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RAMIFICATION AND DISTRIBUTION OF THE PHRENIC NERVES IN MULES
(Equus caballus X Equus asinus) DIAPHRAGMS

RAMIFICACAO E DISTRIBUICAO DOS NERVOS FRENICOS EM DIAFRAGMAS DE
MUARES (Equus caballus X Equus asinus)
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SUMMARY: It is the objective with this study the ramification of the ramification and distribution of phrenic
nerves (right and left), when it reaches the muscle. It was used 40 diaphragms of mules (Equus caballus X Equus
asinus) removed from adults animals; the diaphragms were isolated, washed and fixed in aqueous solution of phormoldehyde
10%, than the dissection of the pieces was made. In all the study it was observed that the phrenic nerve in mules give
origin to laterodorsal trunk 35 times at right side (43.7%) and one time at left side (1.25%); simultaneous origin of the
dorsal, lateral and ventral branches 15 times at left side (18.75%) and 5 times at right side (6.25%); it was also observed
that the phrenic nerve form the lateroventral trunk 24 times at left side (30%), the symmetric behavior of left and right
phrenic nerves were found one time (1.25%). The dorsal branches of both sides have distribution on the lombar part of
the muscle, the lateral branches of left and right side have its distribution on the costal and sternal parts of the correspondent
side. It was also observed the presence of connections 30 times (37.5%), being 15 connections on the left side (18.75%),
14 times on the right side (15.5%), and one time between the dorsal branches of the left and rights sides (1,25%).

UNITERMS: Mules, Phrenic nerve, Diaphragm muscle.

INTRODUCTION

The objective with this research work is to verify
the ramification and distribution of right and left phrenic
nerves when it reaches the diaphragm muscle.

The mules, animal that is a result of the cross-
breeding between equine (Equus caballus) and asinine
(Equus asinus), are widely utilized in brazilian country as
traction element , above all in small and average properties,
because of its wide work capacity and illness resistence,
producing considerable economic and social resources to
our country.

Regarding these aspects and the slenderness of
informations about this subject, our objective is not only to
complete the literature informs, as well to contribute for
the development of the Comparative Anatomy, specially
among equideous.

Consulting the abridgments reserved to Veterinary
Anatomy, we verified that Bossi et al. (1909); Zimmerl

(1930a); Lesbre (1923); Funaoka (1930); Zimmerl (1930b);
Ellenberger; Baum (1932); Bruni; Zimmerl (1947);
Gonzalez y Garcia; Gonzalez Alvarez (1961); Dobberstein;
Hoffman (1964); Sisson; Grossman (1963); Schwarze;
Schroder (1972) and Getty (1975), generically report that
phrenic nerves get at tendineous center, leading, after
successive divisions, to the muscular part of diaphragm.
From the mentionated authors, only Zimmerl (1930a);
Lesbre (1923) and Bruni; Zimmerl (1947); allude to the
presence of one or more nervous fillets destined to the
lombar part of the referred muscle.

As to specialized literature, referred to this
subject, it is important to detach the works of Pancrazi
(1926), studied the disposition of phrenic nerves in ants,
bovines, equines, rabbits, dogs and cats, it was concluded
that the main nervous contingents are in number of three,
denominating them ventral, lateral and dorsal.

Other authors like Lutnicki (1950) studied the
phrenic nerves in sheeps and the same author studied this
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nerve (LUTNICKI, 1953) in swines. Neves (1968)
observed the phrenic nerves in bovines.

In the other way, Santiago; Pereira (1983), when
studying diaphragm’s innervation, using 30 equines PSI,
15 males and 15 females, adults, reached the following
conclusions: the phrenic nerves ending in ventral branch
and dorsolateral trunk of the right side (96.7%) and at the
left side (3.3%).

Santiago (1986) studying the ramification and
distribution of phrenic nerves in equine diaphragms, without
defined bred, verified that: the phrenic nerves give the
ventral branch and dorsolateral trunk 42 times (82%) at
the right side and 5 times (19%) at the left side; the dorsal
branch and ventrolateral trunk 40 times (80%) at the left
side and 2 times (4%) at the right side.

