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ABSTRACT

The Obliquus abdominis externus profundus was found to be present in eleven cases
among 50 sides examined in Japanese adult cadavers (frequency of occurrence 22%).

This muscle originated at a level ranging from the fifth to seventh rib either by a
single slip from one of these ribs (nine cases) or by two slips from two ribs (two cases), and
ran medialwards almost horizontally to insert into the anterior lamina of the sheath of the
Rectus abdominis. There was a fusion between this muscle and the Obliquus externus
abdominis in four of the eleven cases. This muscle was supplied from its inner surface by
the Ramus muscularis externus from the intercostal nerve of the corresponding segment.

The identification, origin and insertion, nerve supply, and frequency of occurrence of
this muscle were discussed.

Key words : gross anatomy, Obliquus abdominis externus profundus, Obliquus exter-
nus abdominin, lateral cutaneous branch of the intercostal nerve, Ramus muscularis externus
of the intercostal nerve.

INTRODUCTION

The presence of an anomalous muscle, located between the Obliquus externus
abdominis and internus abdominis, has been reported in man by many investigators.
These reports, excepting those of EisLEr (1912) and Kopama (1986), do not include any

remarkable description about the nerve supply to this muscle. Thus, most reports are not
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clear with regard to whether this muscle should be considered to be the Obliquus abdominis
externus profundus or to be an aberrant bundle of the Obliquus externus abdominis.
Gross anatomical examinations were therefore made by the present authors on the
anterolateral muscles of the abdominal wall in a comparatively large number of human
adult cadavers in order to determine the morphology and also the frequency of occurrence

of the Obliquus abdominis externus profundus.

MATERIAL AND METHOD

Examinations were made on the anterolateral muscles of the abdominal wall on both
sides of 25 human adult cadavers, which had been available to students of the Medical
College of Oita for anatomical dissection studies during the 1982 academic year. ‘

Inspection was first made on the nerve supply to the Obliquus externus abdominis.
Next, each slip of the Obliquus externus abdominis was separated from the ribs. At the
same time, each Intercostalis externus was severed along the lower edge of the respective
ribs and reflected downwards. The Ramus muscularis externus (according to the nomen-
clature by Funra, 1963) of the intercostal nerve which passes between the Intercostalis
externus and internus was traced distally in order to clear the muscle supplied by it as well
as to examine the fasciculi of the dorsal (inner) layer of the Obliquus externus abdominis.

The inspections were made using magnifying lenses with an illuminating attachment,

and stereomicroscopic examinations were made as necessary.

FINDINGS

The following muscle and fasciculus were considered to be the Obliquus abdominis
externus profundus based upon the reports by EISLER (1912), MYsBERG (1917) and NisHi (1938)
concerning its intrinsic nature. That is, the muscle present independently on the dorsal
side of the Obliquus externus abdominis and supplied by Ramus muscularis externus of the
intercostal nerve and the dorsal fasciculus of the Obliquus externus abdominis that is
supplied by the same nerve branch (the identification of this muscle will be described in
detail in the Discussion section).

Among the 50 sides of the 25 cadavers examined, this muscle was found on 11 sides

of eight cadavers (22%). These 11 cases of this muscle were classified by the number of



OBLIQUUS ABDOMINIS EXTERNUS PROFUNDUS 61

Table:  Number of Slips of Origin of the Obliquus Abdominis Externus
Profundus and the Rib from Which the Slip Takes Origin

Rib of Origin
Number of Slips (cases)
5th rib 6th rib 7th rib
One (9 cases) 2 6 1

Two (2 cases) 2

Figs. 1a and b. Anterolateral view. The locations of the lateral
cutaneous branches and the Ramus muscularis externus
have been indicated with the small pieces of black paper.
a: The Pectoralis major and Obliquus externus ab-
dominis have been reflected medialwards. b: The Obli-
quus abdominis externus profundus and the fifth Intercos-
talis externus have been reflected medialwards and down-
wards respectively so as to expose the Ramus muscularis
externus of the fifth intercostal nerve.
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slips of origin and the location of their attachment (7able).

