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INTRODUCTION

The innervation of bovine manus has been studied by many
investigators (13, 17, 18, 51). Most of the work has been
done by gross dissections of adult forelimbs. This approach
is usually limited to a description of the route and distri-
bution of the major nerves and their larger, superficial
branches. The smaller, deeper branches of these major nerves
have been somewhat neglected or overlooked since they are
difficult to identify and/or follow grossly, are almost indis-
tinguishable from the surrounding connective tissue, and are
easily torn. This is especially true when attempting to
follow the smaller nerves of the metacarpal and digital area,
where many heavy tendons and ligaments are found.

The nerve supply to equine carpus, metacarpus and digit
has been studied using serial sections of fetal limbs (51);
to our knowledge no such studies have been done on bovine
fetal limbs. Yet, the structures innervated by the smaller
and deeper nerves of the carpus, metacarpus and digits are
very important if diagnostic and surgical nerve blocks of the
larger, superficial nerves are to be properly performed.
Further, diseases of this region of livestock often impair
the animal's utility, thus causing economic loss. Finally,
knowledge of the sensory innervation of the manus is important
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5
since lameness diagnosis and surgery of this region is very
common and generally performed under local anesthesia (13, 18).
We therefore undertook to determine the feasibility of
using fetal forelimbs for gross and microscopic studies of
the nerves of the manus. The microscopic study was done from
serial transverse sections. Attempts were made to follow the
smaller nerves to the structures innervated. All findings
were correlated with gross dissections of the adult manus.
The results of this study provide the first detailed descrip-
tion of the innervation of the bovine manus. In addition,
we have demonstrated the value of the combined technigue of
gross dissection and study of serial transverse section of
fetal material to effectively study the nerve supply to the
bovine manus. The information gained on our study adds signi-

ficantly to our knowledge and understanding of bovine anatomy.



LITERATURE REVIEW
The Development, Morphology and
Distribution of the Brachial Plexus:

The term "brachial plexus" is used to denote a network
of nerve fibers formed by the convergence and subsequent
joining of ventral rami of a variable number of spinal nerves
which serve the forelimb or wings of animals. The differen-
tiation, number and the pattern of the nerves which form the
brachial plexus is species specific and is dependent upon the
development and specialization of the limbs. The primary
development occurs during the early period of embryonic growth
(3). In birds (49) the plexus primoridum is recognizable at
82-84 h. of incubation, and it is definitively constituted
by 120 hrs. By the eleventh day of incubation the peripheral
nerve distribution is similar to that of the adult. Embryo-
logically, the brachial plexus has been studied in aves (3, 6,
42, 50), pisces, amphibians, reptiles, pigs, cats, mice, rats,
rabbits, guinea pigs and men (6-39). In mammals (3, 39) the
brachial plexus is composed of nerves arising from the fourth
to the ninth spinal roots, with species and individual varia-
tion within the species (39).

The morphological pattern of the "mammalian" brachial

plexus when studied embryologically is regarded as being made



uap of spinal roots which fuse together in various ways to
form cranial and caudal trunks. These trunks are organized
into cords from which the peripheral nerves of the forelimbs
arise (38). This morphological pattern is not the same in
all animals, and the complexity increases with the evolution-
ary scale. 1In amphibians there is no suggestion of trunks

or cords. In reptiles there are defined cranial and caudal
trunks which are combined into three cords, to form the ulnar
and median peripheral nerve elements. In monotremes, marsu-
pials and birds the brachial plexus is characteristic of the
"mammalian" plexus. The form, distribution and complexity

of the brachial plexus are determined by the general morphology
and specialization of the pectoral limb musculature and the
loqomotion peculiar to the specific animal (38).

Gross dissection technigques have shown that the thoracic
limbs are innervated primarily by the sixth cervical tc the
first thoracic spinal cord segment with small contributions
from C5 and T2 (10); In general, the brachial plexus is
derived from the last 3 or 4 cervical nerves and the first
one or two thoracic nerves (1l6). There is general agreement
on the course of the branches of the plexus and the structures
innervated (2).

