex ter  (Fig. 12, 18B, C, D, — 62) function ing  as 
reflux route is not very distinct from the rem aining part of the right 
ventricle. Dorsally, conus reaches higher than ventricu lus proprius  and 
consequently the ratio of lenghts of the afflux and reflux routes is 2:3.

Table 6.
T he m easurem ents of valvu lae sem ilunares of the  a r te ria l valves (in mm)..
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1 Puslon 75 78 70 40 47 37 22 32 31 65 69 71 50 49 41 28 24 31
2 P u tar 79 75 75 35 54 67 22 29 33 74 72 78 64 64 56 30 29 31
3 Pluszcz 84 75 76 41 49 47 22 27 27 70 70 71 54 47 58 34 40 39
4 Plam iec 85 82 79 45 42 45 23 31 27 73 86 81 39 44 33 31 25 27
5 Plato 76 80 69 44 49 42 25 27 32 77 69 75 58 53 53 39 33 31
6 Beste 78 75 75 51 61 56 27 37 31 72 84 76 51 56 52 29 32 28

The internal w alls of conus arteriosus d ex ter  are smooth. O nly on 
the level of the left longitudinal groove in the ventral part of the 
ventricle there are strong chordae tendineae  extending from the 
ventricular septum to the lateral wall.

On the dorsal w all of the described cone lies ostium  arteriae pulmo-  
nalis (Fig. 9, 12, 18A, — 63). In adult individuals its perim eter w as from
12.5 to 18.5 cm.

In the pulm onary orifice there is valva arteriae pulmonalis (v. trunci 
pulmonalis  — FP; Fig. 9, 12, 18A — 64) com posed of three valvulae  
semilunares. Two of these, right (a) and left (b) lie anteriorly and one
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(c) posteriorly. The m easurem ents of the length 9), the width 10) and the 
circum ference of the free margin of valvulae semilunares  of the pul
monary valve are given in table 6.

The center of the free margin of almost every valvula  has nodulus 
valvulae semilunaris (s. Arantii). In valvula semilunaris cranialis sini
stra e t caudalis these nodules have a shape of oblong trabecula and in 
valvula semilunaris cranialis dextra  they looked like three »rods« lying  
transverse to the free margin.

Variation. In four cases (11.4%) noduli of the valvulae semilunares  
were w eakly pronounced and in 3 cases (8.5%) they were absent on one 
valvula semilunaris  of the pulm onary valve.

Ventriculus sin. (Fig. 15, 18, B through to G— 65) is approxim ately  
cone-shaped. Its w all is tw o tim es thicker than the w all of the right

Fig. 15. The left a trium  and the le ft ven tricle  of the bison heart; la te ra l wall incised
and opened; posterior view.

ventricle (Table 7). The cavity of the left ventricle, sim ilarly to that of 
the right one, is composed of ventriculus proprius  or afflux route: from  
the le ft atrio-ventricular orifice to the ventricle apex and reflux route, 
or conus arteriosus sinister  in which the blood flow s from the ventricle  
apex to the aortic orifice.

9) M easured in the m iddle of the cusp, from  the base to the free m argin.
10) M easured afte r cu tting  the w all of the pulm onary  arte ry , betw een the h igh

est points of the insertion of valvula  sem ilunaris  of the valve.

4.5. The L eft V entricle



204 M. W ęgrzyn

Ventriculus proprius  (Fig. 15, — 66) contains trabeculae carneae, mm. 
papillares  w ith chordae tendineae  and mm. transversi.

Trabeculae carneae are w ell developed especially on the level of the 
right longitudinal groove near the ventricle apex. They are parallel to 
the long axis of the heart and connect the ventricular septum  w ith  
lateral wall. However, trabeculae carneae across from the left longi
tudinal groove are much less pronounced, low  and broad w ith  shallow  
sulci between them. On the lateral w all of the left ventricle near the  
atrio-ventricular orifice, below  the bicuspid valve there are 3— 4 strong 
large trabeculae carneae. They are parallel to the long axis of the heart 
and two of them (Fig. 15, 18B, C, — 72) usually  stem  from the apexes  
of the papillary muscles. They w ill be described in more details in 
further sections of this work.

Table 7.
The thickness of the  w alls of the h ea rt of the European bison (in mm).

No. Name
Age

(years,
m onths)

Right ventricle L eft ventricle V entricular
septum

1 2 3 1 2 3 1

1 Puck 4 1 20 16 3 40 27 3 32
2 Pusłon 4 9 24 15 5 42 29 6 41
3 Potok 4 10 18 14 4 39 26 3 30
4 P u tar 6 5 22 17 5 48 31 6 40
5 Pluszcz 10 5 19 14 4 38 30 5 37
6 Stor-per 11 6 21 16 6 39 27 6 32
7 Plam iec 14 5 26 22 6 46 32 5 41
8 Plato 17 4 18 13 4 34 26 5 30

? ?

