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ABSTRACT
The neuroanatomy of the ileocecal valve (ICV) is poorly understood. A

better understanding of this important functional component of the gastro-
intestinal tract would enable surgeons to reconstruct an effective valve fol-
lowing surgical resection of the ICV. ICVs were examined in young pigs (N
5 5) using frontal and transverse paraffin embedded and frozen sections.
Hematoxylin1Eosin (H1E) staining, acetylcholinesterase (AchE), and
NADPH-diaphorase (NADPH-d) histochemistry and protein gene product
9.5 (PGP 9.5) and C-kit immunohistochemistry were performed. The H1E
staining revealed that the ICV consists of three muscle layers: an external
circular muscle layer continuous with that of the ileal circular muscle
layer, an inner circular muscle layer continuous with that of the cecal cir-
cular muscle layer, and a single longitudinal muscle layer, which appears
to be secondary to a fusion of the ileal and cecal longitudinal muscle
layers. The AchE, NADPH-d, and PGP 9.5 staining revealed two distinct
coaxial myenteric plexuses, together with superficial and deep submucosal
plexuses. The C-kit immunostaining showed a continuous myenteric ICC
network within the ICV. The structure of the neuromuscular components
within the ICV suggests that the valve is a result of a simple intussuscep-
tion of the terminal ileum into the cecum. This knowledge may help sur-
geons in their futureAQ2 attempts at reconstructing more anatomically
and functionally suitable ICVs following surgical resection of native
ICVs. Anat Rec, 000:000–000, 2008. � 2008 Wiley-Liss, Inc.
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The clinical importance of the ileocecal valve (ICV)
resides in its loss. It has been shown by Quigley and
Thompson (1994) and Bakkevold (2000), when it does
not function properly, the fecal reflux increases the risk
of the bacterial colonization of the terminal ileum result-
ing in bacterial overgrowth. The loss of control of the
ileocecal antegrade flow reduces transit time and
decreases absorption.

Several different surgical attempts have been made to
replace the ICV. The surgical design of the created valve
has been based on the actual concept of the ICV. The
first macroscopic anatomical reports described the ICV
as a mucosal fold into the lumen of the cecum and it

was considered a passive valve structure providing
reflux control (Kumar and Philips, 1987). After recogniz-
ing its importance in Crohn’s disease, the surgical
design aimed to create passive hydrostatic reflux control
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(Bakkevold, 2000). Mucosal valves or full thickness
intussusception-like small bowel valves were created.
Ricotta et al. (1981) published an ‘‘inside-out’’ ileum
valve, Zurita et al. (2004) slipped the free end of the ter-
minal ileum into the cecum for ileocolic anastomosis.

The concept of an active sphincter emerged after stud-
ies examining the microscopic anatomy described a
thickened musculature. Quigley et al. (1985) also
detected a high-pressure zone at the ileocecal junction,
and the control of the antegrade flow of the sphincter
became evident. It was consistent with the clinical find-
ing of Willmore (1972) who recognized the risks of
the surgical resection of the sphincter in short bowel
syndrome.

Ecker et al. (1994) made attempts to create an intesti-
nal neosphincter by ultrasonic tissue fragmentation.

In our previous study (Cserni et al., 2005), with the
sphincter concept in mind, we were able to increase the
passive antegrade hydrostatic efficacy of the surgically
designed intussusception-like small bowel valves up to
that of the physiological value of the ICV.

Manometric studies by Shafik et al. (2002) further
demonstrated the inhibitory and excitatory reflexes of
the ileocecal junction. The functional integrity and coor-
dinated motility pattern of the terminal ileum-ICV/
sphincter-cecum have been highlighted in a review of
Malbert (2005). However, the anatomical basis has not
been studied in the same detail as that of, for example,
the gastroduodenal junction, where the anatomic isola-
tion of the circular muscle fibers (Cai and Gabella, 1984)
and gap in the myenteric interstitial cells of Cajal (ICC)
network (Wang et al., 2005) has been found to be
involved in uncoordinated gastroduodenal motility.

The information available about the enteric nervous
system (ENS) in the ICV is sparse. A higher density of
neurons has been reported in the ICV by Altdorfer et al.
(1996) and Kaur et al. (2005), but detailed anatomical
descriptions with primary reference to the structure of
the ENS within the ICV has not been found in the liter-
ature to date. No previous study has focused on the
presence of the ICC network in the ICV.