Studies of the brachial plexus of the dog have shown
that the plexus is mainly confined to C6, 7, 8 and Tl with
some contribution from C5 and T2 (2, 29, 38). Others state

that the brachial plexus in the dog is composed of the sixth,
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seventh and eighth cervical and the first and second thoracic
nerves, with an inconstant contribution from the fifth cervi-
cal nerve. However, the contribution from the fifth cervical
and seccond thoracic nerves are relatively very small (14, 17).

Researchers generally agree that the brachial plexus of
the bovine, goat and sheep is formed by the junction of ven-
tral branches of the last three or four cervical nerves and
the first thoracic nerves, with a small inconstant contribution
from the second thoracic nerve (11, 37). In ruminants, horses
and pigs the brachial plexus derives its fibers from the ven-
tral branches of the sixth, seventh and eighth cervical nerves
and first thoracic nerve in the goat and sheep, from the sixth,
seventh, and eighth cervical and the first and second thoracic
in the ox and horse and from the fifth, sixth, seventh and

eighth cervical and first thoracic nerve in the pig (17, 34, 35).

The Peripheral Nerves of the Brachial Plexus:

There are normally eleven peripheral nerves which branch
from the brachial plexus. These branches are the suprascapular,
subscapular, pectoral, musculocutaneous, ulnar, median; radial,
axillary, long thoracic, thoracodorsal, and the laterai thor-
acic nerves (17). These nerves and their distribution have
been studied by gross dissection techniques. OCur studies will
focus on the radial, musculocutaneocus, ulnar and median nerves
which are those that provide the senscory and motor supply of

the bovine manus (20),
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Gross techniques are of indispensable value, and phey
give a general view of the anatémical distribution of the
larger more visible nerves. They also show the relationship
of those nerves to the other structures but they do not show
the smaller subgross elements. Other studies are needed to
study the smaller nerves, their ramification, duplication,
absence and branches (58, 61).

Depending upon the topographic location and distribution
of the nerves in the forelimb, the placement of local anes-
thetic is divided into six regions. These include the pedal,
interdigitai, digital, subcarpal, supracarpal and cubital nerve
blocks. Each of three proximal blocks except the cubital is
subdivided into dorsal and palmar and into lateral and medial
regions to facilitate the detection of forelimb lesions (28).
Most operations upon the foot require blocking of several
nerves when planning the injections. It is also necessary
to know the depths of the nerves below the skin, as well as
their individual course, connections and distribution (13).
For successful anesthesia during surgery, it is important to
block both sensory and motor innervation (20). Unfortunately
such blocks become complicated because there are four, some-
times five, nerves which descend into the manus (13). In the
foot region these nerves are further divided into axial,
abaxial, common, and proper palmar digital nerves (42).

The terms axial and abaxial are used to refer to the

side of each digit relative to the axis of the foot (23).



In English literature the terms "axial" and "abaxial" are
often used to signify the dorsal and palmar digital nerves
(19), but in reality, the medial and lateral dorsal nerves
(or palmar) digital nerves are axial instead of abaxial nerves,
because their relationship has changed due to the palmar
migration of the second and fifth digits. Therefore, such
terms are confusing and should be abandoned because they
convey the wrong conception. Instead, they should be renamed
as "proper" nerves in conformity with the Nomina Anatomica
Veterinaria (41). To avoid further complication in renaming
proper digital nerves, the Roman numeral of the digit along
with the respective nerves should be added.