9 P utka 20 4 18 12 _ 43 24 _ 34
10 Beste 23 9 21 14 4 36 32 3 29

1 — The thickest spot, 2 — In the  center of ventricle height, 3 — On the apex.

M. papillaris sinister (m. p. subatrialis  —  FP; Fig. 15, 18B to G, 
— 70) lies on the lateral w all of the left ventricle. It begins on the 
ventricle apex and is directed dorsally in accordance w ith the long 
axis of the heart. It is broadened at its dorsal part and ends w ith  
a short free apex (Fig. 18B, — 70'). On this apex there is a variable  
number of coni but m ost often 3 or 2 (Fig. 16). O nly in one case (2.8%) 
there were 4 coni. The surface of the described m uscle is generally  
smooth. O nly in its ventral part several (usually 3) short and narrow  
sulci can be observed.

In 27 cases (77.1%) strong trabecula cam ea  (Phot. 13; Fig. 15, 16, 18 
B, — 72) was extending from the posterior border of m. papillaris sini
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ster. It was running on the posterior w all of the ventricle below  cuspis 
parietalis  of the bicuspid valve to the le ft atrio-ventricular orifice. Its 
term inal part w as som etim es tendinous. Shallow longitudinal sulcus 
was often observed in the middle of the described trabecula.

d

9 h
Fig. 16. The varian ts of th e  apex of m. papillaris sinister  in the  bison.

b ca

Variation. In tw o cases (5.7%) trabecula carnea of m. papillaris sini
s ter  w as extending not from the apex but from the lateral w all of the 
papillary m uscle (Fig. 16d). In three cases (8.6%) m. papillaris sinister  
was ending not w ith the trabecula but w ith a high conus which was 
form ing a long and strong chorda tendinea  (Fig. 16e, f). This chord had 
its insertion on the fibrous ring surrounding the left atrio-ventricular 
orifice. In five cases (14.2%) the described muscle did not send any  
trabeculae or chordae tendineae  toward the atrio-ventricular orifice 
(Fig. 16g, h). In these cases trabeculae carneae w ere present only on 
the posterior w all of the le ft ventricle.

M. papillaris sinister  sends 7— 16 (average 11) chordae tendineae  
(Fig. 15, — 73) to cuspis septalis, cuspis accessorius sinister  and cuspis 
parietalis  of the bicuspid valve. The strongest chords (from 2 to 6, aver
age 3— 4) are connected w ith cuspis septalis. They extend  from the 
single cone and from the sub-apical groove of m. papillaris. Cuspis 
accessorius sinister  is connected w ith  2— 7 (average 4— 5) tendinous 
chords of different size, depending on its dimensions. From 1 to 5 
(mean: 3— 4) chordae tendineae  of average thickness extend to cuspis 
parietalis  of the bicuspid valve.
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M. papillaris d ex te r  (m. p. subauricularis  — FP; Phot. 13; Fig. 15, 
18C to G, — 71) also lies on the lateral w all of the left ventricle. It is 
lower than m. papillaris sinister  (Table 5). The described m uscle begins 
near the left ventricle apex, is directed dorsally and ends w ith a short 
apex (Fig. 18C, — 71'), on which there are a variable number of coni; 
from 1 to 5 (Fig. 17). M. papillaris dex ter  has generally smooth surfaces 
except for its lower part where single long sulcus was observed in the 
m ajority of the studied hearts. Som etim es it had 1— 2 additional sh all
ow longitudinal grooves.

Fig. 17. The varian ts of the  apex of m . papillaris dexter  in the  bison.

In 24 cases (68.5%) the posterior border of m. papillaris d ex te r  was 
elongated to form directly  a strong trabecula cam ea  (Phot. 13; Fig. 15, 
17, 18B, C, — 72) which goes dorsally, is connected w ith the lateral 
w all of the ventricle and ends near the left atrio-ventricular orifice 
som etim es w ith a short and broad tendo.
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Variation. Quite frequently (in 9 cases, or 25.7%) on the described 
m uscle there was a high conus rather than trabecula. This conus was 
running into strong and long chorda tendinea  ending on the fibrous 
ring surrounding the le ft atrio-ventricular orifice. This conus w as in 
5 cases extending from the posterior margo of the apex of m. papil
laris d ex ter  (Fig. 17i, j) and in the remaining 4 cases from the center 
of the apex (Fig. 17g).

