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The caecocolonic junction in humans has a
sphincteric anatomy and function

M S Faussone Pellegrini, L Ibba Manneschi, L. Manneschi

Abstract

Sphincteric anatomy and function are
present at the caecocolonic junction in
several mammals. In humans, radiologists
and endoscopists have respectively
reported a circumferential contraction
and a prominent ileocaecal fold at the
border area between the caecum and the
ascending colon. Anatomical findings on
necropsy material failed to confirm its
presence. Microscopic studies on surgical
specimens showed the existence of mus-
cular and innervational patterns different
from those of adjacent areas. The aim of
this work was to confirm the existence of a
specialised fold at the caecocolonic
junction in humans and to ascertain its
role by carrying out a study of functional
anatomy. Pancolonoscopies were per-
formed on 100 patients and ileocaecal fold
behaviour was observed before and after
mechanical stimulation. Isolated ileo-
caecocolonic regions, surgically obtained,
were filled with a fixative solution to study
their macro and microscopic morphology
after stimulation. Endoscopically, the
ileocaecal fold was semilunar or circular
in shape and spontaneous or evoked
spasms occurred in 52 patients. A promi-
nent circular fold could be seen in surgical
specimens after stimulation. The entire
muscle coat deeply penetrated this fold,
showing the features characteristic of the
ileocaecal junction. In particular, the
inner portion of the circular muscle
showed a peculiar arrangement and was
thicker than elsewhere. These results show
that in humans the caecocolonic junction
is provided with a sphincter morphology
and function. Little is known about its
physiological relevance in ileal flow
accommodation and caecal filling and
emptying but it should not be under-
estimated with regard to some colonic
motility disorders.

(Gur 1995; 37: 493-498)
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In most mammals the terminal ileum joins the
large intestine end to side, marking the begin-
ning of the ascending colon in the distal direc-
tion and of the caecum in the proximal
direction. For this reason, this border area can
be called caecocolonic junction (CC]J).
Studies on the CC]J anatomy and its function
in several animal species showed differences in
caecum size and CC]J specialisation, depending

upon the type of their diet and digestion. For
instance, in herbivorous animals the caecum is
enormous and separated from the colon by a
well developed caecocolonic sphincter. In
carnivorous animals, such as the dog, notwith-
standing that the caecum is less developed, a
caecocolonic sphincter is also present.! In
omnivorous animals, such as humans, the
caecum is extremely short and, at the CC]J,
a sphincteric organisation seems lacking.
Consequently, until now, the morphology and
function of the CCJ has been scarcely con-
sidered in humans.

Radiologists, however, have reported a
sphincter located immediately above the ileo-
caecal junction (ICJ),2 at the CCJ level, and
separating the caecum from the ascending
colon. On radiological examination, this area
corresponds to the first encountered circum-
ferential fold and has been called Busi’s
sphincter.? Similar to other colonic circumfer-
ential or functional folds, it is seen as a circular
contraction but it always occurs in a fixed place
of the colonic wall.3 4

More recently, endoscopic studies have
added new information in favour of a possible
sphincteric part played by the CC]J in humans.
In fact, it has been reported that a fold, the so
called ileocaecal fold, approximately located at
the CC]J, 5-8 cm from the caecal pole, has a
pronounced tendency to spasmodic activity.>
This fold is not always the lowest one, but is
usually the most prominent® and shows a
circular’ or, less commonly, a semilunar
shape.”

Anatomical findings, mainly based on
necropsy material, did not confirm the pres-
ence of any specialised area at the CC]J, except
for the ICJ lips and frenula.®!2 On the
contrary, microscopic findings of surgical
specimens of the CC]J, that is the caecocolonic
wall around and opposite to the ICJ opening,
showed a peculiar arrangement of the circular
muscle layer.!3> Furthermore, VIPergic and
nitrergic innervational patterns are different
from the neighbouring areas and similar to
those of the ICJ.14 15

On the basis of these functional and micro-
scopic findings, a specialised area, with a
sphincteric role, located at the CCJ level,
seems to be present in humans.

