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Abstract
Various authors have studied the background behind the anatomical abnormalities of duodenum such as atresia,
stenosis, and the difference in shape, but the studies concerning the presence of Duodenojejunal junction (DJJ) are
rare. Few authors described this junction in detail i.e., the Duodenojejunal junction (DJJ) pressure got reduced on
duodenal muscular activity whereas it got augmented on jejunal muscular activity. These results suggested
possible reality and the presence of anatomical sphincter at DJJ.
Methods: DJJ was studied through direct dissection of 20 cadavers whereas the specimens were histologically
examined and stained with H&E stain. While the radiological examination was performed for another 10
cadaveric specimens using plain X-ray technique. Barium was injected into the pyloric canal and a tie was applied
into the jejunum so that it allows only the barium is present in the duodenum, DJJ and at a few centimetres of
jejenum. Transverse and longitudinal sections through DJJ were incised and stained by H&E stains.
Results: DJJ was narrower and more contracted than duodenum or jejunum. It also possessed one or two
depressions and covered by arterial branch that originated from superior mesenteric artery termed as
‘duodenojejunal junction artery’. DJJ was felt by touching and found to be thicker and tough than duodenum or
jejunum. Its mucous membrane lining was packed into ‘DJJ rosette’. The length of DJJ among adults is in the range
of 0.6–1.2 cm. The circular muscle layer was found to be clearly thickened at the junction when examined using
microscope. Further, the longitudinal muscle coat was also very thick at the junction when compared with the
same coat in duodenum or jejunum radiologically. DJJ was found to be narrower and constricted whereas
duodenum was wide. Jejunum was similar to duodenum.
Conclusion: The thickened tough circular muscle, mucosal rosette packing and narrowing and contraction at DJJ
refer to the possible presence of anatomical real sphincter at DJJ which got augmented when high-pressure is
applied in this area. So, the corresponding results suggest and support the study hypothesis.
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INTRODUCTION
Inherited abnormalities of the duodenum are well-thought-out to be unusual (Dousei et al.,1997). A number of anatomy
textbooks explained that duodenum is placed at the most expected part in the small intestine. The duodenum is present, apart from
the small intestine, in the form of elongated ‘C’ from pylorus to the duodeno-jejunal junction present between first and third
lumbar vertebra when the body is lying on its back. The terminal end of the ‘C’ goes further to the left of midline compared to the
beginning. The fourth part extends from the left side of the aorta to the left upper border of the second lumbar vertebra. Pancreat ic
head and its uncinate process are surrounded by ‘C’-shape (Standring et al., 2005; Skandalakis., 2004). Hollinshead (1971)
expressed duodenum as a normal, arc-like structure which typically varies from ‘C’ to ‘O’ and may possess sharp angles so that it
looks like a ‘U’ or ‘V’.
It terminates at the duodenojejunal junction (DJJ) which hangs at the ligament of Treitz. Furthermore, in addition to the
familiar gastroduodenal pyloric sphincter, other controversial sphincters have been described in the duodenum. The first duodenal
sphincter is said to be located at the far end of the duodenal bulb and held accountable for segmental achalasia and mega bulb
(LJA.DiDio, MC.Anderson., 1968). Another sphincter is supposed to be present before the ampulla of Vater (Villemin., 1922).
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Ochsner claimed that the ‘Ochsner muscle’ was located below the ampulla of Vater (Ochsner, AJ., 1906). The DJJ may be the
birthplace of many pathologic conditions (Arbell et al., 2006, Meeussen. 2006, Pumbergeret al., 2002, Shafik, 2006, Sugimoto et
al.,2002 Tropskaya, NS., 2005). Therefore, it is significant to have a thorough knowledge of its standard histoanatomical details.
A recent study has found that there is a high-pressure region of length 1.6 § 0.04 cm present at the DJJ, suggesting that this region
might act as a ‘physiologic’ sphincter. The DJJ pressures decrease when duodenum gets narrow whereas it increases during
jejunal narrowing. The opening of the DJJ might be mediated by duodeno-jejunal junction inhibitory reflex and its closure through
DJJ stimulatory reflex (Shafik, 2006). The vast knowledge about the variations in shape and position of the duodenum add value
to endoscopists, surgeons, and radiologists for interventional procedures and preventing the misinterpretation of abnormallyshaped duodenum (Rekha et al., 2015). Duodenal perforation is rare among children, especially DJ junction perforation. The first
and second parts of the duodenum are common sites of perforation in ulcers (Limi et al., 2011).
Till now, there is no enough research information available neither studies conducted about the presence of DJJ sphincters.
So, the current research aims at identifying the presence of anatomical sphincter in this area. According to this hypothesis, DJJ has
been investigated anatomically, histologically and radiologically in the current study. This study aims to detect the existence of
DJJ sphincter among human beings through anatomical, histological and radiological investigations.
MATERIALS AND METHODS
In materials, a total of 30 cadaveric specimens that had normal gastrointestinal tract were tested. The adult cadavers were
studied after being fixed in 10% formalin (Ahmed Shafik et al., 2007). DJJ was studied in situ in 20 cadavers. The cadaver was
opened through upper midline abdominal incision and the DJJ was exposed. After examining the outer aspects of the DJJ, the
anterior wall was incised to examine the interior aspect. The incision in the adults extended across the DJJ for about 3 cm in each
of the duodenum and jejunum (jj) layers. The DJJ was investigated with the help of a magnifying loop, fine surgical instruments
and bright light. After the naked eye examination and description of the findings, the DJJ was photographed. (Shafik 2006,
Ahmed Shafik et al., 2007, Lalwani et al.,2016)
.
Histological methods
The histological study of the DJJ was performed in 20 studied cadavers. Transverse cut sections at the DJJ and longitudinal
sections in the sagittal, parasagittal, coronal, and paracoronal planes across the DJJ were fixed in formalin–saline. The samples
were processed in paraffin sections of 5 μm thickness, stained with hematoxylin and eosin and were examined microscopically
(Shafik 2006, Ahmed Shafik et al 2007, Lalwani et al.2016).
Radiological study
Post mortum study was conducted in which the rest of the ten cadaveric specimens were injected with barium in the
doudenum region and were subjected to plain abdominal X RAY.
The thickness of the muscle layer of duodenum, jejunum and DJJ were measured in haematoxylin and eosin-stained sections
at 50 x magnification using the image analyzer (Leica Qwin 500 MC), at Alexandria university.
This image analyzer consists of Leica Quin 500 software windows version, connected to a microscope incorporated with
Panasonic video camera and inbuilt screen. In all the specimens, circular muscular area thickness was measured. These data were
measured in five random fields of each specimen and the mean values were obtained.
Statistical analysis was performed using SPSS version 17. The data is expressed as mean ± SD and the analyses were
performed using a one-way analysis of variance (ANOVA). The values were given as mean. The difference is assumed to be nonsignificant if P> 0.05, significant if P
0.05, highly significant if P
0.01 and very highly significant if P
0.001.
RESULTS
Anatomical study
The histological observations revealed DJJ to possess distinctive morphological features when inspected from the outer
aspect. In a slow-motion proximo- distally, the last fourth portion of the duodenum became narrower resulting in the DJJ
becoming slightly narrower than the duodenum proximally and the jejunum distally (Fig. 1). DJJ got plastered to the posterior
abdominal wall by means of overlying peritoneum and the ligament of Treitz. It is located in the adults, 2–3 cm to the left of the
median plane. The jejunum is limited downwards from DJJ to form an inverted V within the fourth duodenal part. The external
features of the gut, close to DJJ, were also distinctive. The jejunum (JJ), at this stage, started to have a mesentery. Being greyishwhite color, DJJ is coated with shiny peritoneum over it which is different from the color of the nearby jejunal segment that was
whitish-grey in color with a fenestrated mesentery formed by the mesenteric vessels. There were one or two signs on the surface
of DJJ (Fig. 1) that were obvious to the naked eye in all the studied adult specimens.
On palpation, the DJJ wall was found to be thicker than the proximal duodenal and distal jejunal segments. When DJJ was
made to undergo internal examination and opened, it revealed typical features that are different in the DJJ from the surrounding
gut. The mucus membrane folds were found to be more wrinkled at DJJ than those of the nearby duodenum or jejunum which
altogether formed a ‘duodenojejunal rosette’ (Fig. 2). The mucosal folds, proximal to the DJJ in the duodenum and distal in the
jejunum, were found to be loosely packed than those in the DJJ. This criteria of the mucosal folds in DJJ, duodenum and jejunum
characterized the DJJ. The DJJ lumen was found to be narrower than that of the duodenum proximally and jejunum distally. The
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length of the DJJ was determined by linear measurement of the crowded mucosal folds which varied from 0.6–0.8 cm in adults
(Fig 3)

