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Abstract

The plantar metatarsal arteries of some mammals were studied. In the dog, raccoon dog
and cat, the second proximal perforating branch was fully developed and produced the plantar
metatarsal arteries. These plantar metatarsal arteries ran on the plantar surfaces of the interosseous
muscles along the metatarsal bones or intermetatarsal spaces, and gave rise to the digital arteries
of the second to fifth toes. In the rabbit, a branch of the medial plantar artery ran transversely on
the plantar surfaces of the metatarsal bones at a level distal to the bases of these bones, and pro-
duced the plantar metatarsal arteries. These plantar metatarsal arteries ran deep in the interosseous
muscles along the metatarsal bones or intermetatarsal spaces, and joined with the digital arter-
ies which were derived from the medial plantar artery. The plantar metatarsal arteries could be
classified into four kinds of arteries (sM, sI, dM and dI) in relation to the interosseous muscles
and metatarsal bones. This classification largely coincides with that of the human hand and foot
(Murakami, 1969, 1971), the monkey hand and foot (Nakai et al., 1987; Hinenoya et al., 1987),
and the forepaws of some animals, including the dog and cat (Murakami et al., 1987).
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Plantar Metatarsal Arteries
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The plantar metatarsal arteries of some mammals were studied. In the dog,
raccoon dog and cat, the second proximal perforating branch was fully developed and
produced the plantar metatarsal arteries. These plantar metatarsal arteries ran on
the plantar surfaces of the interosseous muscles along the metatarsal bones or
intermetatarsal spaces, and gave rise to the digital arteries of the second to fifth
toes. In the rabbit, a branch of the medial plantar artery ran transversely on the
plantar surfaces of the metatarsal bones at a level distal to the bases of these
bones, and produced the plantar metatarsal arteries. These plantar metatarsal
arteries ran deep in the interosseous muscles along the metatarsal bones or inter-
metatarsal spaces, and joined with the digital arteries which were derived from the
medial plantar artery. The plantar metatarsal arteries could be classified into four
kinds of arteries (sM, sl, dM and dl) in relation to the interosseous muscles and
metatarsal bones. This classification largely coincides with that of the human hand
and foot (Murakami, 1969, 1971), the monkey hand and foot (Nakai ef al., 1987;
Hinenoya et al., 1987), and the forepaws of some animals, including the dog and cat
(Murakami et al., 1987).

Key words : hindpaw, deep metatarsal arteries, plantar metatarsal arteries, proximal and
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The deep layer of the human hand is gen-
erally regarded as being supplied by the pal-
mar metacarpal arteries (1, 2). Murakami
classified the palmar metacarpal arteries in
relation to the interosseous muscles and
metacarpal bones into (i) the superficial
palmar metacarpal (sM) arteries descending
on the palmar surfaces of the interosseous
muscles along the metacarpal bones,(ii) the

superficial palmar intermetacarpal (sI) ar-
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teries descending on the palmar surfaces of
the interosseous muscles along the inter-
metacarpal spaces, (iii) the deep palmar
metacarpal (dM) arteries descending deep
in the interosseous muscles along the meta-
carpal bones, and(iv) the deep palmar inter-
metacarpal (dI) arteries descending deep in
the interosseous muscles along the inter-
metacarpal spaces (3). This classification
system is also applicable to the human foot
(4), the monkey hand (5) and foot (6), and

also the forepaws of some animals such as
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the dog and cat (7). The present paper de-
scribes these four kinds of arteries in the
hindpaws of some animals, including the dog
and cat.

Materials and Methods

An aged dog (Canis familiaris), an aged rac-
coon dog (Nwvctereutes viverrinus), an aged cat
(Felis domestica) and an aged rabbit (Orvciolagus
cuniculus) were obtained from the Ritsurin Park
Zoo (Takamatsu, Kagawa) upon their death. They
were fixed with 10% formalin by vascular perfu
sion. After immersion in an ethanol bath for a
year or longer, the left hindpaws of these animals
were dissected.

Results

The first toes of the dog, raccoon dog,
cat and rabbit were so small (dewclaw) that
we omitted their arteries from our observa-
tions.

In all our animals, the dorsal pedal ar-
tery arose from the cranial tibial artery and
gave off the second to fourth dorsal meta-
tarsal arteries which descended on the dor-
sal surfaces of the interosseous muscles. In
the dog, raccoon dog and cat, the proximal
perforating branch (P2) of the second dor-
sal metatarsal artery was fully developed
and formed the deep plantar arch (DA) on
the plantar surfaces of the interosseous
muscles (In) (Figs. 1-3). In the raccoon
dog and cat, this proximal perforating branch
(P2) further formed the catella plantaris
proximalis (CP) which ran deep in the inter-

osseous muscles (In) at a level distal to the
bases of the second to third or fourth meta-
tarsal bones (Figs. 2 and 3).

