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Abstract
The region above, below and in front of the ileocecal valve opening has been
studied in man using both light and electron microscopy. A cecocolonic junc-
tion, comprising the colonic basal portion of the ileocecal valve, could be dem-
onstrated in man , due to the specific anatomy of the inner portion of the circular
muscle. This muscle was arranged in anastomosing cords, richly innervated and
enveloped by elastic fibers. Its smooth muscle cells were characterized by ex-
tremely wide sarcoplasmic cisternae and cell-to-cell junctions, numerous caveo-
lac and large amounts of glycogen . Interstitia1 cells were rarely found. This junc-
tion might be considered responsible for (1) ileal flow accommodation, (2)
colonic active movements and (3) ileocecal valve closing and opening.

Introduction

Light- and electron-microscopic studies have shown
cytoarchitectures peculiar to the human colonic muscle
coat that have been related to the colon-specific motor
activities [1–3]. The segments studied were obtained from
the fundus of the cecum and from the ascending, transverse
and descending colon. Gonversely, no information is avail-
able on the morphological organization of the colonic
region located around and in front of the ileocecal junction .
This region has also received little attention in functional
studies; nonetheless, physiological data seem to indicate
that several important and specific motor activities take
pIace there [4–12].

In the present study we focused our attention on the
cytoarchitecture of the muscle coat of this portion of the
human colon. According to the literature, the colonic ring
we examined should correspond to the region where a
cecocolonic sphincter is located. This sphincter, well devel-
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oped in several animal species [13], has usually been con-
sidered to be absent or rudimentary in man [13–16],

whereas a sphincteric region at the ileal base of the ileoce-
cal valve has been ascertained for all animal species, man
include(1 [13, 14]

In this study, specific attention has been given to the
inner portion of the circular muscle , since important mor-
phological differences between the inner and outer portion
of the colonic circular muscle layer characterize man [2]
and other animal species [17–20]. The cytoarchitecture of
the inner portion varies according to the colonic segments
[2], suggesting marked differences between the right and
left colon. Region-specific functional properties have been
identified [21–23]

The aim of this work was to ascertain in the colonic
region, which is assured to correspond to the cecocolonic
junction, whether (1) structural characteristics of the circu-
lar muscle layer were present and (2) whether these pecu-
liarities were similar to those found at other human colonie
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Fig. 1. a 'En face’ view of the ileocecoco-
lonic region. A=Ascending colon; B =ce-
cum; C= terminal ileum; D = ileocecal valve
opening; E=appendix. b Diagram showing
the colonic area examined. Asterisks indicate
where specimens were cut from. The hatched
surface should approximatety correspond to
the extension of the cecocolonic junction.

levels or (3) were specific of this region, An organization of
the circular muscle specific of this region might provide
morphological evidence of a cecocolonic junction also in
man. Furthermore , the nature of the structural peculiarities
of this junction should provide an indication whether or not
a sphincteric structure exists at this level and, consequently,
of its role in man.

Material and Methods

Fragments of the cecocolonic junction were obtained from 5

patients (57-38 years old, mean age 60.16 years) undergoing right
hemicolectomy for Dukes’ A carcinoma of the proximal (right) trans-
verse colon. The segments of both the terminal ileum and proximal
colon had a normal appearance and were histologically free of tumor
and inflammation. The patients had not taken any drugs affecting
colon motility.

Immediately after surgery, the last 5–10 cm of the terminal ileurn.
the entire cecum and 10 cm of the ascending colon were separated
from the remaining colon. Then, the cecum and the proximal part of
the ascending colon were opened along the colonic anterior taenia in
order to obtain an 'en face’ view of the ileocecal valve (fig. la). Spec-
imens of 1 cm2 were cut all around the circumference of the colonic

region, where the ileocecal valve opening is located. Some specimens
were obtained from the colon adjacent to both the inferior and supe-
rior lips of the valve and some laterally to the valve, at various dis-
tances from its opening, and in front of it (fig. lb). All specimens
[except those used for the zinc iodide and osmium (ZIO) technique,
see below] were distended with the submucosal surface down and
pinned, in order to avoid spiralling and/or shortening of the muscle
layers , on cork tablets provided with several holes, 0.3 cm in diameter.
Preferably, areas showing a disarray of the muscle layers und unsuit-
able distension of their smooth muscle cells were excluded from both
light- and electron-microscopic examination

a

Light Microscopy
Some specimens were fixed by immersion in Bouin’s solution

(formaldehyde 40% m/v: 5 ml; picric acid solution 1.2% : 15 ml; glacial
acetic acid: 1 ml). After alcoholic dehydration and toluene diaphani-
zation, these specimens were embedded in paraffin. The sections, 5–7