General Review of the Radial, Musculocutaneous,

Ulnar and Median Nerves:

Radial Nerve: (N. radialis). The radial nerve derives

its fibers from seventh and eighth cervical and first thoracic
nerves in the goat, sheep, ox and pig and chiefly from the
eighth cervical and first thoracic in the horse (17, 34,; 35)»
In the dog (2) the radial nerve is formed by C8 together with
a branch from C7 and Tl and sometimes with a slender filament
from T2. The radial nerve in the dog is the largest and
innervates all extensor muscles of the carpus and digits (15).
Terminal branches of the radial nerves are often differently
designated by different veterinary anatomists (19, 20) .

At the ventral border of the teres major muscle the

radial nerve gives off several muscular branches which



innervate the triceps brachii muscle (medial, lateral and
long head). It also gives off small branches which enter
the tensor fascia antebrachii and anconeous muscles (34).
Then, the radial nerve divides into "dorsal cutaneous nerve
of the forearm", and a muscular branch near the anterior
border of the triceps muscle. The muscular branch distributes
on the extensor muscles and the dorsal cutaneous nerve inner-
vates the forearm and runs down to the digit (35). The dorsal
cutaneous nerve of the forearm is also called the superficiail
branch (17, 18, 19, 20), and the muscular branch is called
the deep branch (17, 19, 20). The superficial branch of the
radial nerve gives off a long slender branch called nervus
cutaneous antebrachii lateralis (19, 20) or lateral cutaneous
antebrachii nerve (51), which in the forelimb of the horse
ramifies on the lateral surface as far distally as the carpus.
In the bovine the slender branch of the superficial branch
of the radial nerve joins by means of several twigs to the
medial cutaneous antibrachial nerve. This combined trunk
furnishes twigs to the fascia and skin of the adjoining area,
obligquely crosses the carpus and disappears in the fascia and
skin on the medial aspect of the proximal half of the meta-
carpus (18, 19, 20).

The superficial branch of the radial nerve, which also
supplies the fascia and skin of the carpus Jodnt {18, 20),
may receive a communicating branch from the musculocutaneous

nerve (19, 22). It descends over the metacarpal bone and
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supplies all the dorsal nerves to the dorsal aspect of the
foot (13, 22), except the lateral dorsal nerve (22). There-
fore, in radial paralysis there is a reduction or absence of
skin sensation on the dorsal aspect of the manus, as all of
this area, except the most lateral part, is supplied by the
radial nerve (20).

The dorsal metécarpal nerve is the continuation of the
cutaneous branch of the radial nerve (25). It descends under
the deep fascia on the dorsal surface of the carpus and meta-
carpus (37) and supplies innervation to the fascia and skin
of the proximal third of the metacarpal bone (18).

This superficial branch of the radial nerve lies medial
to the tendon of the medial digital extensor tendon (37), and
a little below the middle of the dorsal surface of the meta-
carpus; it can be palpated on the bdne, and injection at this
point blocks the axial dorsal nerves of both digits and the
abaxial dorsal nerve of the third digit (23, 24).

The superficial branch of the radial nerve is also called
dorsal metacarpal nerve. The branches given off by the division
of this nerve receive different names according to different
authors. One author (37) states that above the fetlock joint
the superficial branch of the radial nerve divides into three
dorsal digital nerves. Another (25) states that a little below
the middle of the dorsal surface of the metacarpus, the super-
ficial branch of the radial nerve gives off a medial branch,

which is the abaxial dorsal nerve of the third digit, and the
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major trunk continues on the common digital extensor tendon
and divides into the axial dorsal digital nerves. The main
continuation of the dorsal metacarpal nerve or superficial
branch of the radial nerve is called N. metacarpus dorsalis
communis III or N. digitalis dorsalis communis III (18, 19).
The meost commonly accepted division is into dorsal common
digital nerve II and III (17).

The dorsal common digital nerve II furnishes the medial

. accessory second digit and continues on the abaxial side of

. the third digit as the dorsal proper (abaxial) digital nerve

ITI (L7) or medial dorsal digital nerve of the third digit
(18). Sometimes there is a communicating branch between the
medial branch of the superficial branch of the radial nerve
and the medial branch of the median nerve (18).