In 2 cases (5.7%) m. papillaris d ex ter  had neither trabecula nor high  
conus with the chord connected to the left atrio-ventricular orifice 
(Fig. 17k, 1). In 3 cases (8.6%) m. papillaris dex ter  was beginning, as 
usually, from the le ft ventricle apex but with tw o branches having  
a deep sulcus betw een them.

Chordae tendineae  of m. papillaris d ex ter  (7— 15, average: 11) extend  
to cuspis septalis, cuspis parietalis  and cuspis accessorius d ex ter  of the 
bicuspid valve. Cuspis parietalis  receives 2— 4 (average 2— 3) of the 
strongest chordae tendineae. They begin in the depression below the 
apex of m. papillaris d ex ter  and on coni of this apex. Chordae tend i
neae connected w ith  cuspis accessoriuc dex ter  (3— 8, average 4— 5) are 
of variable size. M. papillaris d ex ter  sends 2— 7 and average 3— 4 chor
dae tendineae  to cuspis parietalis  of the bicuspid valve.

Mm. papillares accessorii (Fig. 17, — 74) were present in the left  
ventricle in 23 cases (65.7%). They w ere extending from the above 
described trabecula carnea of m. papillaris dex ter  as sm all coni. Their 
chordae tendineae  were ending on cuspis parietalis  of the bicuspid  
valve, close to its base.

Mm. transversi. In the left ventricle, unlike the right ventricle, there 
are only thin, strongly tendineous mm. transversi  (from 3 to 11). Their 
course and devision are very variable.

Two mm. transversi  (Fig. 15, — 75) were most stable and were found  
in alm ost all studied cases. They were extending from the central part 
of the ventricular septum  often very close to each other and each was 
directed toward one m. papillaris.  Thickness of these mm. transversi  
w as very  variable, in adult individuals usually  from 1.3— 2 mm; their 
length was approxim ately 5 cm. The above described mm. transversi  
were connected with the ventricular septum  by several (1— 3) branches 
and before reaching their respective m. papillares  w ere som etim es 
dividing into several branches.

The remaining mm. transversi  of the left ventricle differed very  
strongly from one individual to another. Their length, thickness and 
location were variable. In 3 cases (9.7%) there were m inute mm. trans
vers i  connecting the ventricular septum  with the lateral ventricle wall.
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Conus arteriosus sin. (Fig. 15, 18B, — 76) is not very distinct from  
ventriculus proprius  of the le ft ventricle. Its anterior w all is formed  
by the concave ventricular septum. The dorsal part of this septum  is 
smooth and the ventral covered with not very pronounced trabeculae  
carneae. On the dorsal w all of conus arteriosus sinister  there is the 
aortic orifice with a valve.

Fig. 18. Schem es of the crossections of the  bison heart ( $ ,  P u tka, 20 years old);
dorsal view  of the sections.

O stium  aortae (Fig. 9, 18A, — 77) of adult individuals had a peri
m eter of 11— 15 cm. It is located on the base of pars ventricularis  of 
the heart betw een the left and the right atrio-ventricular orifices. The 
aortic orifice and the left atrio-ventricular orifice are separated only  
by rather strong, elastic membrana aorto-ventricularis terminalis  (Fig. 
9, 18A, — 78). It has insertions on both ossa cordis. At these insertions 
the internal wall of the left ventricle forms pronounced, cone-shaped  
em inences, which in adult anim als were aprroxim ately 1.5 cm high.
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Valva aortae  (Fig. 9, 18A, — 81), sim ilarly to the pulm onary valve  
is composed of three valvulae semilunares. However, in the aorta their 
position is reversed: there is one valvula  cranialis  (a) and tw o posterior 
ones, valvula  caudalis dextra  (b) and valvula caudalis sinistra  (c). Their 
dim ensions are given in table 6.

Nodulus  of valvulae semilunaris was observed on every valvu lae  of 
the aortic valve in alm ost all cases studied. These nodules were much  
thicker than in the pulm onary valve. In valvula  semilunaris cranialis 
and in valvula semilunaris caudalis dextra  this nodulus w as resem bling  
a longitudinal trabecula, w hile in valvula  semilunaris caudalis sinistra  
it was oval shaped.

Variation. In 5 cases (14.2%) noduli of valvulae semilunares  w ere 
w eakly pronounced. This was especially true about valvula  semilunaris 
caudalis sinistra. This valvula in one case (2.9%) had no nodulus at all. 
Also in one case (2.9%) no noduli were observed on any of valvulae  
semilunares of the aortic valve.

4.6. Ossa cordis

Two ossa cordis are present in the fibrous ring of the aorta in the 
European bison; the right one is larger and the left is sm aller (Phot. 
11; Fig. 9, 18A, — 79 and 80).