1. Obliquus Abdominis Externus Profundus Originating from a Rib by a Single Slip.
In nine of the 11 cases, this muscle originated by a single slip from one of the ribs

ranging from the fifth to seventh rib (7able).

(1) Two.cases with origin from the fifth rib :

In one case, this muscle found on left side had aponeurotic origin+rom the fifth rib
at almost the same location as the origin of the Obliquus externus abdominis. It had a flat,
membrane-like form, and it gradually increased in width as it ran horizontally medialwards
to the aponeurotic insection into the anterior lamina of the sheath of the Rectus abdominis.
The lateral portion of this muscle was covered ventrally by the Obliquus externus ab-
dominis. A small amount of connective tissue was present between this muscle and the
Obliquus externus abdominis. The direction of the course of this muscle differed consider-
ably from that of the fasciculi of the Obliquus externus abdominis. This muscle was
supplied from its inner surface by the Ramus muscularis externus of the fifth intercostal
nerve (Figs.la and b).

On the right side of the other case, the slip of the Obliquus externus abdominis
arising from the fifth rib was supplied from its outer surface by the lateral cutaneous
branch of the fifth intercostal nerve and, in addition, its inner layer (dorsal layer) was
innervated from the inner surface by the Ramus muscularis externus of the same nerve.
The fasciculus of the inner layer (dorsal layer) of this slip was considered to be the Obliquus
abdominis externus profundus. Therefore, it was assumed that the Obliquus abdominis
externus profundus arising from the fifth rib to insert into the anterior lamina of the sheath
of the Rectus abdominis had become fused to the dorsal surface (inner surface) of the
Obliquus externus abdominis. Stereomicroscopic examination was made on the intramus-
‘cular distribution of the lateral cutaneous branch of the fifth intercostal nerve and of the
Ramus muscularis externus of the same nerve. Although there was overlapping in inner-
vation of this slip by these two nerve ioranches from both surfaces, there was no anas-

tomosis between two nerve branches (Figs. 2a-c).

(2) Six cases with origin from the sixth rib:
Six cases of this muscle were noted on the dorsal side of the Obliquus externus
abdominis. Although they varied in width, they were very similar in their condition of

origin, insertion, course, topographical relationship to other adjacent muscles, and nerve
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Figs. 2a-c. Anterolateral view. The loca-

tions of the lateral cutaneous
branches and the Ramus muscur-
alis externus have been indicated
with the small pieces of black
paper. b: The Obliquus externus
abdominis having been reflected
medialwards, the fifth Intercos-
talis externus has been reflected
downwards to expose the Ramus
muscularis externus of the fifth
intercostal nerve. c: Intramus-
cular distribution of the nerves.
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Figs. 3a and b. Anterolateral view. The location of the Ramus mus-
cularis externus has been indicated with the small pieces
of black papar. a: The Obliquus externus abdominis has-
been reflected medialwards. b: The Obliquus abdominis
externus profundus and the sixth Intercostalis externus
have been reflected downwards so as to expose the Ramus
muscularis externus of the sixth intercostal nerve.

supply.
This muscle, which arose aponeurotically from the sixth rib at a location slightly

medial to the origin of the Obliquus externus abdominis, gradually increased in width as it
ran medio-downwards in the same direction as the fasciculi of the Obliquus externus
abdominis, and inserted into the anterior lamina of the sheath of the Rectus abdominis. A
small amount of connective tissue was present between this muscle and the Obliquus
externus abdominis.

This muscle was supplied from its inner surface by the Ramus muscularis externus

of the sixth intercostal nerve (Figs. 3a and b).

(3) A case with origin from the seventh rib:
On the right side, the outer layer of the slip of the Obliquus externus abdominis

arising from the seventh rib was supplied from the outer surface by lateral cutaneous
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branches of both the seventh and eighth intercostal nerves, and further its inner layer was
innervated from the inner surface by Ramus muscularis externus of the seventh. The
fasciculus of the inner layer of this slip was considered to be the Obliquus abdominis
externus profundus.