" The dorsal common digital nerve III divides into dorsal
proper digital nerves III and IV (17), which supply the inter-
digital surfaces of the principal digits (18). Freguently,

a communicafing branch connects the dorsal and palmar proper
digital nerves III and IV through the interdigital space (17,
18, 25). Across the middle of the proximal phalanx in the

oxX, a transverse connection exists between the dorsal proper
digital nerve III and the palmar proper digital nerve v {17, 33)s

Musculocutaneous Nerve: (N. Musculocutaneous). This

nerve derives its fibers from the sixth and seventh cervical
nerves in the goat, chiefly from the sixth and seventh in the

sheep and pig, from the seventh and eighth cervical nerves in



11
the horse, and chiefly from the sixth, seventh and eighth
cervical nerves in the ox (17, 34). Scometimes in the bovine
its fibers are derived either from the sixth and seventh or
from the seventh and eighth cervical (17). In the dog the
musculocutaneous nerve is formed entirely by two filaments
from the cranial border of the seven cervical nerves (2).
There is a controversial point about the origin of the muscu-
locutaneous nerve. Some authors consider that this nerve is
given off by the median nerve as the N. cutaneous antebrachii
medialis (18, 20, 37). "~ This N. cutaneous antebrachii medialis
also is called dorsal cutaneous nerve of the forearm (37).
Usually the musculocutaneous nerve is related to the cranio-
medial aspect of the median nerve and is enclosed in a common
sheath with it in the axillary space (17). In the cat the
musculocutaneous nerve is not associated with the median nerve
in its distal course. Its cutaneous branch is all N. cutaneous
antebrachii medialis which corresponds to the N. cutaneous
antebrachii in the man (19). In the pig, goat and horse the
musculocutaneous nerve is completely separable from the median
nerve (34). 1In the ox, sometimes it is completely separated
from the median nerve (35). Other authors consider that there
are two musculocutaneous nerves, one of which is the main
trunk which sends branches to join the musculocutaneous nerve
of the median nerve (34); it is also called dorsal cutaneous
nerve of the forearm (37). Both the musculocutaneous and the

median nerves are so closely related that it is difficult to
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discuss one without the other (35). In some cases, the mus-
culcocutaneous nerve contributes fibers to the median nerve
(34, 35), and in others, it exchanges fibers with the latter
nerve (34). The exchange of fibers between the musculocutan-
eous and the median nerves is a reciprocal one; the median
nerve contributes fibers to the musculocutaneous nerve, and
the musculocutaneous nerve contributes fibers to the median
nerve (35).

For comparative reasons, the ramus musculocutaneous of
the median nerve should be regarded as the ramus muscularis
distalis of the musculocutaneous n. (19}.

On the whole, there are two parts of the musculocutaneous
nerve: the proximal part or independent part (13, 35) which
supplies the biceps and the coracobrachialis muscle and the
distal part, which appears as a branch of the median nerve
(13); this last branch is the cutaneous nerve of the forearm
and releases fibers to furnish the medial and dorsal aspect
of the carpus (17, 18, 20). The main branch of the musculo-
cutnaeous nerve joins to the radial nerve over the carpus
(17, 18, 20). 1In general, it supplies the dorso-medial area
of skin extending from the lower part of the forearm into the
foot and overlaps the cutaneous distribution of the radial
nerve (13). The musculocutaneous nerve may continue distally,
but parallel to the radial nerve to form the abaxial dorsal
nerve of the medial digit (13); or it continues distally,

without exchanging fibers with the radial nerve, as the
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dorsal common digital nerve II 917). 1In the dog the musculo-
cutaneous nerve gives sensory innervation to the skin on the
medial aspect of the forearm, and in this animal it ends at
the carpus (14). In the horse the medial cutaneous ante-
brachial nerve supplies innervation to the medial aspect of
the carpus and metacarpus as far distally as the fetlock
Jeant (51) .

