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of the Phrenic Nerve in Man and in Macacus

Zmienno$é odejécia i polgczen n. przeponowego u czlowieka i makakow

The phrenic nerve is of interest to many workers, both from a theoretical and
a practical point of view, as evidenced by the numerous studies dealing with the
morphology and topography of this nerve. The above mentioned problems have
been dealt with on abundant human material (1, 4, 9, 10, 12, 14, 15). The literature
concerning the phrenic nerve in other Primates (3, 5, 8, 9, 11) is rather scanty.
In Macacus studies were carried out on a scanty material, so it was difficult to
decide what characters in the monkeys were typical and what were only variants.
The lack of those data do not permit to make a comparison of the phrenic nerve
in Macacus with that in other monkeys and in man. Such a comparison in an
anthropogenetic order would allow a division of features of this nerve into pro-
gressive and regressive. This would also enable to elucidate some variations of the
phrenic nerve in man.

The subject of this paper is to examine the phrenic nerve in Macacus and
compare it with that in man.

MATERIAL AND METHODS

Bilateral investigations on 100 Macacus rhesus and 50 Macacus cynomolgus
were carried out concurrently with bilateral comparative studies on 25 human
corpses. Dissection method was used and observations were performed with
a binocular magnifying lens. Results of observations were recorded, figures made
and dissections photographed. Special attention was paid to the number and
thickness of the roots of the phrenic nerve, their origin, connections, and the
relationship to spinal nerves.

The roots forming the phrenic nerve, and their number

In our material the phrenic nerve was formed by one, two or three
roots. According to the number of roots the phrenic nerve was divided
into types: I, II and III.
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In man, type I was found in 18 cases (36.0% * 6,79), type II — in
27 cases (54.0% =+ 17.05), type III — in 5 cases (10.0% £ 4.24).

In Macacus thesus type I was found in 14 cases (7.0% * 1.80),
type II — in 49 cases (24.5% % 3.04), and type III — in 137 cases
(68.5% = 3.28).

In Macacus cynomolgus type I was found in 5 cases (5.0% % 2.18),
type II —in 30 cases (30.0% =+ 4.58), type III — in 65 cases (65.0% £ 4.77).

The origin of the roots of the phrenic nerve

In man the phrenic nerve in type I was always observed to arise
from Cy, in type II — from C; and C, in 4 cases (8.0% * 3.84) and from
C,; and C; in 23 cases (46.0% + 7.05). In type III the roots of the phrenic
nerve extended from Cj;, C; and Cs in 4 cases (8.0% T 3.84); in one case
2 roots arose from C; and one root from C; (2.0% * 1.41).

In Macacus rhesus the phrenic nerve (type I) arose from C4 in 4 cases
(2.0% £ 0.99) and from C; in 10 cases (5.0% & 1.54). In type II the
phrenic nerve took separate roots from C; and Cs. This type was found
in 29 cases (14.5% * 2.49). In 3 cases (1.5% * 0.85) one root of the
phrenic nerve arose from C;, while another arose from the subclavian
nerve (Fig. 14). In 17 cases (8.5% * 1.97) one root arose from Cs, another
from the subclavian nerve (Fig. 15). In type III the phrenic nerve had
three roots arising separately from C;, C; and the subclavian nerve
(Fig. 11).

In Macacus cynomolgus (type I) the phrenic nerve arose from C,
in one case (1.0% + 0.99) and from C; in 4 cases (4.0% + 1.96). In type II
the phrenic nerve in 20 cases (20.0% x 4.00) took one root from C, while
another extended from C; (Fig. 13). In 10 cases (10.0% *3.00) one root
of the phrenic nerve arose from Cs, another from the subclavian nerve.
The roots of the phrenic nerve (type III) arose from C4 C; and the sub-
clavian nerve in all cases (Fig. 12).

Table 1 presents the origin of the roots of the phrenic nerve in man
and Macacus monkeys with reference to sex and side of body.

Spinal nerves forming the phrenic nerve

In man the phrenic nerve is formed by fibres which arise from
C; in 8 cases (16.0% * 5.18), C4 — in 50 cases (100.0%) and C; — in 28
cases (56.0% * 7.02).

