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Background: It is critical for surgeons to have a full understanding of the com-
plex courses and ramifications of the human internal iliac artery and its parietal
branches. Although numerous anatomical studies have been performed, not
all variations at this site are currently understood. Therefore, we characterised
these blood vessels in foetal pigs to provide additional insight from a comparative
anatomical perspective.

Materials and methods: Eighteen half-pelvis specimens from foetal pigs were
dissected and examined on macroscopic scale.

Results: Among our findings, we identified the internal iliac artery as a descend-
ing branch of the abdominal aorta. A very thick umbilical artery arose from the
internal iliac artery. The superior gluteal, inferior gluteal, and internal pudendal
arteries formed the common arterial trunk. Although the superior gluteal artery
emerged from the common trunk from inside the pelvis, the inferior gluteal and
internal pudendal arteries bifurcated at deep layer within the gluteus muscles
after leaving pelvic cavity. We were unable to detect an typical obturator artery
emerging from the internal iliac artery. A branch supplying the hip adductors was
identified as arising from the inferior epigastric artery which itself was derived
from the distal end of the external iliac artery.

Conclusions: We identified the anatomic characteristics of the internal iliac artery
and its parietal branches in the foetal pig. Our findings provide new insight into
the comparative anatomy of the internal iliac artery and will promote understand-
ing of related morphogenetic processes. (Folia Morphol 2021; 80, 3: 549-556)

Key words: hypogastric artery, pelvic artery, gross anatomy, comparative
anatomy, anatomical variation, domestic animal

INTRODUCTION compartment of thigh, and the intrapelvic viscera in

The internal iliac artery arises from a bifurcation of humans [14, 15, 18, 26]. These branches are classi-
the common iliac artery which generates numerous fied into two groups on the basis of the pattern of
branches that feed the gluteal region, the medial blood supply (Table 1). Group 1 includes the parietal
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Table 1. General anatomy of the parietal and visceral branches
of the human internal iliac artery

Group Artery

Superior gluteal artery

Main blood supply

Parietal branch Gluteal muscles

Inferior gluteal artery Gluteal muscles

Parietal wall of
ischio-anal fossa

Internal pudendal artery

Obturator artery Hip adductor muscles
lliolumbar artery Intrapelvic muscles
Lateral sacral artery Spinal cord
Visceral branch  (Cord of) umbilical artery -
Superior vesical arteries Urinary organs
Inferior vesical arteries Urinary organs

Artery to ductus
deferens/uterine artery

Internal genitalia

Middle rectal artery Rectum

branches, which are the arteries that feed the parietal
muscles, e.g., the gluteal and hip adductor muscles.
Group 2 are the visceral branches that provide blood
supply to the intrapelvic organs, including the internal
genitalia, urinary organ, and the rectum. The superior
gluteal (SG), iliolumbar and lateral sacral arteries typ-
ically arise from the posterior division of the internal
iliac artery, while all other branches originate from
the anterior division [15, 18].

The ramifications and courses characteristic of
these branches of the internal iliac artery can be quite
complex in human subjects, and there are many pub-
lished studies that survey the anatomy of this region
[1,2,8,9,17,23,24,27,30,32,36,39,41,42]. The
anomalies identified in the main parietal branches,
the SG, inferior gluteal artery (1G), internal pudendal
artery (IP), and obturator artery (Ob) have been a sub-
ject of great interest among anatomists and clinicians
due to their morphological and surgical significance.

In the past few years, morphogenetic and topo-
graphic studies focused on the origin and course of
variations identified among the parietal branches of
the internal iliac artery have been subjected to conven-
tional statistical analyses. As but one example, Honma
et al. [17] examined the formation of an arterial ring
in the human pelvic artery and suggested that specific
ramifications of the parietal branches were associated
with the site of disappearance of the arterial ring. Fur-
thermore, previous study examined variations in the
course taken by the SG, including its relationship with
the lumbosacral plexus; we found that the route taken
by the SG varied in accordance with the segmental
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variations of the lumbosacral plexus [4]. However, not
all anatomical variations among the parietal branches
are clearly understood; for example, the branching
patterns and course variations observed among the
IG and Ob have not been fully considered.