Os cordis dext.  (80) has a shape of a irregular triangle. In an adult 
individual, approxim ately 11 years old it was 5 cm long, 1.4 cm broad 
and 4.5 mm thick. Valvula  semilunaris caudalis dextra  of the aortic 
valve has its insertion on this bone. Os cordis sin. (79) is also trian
gular. Its dimensions in the above m entioned individual were: length  
— 2.3 cm, width —  0.6 cm, thickness — 3 mm. V alvula semilunaris  
caudalis sinistra of the aortic valve has the insertion on th is bone.

IV. DISCUSSION

The heart of the European bison has many specific features which  
are not found in the most closely related species, Bos taurus dom. 
There are considerable differences in the size of the whole organ. The
height of the heart is larger in the male bison than in the domestic
bull w hile in fem ales of both species the heart height is similar. The 
values of the largest and the sm allest width indicate that the heart is 
more flat in the bison than in he cattle. The lenght of the anterior
border of the heart is larger in the male bison than in the dom estic
bull while the length of the posterior border is sm aller in the bison. 
The anterior border has approxim ately the same length in fem ale  
bisons and in the domestic cows w hile the posterior border is much
14 — Acta theriol.
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shorter in the fem ale bison (Table 8). The perim eter of the heart is 
much larger in the bison than in the cattle.

Observations and m easurem ents indicate that the shape of the heart 
changes during the postnatal developm ent of the European bison. The 
plane of the base of the ventricular part turns gradually and in adult 
individuals it is oblique, directed ventrally  and to the right w ith  
respect to the long axis of the heart.

The mean absolute heart w eight is much higher in the male bison 
than in the domestic bull. The relative w eight of this organ, expressed  
in the per cent of body w eight is also higher in the bison (Table 9).

Table 8.
C om parative listing of h ea rt m easurem ents in d iffe ren t species of Bovinae  (in mm).

cf o O ?
No. M easurem ents W isent Domestic

bull1 Buffalo2 W isent Domestic
cow 1

1 H eight (the left surface) 186-234 150—180 198 175—188 170—220
2 M axim al w idth 189—237 174—199 161 199—201 180—195
3 M inim al w idth 124—160 130-140 122 144—155 125—150
4 Length of the an terio r 

border 225—285 188—203 _ 212—213 192—220
5 Length of the posterior 

border 167—190 173—203 _ 137—172 186—203
6 Circum ference (below the 

coronary groove) 525-682 480—529 475 594—597 475—517

1 — Acc. to S c h u b e r t  (1909); 2 — Acc. to A l b r e c h t  (1957).

Table 9.
Com parison of the heart w eight of European bison (wisent) and domestic cattle.

Species Body wt. 
(kg)

Avg. heart wt.
A uthorAbs. (kg) Relative %

Domestic bull 370—895 2.592 0.442 S c h n e i d e r ,  1904
Domestic bull 485—775 2.750 0.436 S c h u b e r t ,  1909
W isent (males) 470—750 3.057 0.495 O riginal data

The higher relative heart w eight in the bison is undoubtedly related  
to the different mode of living of this species, as compared with  
domestic cattle. Strong developm ent of the sceletal m usculature in the 
bison ( S w i e z y n s k i ,  1962) and the character of its locomotory 
efficiency (on which the heart w eight depends according to P o p l e w 
s k i, 1948) have also a significant role.

Moreover, m any anatomical and morphological characteristics are 
different in the heart of the European bison than in the heart of 
domestic cattle. These differences are listed in table 10. It is worth



Table 16.

Listing of some differences in the  m orphology of the heart in European bison, 
dom estic ca ttle  and o ther rum inan ts. Last two cases — acc. to d ifferen t au thors refered  by num ber acc. to references.

C haracter European bison Domestic cattle O ther rum inants

1 2 3 4

1. Topography of the 
heart.
A. T he base of the 
ventricles (the w idest 
part)

3rd—6th rib  posterior borders. 
Som etim es shifted  an terio rly , one 
w idth of a rib  or posteriorly , one 
w idth of an intercostal space.

3rd—5th rib  (2, 15, 17). A ccording 
to some au thors (2, 14) the  poste r
ior h ea rt border m ay reach 6th 
rib.

B. The apex. 7th—8th costal cartilágines. 5th costal cartílago (2, 17, 15). 
Some au thors place the h ea rt apex 
on the  level of the  6th costal ca r
tílago (34).

2. L ine of transition  
of lamina visceralis 
pericardii into lamina 
parietalis pericardii.

U sually on th e  whole left surface 
of the  h ea rt along a. pulmonalis.

V ariable course: along the ao rta  
and then posteriorly  along a. pu l
monalis, or exclusively along a. 
pulm onalis (15, 17).