Stereomicroscopically overlapping was found in the areas supplied by the lateral
cutaneous branches and by the Ramus muscularis externus, but no anatomosis was seen

between these nerve branches (Figs. 4a-c).

2. Two Cases Originating from Two Ribs by Two Slips
The muscle was found to arise by two slips from the fifth and sixth ribs on one side

in two cases (Table).

In one case, the slip of the Obliquus externus abdominis originating from the fifth rib
received from its outer surface a slender branch coming from the lateral cutaneous branch
of the fifth intercostal nerve and further received from its inner surface the terminal twing
coming from the Ramus muscularis externus of the same nerve.

In addition, an independent membrane-like muscle arising from the sixth rib was
found on the dorsal side of the Obliquus externus abdominis. It increased in width as it ran
medio-downwards in the same direction as the fasciculi of the Obliquus externus ab-
dominis, and inserted into the anterior lamina of the sheath of the Rectus abdominis. It
was supplied from the inner surface by the Ramus muscularis externus of the sixth
intercostal nerve.

Therefore, this case was considered to be the Obliquus abdominis externus profun-
dus with two originating slips from the fifth and sixth ribs, respectively, and insertion into
the anterior lamina of the sheath of the Rectus abdominis.

The description and illustration of the stereomicroscopic findings will be omitted
since they were very similar to the results mentioned earlier (Figs. 5a-c).

In the other case, the two slips of the Obliquus externus abdominis arising from the
fifth and sixth ribs were supplied from their outer surface by lateral cutaneous branches
of the fifth, sixth and seventh intercostal nerves, and further were supplied from their inner
surface by Rami musculares enterni of the fifth and sixth. Therefore, this case was
considered to be the Obliquus abdominis externus profundus originating by two slips from
the fifth and sixth ribs and inserting into the anterior lamina of the sheath of the Rectus
abdominis, and moreover it was considered that this muscle had become fused to the inner

surface (dorsal surface) of the Obliquus externus abdominis.
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Figs. 4a-c. Anterolateral view. The loca-
tions of the lateral cutaneous
branches and the Ramus mus-

cularis externus have been
indicated with the small pieces of
black paper. a: The Pectoralis
major has been reflected
medialwards. b: The slip of the
Obliquus externus abdoeminis aris-
ing from the seventh rib and the
seventh Intercostalis externus
have been reflected medialwards
and downwards respectively so as
to expose the Ramus muscularis
externus of the seventh intercostal
nerve. c: Intramuscular distri-
bution of the nerves.
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Figs. 5a-c. Anterolateral view. The loca-
tions of the lateral cutaneous
branches and the Ramus mus-
cularis externus have been
indicated with the small pieces of
black paper. a: The Pectoralis
major has been reflected
medialwards. b: The slip of the
Obliquus externus abdominis
originating from the fifth rib and
the fifth Intercostalis externus
have been reflected medialwards
and downwards respectively to
expose the Ramus muscularis
externus of the fifth intercostal
nerve. c¢: The Obliquus externus
abdominis having been reflected
medialwards, the sixth Inter-
costalis externus has been down-
wards to expose the Ramus mus-
cularis externus of the sixth inter-
costal nerve.
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Figs. 6a and b. Anterolateral view. The locations of the lateral
cutaneous branches and the Rami musculares externi
have been indicated with the small pieces of black paper.
b: The upper slips of the Obliquus externus abdominis
having been reflected medialwards, the fifth and sixth
Intercostales externi have been downwards to expose the
Rami musculares externi.

The description and illustration of the stereomicroscopic findings will be omitted

since they were very similar to the results described earlier (Figs. 6a and b).

