
THE INTERI{AL INGUINAL RING

A COMPARATIVE STUDY

By

K., A. D. Abulnta; G. M. El-Khaligg: M. H. Rateb;

E. EIGindA; G. M. Saied; A B. E. Abdnllnh

From tlte Surgery artd Anatom! degrtments,

I(asr EI-Aini FacuItE ol Medicinc,

and the Faculty ol Veterirzary

M edicine, Cairo Uni,aersity,

INTRODUCTION

Inguinal hernia is a mammalian
lesion due to the presence of the
inguinal defect. This defect is pre-
sent to allow extra-abdminal posi-
tion of the testis, to attain the temp-
,erature required for the process of
spermatogenesis. In birds, the testis
is cooled by being situated near the
air sae; (Romer and Pfl,rsons, l9?7).
'This can explain the intra-abdominal
position of the testis in non-mamm-
.alian species.

As the muscl€s and ttre fascia,e of
the anterior abdominal wall differ-
entiate around the gubernaslum,
the muscles split around iU (Arey,

1966, Davies, 186?, and Scorcer, and
Farrington 1956). The hole through
which the testis-and its cord-passes,
is present in the lateral psrt of tlte
defect, while its medial part is
formed by tlre deepest fascial
Iayer of the abdomen, supported by

some fibres from the aponeurosis of
the deepest muscle.

The anatomy of the inguinat def-
ect in man and other mammals hss
been discussed by ma,ny pioneers;
Davies, 196? La"st 1966, Getty, 19?5,
Anson, Morgan & McVaY, 1960,
Ashdown, 1963 and Miller, Chlist-
enes & Evans, 1964, yet few points
need to be clarified :

In reptiles and bird (Hobbs, 1978,
Fiomer & Parsons, 19??) stated t'h"at
the three flank muscle streets ref,ott
the pelvic bones and no inguinal
defect is present.

The inguinal ligament stretches
from the anterior superior iltsc
spine to the pubis, in those species
where the external oblique muscle
sheet reaches the pelvic bone. The
ligament together wittr tlre underly-
ing thick iliopubic band (Irnonm in
human snatomy aJ the iliopecttneal
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arch) brid.ges over the krilum of the
peivic tirnb. In sorne rnamfirals the
tigament does not reach the Pelvic
bsne and the hilum is bridged bY
the iliopubic band alone (Hobbs'

i 9 ? B ) .

Ansorr, et aL (1942) and Zimmer'

man and Ansoir. (196?) stated that
each muscle sheet is suPPtremented
from both sides by a laYer of fascia
These two laYers unite where the
rnuscLe or its aponeurotice extension
stops. The most irnportant of these
layers of fascia is the one deep to
the transversus muscle; the trans-
versalis fascia.

In the fmtus, the gubernaculum

clevelops before the flank muscles
and their fasciae differentiate and
grow ventrally (AreY, 1966 Scorcer
and Farrington (1956). In the male
the distai end of the gubernaculum

swells markecily and it cleaves the
way, allowing the testis to Pass
through the abdominal muscles
Scorcer and Farrington 1956. Ashed-
own, 1963). This will eause widening
of the internal ring (vaginal ring in
animals) and increase the space bet-
ween the muscles forming a Perrn-
anent defect Warwick 1926, Moller-
Sorensen & Wamberg, 1968). In the
bitch widening of the internal ring
occurs by excess fat around the
guhernaculum (Ashdown 1963).

The muscular sheets in the region
of the inguinal defect split around
the cord and the testis. The external
oblique splits medially ls the crura
ohlique splits medially as the crura

of the internal oblique is manifest-
ed, as the cremaster rnuscle disloc-
abes from iis iower end with the
testis (Abuiatil et aI, 1982). It is
rudimentai'y in the fernale and of
goocl bulk in the male. The split in
trhe transversus iayer in man is
rel)resented by the transversus afch
above and the iliopublic tract helow
(Condon, l {}" i8).

The most variant layer in the ing-
uinal region is the transversus str-
atum. This is true in man (Anson,
et aL 1960) and in animaLs, as it
stops ai the }evel of the umbilicus
irr equines ai:d ruminants (Getty,

1 9 ? 5  ) .

In doryrostic animals, a patent pro-
cessus vaginalis is present (Getty,

19?5. In rnan this is present in some
cases, known as the < preformed
s;aor (Rains & Iiitchie, 19?5). Yet,
hernia is rare in these animals com-
llelled to rnan (Hayes, 19?4,Glassow,

1.9?B). 'Ihris may be attributed to the
r:.pright position of mankind, and. it
':iserns that the the inguinal hernia
iLnd the varicosity of the lower limb
rreins are the penalties mankind
pays for the upright posture.