There are very few published studies that focus
on embryologic and comparative anatomical descrip-
tions of anomalies of the internal iliac artery and its
parietal branches; likewise, precise embryological and
anatomical descriptions of the internal iliac artery
during foetal development have not been reviewed
since 1919 [35]. Anatomic investigations of the in-
ternal iliac artery have been conducted in a several
primate, rodent, and artiodactyl species, although
very few comparative studies have emerged [2, 6,
13, 16, 21, 22]. As such, it is clear that the standard
anatomy of the internal iliac artery with respect to
commonalities shared with other mammalian species
has not been fully addressed; strong basic findings
would be crucial prior to any discussion of variations
or aberrancies. In the present study, our goal was
to identify the anatomical characteristics of the pa-
rietal branch arising from the internal iliac artery in
a foetal pig (Sus scrofa domestica). This would be an
important first step toward systematising all available
information on the standard structure of the common
parietal branches as well as the identification of spe-
cific findings characteristic of each species.

MATERIALS AND METHODS

The present study performed in 18 half-pelvis
specimens (12 right and 6 left) from foetal pigs (Sus
scrofa domestica) which had been used for anatom-
ical studies as part of the curriculum of the Depart-
ment of Physical Therapy, Faculty of Health and Med-
ical Care, Saitama Medical University. In the present
study, experiments involving animals were carried out
in accordance with the Guidelines for Proper Conduct
of Animal Experiments (Science Council of Japan), as
revised in 2006.

All specimens were obtained as scientific teach-
ing materials from Bio Corporation (Alexandria, MN,
USA) and were embalmed with 1.8% formalin, 2.7%
phenol, and 5.0% ethylene glycol. Additionally, the
specimens were injected with red latex in the arterial
systems. The distance between the crown and rump
of the specimens was 30-35 mm.

The internal iliac artery and its parietal branches
were identified through conventional macroscopic
dissection procedures. The origin, course and dis-
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Figure 1. Typical ramification
and branches from the iliac
artery; A. Drawing of the iliac
artery and peripheral structures
in the foetal pig. The internal
iliac artery and its branches

are shown in bright red;

B. Photograph of a dissected
right iliac artery and peripheral
structures in the foetal pig;

C. Schematic of the arterial tree
of dissected right iliac artery in
the foetal pig. Black and white
arrowheads indicate the com-
mon arterial trunk formed by
the superior gluteal artery (SG),
inferior gluteal artery (IG), and
internal pudendal artery (IP).
The dotted line indicates the
outlet of the pelvic cavity;

AA — abdominal aorta;

Ad — hip adductor muscles;
AW — abdominal wall; El
external iliac artery; Fe — fem-
oral artery; GMe — gluteus me-
dius; GMi — gluteus minimus;
GS — gluteus superficialis;

|IE — inferior epigastric artery;

Il — internal iliac artery; lli
iliolumbar artery; L — lumbar
vertebra; MCF — medial
circumflex femoral artery; MS
— medial sacral artery; PMj —
psoas major; Um — umbilical
artery; Vi — visceral branch.

tribution of the all parietal branches were recorded
by accurate sketches and photographs that were
organised following the classifications described by
Adachi [1] and Yamaki et al. [42].

RESULTS

Ramifications of the iliac artery

In all cases examined, the external and internal
iliac arteries arose directly from the abdominal aorta
at the level of the last lumbar vertebra; there was no
blood vessel corresponding to the common iliac artery
in the foetal pig. The internal iliac artery descended
from its point of origin into the pelvic cavity and then
generated several branches. Its ramifications and the
courses of several parietal branches were as shown
in Figure 1. Of all branches, the umbilical artery ex-
tended from the internal iliac artery with a strong and
consistent pattern. This artery first descended, and
turned toward the umbilicus and ascended.
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Ramifications, course, and distributions
of SG, IG, and IP

In all 18 half-pelvis specimens, the SG, IG, and IP
were the three main parietal branches that form the
common arterial trunk (black and white arrowheads
in Fig. 1A, B) that emerged from the internal iliac
artery. The SG emerged from the common arterial
trunk as an oblique descending branch. In the 15 of
18 specimens examined, the SG passed through the
upper part of the sacral plexus, below the lumbosacral
trunk and the suprapiriform foramen to reach gluteal
muscles (“a” in Fig. 2 and Table 2). The relation of the
SG course to the sacral plexus was nearly constant
even in cases in which the root of the plexus shifted
cranially or caudally due to a smaller or larger number
of thoracolumbar vertebrae (Table 2).