The lack of knowledge of the detailed neuroanatomy
of the ileocecal junction turned our attention to studying
the ENS in the ICV. The arrangement of the ganglion
cells and the interstitial Cajal cell network was studied
using histological techniques to enable surgeons recon-
structing anatomically and functionally more suitable
valve following surgical resection of the ICV.

MATERIAL AND METHODS

Specimens were taken from young piglets (N 5 5).
The animals were provided by the Institute of Experi-
mental Clinical Research, Skejby Sygehus, University of
Aarhus, Denmark. The study was approved by the Dan-
ish authorities of animal protection, permission number
200601-068. All of the five piglets selected for the study
were 12-week old and weighed between 35 and 37.5 kg.

After killing the animals, the entire gastrointestinal
tract was subsequently removed, washed in PBS, and
subsequently immersed into 4% paraformaldehyde (PFA)
solution for 4 hr at room temperature, and stored in
PBS at 48C and was used within 3–4 weeks.

The ileocecal junctions were cut and used for this
study. Frontal and transverse sections of paraffin-em-

bedded specimens were stained with conventional He-
matoxylin–Eosin staining, and protein gene product 9.5
(PGP 9.5) and C-kit fluorescent immunohistochemistry.
Frozen sections were used for acetylcholinesterase
(AchE), NADPH-diaphorase (NADPH-d) histochemistry.

Thickness of the muscle layers was measured on pho-
tographs of frontal sections of frozen specimens at the
base, middle, and at the free end of the valve using
Image J software. Significance was calculated using one-
way ANOVA test.

Acetylcholinesterase Histochemistry

The staining was carried out using the method of Kar-
novsky and Roots (1965) as modified by Kiernan (1990).
The slides were placed in 10 mL of an incubating solu-
tion (65 mM sodium acetate buffer, pH 6.0, 1.7 mM ace-
tylthiocholine iodide, 5 mM sodium citrate, 3 mM cupric
sulfate, and 0.5 mM potassium ferricyanide) for 100 min
at 378C. Slides were then rinsed twice in 0.1 M Tris
buffer (pH 7.6) and mounted using Glycergel mounting
medium (Dakocytomation).

NADPH-d Histochemistry

For NADPH-d histochemistry, slides were incubated
in 1 mg/mL b-NADPH (Sigma), 0.25 mg/mL nitro blue
tetrazolium, and 0.3% Triton-X in 0.05 mol/L Tris-HCL
buffer (pH 7.6) at 378C for 2 hr, and then mounted using
Glycergel mounting medium (Dakocytomation).

PGP 9.5 and C-Kit Fluorescent

Immunohistochemistry

The slides were placed in citrate buffer (pH 6) and
microwaved at 650 W for 7 min for antigen heat
unmasking. They were then cooled down on ice for
45 min and washed in phosphate buffer 2 3 5 min. The
samples were blocked with 10% goat serum (Dakocyto-
mation) for 30 min at room temperature. After shaking
off the blocking serum, the samples were incubated with
rabbit anti-human PGP 9.5 antibody (Dakocytomation),
diluted in antibody dilutant (1:500) or rabbit anti-human
C-kit (Dakocytomation), diluted in antibody dilutant
(1:50) overnight at 48C. Specimens were washed in phos-
phate buffer 2 3 5 min and subsequently incubated with
‘‘Texas Red’’ fluorescent conjugated goat anti-rabbit anti-
body (Eugene, OR) diluted in 10% goat serum (1:100) at
room temperature for 30 min. The slides were mounted
with Fluorescein mounting medium by Dakocytomation.
A Leica DC 300F fluorescent light microscope with an
attached digital camera was used to visualize results.

RESULTS

Macroscopic Appearance of the Ileocecal Valves

The ileum opened into the large intestine, in all cases,
at the level of the cecocolic junction in the form of a con-
ical papilla. This is identical to previous observations by
Prado and DiDio (2000).

Hematoxylin–Eosin Staining

The transverse and frontal sections revealed that the
ileocecal sphincter consists of three distinct muscle
layers: an external circular muscle layer continuous
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with that of the cecal circular muscle layer, an inner cir-
cular muscle layer continuous with that of the ileal cir-
cular muscle layer. The two circular layers are connected
at the free end of the valve.

The junction of the ileal and cecal circular muscle
fibers appears as an annular sphincter described by
DiDio (1968).

The single longitudinal muscle layer appears to be sec-
ondary to a fusion of the ileal and cecal longitudinal
muscle layers. (Figs.F1 1 andF2 2.)