DISCUSSION

1. Identification of the Obliquus Abdominis Externus Profundus

EisLEr (1912) discussed the differentiation of the ventral trunk muscles from the
standpoint of phylogeny and nerve supply, and reported that the “Obliq. ext. + Serrati
postt. + Supracostales (Var.)” of man was homologous with the “Schicht des Obliq. ext.
superficialis trunci” of amphibian (#rodela) while the “Intercost. ext. + tiefe Zacke des

Obliq. ext. abd.” of the former was homologous with the “Schicht des Obliq. ext. profun-



OBLIQUUS ABDOMINIS EXTERNUS PROFUNDUS 69

dus” of the latter.

MysBERG (1917) observed a membrane composed of connective tissue between the
Obliquus externus abdominis and internus abdominis in primates, and he regarded this
membrane (Membrana abdominis intermedia: MYSBERG, 1917) as being the retrogressed
rudiment of the Obliquus abdominis externus profundus. He further considered the
Membrana abdominis intermedia and Intercostales externi of primates to be homologous
with the Obliquus externus profundus (MAURER, 1892 and 1895) of urodela.

NisHI (1938) reported that the véntral trunk muscles of mammals were phylogenical-
ly directly derived from those of reptiles. He stated that the muscle corresponding to the
Obliquus externus profundus of reptiles was present on the mammalian thoracic wall as the
Levator costarum and Intercostales externi, but that on the abdominal wall the correspond-
ing muscle had usually retrogressed and disappeared, and was present only in rare cases as
the Obliquus externus profundus.

In view of these earlier reports, it seems that the Intercostalis externus is serially
homologous with the Obliquus abdominis externus profundus in mammals.

The muscle found by the present authors was innervated from its inner surface by
the Ramus muscularis externus of the intercostal nerve. The nerve supply to our muscle
and its pattern are analogous to those to the Intercostalis externus. Thus, from the
standpoint of the nerve supply and its pattern, our muscle seems to belong to the same
musculature system as the Intercostalis externus, and moreover topographically it seems
appropriate to consider it to be the Obliquus abdominis externus profundus. Furthermore,
that part of the slip of the Obliquus externus abdominis, which was supplied by both the
lateral cutaneous branch and Ramus muscularis externus, appears to be the result of fusion
of the Obliquus abdominis externus profundus to the dorsal surface (inner surface) of the
Obliquus externus abdominis.

According to EisLer (1912) it is not rare that there may be found an additional slip
(zweite Zacken am einzelnen Rippen : EISLER, 1912) arising slightly medial to the origin of
one of the slips of the Obliquus externus abdominis from one of the ribs (in the range of the
eighth to eleventh rib), and that it is supplied from its inner surface by Ramus muscularis
externus. He did not give a specific name to this additional slip, but did regard it as being
a muscle bundle homologous with the Obliquus abdominis externus profundus. During the
study by the present authors, a muscle bundle grossly similar to this additional slip was
frequently found (indicated by the triangular mark in Fig.2b). The muscle bundle was
supplied not by the Ramus muscularis externus, but by the lateral cutaneous branch.

Therefore, it should be considered to be an aberrant bundle from the Obliquus externus
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abdominis.

Many investigators had previously observed a muscle which was largely independent
on the dorsal side of the human Obliquus externus abdominis. However, EiSLER (1912),
Suciura (1935), Nakavyama et al. (1952), Opakr (1963), and Kopama (1986) are the only
investigators who described the nerve supply to the muscle.

Odaki encountered- a muscle located between the Obliquus externus abdominis and
internus abdominis which he called the Obliquus abdominis externus profundus. He
mentioned that his muscle was innervated by the eleventh and twelfth intercostal nerves,
but it is not clear which branch of the intercostal nerve supplied his muscle so that it is not
possible to immediately make any assumption concerning to which muscular system it
belongs.

NaKAYAMA ef al. used the nomenclature of Obliquus abdominis externus profundus
for a muscle located independently between the Obliquus externus abdominis and internus
abdominis, and innervated by the lateral cutaneous branch. Sugiura also found a muscle
which was very similar in its topographical condition and nerve supply, but he regarded it
as belonging to the same musculature system as the Obliquus externus abdominis. In view
of the nerve supply, the muscle found by NAKAYAMA et al. seems to be more appropriately

considered to be an aberrant bundle of the Obliquus externus abdominis.