The aim of our work was to confirm this role
both anatomically and functionally. Therefore,
we performed a study of functional anatomy by
using two different procedures to evaluate the
C(J stimulation: (a) endoscopic examination
of the caecocolonic region in vivo, before and
after mechanical stimulation of the ileocaecal
fold; (b) macro and microscopic examination
of the ileocaecocolonic region from surgical
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Figure 24

Figure 1B

Figure 2B

Figure 1C

Figure 1: Endoscopy. (A) Ileocaecal fold with a circular
shape; (B) ileocaecal fold with a semilunar shape; (C) two
tleocaecal folds, originating and diverging from the IC¥
lips, can be seen.

specimens after closing the ascending colon
and injecting a fixative solution through the
terminal ileum. The injection of this solution
had two aims: (a) to stimulate, by filling the
terminal ileum, the onset of the motor activi-
ties regulating in vivo the intestinal content
transit through the ICJ, and (b) to maintain, by
using a fixative solution, the morphology of
this region after the stimulation.

Methods

Endoscopy .

A consecutive series of 100 pancolonoscopies
were performed without pharmacological treat-
ment (sedation, analgesia, antispasmodics) in
patients who gave their informed consent (59
males and 41 females; age range: 2370 years;
mean age: 56). No organic disorder in the right

Figure 2C

Figure 2: Endoscopy. Stimulated ileocaecal fold. (A) A
spasm is occurring; (B) an occlusive spasm has occurred;
(C) the colonic lumen is completely closed.

colon or ileum and no clinical evidence of
irritable colon syndrome were present.

The caecum and the ileocaecal area were
scanned and then observed for two minutes
without pushing or pulling the endoscope, and
without inflating or aspirating the colon.
During observation, a spontaneous spasm of
the ileocaecal fold was seen in five cases. In the
other 95 patients a spasm was evoked by
mechanical stimulation: the ileocaecal fold and
the intestinal wall around and on the opposite
side of the fold were pushed two or three times
with biopsy forceps. After stimulation, a
maximum of three minutes was allowed to
elapse to see whether or not a spasm occurred.
The resolution time of both spontaneous and
evoked spasms was then recorded.

Anatomy
Surgical specimens were obtained from six
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the caecum and along the mesenterial and
antimesenterial borders of the ileum, to
evaluate the spatial relation between the IC]
lips and the CC]J, and the extension of the
second with regard to the longitudinal axis of
the colon.

The circumferential area corresponding to
the CC]J identified in this way could be thus
isolated. Specimens, 2-3 cm long and 1 cm
wide, were obtained by cutting this area along
the colonic longitudinal axis and were histo-
logically examined. Taenia were cut in some
specimens, whereas serosa was cut both in
taenial and extrataenial segments. Specimens
were dehydrated in ethanol and embedded in
paraffin wax. Longitudinal sections, 5-7 pm
thick, were stained with either haematoxylin
and eosin or PAS reaction and observed under
a light microscope. Photographs of the entire
sections were also taken.

Results

Endoscopy

In all patients (100%) the ileocaecal fold was
easily identifiable. Proceeding from the caecal
pole, this fold was the first one encountered in
61 cases, while it was preceded by one or two
smaller folds in 39 cases. This ileocaecal fold
had a circular shape in 75 patients (Fig 1A)
and semilunar in the remaining 25 (Fig 1B).
Sometimes, two or three folds, could be seen
originating and then diverging from ICJ]. The
most prominent fold always started from the
ileocolonic lip of the ICJ (Fig 1C). When the

Figure 3: Isolated ileocaecocolonic region. (A) Ascending colon cut along a transverse
plane. A prominent and thick circular fold (asterisk) occludes the colonic lumen; (B) a
cut has been performed along the anterior taenia. ccf: Caecocolonic fold, c: caecum,

ac: ascending colon. The arrow points to the ICY opening towards the caecal pole.

spasm occurred, the ICJ] moved towards the
caecal pole. A complete spasm of the ileocaecal
fold occurred in 52 patients, all of whom had a

patients (three males and three females; age
range 57-68 years; mean age: 60-16) under-
going right hemicolectomy for Dukes’s A
carcinoma of the proximal transverse colon.
All patients gave their informed consent.