We should still consider that studies about division
and distribution of phrenic nerves in domestic and wild
animals have already been objective of several researches,
in canines (BERTELLI, 1894; CONDE, 1957), bovines
(PANCRAZI, 1926; GIROLLA, 1955; NEVES, 1968;
SOUZA; PEREIRA; ALBUQUERQUE, 1984), bubaline
(MIGLINO; SOUZA, 1984 and TOCANTINS NETO,
1985), capybaras (MIGLINO,1984), dolmens (SOUZA,
MIGLINO; SANTIS PRADA, 1982) and swines
(CONDE, 1959; SOUZA, SANTIS PRADA;
MIGLINO, 1983).

MATERIAL AND METHOD

Fourty diaphragms was used of adult mules
(Equus caballus X Equus asinus), being 16 males and
24 females, the animals were killed at Abatedouro
POMAR in the city of Araguari, MG; the animals came
from different regions of breeding of the states of Sdo
Paulo, Goias and Minas Gerais.

After sacrifying, the animal stayed with its head
down and its abdominal cavity was widely opened trough
one incision at the level of the white line. The abdominal
viscera were removed, the liver and diaphragm remained
fixed on there original places, being removed in only one
block closed with the thoracic viscera.

Following this, the phrenic nerves (left and right)
were identified and sectioned near 15 cm before they
reach the muscle and than the diaphragm was isolated
from the other thoracic organs and from liver.

Once totally isolated, the diaphragm was washed
in current water and than extended in hard base, being
shown its thoracic face, than was fixed in aqueous solution
of phormoldehyde 10% where it remained for at least 72
hours.

The dissection of the 40 diaphragms was made
using conventional surgical materials.At the finish of each
dissecation, the muscle was designed, recording the
division and distribution of the phrenic nerves.

For the description of the results, it was adopted
the original nomenclature proposed by Bertelli (1894),
calling the mainly branches of the division of the phrenic
nerves as lateral, dorsal and ventral; also be employed
the designations of right and left dorsolateral trunk and
right and left ventrolateral trunk, used by Conde (1957),
admitting the modifications made by Santiago (1986), that
is, laterodorsal trunk and lateroventral trunk.

The division proposed was followed by Schmaltz
(1928) that consider in the lombar part of the muscle, four
pillars, being, right lateral, right medial, left medial and left
lateral; the first three arising from a common tendon placed
at the right, and the last one, at left. The behavior of the
branches that goes to the costal part define by the
occurrence of two variable dimension regions, that is
named dorsal (dorsal foliolo) and ventral (ventral foliolo).

RESULTS

In the dissecation of the 40 diaphragms that:

- the phrenic nerve of the mules provides the laterodorsal
trunk at 35 times on the right side (43.75%) and one
time on the left side (1.25%);

- the phrenic nerves have simultaneous origin of the
dorsal, lateral and ventral branches 15 times on the
left (18.75%) and 5 times on the right (6.25%);

- it was found that phrenic nerve forms the lateroventral
trunk 24 times on the left (30%);

- asymmetric behavior between right and left phrenic
nerves were observed once (1.25%) when it give off
the laterodorsal trunk and ventral branch;

- Distribution of the dorsal branches of phrenic nerves:
. In 77 cases (38 at right side and 39 at left side ) the
dorsal branches are distributed only on the lombar parts
that is correspondent to the medial and lateral pillar of
diaphragm.

.In 2 cases the dorsal branch gives off the one nervous
fillet toward the right dorsal.

. And once there were the emission of 2 nervous fillets
toward tendineous center of the muscle, arising from
the dorsal branch of the left phrenic nerve.

- Distribution of lateral branches of phrenic nerves:

. In 78 cases (40 at the left side and 38 at the right
side) the lateral branches were toward the costal part
of'the muscle, exactly on the laterodorsal region of the
correspondent side.
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. In only one case at the right side, the lateral branch
give off one nervous fillet toward the right dorsal
foliolo.

.In one case was observed the emission of one nervous
fillet arising from the right lateral branch toward the
right lombar part corresponding exactly to the right
lateral pillar.

- Distribution of the ventral branches of the phrenic
nerves:
. In 79 times (39 at the left side and 40 at the right
side) the ventral branches have its distribution on the
lateroventral regions of the costal and sternal parts of
the muscle.
. In only one case the left ventral branch gives off 2
nervous fillets toward the ventral foliolo.

- Connections:
The presence of connections were found at 30 cases;
being 15 connections on the left side and 14 connections
between the branches of the right side and just only
one connection was found between branches of the
left and right sides.