2. The External Appearance and Nerve Supply of the Obliquus Abdominis Externus
Profundus

Muscles with different external appearances have been reported as being located
independently between the Obliquus externus abdominis and internus abdominis. That is,
there have been reports of muscles arising from the ribs in the range of the eighth to
twelfth rib by one slip (PYE-sMITH et al., 1870-'71 ; Kupo et al., 1952 ; YONEKURA, 1954), by
two slips (KNoTT, 1883 ; SuiMazaki, 1959 ; Opaki, 1963), by three slips (MACALISTER, 1871 ;
Lots, 1912), or by four slips (LotH, 1912), and inserting into the fascia of the Obliquus
internus abdominis (LoTH, YONEKURA), into the aponeurosis of the Obliquus externus
abdominis (Kupo et a/., Opaxi), into the inguinal ligament (KNOTT), into the vicinity of the
anterior superior iliac spine (P YE-SMITH ef al., S HIMAZAKI) or into the iliac crest
(MACALISTER, LoTH). As mentioned earlier, however, the nerve supply of the muscle in
these reports is not clearly described so that they can not all be considered to be the
Obliquus abdominis externus profundus.

EisLEr (1912) reported that the Obliquus abdominis externus profundus arose from

the rib or fascia of the Intercostalis externus at a level between the fifth to seventh rib and
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passed almost horizontally medialwards to insert into the anterior lamina of the sheath of
the Rectus abdominis. Most of the findings of the present authors were very similar to his
description. However, there is no mention in his report about the origin of Obliquus
abdominis externus profundus by two slips from two ribs such as found by Kopama (1986)
and the present authors. It seems appropriate to consider that the human Obliquus
abdominis externus profundus originates in general at a level between the fifth to seventh
rib by a single slip from one rib or occasionally by two slips from two ribs and inserts into
the anterior lamina of the sheath of the Rectus abdominis.

There are no remarkable reports except those by EisLER (1912) and by Kopama (1986)
in which the nerve supply of the Obliquus abdominin externus profundus of man is
described. No reports are made on the nerve supply of this muscle in other mammals
( Kassianenko, 1927 ; John, 1928 : Bogorodsky, 1929). Even EIsLEr simply mentioned that
this muscle was supplied by a nerve for the Intercostalis externus (the nerve corresponding
to the Ramus muscularis externus of Fujta, 1963). The findings of the present authors
indicated that the slip of this muscle could be regarded as being innervated without
exception by the Ramus muscularis externus of the intercostal nerve of the corresponding

segment. This is homologous with the description of Kopama (1986).

3. Frequency of the Occurrence of the Obliquus Abdominis Externus. Profundus in Man

This muscle has been reported at a considerably low frequency by LotH (1912 and
1931, 3.8% in negroes and 7% in Europeans), NAKAYAMA ef al. (1952, 1.9%), Kupo et al. (1952,
39%), and YONEKURA (1954, 29%). In contrast to this, Eisler (1912) and Kobama (1986)
mentioned that this muscle was frequently found, while we, as reported above, experienced
its occurrence at a frequency of 22%. Thus, there is a significant difference between the
results of EISLER, KobaMa and the present authors and those of other investigators.

The location of the origin of this muscle lies adjacent to that of the Obliquus
externus abdominis, and furthermore the aponeurosis of insertion of the former is fused
with the dorsal surface of that of the latter. Although connective tissue is present between
these two muscles, there are differences in the amount of connective tissue among indivi-
duals. Therefore, if the amount of connective tissue were small, it would seem possible that
this muscle may be mistaken for the dorsal part of the Obliquus externus abdominis.
Furthermore, examinations made by severing the belly of the Obliquus externus abdominis
may result in inadvertently cutting this muscle at the same time. When both muscles are
severed together by this method of examination, it would be difficult to clearly identify this

muscle or its nerve supply. Therefore, if a bold assumption is permitted, it is suspected that
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this muscle had been overlooked in previous studies when only a little connective tissue was
present between this muscle and the Obliquus externus abdominis or when there was fusion
between these two muscles. It is felt that the tracing distally of the Ramus muscularis
externus to determine which muscle it innervates would make it possible to determine the

accurate frequency of occurrence of the Obliquus abdominis externus profundus.