There was minimal inter animal difference in the size
of muscle layers (TableT1 1). The values of SD and SE
were found very low. The ileal muscle layers seemed to
be slightly thicker in all animals compared with the
cecal circular muscle layers. The thickness of the ileal
muscle layers was constant, the cecal circular muscle
layer slightly increased, but the fused longitudinal layer
significantly decreased in thickness along the ICV.

Acetylcholinesterase and NADPH-d

Histochemistry, PGP 9.5 Immunohistochemistry

AchE and NADPH-d histochemistry and the PGP 9.5
immunohistochemistry showed two definite distinct

coaxial origins of the ENS, separated by the muscle
layers at the base and body of the ICV (Fig. F33).

The external ENS was seen to originate from the ce-
cum and consists of superficial submucosal, deep submu-
cosal, and myenteric plexuses as in the cecum. The in-
ternal ENS originates from the ileum and its structure
resembles that of the ileum (Fig. F44). The PGP 9.5 immu-
nostaining visualized the best direct connection between
the ileal and cecal ENS at the free end of the valve.

C-Kit Immunohistochemistry

The C-kit immunostaining demonstrated the presence
of myenteric interstitial cells of Cajal’s in the ileal and
cecal plexuses and did not reveal any break in continu-
ity between the ileal and cecal ICC network (Fig. 4).

DISCUSSION

The ileocecal junction resembles the gastroduodenal
junction, because in both cases adjacent organs of the
gastrointestinal tract are joined but both have different
functions in digestion. The coordination of gastrointesti-
nal motility is different in these two junctions. Several
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Fig. 1. Transverse section of a piglet ICV with Hematoxylin–Eosin staining (340 magnification): There
are two concentric circular muscle layers separated with the fused longitudinal muscle fibers.
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authors, Quigley et al. (1985), Dinning et al. (1999), Hip-
per and Ehrlein (2001), Malbert (2005) found the motility
of the ileocolonic junction mostly synchronized, in pigs
70% of ileal contractions are coordinated with colonic con-
tractions. In contrast, according to Cai and Gabella
(1984), Lammers et al. (1998), and Wang et al. (2005),
muscular contractions are not normally propagated from
the pyloric end of the stomach to the duodenum.

The anatomical background of the uncoordinated gas-
troduodenal motility is well studied, but information
about the ileocecal junction was sparse. In our study, we
have found that the muscular anatomy of the ICV does
not resemble other gastrointestinal sphincters (pyloric,
internal anal sphincter), in which homogenous thicken-
ing of the circular muscle layer has been observed. The
ICV consists of two circular muscle layers with constant
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Fig. 2. Frontal section of piglet ICV with Hematoxylin–Eosin staining (340 magnification): The longitu-
dinal muscle layers are separate from the circular muscle layers along the ICV but not at the free end of
the valve.

TABLE 1. Thickness of the muscle layers (in mm) measured on frontal section of frozen specimens stained
with H&E

Thickness of lleal origin
circular muscle layer within

the value (mm)

Thickness of caecal origin
circular muscle layer within

the value (mm)

Thickness of fused longitudinal
muscle layer within

the value (mm)

Base Middle Free end Base Middle Free end Base Middle Free end

Mean 0.321 0.327 0.309 0.272 0.283 0.291 0.076 0.071 0.055
SD 0.016 0.012 0.013 0.007 0.011 0.012 0.008 0.009 0.011

P 5 0.007
vs.base

Significant
differences

P 5 0.039
vs.base

P 5 0.035
vs.middle

Significance was calculated using one-way ANOVA test
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thickness along the valve, separated by a homogeneous
longitudinal layer tapering gradually along the ICV.

Definite fibrous isolation has been reported between
circular muscle layers of the gastroduodenal junction in
guinea pigs by Cai et al. (1984)AQ3 and in cats by Lammers
et al. (1998). In contrast, our results show that the circu-
lar muscle layers of the ileum and colon are not sepa-
rated at the free end of the valve. This could explain the
different motility patterns of the two junctions.

A study by Conklin and Du (1990) suggested that the
ICC network is responsible for coordination of electrical
activities along the axis of the colon. More recently,
Wang et al. (2005) discovered a gap in the continuity in
the myenteric ICC network at the pyloric sphincter,
which is accountable for the break in the propagation of
electric slow wave activity from the stomach to the duo-
denum and for the distinct uncoordinated peristaltic
motor patterns of the stomach and the duodenum.