In Macacus rhesus this nerve is composed of fibres arising from C,
in 173 cases (86.5% + 2.42), C; — in 196 cases (98.0% * 0.99), and Cy —
in 157 cases (78.5% £ 2.90).
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In Macacus cynomolgus the fibres of the phrenic nerve arose from Cy in
86 cases (86.0% X 3.47), C; — in 99 cases (99.0% *+ 0.09) and C; — in
75 cases (75.0% * 4.33).

In Macacus monkeys the fibres of the phrenic nerve from 05 emerged
by the root arising from the subclavian nerve.

The thickness of the roots of the phrenic nerve

When the phrenic nerve in man was formed by the roots arising
from C; and C,, the root from C; was always thicker than that from Cj.
If .the phrenic nerve was formed by the roots from C,; and C;, the root
from C,; was thicker in 22 cases and that from C; — only in one case.
In 15 cases out of the 22 mentioned above, the root from C; was very
thin. The thickest root of the phrenic nerve, formed by the fibres arising
from C;, C; and Cs, was that which arose from C;. The second in thick-
ness was the root from Cs in 3 cases, and that from C; in one case.
In one case when the phrenic nerve was formed by two separate
roots from C; and by one root from Cs, the thinnest one was also from C,.

In conclusion, the human phrenic nerve or its main root was made
up by the fibres arising from C,; in 49 cases (98.0% % 1.41), while in one
case (2.0% - 1.41) the fibres from C; formed the main root of the phrenic
nerve.

In Macacus rhesus the phrenic nerve formed by fibres arising from
C; and Cs, had the roots thicker in 8 and 18 cases from C; and C;,
respectively. In three cases the roots from C; and Cs; were equal in
thickness. The phrenic nerve formed by the fibres arising from C,4 and the
subclavian nerve had that root thicker which arose from C,. The phrenic

Fig. 1—4. Variations of the phrenic nerve in man



Various patterns of branching and connections of the phrenic nerve... 27

nerve, formed by the fibres arising from C; and the subclavian nerve,
had that root thicker which arose from Cs. The above mentioned nerve,
formed by the roots arising from C; and C; and the subclavian nerve,
had those roots thicker which arose from C; and C4 in 117 and 5 cases,
respectively. In 15 cases the roots from C; and C; were equal in thick-
ness. The next in thickness was the root from C; found in 58 cases and
the root from the subclavian nerve, observed in 34 cases. In 30 cases
the roots from C; and the subclavian nerve were equal in thickness.

In Macacus rhesus the phrenic nerve or its main root were found to
set off fibres from C; and C; in 20 (10.0% * 2.12) and 162 cases
(81.0% =+ 2.77), respectively.

In Macacus cynomolgus the phrenic nerve, formed by the fibres from
C; and Cs, had its thicker roots arising from C; in 4 cases and those
from C; in 10 cases. In 6 cases the roots arising both from C; and Cj
were equal in thickness. The phrenic nerve formed by the roots arising
from C; and the subclavian nerve had that root thicker which extended
from Cs. The phrenic nerve, formed by the roots extending from C,, Cs
and the subclavian nerve, in 56 cases had the thickest root arising from
Cs, in 3 cases — from C4. In 6 cases the roots from C; and C; were equal
in thickness. The next in thickness was the root from C; in 30 cases,
and that arising from the subclavian nerve in 15 cases. In 14 cases the
roots from C,; and the subclavian nerve were equal in thickness.

In Macacus cynomolgus the phrenic nerve or its main root set off
fibres from C, in 8 cases (8.0% £ 2.71) and C; in 80 cases (80.0% =+ 4.00).