SUMMARY

Gross anatomical inspection was made on the Obliquus abdominis externus profun-
dus using 25 Japanese adult cadavers in order to determine its frequency of occurrence,
origin, insertion, relationship to other adjacent muscles, and nerve supply. The findings

and discussions were as follows :

1. This muscle was present on eleven sides in eight cadavers (frequency of occurrence
22%). The eleven cases of this muscle were very similar except for differences in the
number of slips of origin, the location of the origin, and the relationship to the Obliquus
externus abdominis. That is, this muscle arose either by a single slip from the fifth rib
(two cases), sixth rib (six cases) or seventh rib (one case), or by two slips from the fifth and
sixth ribs (two cases), and ran in almost the same direction as that of the fasciculi of the
Obliquus exteruus abdominis to its aponeurotic insertion into the anterior lamina of the
sheath of the Rectus abdominis. The muscle was located dorsal to the Obliquus externus
abdominis, and although connective tissue was present between these two muscles in the
majority of cases (seven cases), some cases were found in which there was fusion between
the two muscles (four cases).

This muscle was supplied from its inner surface by the Ramus muscularis externus
from the intercostal nerve of the corresponding segment without exception. In other
words, this muscle was supplied by the fifth intercostal nerve when it arose by a single slip
from the fifth rib, and was supplied by the fifth and sixth intercostal nerves when it arose

by two slips from the fifth and sixth ribs (Table and Figures).

2. Discussion was made on the identification of this muscle. Taking into account the
views of EisLER (1912), MYSBERG (1917), and NisHI (1938) concerning the differentiation of the
ventral trunk muscles, the Intercostalis externus of the thoracic wall and the Obliquus

abdominis externus profundus of the abdominal wall were considered to be serially
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homologous in mammals. The Intercostalis externus is supplied from its inner surface by
the Ramus muscularis externus of the intercostal nerve. Consequently, it seems that the
muscle of the abdominal wall which is supplied from its inner surface by the Ramus
muscularis externus should be regarded as being the Obliquus abdominis externus profun-
dus.

It was indicated that previously reported cases of the Obliquus abdominis externus
profundus included some muscles which should be regarded as being aberrant bundles of

the Obliquus externus abdominis in view of their nerve supply.

3. This muscle has been reported to be of varying form, but the results of the present
study can support the descriptions by EisLEr (1912) and by kopama (1986).

Furthermore, the description that has been made of the nerve supply by EISLER
should be supplemented by the following statement. That is, this muscle is supplied by the
Ramus muscularis externus coming from the intercostal nerve of the corresponding

segment.

4. The frequency at which this muscle has been reported to occur by previous inves-
tigators (1.9%-7%) except EisLERr (1912) and Kopama (1981) is considerably lower than that
obtained by the present authors (22%). Previous studies had simply given attention to the
independence of the muscle, and little attention was directed to the nerve supply.
Therefore, if a bold assumption is permitted, it is suspected that this muscle had been
overlooked in previous studies when only a little connective tissue was present between this
muscle and the Obliquus externus abdominis or when there was fusion between these two

muscles.

ABBREVIATIONS FOR ALL FIGURES

O mark : Obliquus abdominis externus profundus, IE: Intercostalis externus, II:
Intercostalis internus, OEA : Obliquus externus abdominis, OIA : Obliquus internus ab-
dominis, PMa : Pectoralis major, PMi: Pectoralis minor, RA : Rectus abdominis, 4-11:
fourth-eleventh rib, 5L-8L : lateral cutaneous branch of the numbered intercostal nerve,
5M-7M : Ramus muscularis externus of the numbered intercostal nerve, 5S-7S : slip of the

Obliquus externus abdominis originating from the numbered rib.
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