Immediately after surgery, the last 10 cm of
the terminal ileum, the entire caecum, and 10
cm of the ascending colon were isolated from
the remaining colon. All these segments had a
normal appearance and were histologically free
from tumour or inflammation. The proximal
and distal ends of every segment were closed
by clamps before the filling stimulation. These
segments were then filled up by injecting a
Bouin’s fixative solution through the terminal
ileum and immersed in the same solution for
12 hours.

For macroscopic examination, every seg-
ment was opened by cutting the wall along
different planes. Three consecutive cuts were
performed. The first one was made along a
transverse plane at the ascending colon, 5 cm
from the ICJ upper border (the ileocolonic lip),
to have an overview of the CCJ similar to that
of the endoscopist. The second cut was per-
formed along the anterior taenia starting from
the caecum towards the ascending colon to
identify the topographical relation between the
CCJ and the IC]. The third cut was made
along the mesenterial border of the colon and

circular shaped fold (Fig 2A-C). The spasm
was spontaneous in five and mechanically
evoked in the other 47. The spasms lasted from
one minute and 50 seconds to four minutes
and 30 seconds, with an average time of two
minutes and 50 seconds. No spontaneous or
evoked spasm could be seen in any of the
patients with a semilunar fold and in 23
patients with a circular fold.

Anatomy

Macroscopic findings — during the filling of the
isolated ileocaecocolonic region, an anular
stricture could be seen all around the colonic
wall, immediately distal to the ICJ, marking
the beginning of the ascending colon. In three
cases, after the removal of the colonic clamp
and a transverse cut of the ascending colon, a
prominent and thick circular fold could be
seen at the CC]J level (Fig 3A). This fold had a
sphincteric appearance and occluded the
lumen almost completely. In the other three
cases, a thick fold with a semilunar shape and a
smooth luminal contour only partially reduced
the CCJ lumen. When the colon had been cut
along the anterior taenia, these folds were seen
starting from the ileocolonic lip of ICJ. Thus,
the CC]J fold clearly defined the border area
between the caecum and the ascending colon
(Fig 3B). Frenula, usually described at this
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Figure 4: Longitudinal sections of the CCF wall showing the CCF structure. (A) Near the
IC¥. Haematoxylin and eosin, original magnification X 7; (B) and (C) distant from the
IC¥. PAS, original magnification X 7; (D) opposite to the ICY. Haematoxylin and eosin,
original magnification X 7. Arrows point to large blood vessels at the serosa level.

level in necropsy material as short and thin
structures anchoring ICJ lips to the colonic
wall, could not be identified. The ICJ had an
oval or circular shape and always showed an
open orifice (Fig 3B). In one case, two folds
could be distinguished at the CCJ level, after
cutting the colon and the ileum along the
mesenterial and antimesenterial borders. Both
folds had a common origin from the ICJ. The
distal fold was prominent and had a semilunar
shape, while the proximal one, in contrast, was
smaller and shorter.

Microscopic findings — all specimens obtained
from the CC]J, including the CC]J fold and the
adjacent wall, showed a different muscle
architecture from that of all other parts of the
colon. In fact, the examination of the colonic
wall, longitudinally sectioned (Fig 4A-D),
showed that the whole muscle coat deeply
penetrated the CC]J fold, assuming the shape of
an arrowhead with the basis towards the serosa
and the top towards the free margin of the fold.
The longitudinal muscle layer, followed by the
myenteric plexus, formed the inner part of the
arrow. It had a triangular shape, with a large
basis corresponding to the arrow base and an
extremely thin apex proceeding towards the
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arrow top. The circular muscle layer followed
the outline of the longitudinal muscle layer,
maintaining a constant thickness, for a variable
length without reaching the arrow top. The
length of this arrow shaped muscular axis was
related to the prominence of the CCJ fold.
When the free margin of the fold became less
prominent, the length of the muscular axis
decreased (Fig 4A-D). The submucosa, often
rich in fat tissue (Fig 4A, C), and the mucosa
followed the outline of the circular muscle
layer from the basis to the top of the CC]J fold.
Serosa never penetrated the fold and was
always bridge like and sometimes contained
large blood vessels (Fig 4C, D).