Topography of the roots of the phrenic nerve

In man the root of the phrenic nerve, which arose from C; ran
downwards, passed anteriorly off the ventral ramus of the fourth spinal
cervical nerve, and in 7 cases, at a distance of 0.5—1.0 cm below this
nerve, communicated with the root arising from C4. In one case the root
from C; ran laterally off the anterior slanting muscle, continued to pass
in front of the subclavian vein, and at a distance of 2 ecm below it the
root from C; united with the root from C,. The root of the phrenic nerve
which originated from C, ran laterally off the anterior slanting muscle,
continued in front of the ventral ramus of the spinal fifth cervical nerve,
entered on the anterior slanting muscle, and penetrated the thorax
outside the subclavian vein. In one case another root from C,; united
with the phrenic nerve. It ran laterally from the main root of the phrenic
nerve, continued on the anterior slanting muscle and came into union
with combined roots from C; and Cs;, at the level of the sixth cervical
nerve (Fig. 1). The phrenic root from C; was the shortest. In 23 cases
it united with the root from C; (Fig. 2) and in two cases with combined
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C; and C,4 roots (Fig. 3), at the level of the ventral ramus of the fifth
spinal cervical nerve or at a distance of 0.5—1.0 ¢cm below it. In one
case the root from Cj reached the root from C;, and in one case it fused
with the combined roots from C; and C, on the slanting anterior muscle.
In one case the phrenic root from C; came into fusion with joint roots
from C; and C, in the upper part of the thorax.
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Fig. 5—8. Variations of the phrenic nerve in man

In Macacus monkeys the phrenic root from C; ran on the slanting
anterior muscle and entered the thorax (Fig. 14) outside the subclavian
vein. The root from Cs; was observed to lie below the slanting anterior
muscle; next, it emerged out of it and ran at a shorter or longer distance
laterally off the slanting anterior muscle, in the majority of cases
entered on it and penetrated the thorax outside the subclavian vein
(Figs. 11, 12, 15). In Macacus rhesus, in one case, the phrenic root from
Cs; penetrated the anterior slanting muscle and entered on its anterior
surface. In some cases, in Macacus rhesus and Macacus cynomolgus, the
root from Cs; ran laterally off the anterior slanting muscle, joined the
root arising from the subclavian nerve and entered the thorax outside
the subclavian vein. The root of the phrenic nerve arising from the
subclavian nerve ran downwards and medially, passed in front of the
ventral branches of the spinal C; and Cg nerves, and entered the thorax,
mostly, in front of the subclavian vein (Figs. 11, 15).

The fusion of the phrenic roots into a common trunk in Macacus
monkeys was noted mostly just below the subclavian vein or inside the
upper part of the thorax.

The root from C; fused with the root from C; above the subclavian
vein in 115 cases (57.5% * 3.49) in Macacus rhesus, and in 61 cases
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of the thorax — in 3 cases (1.5% = 0.85) in Macacus rhesus, and in
2 cases (2.0% £ 1.40) in Macacus cynomolgus.

The root of the phrenic nerve extending from the subclavian nerve came
into union with the combined roots of the same phrenic nerve arising
separately from C; and C; in 106 cases (53.0% * 3.53) in Macacus rhesus,
and in 50 cases (50.0% * 5.0) in Macacus cynomolgus. This union took
place just below the subclavian vein in 82 cases (41.0% * 3.47) in Ma-
cacus rhesus, and in 40 cases (40.0% =+ 4.90) in Macacus cynomolgus.
It also took place in the upper part of the thorax in 24 cases (12.0% * 2.30)
in Macacus rhesus and in 10 cases (10.0% =+ 3.0) in Macacus cynomolgus.

The phrenic nerve was formed by the simultaneous fusion of 3 roots:
those arising from C,, Cs; and the subclavian nerve in 21 cases (10.5% = 2.16)
in Macacus rhesus, and in 9 cases (9.0% * 2.86) in Macacus cyromolgus
(Fig. 12). The fusion took also place below the subclavian vein in 11 cases
(5.5% =+ 1.61) in Macacus rhesus, and in 6 cases (6.0% + 2.37) in Macacus
cynomolgus; and in the upper part of the thorax in 10 cases (5.0% * 1.54)
in Macacus rhesus, and in 3 cases (3.0% * 1.70) in Macacus cynomolgus.

Connections of the phrenic nerve with spinal nerves

In man, the phrenic nerve or its roots gave off branches to spinal
nerves in 20 cases (40.0% * 6.93). Out of these 20 cases, the branches
were sent off to the ventral ramus of the spinal nerve C,; in one case
(Fig. 6); to C4 and Cs —in 3 cases (Fig. 4); to Cs — in 14 cases (Figs. 5, 7);
to the suprascapular nerve — in one case, and to the suprascapular nerve
and the posterior branch of the superior trunk of the branchial plexus —
in one case.