The internal ring (vaginal ring in
nnimals) was rjescribed to be a
lolmd defect (l\farcy, 188?, Griffith,
1!)?8) U shaped defect with a later-
aliy open end (Lytle, 1970, Rains &
Ritchie 1975) and in some texts a,s
an oval defect (Davies, 196?). It
'ivas also described to be a reletiv.
a.lly mobile st ncture, pulled out-
wards and upwards by the contr-
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action of the transversus muscle
(Lyt le,  1945).

"Ihe real factor in preventing the
development of hernia was describ-
ed to be the acute angle forrned by
the transversalis fascial sling at the
rredial border of the internal ring
(Condon, 19?B), the oblique course
of the cord through the muscles
mimiching rhe course of the ureter
jn tii,.: ]:hdder wall (Zimmerman,
1952), and the upward and outward
pull of the medial edge of the inter-
nal ring by the contraction of the
mnrscles (Lytle, 1945).

In equines the course of the in-
guinal canal is oblique, while in the

porince it is straight (Ashdown,
1963),but still 1,lre incidence of herna
ur them is less than narf (Hayes,
1974, Glassow, 1978).

The present w-ork was conducted.
to point out the factor-s that could
ilelp in the prevention of the hernia
formation.

IITTTERIAL AHD ME IIIODS

Dissection of the :inguinirl region
was carried orr l'resh specimens as
the dissection of the fascial layers
was difficult in the 1ri'eserved ones.
This work was cond-ucted cn S0
cadavers as showrr i:r the fcliowing
ta-ole.

TABLE I

Type of

Specimen

Sex

male

Full  Term

fcmale foetus.

' 
Totirl

Young adults

10
5
2
3
3
2
5

10
5
2

t 2
3

2 2
5

+
j

I

-

6
4
2
3
2
B
3

ITuman
Donksy
Sheep
[Jxen
Dog
Cat
Swine

30
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RESULTS

In all examined cases the external
oblique muscle reached the Pelvic
bone, the inguinal ligament is weII
rbrmed and the externsl inguinal
ring is found at its medial e'nd.

In man, and domestic animals,

behind. the inguinal ligament, the
thick iliopubic band of fascia app-
ears to be divided into two Parts; a
part lateral to the vessels known in

man as nilioPectinal archtr; and a

medial part over and medial to the

vsssels (iliopubic band of man). The

lateral part forms an arch over the
psoas muscle, and the internal obli-
que muscle takes origin from this
arch and not from the inguinal lig-

ament. The medial end of tlds arch,

s,eems to be fixed to the deeP fascia

on the pubopectineal eminence, and

from this point the cremaster mus-

cle takes origin (Fig 1, 2, 3)-

Ttre distribution of the internal

oblique and the transvsrsus muscles
strata in the region of the inguinal
defect are shown in tables II & III

and (Fig. 4,  5,  6).

The internal ring forms an invert'
ed Gama ( s ) loop (Fig. 10, 11, 12,
and diagram 1). When the latter

wa^s er€mined from inside (from

the peritoneal aspect) it formed a
crescent with its convexity loolring
medially. The lower end spreads
over the pubic bone laterally, while
the upper end seems to fade in the
anterior abdominal wall (Fig. 7, 8).
In the female the loop is not well
manifested and the round ligam-
ent (gubernaculum) passes through
the muscle slips similar to the ner-
ves and vessels (Fig. 9). The examin-
ation from outside (from the muscle
side) shows that the fascia medial
and below the ring can he seParated
by careful dissection into two over-
lapping laminae. The anterior lam-
ina can be traced laterllY to form
the lateral edge of the ring, and
continues there with the upper end
of the crescentic medial edge of the
ring. The posterior lamina, the
trarrsversalis fascia, forms the post-

erior Wall of the inguinal defect. It
is protonged behind the anterior
Iamina down onto the femoral
sheath.

DISCUSSION

The inguinal defect is mandatory
in mammals to allow the testis to
have an extra-abdominal position, to
be cooled to the degree of temper-
ature required for spermatogenesis.
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.:SUch defect must be sulrported
by some strrrctures to Prevent the
bulge of the intraperitoneal cont-
ents.

fire various anatomical defects or
wealt points in the bodY are suPP-
crted, by one or more Of the follow-
ing mechanisms :

Slosure by fibrous tissue stretch-
ing between the edges of the defect,
as ln the pleureperltoneal foramee:
of Eochdalelc of the left diaphragm'
etib copula (Rains & Ilitchie, 19?5).