An inner and an outer portion of the circular
muscle layer could be easily identified within
the CC]J fold (Fig 4A-D) and at a short dis-
tance from it, both distally and proximally (Fig
5). This peculiar arrangement of the circular
muscle layer was identical to that of the
unstimulated surgically obtained CC].? In fact,
wide septa of connective tissue separated the
two circular muscle layers and split up the
inner one into anastomosing muscle cords (Fig
6A). The outer portion was roughly three to
four times thicker than the inner portion and
the smooth muscle cells of the inner portion
were more PAS positive than those of the outer
portion (Fig 6B). Both the caecal and the
colonic portions of IC]J lips showed the same
architecture of the CC]J fold (Fig 7).

These features were identical in taenial and
extrataenial specimens and did not change if
serosa or taenia had been previously cut
(compare Fig 4B with Fig 4D).

Discussion
Endoscopic findings confirmed the presence of
folds differently shaped in each colonic seg-
ment. The folds seen in the caecum and the
ascending colon never encircled the lumen
completely and had no fixed location; in
contrast, a prominent fold, with a semilunar or
circular shape, was constantly found at the ICJ
distal border. Considering its location and
morphology, this fold should correspond to the
‘ileocaecal fold’ previously described by other
endoscopists,>’ and to the ‘Busi’s sphincter’
seen by radiologists.2

A prominent fold with a similar shape was
also constantly found at the CCJ level in
stimulated surgical specimens. This finding
contrasts with published data based on
necropsy material, reporting on the morphology
of the ICJ and the neighbouring areas.8-!! In
fact, these data only refer to thin and short
structures (frenula) anchoring the ICJ lips to the
adjacent caecocolonic wall. This contrast, how-
ever, might be apparent, as our material had
been stimulated immediately after surgery by
using a procedure that permitted the main-
tenance of intestinal morphology thus mimick-
ing a physiological condition. In contrast,
frenula might be the postmortem equivalent of
both ‘ileocaecal fold’ (endoscopists’ finding)
and ‘Busi’s sphincter’ (radiologists’ finding). To
avoid confusion in nomenclature and con-
sidering the anatomical location of this fold
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Figure 5: Longitudinal section of the CC¥ wall proximally
to the CCF. Haematoxylin and eosin, original
magnification X7.

endoscopically and macroscopically detected,
we suggest that it should be called ‘caecocolonic
fold’ (CCF).

Notwithstanding its macroscopic shape
(semilunar or circular), the CCF showed
histological features similar to those of the
‘crescent-like folds’ described in the ascending,
transverse, and sigmoid colon, both in surgical
and necropsy material,!® but completely differ-
ent from those of the caecocolonic sphincter of
other mammals, such as the dog.! In fact, the
CCEF contained all the colonic layers (mucosa,
submucosa, circular and longitudinal muscle
layers, and serosa), but differently arranged in
comparison with those of the ‘crescent-like
folds’ and the canine caecocolonic sphincter.
In fact, we found: (a) the circular muscle layer
of the fold with a constant thickness, similar to
that of the neighbouring areas, but made up of
two differently arranged portions, (b) the
longitudinal muscle layer showing a triangular
shape, instead of forming a loop or a bridge.
Moreover, we could show that, at variance
with the crescent-like folds, either cutting the
serosa or the taenia, the CCF did not disap-
pear and maintained its specific arrangement.
Furthermore, the peculiar architecture of the
circular muscle layer of the stimulated CC]J

Figure 6: Detail of the circular muscle layer of the CCF.
icl: Inner circular layer, ocl: outer circular layer. (4)
Haematoxylin and eosin, (B) PAS, original magnification
X 50.
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was found identical to that previously
described in the unstimulated CCJ!3 and to
that of the ICJ (present results).