The branch communicating to C, separated from the phrenic root
arising from C;, at a distance of 1 to 2 ¢cm below its emergence, ran
laterally and entered the ventral ramus of the fourth cervical nerve. In
these cases the phrenic nerve was formed by two roots: one from C; and
another from C,; (Fig. 6).

In seven cases, the branch communicating to Cs separated from the
phrenic nerve formed exclusively by C, (Fig. 7), and in 6 cases — from
the root of this nerve originating from C,. In these 6 cases the phrenic
nerve was formed by combined roots from C; and Cy in one case (Fig. 8),
and from C; and C; — in 5 cases (Fig. 5). Out of the other remaining
4 cases, the branch communicating to C; separated from the phrenic
nerve formed by C; and C4 in 3 cases (Fig. 9), and from the combined
roots of C3 and C; — in one case (Fig. 10). In this last case, the phrenic
nerve was formed by roots of C; C; and C;. In the above mentioned
4 cases, the branch communicating to the ventral ramus of C; contained
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It results from the above studies that the participation of the roots from
C; and Cg in formation of the phrenic nerve is found to be a primitive
feature, while the absence of those roots and a certain amount of reduc-
tion of the roots from Cs;, as well as the occurrence of the root from C;
and C,;, are to be regarded as progressive features. The phrenic nerve
in Macacus monkeys is found to be of primitive type.

CONCLUSIONS

1. In our investigations the phrenic nerve in man was mostly formed
by one or two roots, rarely by three roots.

2. The fibres from C,;, Cs and C; had respectively high, low and very
low participation in the structure of the human phrenic nerve.

3. The morphology and topography of the phrenic nerve in Macacus
rthesus and Macacus cynomolgus were found to be alike.

4. The phrenic nerve in Macacus was usually formed by three roots,
less frequently by two roots and, exceptionally rarely, by one root.

5. The fibres from Cs, C; and Cg had respectively high, low and very
low participation in the structure of the phrenic nerve in Macacus
monkeys.

6. The phrenic nerve in Macacus was primitive in type.

7. The connection of the phrenic nerve with the subclavian nerve
was often noted in the Macacus monkeys.

8. No significant differences in respect to sex and body side were
observed in the structure of the phrenic nerve in man and of that in
Macacus monkeys.
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Zmienno$¢ odejscia i polaczen n. przeponowego u czlowieka i makakéw

Streszczenie

Na 25 zwlokach ludzkich, 100 osobnikach Macacus rhesus i 50 osob-
nikach Macacus cynomolgus zbadano obustronnie zmienno$é odejscia
i polaczen n. przeponowego.

U czlowieka n. przeponowy w wiekszosci przypadkéw tworzyly dwa
korzenie, rzadziej — jeden i niekiedy trzy korzenie, a najwiekszy udziat
w jego budowie mialy widkna z C,, mniejszy — z Cs; i najmniejszy —
z C3.

U Macacus rhesus i Macacus cynomolgus morfologia i topografia
n. przeponowego byly podobne. Nerw przeponowy u makakéw w wiek-

szo$ci przypadkéw tworzyly trzy korzenie, rzadziej — dwa i wyjat-
kowo — jeden korzen, a najwiekszy udzial w jego budowie mialy
wldkna z Cs, mniejszy — z C, i najmniejszy — z Cg Jeden z korzeni

n. przeponowego u makakéw wychodzil zazwyczaj ze splotu ramiennego
wspoélnie z n. podobojczykowym.

Ryc. 1—10. Odmiany n. przeponowego u czlowieka.

Ryc. 11. Nerw przeponowy u Macacus rhesus utworzony przez korzenie od C,,
Cs i od n. podobojczykowego.

Rye. 12. Nerw przeponowy u Macacus cynomolgus utworzony przez korzenie
od C,, G5 i od n. podobojczykowego.

Rye. 13. Nerw przeponowy u Macacus cynomolgus utworzony przez korzenie
od C; i Cs.

Ryc. 14. Nerw przeponowy u Macacus rhesus utworzony przez korzenie od C,
i od n. podobojczykowego.