The medial and lateral plantar arteries
(MP and 1p) arose from the plantar branch
of the saphenous artery and descended re-
spectively along the medial and lateral bor-
ders of the sole (Fig. 4). In the rabbit, the
medial plantar artery (MP) was particularly
well developed and gave off the plantar digi-
tal arteries (c2-c4) of the seécond to fifth
toes (T2-T5)(Fig. 4). In addition, a branch
of the medial plantar artery (Mp) anasto-
mosed into a branch of the lateral plantar
artery (1p) and formed the catella plantaris
proximalis (CP) which ran deep in the inter-
osseous muscles {In) between the second and
fifth metatarsal bones at a level distal to the
bases of the metatarsal bones (Fig. 4).

In the dog, raccoon dog and rabbit, the
plantar digital arteries (c2-c4) were thick-
er than the dorsal digital arteries (d2-d4)
(Figs. 1-3). In the cat, however, the form-
er arteries were thinner than the latter ar-
teries (d2-d4)(Fig. 4).

In the dog and raccoon dog, the dorsal
metatarsal arteries were poorly developed

‘and terminated near the metatarsophalangeal

joints. Thus, in these animals, the dorsal
digital arteries(d2-d4) arose from the plan-
tar metatarsal arteries (Figs. 1 and 2)(see
below). In the cat, the second dorsal meta-
tarsal artery (D2) was well developed and
formed the second dorsal digital artery (d2)
(Fig. 3). In the rabbit, the dorsal digital
arteries arose from the dorsal metatarsal
arteries.

Abbreviations used. T2-T4, second to fifth toes; CD, catella plantaris distalis; CP, catella plantaris proximalis;
DA, deep plantar arch; MP, medial plantar artery; Cn, contrahentes muscles; In, interosseous muscles; Lm, lum-
brical muscles; P2, second proximal perforating branch; dm, metatarsal ascending branches; dp, distal perforating
branches; 1p, lateral plantar artery; pi, medial plantar digitial artery of the second toe; pf, lateral plantar digital
artery of the fifth toe; c2-c4, second to fourth plantar digital arteries; d2-d4, second to fourth dorsal digital ar-
teries; sM2-sM5, second to fifth superficial plantar metatarsal arteries; sI2-sl4, second to fourth superficial plantar
intermetatarsal arteries; dMZ2-dM5, second to fifth deep plantar metatarsal arteries; dI2-dl4, second to fourth deep

plantar intermetatarsal arteries.
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In all our animals, the plantar metatarsal
arteries arose from the deep plantar arch
(DA) or catella plantaris proximalis (CP)
(Figs. 1-4). By their relationship to the
interossesous muscles (In) and metatarsal
bones, the plantar metatarsal arteries could
be classified into: (i) the second to fifth
superficial plantar metatarsal (sM2-sM5)
arteries descending on the plantar surfaces
of the interosseous muscles along the second
to fifth metatarsal bones, (ii) the second to
fourth superficial plantar intermetatarsal
(s12-sI4) arteries descending on the plantar
surfaces of the interosseous muscles along
the second to fourth intermetatarsal spaces,

Fig. 1 A diagram showing the arterial pattern in the
deep planta of the dog (Canis familiaris) (hindpaw, view
from the plantar side). For abbreviations, see text and
footnotes.
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(iii) the second to fifth deep plantar meta-
tarsal (dM2-dM5) arteries descending
deep in the interosseous muscles along the
second to fifth metatarsal bones, and (iv)
the second to fourth deep plantar intermeta-
tarsal (dI2-dI4) arteries descending deep
in the interosseous muscles along the second
to fourth intermetatarsal spaces(Figs. 1-4).

The sM, sI, dM and dl arteries were
independent vessels, but their development
varied in each case. Poorly developed sM,
sl, dM and dI arteries terminated only in
the mid-region of the metatatarsus. In con-
trast, the well developed sM, sI, dM and dI
arteries reached the metatarsophalangeal
joints or descended under these joints to
connect with the palmar or dorsal digital
arteries. The origins and terminations of
these four types of arteries in each animal
are described.