3. Lig. sternopericar- 
diacum  d ex tru m

Insertion  on the  ste rum  a t the 
level of th e  6th costal cartílago. Both ligam ents a re  inserted a t the 

level of the 5th costal cartílago 
(21). According to o ther au thors 
(14, 15, 34) on the  level of the  6th 
costal cartílago.

4. Lig. sternopericar- 
diacum  sin istrum

Insertion  on the  sternum  at the 
level of 6th—7th costal ca rtilág i
nes.

5. Length of both lig. 
sternopericardiaca

2—5 cm 1—2 cm (15)

6. Lig. phrenicoperi- 
cardiacum

P resen t Was not described



7. The shape of the 
heart

Cone-shaped. This cone is re la tiv 
ely low, w idened a t the  base and 
m arkedly  flattened  la terally . Its 
apex is usually  bent slightly 
posteriorly.

8. Position of conus 
arteriosus dex ter

High in rela tion  to the base of the 
hea rt ventricle.

9. P roxim al p a r t of v. 
cava cranialis

d” — stranger than v. cava cau- 
dalis.

$ — w eaker than  v. cava cau- 
dalis.

10. D istal parts of v. 
cordis magna  and v. 
azggos sinistra.

Covered w ith m yocardium .

11. O rifice of sinus si
nister (vv . pu lm ona
les).

Usually on the  dorsal w all of left 
atrium . In 6 cases (24.9°/o) on the 
la te ra l or dorso-latera l wall.

12. Sinus dexter {vv. 
pulmonales).

Uniform.

13. P roxim al parts  of 
vv . pulmonales.

Covered w ith m yocardium .

14. Sulcus longitudi- 
nalis accessorius.

Usually ends on the heart apex. 
In 8 cases (22.8%) it was ending 
in the m iddle of the left ventricle 
height.



3 4

Cone-shaped: T he cone is elonga
ted, narrow , and slightly  f la tte n 
ed (3, 15, 44).

In the  buffalo (44) and the 
m ountain  sheep (24, 25) the 
shape of the h ea rt resem bles 
th a t of the E uropean bison.

Low; does not seem to exceed 
pars ventricularis  (2, 15, 34).

High in th e  sheep (6, 16) and 
m arkedly  high in the  m ouflon 
(30) and the  deer (35).

In the buffalo (3) the diam eter 
of both vessels is approxim a
tely the same.

In the yak (3) both vessels have 
the sam e diam eter.

Not covered (12).

L atera l wall of the left a trium  
(10).

Sheep — on the dorsal wall of 
left a trium  (10).

Double (44).

Not covered (42).

Does not reach the h ea rt apex 
(14, 34).

In w ild-living rum inants (Bo- 
vidae) it ends 3—4 cm above 
the h ea rt apex (3).



1 2 3 4
15. M m. pectinati of 
the dorsal w all of au
ricula dextra.

F lat and th in  w ith  shallow  sulci 
in between.

Thick trabecula carnea, the  so 
called dendrous p illar (27).

16. The occurrence of 
joram en ovale.

Only until the 42-nd day of life. U ntil the 20th day of life (19). Can 
be presen t during th e  whole life 
in 20—22% (14, 44). Occurs in 23% 
of young individuals and in 16% 
of old ones (2, 15).

Sheep until the  10th day of life 
(18).

17. N um ber of cusps 
in valva  tricuspidalis.

3—7 m ost frequently  4. Most often 3 (40%) or 6 (36%), less 
frequently  4 (24%) (36).

18. N um ber of types of 
valva tricuspidalis.

5 1 (44)

19. N um ber of cusps 
in  valva bicuspidalis.

4—9, m ost frequently  6 (40°/«), less 
often 5 or 7 (22.8°/o of each).

Most frequently  5 (64%), less often 
6 (20%) or 4 (16%) (36).

20. N um ber of types 
of valva bicuspidalis.

13 2(44)

21. N um ber of chordae 
tendineae  ex tending 
from  sep tum  in terven-  
triculare  to cuspis sep- 
talis valvae tricusp i
dalis.

2—9 in 20 cases (60.6%) absent in 
the rem aining cases.

W ere not described (only in one 
specim en of steppe ca ttle  6 chor
dae tendineae  w ere found) (3).

O ften occur in sheep (4) roe- 
-deer (39) and deer (35).

22. Noduli va lvu larum  
sem ilunarum  in the  
valve of a. pulmonalis.

Strongly pronounced in 86% of 
the studied  105 individuals.

P resen t in 47—50% (14, 41). Sheep — present in 70% (41).

23. Noduli va lvu larum  
sem ilunarum  of the 
aortic valve.

Well developed in approxim ately  
85% of the studied 105 cases.

P resen t in 65—100% (14, 41). Sheep — presen t in 83% (41).