Blending of the lining of a cavitY
with the adyentitial coat of the str'
uctures passing out of it; as with the
vessels and nerves. This is well
illustrated in the case of the femoral
sheath and the cranial nerves
(Davies, 1975).

Surrounding the defect by a sling
cular sphincter, as in the case of
the anal or cloacal aperature (Da-
v ies ,1975) .

Surrounding Ure,defect by a sling
of rnuscles, as in the case of the
esophageal hiatus (Rains & Ritchie,
1975 ) .

Duplication of the fascia around
the defect as in the case of the saph-
eno-femoral junction, forming the
doubled layer cribriform fascia
(Lrast, 1966).

In the region of the inguinal def-
ect, the barricade needed consists
of both a static factor so that fatigue
does not easily oceur; and a dyn-
amicifactor (mobile reinforcement)
to a^ssist in overcoming additional
functional strains.

Tlre static support is tlre flbrofos"
cial ring, the internal ring (vaginal

ring in animals). It is supplement'
ed by other rrlechanical factors as,
the acute angle created with ths
abdominal wall aI tJte medial border
of the ring (Anson, et aI1942), and
the oblique course of the csnat in
the abdominal wall muscles simulat'
ing the ureter in the wall of the
bladder (Zimmerman, 1952).

The dynamic comPonent of tJre
barricade irs the muscular support
actrieved by both muscles related to
the defect; the transversus and the
internal oblique muscles. The apon-
eurotic edges of the internal ring are
formed by the split of the trans-
versus aponeurosis (Condon, 19?8).
They help in pulling the medial
border of the ring upwards and out-
wards by the contraction of the
transversus muscle (Lytle, f945).
The shutter action of the internal
oblique muscle arsh on the inguinal
ligament is to close over the region
of the internal ring, and thus forms
the second muscular support
(Zimm.erman and Anson, 186?).

The present authors think that
the most irnportant factor in prer/-
enting tlre lrernia foi"mation is
the shape of the ring. In this study
the internal ring in rnan and animaXs
has a bilaminar arrangement forrn"
ing an inverted gama ( ,Y ) loop (Fig.

10, 11, 12, 13 and diag. 1). Tttis cqn
e:rplain the appearane.e of the ring
as round, oval and U shaped. The
outward and upward pull on the
medial edge of the ring can be en-
plained :

- 3 3 -



The transversus aponeurotic
flbrw will pull the anterior lamina
upward,s, and the edge of the Poster'
ior lamna (the medial edge of the
ring) will be straightened, while the
lateral curving flbers will be pulled

upwards (Diag. 2).

It is worth to add that in equines
and ruminants the transversus
muscle ends near the level of the
umbilicus. In thise cases the ingu'
inal defect will be cornposed of the
internal obtique fascia (under its
muscular arch) and the transver-
salis fascia. The role played by the

crura of the internal ring, originat'
ing from the transversus muscle
aponeurosis, is of no significance in
such animals.

Tfie course of the cord in the
abdominal wall, could be of relative
importance. Such course is relativ-
ely straight in the Pig (Ashdown,

1963) and this may exPlain the
higher incidence of inguinal hernia
in this species (69/1000), compared
to equines (1/1000) and less in
other animals (Hayes, 1974). Tttis
is even less than the incidence in
man (100/1000) Glassow, 19?8).

1. Abulata K.A., Rateb M.FI., Fawzy T.
The bilaminarity of the internal M., saleh E.A., Rashad H.M.' El-Etreby

ring could be depicted in one of the r(h. and Nasef A.I. (1982) : The repair of

drawings of Sir Astley Cooper inguinal hernia : an anatomical concept
(Condon, 1978). and its surgical implication. J. Egypt.

Med. Assoe. 65 : 11.

This anatomical turding was tuilis'
ed surgically in another worlr bY
(Abulata, et dI, (L9BZ)' As the med'
ially displaced intemal ring edge is
pulled laterally bY a, continuous

stitch till it allows only the tip of
the little flrrger in the ring along,
with the cord (Diag. 3). By this
technique the mechaJlism of the
internal ring is restored.

SUMIUARY

Comparative study of the region
known as the inguinal defect was
studied in 30 ca,ses of difierent
mammals (Man, dog, cat, donkey,
ox, sheep and swine).

Some variations were noticed in
the different species except the reg-
ion of the internal ring (vaginal or
fascial ring of animals) situated in
the deepest fascia of the abdominal
wall.

The internal ring is composed of
two laminae forming an inverted
g a m a ( d ) l o o p .

The authors suggest that this
speciflc arrangement is the main, if
rrot the sole, mechanism against
hernia delvelopment in the mammal-
ian species.
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co' plr' 10?*141' 
r.o,M. - rnlernal oblique muscle (rellect-

TEGENI}S FOB FIGURES 
ECt).