Dog (Fig. 1). The proximal perforating
branch (P2) of the second dorsal metatarsal
artery formed the deep plantar arch (DA)
which produced the sI2, sI3 and sI4 ar-
teries. These sl arteries divided near the
metatarsophalangeal joints into the plantar
and dorsal digital arteries (c2-c4 and d2-
d4). The dorsal digital arteries gave off the
distal perforating branches (dp) which anas-
tomosed with each other on the plantar sur-
faces of the metatarsal bones at a level
proximal to the heads of the metatarsal
bones and formed the catella plantaris dis-
talis (CD). The medial plantar digital ar-
tery of the second toe (pi) arose from the
medial end of the catella plantaris distaris
(CD) (or the medial distal perforating branch
of the second dorsal digital artery, d2).
The lateral plantar digital artery of the fifth
toe (pf) arose from the lateral end of the
catella plantaris distalis (CD) (or the lateral
distal perforating branch of the fourth dorsal
digital artery, d4). The catella plantaris
distalis (CD) further gave off short branches
{dm) which ascended deep in the interosseous
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Fig. 2 A diagram showing the arterial pattern in the

deep planta of the raccoon dog (Nvctereutes viverrinus)
(hindpaw, view from the plantar side). For abbreviations,
see text and footnotes.

muscles (In) along the second to fifth meta-
tarsal bones.

Raccoon dog (Fig. 2). The proximal
perforating branch(P2) of the second dorsal
metatarsal artery formed the deep plantar
arch (DA) and catella plantaris proximalis
(CP). The catella produced the poorly de-
veloped dM2, dM3 and dM4 arteries. The
deep plantar arch produced the sI2, sI3 and
sI4 arteries which divided near the meta-
tarsophalangeal joints into plantar digital and
dorsal digital arteries (c2-c4 and d2-d4).
The medial plantar digital artery of the
second toe (pi) arose from the medial distal
perforating branch (dp) of the second dorsal
digital artery(d2). The lateral plantar dig-
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A diagram showing the arterial pattern in the
deep planta of the cat (Felis domestica) (hindpaw, view
from the plantar side). For abbreviations,
footnotes.

Fig. 3

see text and

ital artery of the fifth toe (pf) arose from
the lateral distal perforating branch of the
fourth dorsal digital artery (d4).

Cat (Fig. 3). The proximal perforating
branch (P2) of the second dorsal metatarsal
artery formed the deep plantar arch (DA)
and catella plantaris proximalis (CP). The
deep plantar arch produced the sM2, slI2,
sM3, sI3 and sI4. The sI3 and sI4 ar-
teries divided near the metatarsophalangeal
joints into dorsal and plantar digital arteries
(d3-d4 and c3-c4). The catella plantaris
proximalis yielded the poorly developed dM3
and dM4 arteries and the well developed
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Fig. 4 A diagram showing the arterial pattern in the
deep planta of the rabbit ( Oryctolagus cuniculus)(hindpaw,
view from the plantar side). For abbreviations. see text
and footnotes.

dM5 artery. The medial plantar digital ar-
tery of the second toe (pi) arose from the
sM2 artery. The lateral plantar digital ar-
tery of the fifth toe (pf) arose from the dM5

artery.
Rabbit (Fig. 4). The catella plantaris
proximalis (CP, see above) produced

the dM2, dI2, dM3, dI3, dI4 and dM5
arteries. The dM2, dM3 and dM5 gave off
the distal perforating branches (dp) and
formed the catella plantaris distalis (CD)
together with the dI2, dI3 and dI4 ar-
teries, to continue into the plantar digital
arteries of the second to fifth toes (c2-c4).
The medial plantar digital artery of the
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second toe (pi) arose from the medial end of
the catella plantaris distalis. The lateral
plantar digital artery of the fifth toe (pf)
arose from the lateral end of the catella
plantaris distalis.

Discussion

This paper describes the basic blood vas-
cular architecture of the plantar and dorsal
layers of the hindpaws and their digits of the
dog, raccoon dog, cat and rabbit. Except
for the rabbit, the proper plantar and dorsal
digital arteries arise near the metatarso-
phalangeal joints from the plantar metatarsal
arteries. The rabbit hindpaw blood vascu-
lature arises from the plantar digital and
dorsal metatarsal arteries. The vascular
pattern of the dog, raccoon dog and cat is
unusual and has not been observed in any
mammal (3-7). The vascular pattern of the
rabbit is usual and has been demonstrated
in man and other mammals, including the
monkey (3-7).