24. Trabeculae carneae 
ex tending from  coni 
of m m . papillares of 
the left ventricle.

U sually present. No data in available lite ra tu re  
[Only in steppe cattle  trabecula  
carnea extending from  one of the 
pap illary  muscles was described 
(3)].

Such trabeculae  w ere described 
in sheep (4).
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m entioning that all studied bisons (14) had lig. phrenicopericardiacum. 
To the best of m y know ledge an analogous ligam ent was never 
described in domestic cattle. O nly M a r t i n  & S c h a u d e r  (1933) 
made a rather general statem ent that in this species pericardium is 
also connected w ith the diaphragm.

Table 11.
Com parison of the m easurem ents (height — 1, circum ference — 2) of the pulm onary 

and aortic valves of the  w isent and ca ttle  (in mm).

Valve W isent Cattle 
(acc. to Schubert, 1909)

28—39
1 32 25

V. sem ilunaris cranialis dex.
65-77

2 72 58
>
73> 29—40
>> 1 31 26Ih« V. sem ilunaris cranialis sin.c 70—86o
s 2 75 66
13
(U 28—39

1 31 23
V. sem ilunaris caudalis 71—81

2 75 70

22—27
1 23 28

V. sem ilunaris cranialis
75—85

2 79 59

> 2 7 -37CO> 1 31 33
o V. sem ilunaris caudalis dex.

75—82Uto 2 78 62
<

27—33
1 30 27

V. sem ilunaris caudalis sin.
69—79

2 74 68

M yocardium of pars atrialis  in the bison covers proxim al parts of 
venae which open to both atriums. It is w ell pronounced on venae 
opening into sinus coronarius and on vv. pulmonales  and m ust mark
ed ly  promote efficient drainage of blood from the coronary circulation  
and the a fflu x  of blood to the left atrium. In the cattle myocardium
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covers only the sinuses of the left atrium (2 e d e n o v, 1939). W i n- 
t e r s t e i n  (1933) described two layers of myocardium in the calf oc- 
curing around the right vv . pulmonales  but this m ust have been the 
myocardium  surrounding sinus dexter,  which w as not differentiated  
by this author.

As indicated in table 10, both valva  tricuspidalis and valva bicuspi- 
dalis  have a variable num ber of cusps. These variations concern pre
dom inantly the accessory cusps which m ay occur in different number. 
O ccasionally accessory cusps attain large dimensions and play an im
portant role in closing the atrio-ventricular orifices. A l b r e c h t  
(1957) studied the bison heart but did not describe any accessory cusps 
in the atrio-ventricular valves. According to this author cuspis caudalis 
is the largest in the tricuspid valve. The present study did not confirm  
this observation; cuspis caudalis w as not alw ays the largest (cf. Fig. 10).

Chordae tendineae  extending directly from the ventricular septum  
w ere often found in the bison heart. They were noted in the sheep and 
in w ild-liv ing ruminants but not in domestic cattle. In the latter  
species cuspis septalis  of the tricuspid valve receives chordae tendi
neae from mm. pectinati.

Noduli valvu larium  semilunarium  of the pulmonary valve and the 
aortic valve w ere present in approxim ately 85% of the studied bisons 
being more stable than in other ruminants. Valvulae semilunares of 
these tw o valves are larger in the bison than in the domestic cattle 
(cf. table 11). The only exception was valvula semilunaris cranialis of 
the aortic valve which is much shorter in the bison. This indicates 
that the dorsal border of the ventricular septum  (on which it is in
serted) is protruding m arkedly into the lum en of the aortic orifice.

The lateral w alls and the ventricular septum  were thicker in the 
European bison than they are in the cattle according to H a h n  (1908) 
and M a r t i n  & S c h a u d e r (1938).

The size of ossa cordis in the European bison (studied in one 11 year 
old male) was within the range reported for the domestic bull (C h o j- 
c i j a n, 1956).
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M ieczysław WĘGRZYN

UKŁAD KRW IONOŚNY ŻUBRA. I. MORFOLOGIA SERCA 

Streszczenie

Badano położenie,, stosunki osierdziowe, kształt, wielkość i ciężar oraz budow ę 
m orfologiczną z uw zględnieniem  pom iarów  serca u 37 żubrów różnej płci i w ieku.

Serce żubra najczęściej za jm uje przestrzeń zaw artą między tylnym i k raw ędzia
m i 3 i 6 żebra. Obserwowano przesunięcia ku przodowi o szerokość jednego żebra 
lub ku tyłowi o szerokość jednej przestrzeni m iędzyżebrowej. W ierzchołek serca 
układa się na wysokości 7—8 chrząstk i żebrowej. Osierdzie umocowane jest do 
m ostka za pomocą dwóch w ięzadeł m ostkowo-osierdziowych (przyczepiających się 
na wysokości 6—7 chrząstki żebrowej) i jednego więzadła osierdziowo-przepono- 
wego (Rys. 3).