Hm thick, were stained with hematoxylin-eosin for general architec-
ture viewing, with the periodic acid-Schiffreaction (PAS) for glycogen
detection and paraldehyde-fuchsin solution (0.5% fuchsin, 1%
hydrochloric acid, 1% paraldehyde) for elastic fiber staining. Imme-
diately after resection, other specimens were immersed in a Champy-
Maillet solution (ZIO) [20] to stain nerve tissue and interstitial cells of
Caj al (ICC). These specimens could not be distended like others , since
the metallic tools used to pin specimens on cork tablets interfere nega-
tively with this osmic solution. All specimens were photographed
under a Leitz Orthoplan light microscope

Electron Microscop)'
The distended and pinned specimens, as described above, were

prefixed in a solution of 2% cacodylate-buffered glutaraldehyde, pH
7.4. and kept in this controlled distension for 8–10 h. Then, the pinned
surfaces of each specimen were resected, and the mucosa was removed
by sharp dissection. A thin layer of submucosa, however, remained
attached. These segments were cut into strips of about 1 mm thickness
and 2 mm length and rinsed in a buffered solution of saccharose. Then,
they \vere postfixed with 1% phosphate-buffered OsO4, pH 7.4, dehy-
drated with graded acetone, and embedded in Epon using flat moulds
to obtain transverse or longitudinal sections. The semithin sections
were stained with a solution of toluidine blue, and the area to be fur-
ther cut for electron-microscopic examination was determined. These
sections were also photographed under the light microscope. The
ultrathin sections, cut on Porter-Blum MTI or LKB Nova ultratomes
using a sapphire knife, were stained with an alcoholic solution of ura-
nyl acetate followed by a solution of concentrated bismuth subnitrate
and examined under Siemens Elmiskop IA and 102 electron micro-
scopes.
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Fig. 2. Muscle coat of the cecocolonic junction. a LL = Longitu- ele layer made up of muscle cords connected with each other and with
dinal muscle layer; OCL = outer (main) portion of the circular muscle the outer portion of the circular muscle layer. PAS. x 150. c, d Detail
layer; ICL = inner portion of the circular muscle layer; SM = tela sub- of organization and extension of SER cisternae (asterisks). c x 25 ,000.
mucosa. Hematoxylin-eosin. x 80. b Inner portion of the circular mus- d x 20,000.

Fig. 3. a Glycogen content detected by the PAS reaction. Most of taining glycogen particles (asterisks) and the cell-to-cell junctions are
the smooth muscle cells of the inner circular muscle are deeply stained. extremely wide. Numerous caveolae and long, flattened SER ciste{-
SM = Tela submucosa. PAS. x 600. l»e The cytoplasmic areas con- nae are distributed all along the cell-to-cell junctions. x 25,000
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Fig. 5. a Inner circular muscle transversely sectioned. The arrow
indicates a smooth muscle cell which extends from one muscle cord to
the contiguous one. Semithin section, toluidine blue. x 450. b A gan-
glion of the plexus submucosus (arrow) near the submucosal border of
the inner circular muscle. PAS, X 600. c Nerve fibers stained black

with the Champy-Maillet (ZIO) technique, both close and within the

muscle cords. The arrow indicates a presumptive gray-stained ICC.
x 450. d Submucosal border of the inner portion of the circular muscle
layer. SM=Tela submucosa; N=nerve fibers; E=elastic fibers;
C = collagen fibers . x 5,000. e Elastic fibers (arrows) close and around
the muscle cords. SM = Tela submucosa. Paraldehyde-fuchsin. x 500.
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Results

Peculiar features have been observed in the colonic
region, which is assumed to correspond to the presurnptive
cecocolonic junction in man (fig. lb). The circular muscle
layer in all specimens examined was about 1.2–1.8 mm
thick and composed of two distinct portions, an inner and
an outer circular muscle (fig.2a), incornpletely separated
from each other by wide septa. These muscles differed
markedly as for cell type population and connective frame-
work.