This paper shows that the basic blood
vascular architecture of the deep layer of
the hindpaw of the dog, raccoon dog, cat and
rabbit is similar to that of the human foot.
The blood vascular system of the deep planta
in these animals, as in the human foot (4),
is composed of the superficial and deep ar-
teries. The superficial (sM and sI) arteries
descend on the plantar surfaces of the inter-
osseous muscles or on the dorsal surfaces
of the contrahentes muscles, and the deep
(dM and dI) arteries run deep in the inter-
osseous muscles. The main difference is
that in these animals, except the rabbit, the
second proximal perforating branch is fully
developed and forms the deep plantar arch,
though in the human hand the first proximal
perforating branch usually forms the deep
plantar arch (4, 8). In the monkey foot, the
catella plantaris proximalis is usually formed
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deep in the interosseous muscles by the first
to fourth proximal perforating branches (6.
9) though it is rarely formed in the human
foot (4). The catella plantaris proximalis
was observed in the raccoon dog, cat and
rabbit. As described above, the catella
plantaris proximalis of the raccoon dog and
cat is formed by a branch of the second pro-
ximal perforating branch. In contrast, the
catella plantaris proximalis of the rabbit
was formed by the deep plantar branches of
the medial and lateral plantar arteries. This
difference may be due to the fact that in the
rabbit, the second proximal perforating
branch was poorly developed. In the monkey
foot, the catella plantaris distalis is usually
formed on the plantar surfaces of the inter-
osseous muscles and metatarsal bones at the
distal end of the metatarsus by the distal
perforating branches (9). This catella plan-
taris distalis was observed in the dog and
rabbit, though it was not noted in the
raccoon dog and cat. It is considered that
in the raccoon dog and cat, the distal per-
forating branches are too thin to form the
catella plantaris distalis. In the monkey
hand, the catellae palmares proximalis et
distalis corresponding to the catellae plan-
tares proximalis et distalis are usually form-
ed (5, 9). In the human hand and foot, these
catellae are rarely formed (3, 4). Also in
the forepaws of lower mammals, such as the
dog and rabbit, the catellae palmares proxi-
malis et distalis are rarely formed though
they are usually formed in the cat (7).

This paper moreover shows that the plan-
tar metatarsal arteries of the dog, raccoon
dog, cat and rabbit can be classified, as in
man (4), into four kinds of arteries (sM2-
sM5, sI2-sI4, dM2-dM5 and dI2-dI5) in
relation to the interosseous muscles and
metatarsal bones. In the dog, raccoon dog
and cat, the sl arteries are fully developed
and give rise to the proper plantar and dor-
sal digital arteries. In the rabbit, these
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superficial arteries, including the sM ar-
teries, are poorly developed though the deep
(dM and dI) arteries are developed to the
extent that they connect with the catella plan-
taris distalis. In the dog, raccoon dog, and
cat, the deep(dM and dI) arteries are poor-
ly developed. However, these arteries,
particularly dM arteries, are important in
producing nutrient vessels to the shafts of
the metatarsal bones. In the human hand and
foot, the main arteries in the deep palm and
planta are the sM arteries, though the sI, dM
and dI arteries can give rise to the digital
arteries(3, 4). In the monkey hand and foot,
the main arteries are the sM and dM ar-
teries though they rarely give rise to the
digital arteries (5, 6). In the dog, small
branches (dm, Fig. 1) arise from the catella
plantaris distalis and ascend along the plan-
tar surfaces of the metatarsal bones. It is
considered that these branches compensate
for the poorly developed dM arteries.

In man, the plantar articular nerves of
the second to fifth metatarsophalangeal joints
arise from the deep plantar branch of the
lateral plantar nerve and descend on the
plantar surfaces of the interosseous muscles
in close association with the sM arteries
(4). In the animals of the present study, as
in man, the plantar articular nerves of the
metatarsophalangeal joints arise from the
deep plantar branch of the lateral plantar
nerve and descend in close association with
the sM arteries which are poorly developed.
In the human hallux, the plantar articular
nerve of the metatarsophalangeal joint arises
from the medial plantar nerve and descends
in close association with the sMl artery (4).
In the present study, we did not observe the
arteries and nerves of the first toe or hallux
since they were too thin to dissect out for
observation.

Few authors have studied the position and
course of the plantar arteries in animals.

Nishi (9, 10) and Koch(11) have studied the
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hands and feet of some monkeys and de-
scribed two kinds of arteries ; aa. meta-
carpicae volares and interosseae volares in
the monkey hand, and aa. metatarseae plan-
tares and interosseae plantares in the
monkey foot. Judging from their descriptions
and illustrations, their aa. metacarpicae vo-
lares and metatarseae plantares correspond
to our sM arteries, and their aa. inter-
osseae volares and plantares to our dI ar-
teries. Our recent studies of some monkeys
and lower mammals, including the dog and
cat, have shown that the sl and dM arteries
occur together with the sM and dI arteries
(5-7). The dog plantar metatarsal arteries
in the textbook by Miller et al.(12) appar-
ently correspond to our sl arteries, judging
from their positions on the plantar surfaces
of the interosseous muscles and from their
courses in the intermetatarsal spaces.
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