Serce dorosłego żubra posiada kształt silnie rozszerzonego u podstawy, stosun
kowo niskiego, w yraźnie bocznie spłaszczonego stożka (Fot. 2, 5, 8), zazwyczaj 
z w ygiętym  nieco ku tyłow i w ierzchołkiem . Stożek tętniczy praw y jest wysoko 
ustaw iony, w porów naniu z częścią w łaściw ą komory praw ej (Fot. 7, — 62). W y
m iary  serca są znacznie w iększe u żubra niż u bydła. W yjątek stanowi kraw ędź 
ty lna , k tórej długość u żubra jest w yraźnie m niejsza (Tabela 8). Średni ciężar ser- 
caj u sam ców żubra wynosi 3,057 kg (0,495°/o ciężaru ciała) (Tabela 3, 9). Zatok żył 
płucnych jest trzy. Zatoka lewa z reguły uchodzi na grzbietowej ścianie do p rzed
sionka lewego. .

Z astaw ka przedsionkow o-kom orow a praw a zbudowana jest z 3—7 płatów . N aj
częściej w ystępują 3 p ła ty  główne i l dodatkowy — tylny. (Ryc. 10; Tabela 4). 
Zastaw ka przedsionkow o-kom orow a lew a składa się z dwóch płatów  głównych 
i 2 dodatkowych. O statnie mogą przyjm ow ać duże rozm iary, jak  rów nież ulegać 
podziałowi na w tórne płatki. Łączna liczba płatów  i płatków  wynosi 4—9 (Ryc. 11, 
Tabela 4). W komorze p raw ej stw ierdza się obecność strun  ścięgnistych odcho
dzących bezpośrednio z przegrody międzykom orowej (Ryc. 12, — 60'). Są one prze
znaczane do p ła ta  przegrodowego zastaw ki trójdzielnej. G rudki płatów  półksięży
cowych są w yraźnie w ykształcone w zastaw ce tętnicy płucnej w 86°/«, a w  za
staw ce aorty  w 85%. Oba mięśnie brodaw kow ate kom ory lewej z reguły w ysyłają 
silne beleczki mięśniowe (lub stożki ze strunam i) do ściany bocznej komory, 
w m iejscu um ocowania płatów  zastaw ki dwudzielnej (Fot. 13; Ryc. 18, B, C).



EXPLANATION OF PLATES

P late I.

Phot. 1. O rgans of the thoracic cavity of the bison (cf, P u tar, 6 years old); left view. 
A — the apical lobe of the righ t lung, B — the left lung, a — the apical lobe, b — 

the cardiac lobe, c — the diaphragm atic lobe, C — the h ea rt in pericardium . 
Phot. 2. Position of the  heart in th e  thoracic cavity of the European bison (cT, P u
ta r, G years old); left view. The left lung and p art of pericardium  w ere  removed.

A — the apical lobe of the righ t lung, C ' — heart.
Phot. 3. O rgans of the thoracic cavity of the bison (cf, Zon, 1 year old); righ t view. 
A — righ t lung, a — apical lobe, b — cardiac lobe, c — diaphragm atic  lobe, C —

h eart in pericardium .
Phot. 4. The a ttachem ent of the h ea rt and pericardium  in the thoracic cavity 

( $ ,  Beste, 23 years old); left view.

P late  II.

H eart of the E uropean bison (cf, P u tar, 6 years old).

Phot. 5. The left surface.
Phot. 6. The rig h t surface. Phot. 7. Viewed from  the side of the an terio r border. 

Phot. 8. Viewed from  the side of the posterior border.

P late  III.

Phot. 9. The rig h t auricle of the bison (cf, P u tar, 6 years old); la te ra l w all of the 
auricle cut to show m m . pectinati.

Phot. 10. The le ft auricle of the  bison (cf, P u tar, 6 years old); view ed from  the
in ternal surface.

Phot. 11. Ossa cordis of the  bison (cf, S tor-per, IIV 2 years old); dorsal view. 
Phot. 12. Trabeculae carneae of the righ t ventricle, below the  tricusp id  valve in 

the bisons h ea rt (cf, Puslon, 4Va years old).
Phot. 13. Trabeculae carneae on the posterior wall of the left ven tricle  (cf, Puslon, 

4 V2 years old). Two of these are extending from  the apices of mm. papillares. 
T rabecula of m. papillaris sinister has a tendency to divide.
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KEY TO THE NUMBERS OF THE FIGURES

1 — Pericardium
1' T ransisto ry  line from  the  la

m ina visceralis pericardii to 
the  lamina parietalis peric.