Ulnar and Median Nerves: (Nn. Ulnaris et Medianus).

The innervation of the palmar part of the forearm and manus
is an important part of the brachial plexus in every species,
and the ulnar and median nerve are responsible for that func-
tion (38). These nerves (ulnar and median) form the termina-
tion of the cranial divisions from all the spinal roots. 1In
animals in which the manus is poorly developed the ulnar and
median nerves are undifferentiated, and a single nerve trunk
suppliés the region. This condition is specially marked in
the wing of the bird. Actual differentiation of the ulnar
nerve is evident in the monotreme and marsupial in which the
forelimbs are better developed and have greater range of
actions. Conversely the nerves to the compressed forefoot

of the dog are fused or anastomosed for a great part of their
extent (38).

Ulnar Nerve: (N. Ulnaris). This nerve originates

from the eighth cervical and first thoracic nerves in the
goat, sheep and pig, from the second thoracic nerves in

addition to the above in the ox, and chiefly from the first
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and second thoracic nerves in the horse (17, 34, 35). 1In
the middle of the arm region it divides into a small anterior
and a larger porterior branch, which are distributed below
the elbow (35).

About 2 cm. above the point of the elbow, the ulnar
nerve detaches the caudal cutaneous nerve of the forearm or
N. cutaneous antebrachii dorsalis superficialis (18, 19, 20).
This nerve supplies the caudomedial aspect to the forearm
(19, 20). It also supplies innervation to the fascia and
skin of the craniomedial aspect of the carpus (20, 35). In
the palmar region of the carpus a little above the accessory
carpal bone the ulnar nerve terminates into three branches
(38) : the palmar cutaneous carpal nerve, the superficial
lateral palmar nerve, and the deep lateral metacarpal nerve.
The most accepted division is that in which the ulnar nerve
divides into dorsal and palmar branches (17, 18, 20). Those
branches can be called ramus dorsalis nervus ulnaris and
ramus palmaris nervus ulnaris (19). The dorsai branch of
the ulnar nerve detaches a small twig to the accessory carpal
bone and furnishes the skin and fascia along the dorso-
lateral aspect of the metacarpals (18, 20). This sensory
innervation to the lateral aspect of the metacarpus is fur-
nished as far as the fetlock joint (17).

In polydactyl animals, the ramus dorsalis nervus ulnaris
(19) divides in different ways. This division, within the

same species and among different species, receives different
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names according to the author and the number of digits. Thus,
the dorsal branch of the ulnar nerve above the fetlock joint
divides into two twigs (20). The most important is the pal-
mar twig which is called the dorsal common digital nerve IV
(17, 20). This branch supplies the lateral accessory digit
(17, 18, 20) and continues downward as the dorsal proper
(abaxial) digital nerve IV (17, 20) or as the lateral dorsal
digital nerve of the fourth digit (18). In general, this
branch, which also is called the lateral dorsal nerve (22),
contributes fibers to give sensory innervation to the fascia
and skin of the fetlock joint (18, 20).

The palmal branch of the ulnar nerve runs in the groove
between the interosseous tendon and the metacarpal bone (25).
It can be blocked by injecting in the groove between the
interosseous and the metacarpal bone (23).

The palmar branch is the distal continuation of the
ulnar nerve (13, 17, 18). This branch gives off one deep twig
to the interosseous muscle (19, 24). This deep branch is
expended entirely inside tﬁe interosseous muscle except in
the dog (19).

On the whole, the palmar branch of the ulnar nerves fur-
nishes the fascia and skin of the proximal third of the medial
surface of the metacarpus (17, 18). It receives the lateral
palmar nerve of the median nerve (18) or a communicating
branch of the median nerve (17, 23). The latter trunk sup-

plies the lateral accessory digit (17, 18) and continues
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downward as the lateral palmar digital nerve (18), or as the
palmar proper (abaxial) digital nerve IV (17, 23). This ,
nerve can be blocked in the groove between the interosseous
and the deep flexor tendon on the lateral side (23).