The outer circular muscle was 0.9–1.3 mm thick, Smooth

muscle cell cytology, nerve and blood vessel support and
connective stroma were identical to those described in the

other parts of the gut, especially the colon [1–3]. No ICC
were observed within this muscle.

The inner circbLlar rnbLSCle was 0.3–0.5 mm thick.

Narrow, ramified connective tissue septa, in continuation
with the tela submucosa and with the connective tissue

separating the two circular muscles, divided it into anasto-
mosing muscle cords (fig.2b). A characteristic smooth mus-
cel cell cytology, nerve and vascular support and connec-
tive stroma were observed. Moreover, ICC were also
found .

Swioottt Muscle Celts

Smooth muscle cells contained long, flattened cisternae
of the sarcoplasmic reticulum (SER) which formed threads
both at the cell periphery (fig. 2c) and deep within the cyto-
plasrn (fig. 2d) . Long rows of caveolae were distributed all

along the plasma membrane. Most of these smooth muscle
cells (fig.3a) were particularly rich in glycogen content, as
histochemically detected by the PAS reaction under the
light microscope. Electron-microscopically, glycogen par–
ticles gathered in groups to form extremely wide and pref-
erentially peripheral cytoplasmic areas (fig.3b–e). As a
consequence, myofilament distribution was limited to cyto-
plasmic regions smaller than in the other srnooth muscle
cells (fig.3b, c). Smooth muscle cells contacted each other
along several micrometer wide surfaces, with a gap of
20 nm only (fig.3b–e). No gap junctions were recognized,
but caveolae (fig.3b, c) and SER cisternae (fig.3b, d, e)
were denseIy distributed all along the cell-to-cell contact

Fig. 4. 1CC. a An ICC (asterisk) located at the submucosal bor-
der of the inner circular muscle. E = Elastic fibers. x 15,000. b An ICC
located within the inner circular muscle. Arrows indicate the cell-to-
cell junctions between the ICC and the contiguous smooth muscle
cells. x 15,000.

surfaces. As could be frequently observed, a flattened SER
cisterna, as wide as the contact surface, was located
between the plasma membrane and glycogen particles.
Single smooth muscle cells were longitudinally arranged
and extended from one muscle cord to the contiguous one
(fig.5a). These smooth muscle cells showed the same fea-
tures as other inner circular smooth muscle cells

Innervation
Small gdngiia of the plexus submucosus, containing 1–3

neuronal cells per section, could be found near the inner
circular muscle (fig. 5b). The ZIO technique demonstrated
numerous nerve fibers and nerve endings close to the sub-
mucosal surface and within the inner circular muscle

(fig. 5c). Electron-microscopically, these nerve endings
showed relationships with smooth muscle cells and a synap-
tic vesicle morphology similar to those observed in the
outer circular muscle (fig.2d, 5d).

Vessels

Both blood and lymphatic vessels of small or medium
caliber were very frequently found in the vicinity of the sub-
rnucosal border of the inner circular muscle (fig.2b, 5b).

Conrtective Strowta
All along the submucosal surface of the inner circular

muscle a fibrous lamella, particularly rich in elastic fibers,
was present (fig.5d). These fibers penetrated the connec-
tive septa delimiting the muscle cords, forming an almost
continuous sheath around each muscle cord (fig.5e).

Interstitial Cetts of Cajaì
Cells stained gray with the ZIO technique were very

rare and not positively identifiable as ICC (fig.5c), since
close contacts with both nerve endings and smooth muscle

cells were never observed and gray-stained connective cells
were also present at the submucosal border of the inner cir-
cular muscle. However, some cells with ultrastructural fea-
-tures characteristic of ICC were identified electron-micro-
scopically both within (fig. '+b) and at the submucosal bor-
der of the inner circular muscle (fig.4a). The ICC located
outside the inner circular muscle might be in relationship
with nerve fibers and elastic fibers (fig.4a). The ICC
located within the inner circular muscle forme(i numerous
cell-to-cell junctions with the contiguous smooth muscle
cells (fig.4b) .
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Discussion