Ryc. 15. Nerw przeponowy u Macacus thesus uiworzony przez korzenie od C;
i od n. podobojczykowego.

Tab. 1. Pochodzenie korzeni n. przeponowego u czlowieka i makakéw.

Tab. 2. Udzial nerwéw rdzeniowych w utworzeniu n. przeponowego u cztowieka.

Tab. 3. Nerw przeponowy u czlowieka.

Tab. 4. Korzenie tworzgce n. przeponowy u naczelnych,
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BapuabuianHocts yxoma ¥ coequieduit auadparMajibHOr0 HEpBa
Yy 4JenoBeKa M MaKak

Peszwme

BunarepanbHo Mceseiopala BapmuabUIBHOCTE yX04a M COEAVHEHU -
adparMaJIbHOTO HepBa Ha 25 Tpymnax 4desioBeka, 100 ocobax Macacus rhe-
sus u 50 Macacus cynomolgus.

Y ueJsioBeka amadparmasbHBIN HEpB B GOJIBIIMHCTBE CJIy4YaeB o6paszo-
BBIEQJI [Ba KOPHA, peXe — OJMH, MHOIJA TPM KOPHA, a camoe OoJbIIoe
y4acTue B ero CTPOEHMM NPMHMMAJM BOJIOKHA, cocrodAiue m3 C, MeHblee
— u3 C;, u camoe masoe — u3 Cs.

Y Macacus rhesus u Macacus cynomolgus Mopdosnorna u Tonorpadousa
IradparMaJgsHoro Hepna 0Ll noxoxy. JuadparManbHblil HEPB V MaKak
B OOJIBUIMHCTBE CJIy4aeB O0pa3OBLIBAJI TPM KOPHHA, pexe — ABa, B PeOKUX
cJIydasx — OLUH KOPeHb, camoe GOoJBLIoe y4YacTHe B €r0 CTPOEHUY ITpMHM-~
MaJiM BOJIOKHA, coctosamme u3 C;, MeHbmee — n3 C; 1 camoe mMajnoe — u3
Cs. OzmH M3 KOpHelt auadparMajibHOIO HEPBA YV MaKaK BBIXOEWJ IPEUMY-
IHeCTBEHHO M3 IJIeYeBOIO CIIJIETEHMd BMECTe C IOAKJIOYMYHBIM HEPBOM.

Puyc. 1—4. Bapuaurte! aradparMalibHOro HEpPBa y YeJIOBEKa.

Piic. 5—8. BapmaHTbI AuadparMajbHOIO HepBa y HeJOBEKa.

Puc. 9—10. BapuaHTbl gMadparMajbHOTC HEPBA y YeJIOBeKa.

Puc. 11. JduacdparmanvHbnt HepB y Macacus rhesus, o6pa3oBaHHBIN KOPHAMU
or Cy n C; 1 OT INOAKIIOUNYHOrO HEpBa.

Puc. 12, JOuachparmaibHbiii HepB vy Macacus cynomolgus, o6pa30BaHHbI KOPHA-
My or Cy m C; M OT IOAKJIIOUMYHOIO HEpBa.

Puc. 13. HAuacbparmajnHblil HEPB y Macacus cynomolgus, 00pa3soBaHHbIM KOPHS-
My or Cy n Cs.

Puc. 14. HOuadparmanbHbelit HepB y Macacus rhesus, o0Opa30oBaHHEBII KOpPHA-
My or Cy M OT NMOAKJIIOUMYHOTO HepBa.

Puc. 15. OuacdpparmanbHeit HepB y Macacus rhesus, o0o0pa30BaHHBII KOPHA-
wi or Cs M OT MOAKJIOYMYHOrO HEpBa.

Tabx. 1. ITpoucxoxKaeHHe KOpHeit amacbparMalbHOIO HepBa y YeJOBeKa M Ma-
KaK.

Tada. 2. Y4acTMe CHOMHHOMO3IOBBIX HEPBOB B 00pa3zoBaHMM AmadparMagbHOro
HEpPBa y 4YeJIOBEeKa.

Tabn. 3. HunacdparMadbHbBIil HEPB Y 4eJIOBEKa.

Taba. 4. KopHu, obpasywinne auacdparvalbHbli HEPB Y IPUMATOB.
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