Endoscopic findings also allowed us to see
that the CCF can contract independently of
colonic peristalsis. In fact, a spontaneous and
an evoked spasm could be seen in 5% and in
47% of the examined patients, respectively. All
these patients had a circular shaped CCF and
the spasm was so intense to close the CCJ
lumen completely and permitted the ICJ to
move towards the caecum. Peristaltic waves
coming from the caecum neither preceded nor
followed this spasm along the ascending colon.
These findings show that the CCF spasm is (a)
independent of the colonic peristalsis, (b) cir-
cumscribed to the CCJ region, and (c) of a
sphincteric type. To have a more precise evalu-
ation of the CC]J motile activities, manometric
studies should be performed.

Unfortunately, the manometric device does
not give adequate information, as it does not
maintain a fixed position in the caecum for a
long period of time. Our findings, however,
seem to be in agreement with the radiological
finding of a circumferential contraction, at the
C(]J level, the so called Busi’s sphincter, after
barium meal or enema, or both.

Macroscopically, a CCF completely occlud-
ing the CCJ lumen could be seen stimulating
its appearance and contraction by filling the
caecum through the terminal ileum in surgical
specimens representative of the entire ileocae-
cocolonic region. Thus, both endoscopic and
anatomical findings confirmed the occurrence
of a circumferential and sphincteric contrac-
tion at the CC]J.

The presence at the CCJ of a circular muscle
layer with a smooth muscle cell population!?
and innervational patterns!4 !5 different from
those of neighbouring areas, might be at the
basis of the CCF motile behaviour. CCJ
muscular and innervational patterns are similar
to those described for ICJ in humans and
large mammals! 141718 (see present results).
Presumably, as well as at the IC], the inner
portion of the circular muscle layer of the CCF
is responsible for the closure of the CCJ lumen.
Therefore, similar to that proposed for the IC]
on the basis of morphological and functional
findings!! 172! these two junctional areas
might play a sphincteric part.

In conclusion, our data suggest that the CC]J
might be a region in which a sphincteric

/ \
: g o > (i

Figure 7: Longitudinal section of the ICF. Note that the
inner circular muscle layer is more developed on the colonic
side. i: Ileal mucosa, c: colonic mucosa. Haematoxylin and
eosin, original magnification X 5.
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activity occurs; but, at variance with other gut
sphincters, which are mostly closed and open
only for short periods of time, the CCJ is
usually open and closes only for short periods
of time (from two minutes and 40 seconds to
five minutes and 22 seconds in our findings).
Until now, the mechanisms underlying the
C(J closure remain unknown. According to
our findings, however, a mechanical stimula-
tion, by filling the caecum or pushing on the
CCF wall, seems to increase the CCF promi-
nence, up to the closure of the CCJ lumen,
presumably because of the contraction of the
inner portion of the circular muscle layer. The
loss of any type of contractile stimula at death
might explain the presence of structures like
frenula rather than prominent folds in
necropsy material.

Until now, the physiological relevance in the
colonic motile behaviour of a sporadic sphinc-
teric activity at the CC]J level is unknown, but
we think that it should not be underestimated.
In fact, such an activity may play an important
part in the regulation of the motile activities of
the ileocaecocolonic region (that is, genesis of
colonic mass movements, ileal flow accommo-
dation, caecum filling and emptying).

Hypothetically, a CCJ malfunction might

accompany or characterise some clinical .

manifestations, or both. Recent data, reporting
a remarkable involvement of the CCJ in two
different functional disorders of the colonic
motility, might be in favour of this hypothesis.
In fact, a circular shaped CCF was present in a
high percentage of patients with irritable bowel
syndrome, who underwent the same endo-
scopic procedure used in this study. In these
patients the CCF showed spasms either spon-
taneous or evoked more prolonged than in
control cases (Manneschi L, personal observa-
tion). Furthermore, the CCJ of patients
affected by chronic idiopathic constipation had
a myenteric plexus with a reduced number of
neurons and a low density and percentage of
both VIPergic and nitrergic neurons.?2
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