2 — S inus transversus pericardii
3 — Ligam enta sterno-pericardiaca
4 — Ligam entum  phrenicopericardia- 

cum
4' — Ligam entum  phrenicopericardia- 

cum
5 — Margo cranialis
6 — Margo caudalis
7 — Sulcus coronarius
8 — Sulcus longitudinalis sinister
9 — Sulcus longitudinalis dex ter

10 — Sulcus longitudinalis accesso
rius

11 — A triu m  dextrum
12 — A triu m  sin istrum
13 — A uricula dextra
14 — A uricula sinistra
15 — A orta ascendens
16 — A rcus aortae
17 — Truncus brachiocephalicus 

com m unis
18 — A. pulm onalis
18' — Ram us d ex ter a. pulm onalis
18" — Ligam entum  arteriosum
19 — V. cava cranialis
20 — V. azygos dextra
21 — V. cava caudalis
22 — S inus coronarius
23 — V. cordis magna
24 — V. azygos sinistra
25 — V. cordis media
26 Vv. pulmonales
27 Sinus sinister
28 S inus dexter
29 Sinus caudalis
30 Pars sinusalis
31 ■ Regio cranio-dorsalis
32 ■ Regio caudalis
33 ■ Crista term inalis
33' — Fasciculus term inalis
34 — T uberculum  intervenosum

(dextrum )
35 — O stium  v. cavae cranialis

36 — S ep tum  interatriale
37 — O stium  v. cavae caudalis
38 — O stium  sinus coronarii
39 — Lam ina valvuloidea
40 — Pars propria atrii
41 — Sulcus term inalis
42 — M m. pectinati (of the rig h t

atrium )
43 — M m. pectinati 1 . ... . . .  . ,
43' -  M m. pectinati J the rig h t auric le
44 —, Fossa ovalis
45 — L im bus fossae ovalis
46 — T uberculum  in tervenosum  (si-

nistrum )
46' — T uberculum  in tervenosum  (si- 

nistrum )
47 — Chordae tendineae of the fora

m en  ovale valve
48 — M m. pectinati 1 , . . .  . ,
48' -  M m. pectinati J ° f  the rig h t auric le
49 — The falciform  fold
50 — V entriculus dexter
51 — Ventriculus proprius
52 — Trabeculae carneae 
52' — Trabeculae carneae
53 — O stium  atrioventriculare d ex 

tru m
53' — M yocardium  of th e  rig h t atrium  

exceeding to the tricuspid  valve
54 — Valva tricuspidalis 
54a — Cuspis septalis 
54b — Cuspis cranialis 
54c — Cuspis caudalis
54d — Cuspis accessorius caudalis 
54e — Cuspis accessorius cranialis 
54f — Cuspis accessorius lateralis
55 — M. papillaris cranialis
55' — M. papillaris cranialis (apex)
56 — M. papillaris subarteriosus
57 — M. papillaris caudalis dex ter
58 — M. papillaris accessorius
59 — M m. papillares proprii septales
60 — Chordae tendineae (mm . papil

lares)
60' — Chordae tendineae of the ven

tricu lar septum

61 — M. transversus cordis
62 — Conus arteriosus dex ter
63 — O stium  arteriae pulm onalis
64 — Valva arteriae pulm onalis
64a — Valvula  sem ilunaris cranialis 

dextra
64b — Valvula sem ilunaris cranialis 

sinistra
64c — Valvula sem ilunaris caudalis
65 — Ventriculus sinister
66 — Ventriculus proprius
67 — Trabeculae carneae
68 — O stium  atrioventriculare sini-

s trum
68' — M yocardium  of the  left a trium  

penetrating  to the bicuspid 
valve

69 — Valva bicuspidalis 
69a — Cuspis septalis 
69b — Cuspis parietalis
69c — Cuspis accessorius sinister  
69d — Cuspis accessorius dex ter
70 — M. papillaris sinister
70' — M. papillaris sinister  (apex)
71 — M. papillaris dex ter
71' — M. papillaris d ex ter  (apex)
72 — Trabeculae carneae (mm . papil

lares)
73 — Chordae tendineae  of the  left

ventricle
74 — M m. papillares accessorii
75 — M m. transversi
76 — Conus arteriosus sinister
77 — O stium  aortae
78 — M embrana aorto-ventricularis

term inalis
79 — Os cordis sin istrum
80 — Os cordis dex trum
81 — Valva aortae
81a — Valvula sem ilunaris cranialis 
81b — Valvula sem ilunaris caudalis 

dextra
81c — Valvula sem ilunaris caudalis 

sinistra
82 — A. coronaria sinistra
82' — R am us descendens sinister
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