The arterial trunk of the remaining two branches,
the IP-IG trunk, descended and passed through the
infrapiriform foramen to appear outside the pelvis.
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Figure 2. Positional relation of the gluteal artery route to the sacral
plexus. The superior gluteal artery (SG) passed through the upper (a)
or occasionally the middle part (b) of the sacral plexus. The lower
part of the plexus was intersected by the atypical gluteal artery (c).
The lumbosacral trunk consistently originated from the last two
lumbar nerves; LT — lumbosacral plexus; S — root of the sacral
nerves; Sc — sciatic nerve.

After leaving the pelvic cavity, the common arterial
trunk divided immediately into two branches; the IG
provided blood supply to the gluteus superficialis
muscle from the deep surface along with the inferior

gluteal nerve and the IP entered into the pudendal
canal together with the pudendal nerve.

The origin, course, and distribution of the Ob

There was no Ob originating from the internal
iliac artery. Although this artery as an extremely slen-
der branch was occasionally detected as emerging
from the common trunk or iliolumbar artery and
descending toward the obturator foramen, it did not
reach the obturator foramen and the hip adductors.
Meanwhile, an arterial branch supplying blood to the
hip adductor muscles, similar to the human Ob, was
found to be arising from the inferior epigastric artery
which extended from distal end of the external iliac
artery (Fig. 1). This artery passed under the inguinal
ligament and extended around hip adductors. Most
of cases exhibited this single-branch anatomy save
a few cases that exhibited two branches; this branch
corresponded to the medial circumflex femoral artery
that extended from the deep femoral artery observed
generally in veterinary anatomy [28].

Other minor parietal branches

The iliolumbar artery arose from either the exter-
nal and internal iliac arteries, and included multiple

Table 2. Number of thoracolumbar vertebra, origin of the lumbosacral trunk, and the course of the superior gluteal artery (SG), refer to

Figure 2, in all 18 cases examined

Specimen number Number of vertebrae Total number of Origin of the lumbosacral SG course
Thoracic Lumbar thoracolumbar vertebrae trunk
1 15 7 2 a
2 15 7 22 a
3 15 6 21 a
4 15 6 21 a
5 15 6 21 a
6 15 6 21 a
7 14 6 20 a
8 16 6 22 a
9 16 6 22 All originated from b
10 14 7 21 the last two lumbar nerves a
" 14 7 21 b
12 14 7 21 b
13 14 8 2 a
14 15 7 22 a
15 15 7 2 a
16 15 7 2 a
17 16 6 22 a
18 16 7 23 a
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Figure 3. Atypical ramification
and branches from the iliac

al 7 artery; A. Drawing of right iliac

; artery and peripheral structures

in the foetal pig. The internal
iliac artery and its branches are
shown in red; B. Photograph of
the right iliac artery and periph-
eral structures in the foetal pig;
C. Schematic of the arterial tree
of the iliac artery in the foetal
pig. Black and white asterisks
denote the atypical gluteal ar-
tery. The dotted line shows the
outlet of the pelvic cavity;
AA — abdominal aorta;

D Ad — hip adductor muscles;

AW — abdominal wall; El

external iliac artery; Fe — fem-

oral artery; GMe — gluteus me-

dius; GMi — gluteus minimus;

GS — gluteus superficialis;

IE — inferior epigastric artery;

IG — inferior gluteal artery;

Il — internal iliac artery; lli

iliolumbar artery; IP — internal

pudendal artery; L — lumbar

vertebrae; MCF — medial cir-

cumflex femoral artery; MS —

medial sacral artery; PC — pan-

niculus carnosus; PMi — psoas

minor; PMj — psoas major;

Sc — sciatic nerve; SG —

superior gluteal artery;

TFL — tensor fasciae lata;

Um — umbilical artery;

Vi — visceral branch.

branches that provided blood supply to the psoas
major, psoas minor, and iliacus muscles. The iliolum-
bar artery emerged from the common arterial trunk
as a first branch and had a tendency to pass above
or below the lumbosacral trunk.