Median Nerve: (N. Medianus). Its fibers are derived

from the eighth cervical and first thoracic nerves in the
goat and sheep, primarily from the preceding plus the second
thoracic in the ox and horse, and from the seventh and eighth
cervical and first thoracic nerves in the pig (17, 34, 35).

The median nerve continues through the carpal canal as
the medial palmar nerve (13, 37). This nerve runs down to
the medial side of the flexor tendons and is covered by the
deep metacarpal fascia (25). At the middle of the metacarpus
it divides in a variable manner and its branches receive
different names according to different anatomists. 1In
general, it supplies three palmar digital nerves and a part
of the fourth palmar digital nerve (25). The median nerve
is also divided into three branches: medial, middle and
lateral (37). - The most accepted division is that in which
the median nerve divides into medial and lateral palmar nerves
(17, 18, 18, 20).

The lateral and medial palmar branches divide into
different branches, named in different ways by different
authors. Thus, the medial branch is the abaxial palmar N.
of the digit III, and the lateral branch forms a common

trunk for the axial palmar nerve of both digits (13). One
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author (20) states that the medial branch supplies the acces-
sory digit (ramus medialis nervus digitalis palmaris communis
ITI) and finally extends as the palmar proper digital nerve
or nervus digitalis palmaris proprius. The same author
divides the lateral palmar branch into a medial and a lateral
branch in which the medial branch forms the palmar proper
digital nerve of the fourth digit. The most commonly accepted
division is that in which the medial branch soon divides into
the palmar common digital nerve II and the palmar axial digi-
tal nerve III (17, 18). The lateral branch alsc divides into
a medial and a lateral branch (18), or palmar axial digital
nerve IV and a communicating branch (17).

The bovine palmar axial digital nerves III and IV often
reunite for a short distance, forming the palmar common digi-
tal nerve III (17, 18). From this trunk arise the Nn. digitalis
III et IV palmaris proprius (19), or palmar (axial) digital
nerves III and IV (17). Those last nerves ramify in the
axial structures (13, 20). In some cases a communicating
branch exists among the dorsal proper digital nerves and the
palmar proper digital nerves through the interdigital space
(17, 20). 1In other cases, the area of innervation of both
the palmar and dorsal proper digital nerves appears to overlap
in the interdigital surface of the principal digits and con-
sequently no anastomotic branch between them is distinctly
visible (20). Sometimes the medial branch of the median nerve
communicates with the medial branch of the superficial branch

of the radial nerve (18, 20).
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The communicating branch or lateral branch (17, 18, 25)
joins to the palmar branch of the ulnar nerve, thereby con-
stituting the palmar common digital nerve IV. The latter
detaches a few twigs to the lateral accessory digits and con-
tinues as the palmar proper (abaxial) digital nerve 1IV.

In summary the median nerve supplies the axial palmar
digital nerves, the abaxial palmar nerve of the third digit
and a communicating branch to the fourth digit (23). All of
these nerves can be blocked by injecting in the groove between
the interosseous and the deep flexor tendon on the medial
side above the middle of the metacarpus (23).

In the horse the median nerve usually is the largest
nerve of the brachial plexus (17). The nerves that enter
the foot are derived from a bifurcation of the medial and
lateral (palmar) metacarpal nerves at the upper edge of the
fetlock joint (56). At the carpus the lateral palmar nerves
receive a contributing branch from the ulnar nerve (17).
After the bifurcation the medial and lateral palmar branch
ramify in the skin and corium of the hoof on the dorsal sur-
face of the digit (586).

In the horse (17, 56) there is an inconstant intermediate
branch which arises from the dorsal edge of the volar digital
nerves. Failure to achieve desired results from a properly
performed volar digital nerve block or neurectomy is due to
the variations of this branch. In general, foot structures

of the horse which are innervated by the dorsal digital nerves





























































































































































