I ,().A. - fnternal obl ique muscle (arch).
I ' ig. 1: Dissection of the r ight inguinal

regiorr of a fernale pig (Extc'rnal view). T. n{, - Transverse muscle (reflected).

I'ig, 2 : Dissection of the right inguinal

r.egion of ;r male pig (Extc+rnar view). T'M'A - Transverse muscle (arch)'

Fig. B : Dissection r:f the right ing- 
E'o'IM' * External oblique muscle'

uinal region of a male dog (External (:rr,rtirvs : showing higeher transversus
view)' muscle i trch).

Abbreviations on I'igs. 1, 2, 3. Irig. 6 : Dissection of left inguinal reg*

c' -  cremaster muscle (weak). ion ol '  a rnale pig (rnternal view)'

C', - Crcmaster muscle (Good bulk). I.O M' - Inlernal otrlique muscle (reflect-

e d ) .

I.O.M - Internal oblique muscle.
I.O.A. - Internal obl ique rrruscle (arch).

S.P. - Space for psoas muscle. T.M. _ Tra*sversus muscle.

I. t ' .  -  I l iopectineal arch. T,1\{;A. - Trirnsversus muscle (arch)'

LL. - Inguinul iigament. (Notice the relation between the inter-

I.r,.F. - iliopubic fascra. 
rlat oblique and trarrsversus muscles and

the-ir rclative higher arches than in man

LP.tr'.A - Iliopubic fascii,rl arch. irnd dog).

CX. - Origin of cremasltric mwcle Fig. 7 : Dissection of the lelt inguina\

(from the fascia at the medial rcrgion in a male donkey. (Internal view)'

end of the fascial bridge over the Tire arrows show internal ring lormirrg a

iliopsoas muscle (Sec text)., cresentric convex edge medially. Its lower

Iimb extends over the pelvic bone ."X")'
Fig. 4 : Dissection of Right inguinal

region irr I'Iuman (Internal view). Fig. B : Dissection of the Right ingu'

LO.M - fnternal oblique muscle (reflect- inal region in an ox (Internal view)

ed). (same as F' ig. 7).

- 3 6 -

echo24
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



Fig. I : Dissection of the left inguinal

region of a female donkey (Internal vicw)

No. dcfinite inguinal defect is present.

C. (Cremaster muscle),

I.O.M. - Internal oblique muscle (arrows:

showing the round ligament
(gubernaculum) passing through
the abdominal wall).

Fig. 10 : Dissection of the left inguinal
region of a male pig (External view).

Showing the Internal ring S.C. spermatic
cord. (arrow8 : showing two laminae with

a closed lateral border and the looping
around the cord,

P,l. - Posterior lamina passes behind.
the A. I Anterior Iamina (forming an in-

verted gama loop).

Fig. 11 & 12 : Dissection of left Inguin-
al region of hr.uran (Male). External
view. Showing the inverted gama loop.
Internal ring. Notice the laterally closed
internal ring.

T.M. - Transverse muscle (reflected),

LO.M. - Internal oblique muscle (reflect-

e,f,).

S.C. - Spermatic cord.

A.L. - Anterier lamina seperated and

pulled down.

P.L. - Posterior lamina ( Notice the

posterior direction of its fibers).

Fig. 13 : Dissection of left inguinal reg-

ion of Hurnan (female External view,

Showing the inverted ($) gama loop int-

ernal ring.

T.M. - Transverse muscle (reflected).

LO.M. - Internal oblique muscle (reflect-

ed) .

E,O.M. - External oblique muscle (re-

flected).

I. L. - Inguinal ligament.

A. L. - Anterier lamina.

P. L. * Posterior lamina.

Diagram L : The anterior lamina forms
the lower edge of the inguinal defect, and

the lower lip of the internal ring. It pass-

es laterally to form the lateral edge and
the upper lip of the ring. There, it forms
the posterior lamina and the medial edge
of the ring and then continues down-
wards and posterior to the anterior lami-
na onto the femoral sheath.

Diagram 2 : On mwcular eontraction
the widely gaped iaverted gama loop ring,
will be smaller with resultant lateral pull

on the medial edge of the ring.

Diagrarn 3 : Surgical correction depend-

ing on the anatomical ffndings. The mark-
edly displaced medial border is pulled

laterally, restoring the inverted gama

loop.
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P o s t e r i o r

Iamina

Ing.  L19.

An teri or :l arqine

Diagram ( I )

Diagram (2)

l -Re t rac to r  2 * I  n  Ie rne l

a rch (  I n t  . 0b1 .&TrnEsv .  )
Diagram (3)
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