Although the medial sacral artery arose from the
posterior division of the lower end of the abdominal
aorta as a well-developed long descending branch,
the lateral sacral artery was absent.

Atypical gluteal artery

Of the 18 specimens examined, we identified
1 case with a second gluteal artery (black and white
asterisks in Fig. 3A, B). In this case, the SG emerged
from the common arterial trunk after the iliolumbar
artery and a second gluteal artery was detected imme-
diately distal to this point from remaining descending
branch. The SG passed through the middle sacral
plexus, between the ventral rami of S1 and S2 spinal

roots (“b” in Fig. 2 and Table 2), and through the
suprapiriform foramen to reach the gluteus muscles.
By contrast, the atypical gluteal artery passed through
the lower part of the sacral plexus, between the spinal
roots of S2 and S3 (“c” in Fig. 2) as well as the supra-
piriform foramen. After leaving the pelvic cavity, the
atypical branch bifurcated immediately; one branch
provided blood supply to the gluteus medius and the
other distributed blood to the gluteus medius, gluteus
superficialis muscles, and sciatic nerve (Fig. 3A). In this
case, the IG and IP arose at the bifurcation of the IG-IP
trunk after leaving the pelvic cavity as was typical for
the 18 foetal pig specimens examined.

DISCUSSION
Origin of the parietal branch in the foetal pig
In the present study, the patterns of several parietal
branches arising from the internal iliac artery were
evaluated in the foetal pig. In all specimens, the SG,
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IG, and IP formed the common descending trunk; the
SG emerged from the common arterial trunk in the
pelvic cavity. Meanwhile, the remaining IG-IP trunk
bifurcated into the IG and IP after leaving the pelvic
cavity. This branching pattern observed in the foetal
pig corresponds to type IV as classified by Adachi in his
study of the human internal iliac artery [1], although
Adachi’s classification did not consider whether the
trunk bifurcates to the IG and IP at a location inside
or outside of pelvic cavity. According Yamaki’s mod-
ification of Adachi’s classification system, this pat-
tern of ramification corresponds to type IV/group 4
and is detected in only 0.5% of human subjects [42].
Although several branching patterns of human in-
ternal iliac artery have been examined based on the
morphogenetic analysis of the specific case of arterial
ring formation, type IV/group 4 is an exception [17].

The IG has been identified as a persistent axial
artery (which corresponds to the sciatic artery) in the
lower extremity that develops in the primordial stage
[5, 7, 12, 34, 35, 43]. The bifurcation of the common
arterial trunk outside of pelvis reflects the fact that
the IP originates from the IG. The IP originated from
the IG in 40-90% in humans and there are remarkable
variations among ethnic groups and specific published
reports [1, 3, 9, 23, 32, 39]. Interestingly, in the ground
squirrel (Citellus citellus), the IP originates from the
external iliac artery [6]. To understand the branching
patterns of the common arterial trunk formed by the IG
and IR, it is clearly crucial to establish the origin of the IP.

Course of the SG

The SG typically passed through the upper sacral
plexus, below the lumbosacral trunk; this is the case
even if the root of the plexus and the lumbosacral
trunk shift cranially or caudally due to a smaller or
larger number of thoracolumbar vertebrae (Fig. 2,
Table 2). We suggest that this observation implies
that the course taken by the SG relates directly to the
observed segmental variations in the plexus including
the lumbosacral trunk; this observation reflects similar
findings from human cadaveric dissections [4].

The atypical gluteal artery

The atypical gluteal artery arose from the descend-
ing common arterial trunk after the emergence of
the typical SG; it passed through the lower part of
the sacral plexus and between the spinal roots of S2
and S3 (Fig. 2). This artery distributed blood to the
gluteus medius, gluteus superficialis muscles, and
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sciatic nerve after emerging from the suprapiriform
foramen and dividing into two branches (Fig. 3A).
According to its origin, course, and distribution, this
atypical artery has the anatomical characteristics that
are similar to those both the SG and the IG. However,
the fact that it supplies the sciatic nerve indicates that
this atypical artery corresponds more closely to the
IG, because the artery feeding the sciatic nerve has
been identified as a persistent form of the sciatic ar-
tery which was present in the primordial stages prior
to birth [14, 18]. Analysis of this and other atypical
cases may help toward our understanding of the
morphogenesis of the sciatic artery.