DISCUSSION

The classic authors of a treatises like Bossi et al.
(1909); Lesbre (1923); Zimmerl (1930b); Ellenberger;
Baum (1932); Bruni; Zimmerl (1947); Gonzalez y Garcia;
Gonzalez Alvarez (1931); Dobberstein; Hoffman (1964);
Sisson; Grossman (1963); Schwarze; Schroder (1972);
and Getty (1975), reported that generically, the phrenic
nerve get at the tendineous center and after some divisions
it goes forward the muscular part of the diaphragm, this
kind of information is more detached in observed including
the frequencies of the occurrence of the different nervous
arrangements, further on the identification of the distribution
area of each branch of the phrenic nerves.

In opposite of what Amorin Junior (1988)
observed for Nordestin ass, we did not observed neat
separation between the costal and sternal parts, and at
this point agree with the affirmative made by Nickel et al.

(1986) that, in horses, the sternal part is not distinctly
separable of the costal part.

In relation of the ramification of the phrenic
nerves, Pancrazi (1926) observes the occurrence of the
ventral, lateral and dorsal branches, fact that also find in
pieces, beyond the formation of the laterodorsal and
lateroventral trunks attested now in mules. In the other
side, Amorin Junior (1988) names that branches of lombar,
costal and sternal.

According to the frequencies of the occurrence
of the nervous arrangement in the muscle, we identified
as did Santiago; Pereira (1983) and Santiago (1986) the
formation of a ventral branch associated with the
laterodorsal trunk, at the right side 35 times, however in
less number.

The formation of the dorsal branch associated
with the lateroventral trunk 24 times at the right side of
our cases, and this kind of arrangement was also found
by Santiago (1986) however with a major frequency.
Beyond that, we still found a simultaneous origin of the
dorsal, lateral and ventral branches in 18.75% of the cases
at the left side and 6.25% of the cases at the right side.

At the end, the connections observed in 37.5%
of the cases occurred more frequently in mules than in
PSI equines (SANTIAGO; PEREIRA, 1983) and in
equines without defined breed (SANTIAGO, 1986).

CONCLUSIONS

The phrenic nerve on the mules gives off the
laterodorsal trunk and ventral branch 35 times (43,75%)
at the right side and one time at the left side (1.25%); the
lateroventral trunk and dorsal branch 24 times (30%) at
the left side; simultaneous origin of the dorsal, lateral and
ventral branches were found 15 times at the left side
(18.75%) and 5 times at the right side (6.25%).

The right and left phrenic nerves have a symmetric
behaviour in one case when it gives off the laterodorsal
trunk and ventral branch.

The dorsal branches of phrenic nerves in all cases
on both sides (left and right) have its distribution on the lombar
part (medial and lateral pillar) of the correspondent side.

RESUMO: O objetivo deste estudo é a verificagdo da ramificagio e distribui¢do dos nervos frénicos (direito
e esquerdo) quando estes alcangam o musculo diafragma. Foram utilizados 40 diafragmas de muares (Equus caballus
X Equus asinus) removidos de animais adultos. O diafragma foi isolado, lavado e fixado em solug@o aquosa de formol
a 10%, para posterior dissecag@o das pegas. O nervo frénico em muares originou o tronco laterodorsal 35 vezes pelo
lado direito (43,7%) e 1 vez pelo lado esquerdo (1,25%); cedeu simultaneamente ramificagdes dorsais, laterais e
ventrais 15 vezes pela esquerda (18,75%) e 5 vezes pelo lado direito (6,25%); o nervo frénico forma o tronco lateroventral
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24 vezes pela esquerda (30%); o comportamento simétrico entre nervos frénicos direito e esquerdo foi observado uma
vez (1,25%). As ramificag¢des dorsais de ambos os lados tém sua distribuicdo pela por¢do lombar do musculo, as
ramifica¢des laterais distribuem-se pela porgdo costal (regido laterodorsal) e as ramificagcdes ventrais nas porg¢des
costais e esternais do lado correspondente. Foi observado presenga de coneccdes 30 vezes (37,5%), sendo 15 conecgdes
no lado esquerdo (18,75%), 14 no lado direito (15,5%) e 1 coneccdo entre ramificagdes dorsais dos lados direito e
esquerdo (1,25%).

UNITERMOS: Muares, Nervo Frénico, Musculo diafragma.
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Figure 1 - Schematic drawing of one diaphragm model of mule (Equus caballus X Equus asinus).

FD: Right Phrenic Nerve
FE: Left Phrenic Nerve
RD: Dorsal Branch

TLV: Lateroventral Trunk
RV: Ventral Branch

TLD: Laterodorsal Trunk
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