The muscular wall of the circumferential colonic seg-
ment cornprehensive of the ileocecal valve opening, the
ddjdcent cecurn and ascending colon, i.e, the presurnptive
cecocolonic junction, has been examined under both the
light and electron microscope. A characteristic organization
of the circular muscle was found in all segments exdmined,
suggesting that a cecocolonic junction might be microscop-
ically detected also in man. Since a similar organization was
found in all specimens examined, the colonie basal portion
of the ileocecal junction has to be included in this region.
This thick , peculiarly organized circular muscle layer might
indicate that a cecocolonic sphincter, such as in other animal
species [13–16], exists also in man. The functional signif-
icance of the structural features of this muscle needs to be
discussed in order to clarify (1) whether they characterize a
sphincteric muscle or not and (2) its function in man.

Both under the light and electron microscope, the circu-
lar muscle of this region appeared clearly subdivided into
two differently organized portions. While the outer part of
the circular muscle did not differ from that of the other
parIs of the colon, the inner one differs with respect to
smooth muscle cells, connective tissue stroma, nerve and
vascular support and ICC. This inner circular muscle was
arranged in anastomosing muscle cords, connected with
each other and with the outer part of the circular muscle.
The extension of the SER cisternae and the cell-to-cell

junctions of these inner smooth muscle cells were enor-
mous and caveolae and glycogen particles extremely
numerous. The latter often occupied cytoplasmic areas so
large that only a reduced space was left for myofilaments.

Typical of the cecocolonic inner smooth muscle cells
was, therefore, their expanded Ca2+ storage/release appa-
ratus (SER) and energetic material (glycogen) compared
to the contractile apparatus (myofilaments) , and the rich-
ness and extension of their cell-to-cell junctions. The latter
data might conform to some functional requirements [6,
24] , such as the ability to act in synchrony and propagate
contraction in every direction.

Similar structural characteristics , even though present in
a lesser number of cells and less pronounced in each cell,
had already been found in the smooth muscle cells located
all along the human colon at the submucosal border of the
circular muscle layer [1, 2]. These cells, due to their cyto-
logy [25] and location [1, 2] , were considered as pacemaker
cells, and present data seem to indicate the presence of a
pacemaker tissue also at the level of the cecocolonic june-
tion. However, no functional data are available which indi-
cate the presence or a need for a pacemaker tissue at the

cecocolonic region. ICC, another type of presurnptive
pacemaker cells of the gut, were, as in other parts of the
human colon, only rarely found at the cecocolonic junc-
tion. The colonie ICC contribution in slow wave origin
seems, therefore, less important in humans than in other
mammals [17, 22, 23, 26–28] , where these cells are the sole
cell type present at the level of the pacemaker area of the
circular muscle layer.

Both the presence of a muscular pacemaker tissue and
the absence of ICC give no indication about sphincteric
properties of the cecocolonic circular muscle. On the other
hand, the particularly rich innervation found at the cecoco-
lonic junction, where nerve fibers are located also within
the muscle cords, and the presence of a well-developed,
and 'specific’, inner circular muscle might account for a
sphincteric function of this region.

In an attempt at a morphofunctional correlation, we
also have to consider that the cecocolonic junction in man
might be responsible for some other properties peculiar to
the ileocecal region. In this sense, the richness in elastic
fibers found at the submucosal border and all around the

inner muscle cords might be responsible for passively
accornmodating the lumen diameter of the cecum, and the
similarities between the structural characteristics of the

'basal colonic' portion of the valve and those of all other
parts of the cecocolonic junction might indicate that some
motile properties of the ileocecal valve, such as opening
and closing, might be due to its 'basal colonic’ inner circular
muscle, rather than to its 'basal ileal’ circular muscle only.

In conclusion, the unique features found in the inner
muscle collar surrounding the cecum at the junction of the
cecum and the colon permit to detect a specialized region,
the cecocolonic junction, whose functional irnplications in
the motility of this part of the gut should not be underesti-
mated. Up to date, structural peculiarities characterizing a
sphincteric region have not yet been defined, the knowl-
edge of the physiological behavior of such a region is scarce
and present data are not sufficient to support any interpre-
tation. However, in a purely speculative manner, we can
suggest that this specialized inner circular muscle might be
involved (1) in the active movements of the cecum, (2) in
ileal flow accommodation and (3) ileocecal valve closing
and opening.
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