Comparative anatomy of the internal iliac artery
and its main parietal branches

The anatomy of the iliac artery has been evaluated
in a several primate, artiodactyl, and rodent species;
we have summarised the ramification patterns in
Figure 4. As shown, the common iliac artery is absent
in foetal pigs and llamas (Lama glama) [16], both of
which belong to Artiodactyla. Although absence of
the common iliac artery has been reported in human
subjects, this anomaly is extremely rare [10, 25, 37].
Interestingly, aplasia of the common iliac artery has
also been observed in other artiodactyls, including
sheep (Ovis aries) and pampas deer (Ozotoceros
bezoarticus) [11, 40] and as such, appears to be
a phylogenetically defined phenomenon.

In both primates and rodents, the common il-
iac artery bifurcates into the external and internal
iliac arteries (Fig. 4B, C). The SG has a tendency to
emerge from the iliac artery before other main pari-
etal branches; this branching pattern may reflect the
fact that the SG originates from a root of the sciatic
artery in humans during foetal development [35].

The IG and IP are frequently detected together and
form the common arterial trunk; however, the IP can
originate from the external iliac artery, as described
above for ground squirrels. In progressive stage of hu-
man development in utero, the sciatic artery (which
corresponds to the IG) and the IP were derived from
a posterior division of the umbilical artery while the ex-
ternal iliac artery originates from the proximal part of the
umbilical artery at a site in close proximity to the origin
of the sciatic artery [35]. Therefore, the IP could originate
from the IG and proximal part of the external iliac artery.

The medial circumflex femoral artery in the foetal
pig provided blood to the hip adductors in place of
the Ob. The medial circumflex femoral artery arose
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A] Artiodactyls

AA

Foetal pig: Typical type

(Sus scrofa domestica) Llama (Lama glama)

Primates

AA

Human: Type la
(Homo sapience)

Taiwan macaque
(Macaca cyclopis)

¢/ Rodents

AA

Ob 5

Pobic

Type B

Ground squirrel
(Citellus citellus)

Persian squirrel

(Sciurus anomalus) Rat (Rattus norvegicus)

Figure 4. Summary of the ramification pattern of the iliac artery in several mammals including artiodactyls (A), primates (B), and rodents (C).
Modified schematics of arterial tree of the internal iliac artery in each species, the foetal pig (present study), Llama (Graziotti, 2003), Human
(Adachi, 1928), Taiwan macaque (Fujita, 1963), Ground squirrel (Blagojevic, 2013), Persian squirrel (Akibari, 2016) and Rat (Kigata and Shibata,
2019) are shown. The dotted line shows the outlet of the pelvic cavity; AA — abdominal aorta; Cl — common iliac artery; El — external iliac
artery; Il — internal iliac artery; IG — inferior gluteal artery; IP — internal pudendal artery; MCF — medial circumflex femoral artery;

0 — obturator artery; SG — superior gluteal artery; Um — umbilical artery.

from the inferior epigastric artery, and reached the
hip adductors without passing through the obturator
foramen. The inferior epigastric artery has a close
morphogenetic relationship with the Ob, and the
origin of the medial circumflex femoral artery in the
foetal pig is similar to “corona mortis” which is well-
known to surgeons as a prominent and significant
anatomic variation of the human Ob [19, 20, 29,
31, 33, 38]. Furthermore, in rats, the origin of the
medial circumflex femoral artery is similar to that
in a typical human Ob (Fig. 4C). Therefore, a more
careful evaluation of the anatomical characteristics of
the medial circumflex femoral artery in non-human
mammals may help in understanding the variations
in the human Ob including the corona mortis.

CONCLUSIONS

These findings in the present study can represent
an important addition to the anatomical research
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into variations in the internal iliac artery. These find-
ings will help us to understand the morphogenetic
process and will be useful for surgical treatment of
domestic animals.
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