We have found that the ENS and myenteric ICC net-
work have two distinct ileal and cecal origins in coaxial

positions. However, these networks are isolated along
the ICV by longitudinal muscle fibers and our findings
clearly show that they are connected at the free end of
the valve.

On the basis of our observations, it is easy to under-
stand that the myoelectric slow wave activity can propa-
gate from the ileum directly to the cecum, and ileal
motor activities can pass through the ICV directly to the
cecum irrelevant of propelled chyme, and can initiate
cecal contractions as it was described by Malbert (2005).
It is also possible that one of the cecal pacemakers found
at the ICV by Shafik et al. (2005) corresponds to the
propagating ileal myoelectric slow wave activity
throughout the ICV.

The anatomy and neuroanatomy of the ileocecal
junction showed in our study suggest that the ileocecal
junction is a simple intussusception of the ileum into the
cecum, which is in accordance with the latest concept of
the ICV: intussusception of the terminal ileum into the
cecum (Awapittaya et al., 2007).
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Fig. 3. This figure shows the ICV of a piglet. A: Transverse section stained with AchE histochemistry. B: Transverse section stained with
NADPH-d histochemistry. C: Frontal section stained with PGP 9.5 fluorescent immunohistochemistry. D: Frontal section of the free end of the
ICV stained with PGP 9.5 fluorescent immunohistochemistry. Note: there are two distinct ileal and cecal origins of the enteric nervous system
are isolated along the ICV, but are connected at the free end of the valve. SSM, superficial submucous plexus; DSM, deep submucous plexus;
MY, myenteric plexus
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The designs of previous techniques suggested for ICV
replacement are not close to the original layout of the
normal ileocecal junction (Fig.F5 5). For example, in the
intussusception-like small bowel valve and in the Ricotta
et al. (1981) valve technique, the created valve, the
intussusceptum and the intususscipient, are both part of
the small bowel. In the telescope anastomosis, reported
by Zurita et al. (2004), the valve consists of only the
wall of the ileum. In the ileocecal anastomosis suggested
by Maegawa et al. (2005), the ileum is laid in a tunnel
under the submucosa as it is in the Lich-Gregoire ure-
teral reimplantation. The wall of the valve consists of
the ileum and the mucosa of the cecum.

On the basis of our observation, we propose a new ICV
design: intussuscept part of terminal ileal segment together
with proximal cecal wall and then perform an end-to-side
ileocecal anastomosis (Fig. 5). This simple design will not
recreate the apical continuity seen between the two myen-
teric plexuses of ICV; however, Horgan et al. (1993)
observed regeneration of intramural autonomic nerves
across the anastomotic scar, whether such fusion occurs in
the ileocecal anastomosis with time need to be studied.

Probably, it cannot be expected that this new design
will bring the efficacy of the surgically recreated valves
up to the original’s level alone, other external factors
such as the role of the ileocecal ligament, reported by
Kumar et al. (1988), have to be considered as well.

Physiological experiments by Conklin and Christensen
(1975) revealed that circular muscle fibers of the ICV de-
velop high tension in response to stretch in cats and
opossum. Ouyang and Cohen (1981) and Bogers and Van
Marck (1993) showed that these muscle fibers react dif-
ferently to neurohumoral stimuli (e.g., CCK, gastrin,
glucagon, secretin, acetylcholine, adrenoreceptor block-
ers) than the adjacent ileal and cecal muscle fibers.
These observations suggest specific sphincteric proper-
ties of the circular muscle fibers of the ICV. Whether the
fibers of the newly created valve will ever gain such an
attribution remains a question.

In conclusion, the structure of the muscle layers and
the ENS within the ICV supports a new concept: the
ICV is a result of a simple intussusception of the termi-
nal ileum into the cecum. This knowledge may help sur-
geons in their future attempts at reconstructing more
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Fig. 4. Frontal section of piglet ICV. Left upper corner: PGP 9.5 fluorescent immunohistochemistry. Main picture: C-kit fluorescent immunohis-
tochemistry. Note: Myenteric ICC network follows the myenteric plexus and it is continuous along the ICV. The double arrows point to the ileal
and cecal myenteric plexuses on the image. The arrows are situated between the ileal and cecal myenetric plexuses either on the image of PGP
9.5 or on that of C-kit immunofluorescence staining.
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anatomically and functionally suitable ICVs following
surgical resection of native ICVs.
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