Fig. 1 Cadaveric specimen that shows the narrowing of the duodenojejunal junction (arrows). Two markings (a) on the
duodenojejunal junction denotes the site of arterial branches whereas the superior mesenteric artery that cross the third part of
duodenum (S) can be observed

Fig. 2 Cadaveric specimen showing the duodenojejunal rosette (arrows). The mucosal folding before and after it (star) can be
observed
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Fig. 3 Cadaveric specimen showing the duodenojejunal rosette (arrows) and linear measurement of the crowded mucosal folds
Histological study
The section, that begun in the last part of the duodenum, which also passed crosswise the DJJ to the jejunum, showed
somewhat folded mucosa at the duodenal part with a very thin circular and longitudinal muscle layer. Then the mucosal folds got
gradually enlarged whereas the width of the circular muscle coat became very thick in the DJJ (Fig. 4). The length was measured
to be mean of 0.8 ±0.04 cm (range 0.6–1.2).
The unique histological features of the DJJ comprised of the thickened circular muscle layer and wrinkled mucosal folds
when compared with duodenum proximally and the jejunum distally (Figure 5). The last portion of the DJJ and the beginning of
the jejunum revealed the diminishing thickness of the circular muscle layer (Fig.6).

Fig. 4 A photomicrograph of a longitudinal section in the muscle layer of the gut at the area between duodenum and the
duodenojejunal part. It obviously reveals the thickening of the inner muscle layer of the duodenojejunal part (arrows) in relation
to that of the duodenum (star) (H&E 40)
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Fig. 5 A photomicrograph of the longitudinal section of the muscular layer of the duodenojejunal part showing obvious thickening
of the inner circular (F) muscle layer. The thick outer longitudinal (H) muscle layer (H&E 40) can be observed

Fig. 6 A photomicrograph of the longitudinal section of the gut muscle layer at the area between the duodenojejunal ring and the
jejunum. It obviously reveals the thickening of the inner circular muscle layer of the duodenojejunal ring (arrows) in relation to
that of the jejunum (stars) (H&E 40)
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Radiological study

Fig 7 : A plain X-ray of the duodenojejunal ring revealing narrowing of it (arrow)
Statistical results
The data were analyzed using IBM SPSS software package version 17.
The quantitative data were described using mean and standard deviation for normally distributed data, while the abnormally
distributed data were expressed using the median, minimum and maximum.
For normally distributed data, a comparison between more than two populations was analyzed. F-test (ANOVA) was used in
the study, followed by the post hoc test.
Table 1: comparison between different sites with regards to muscle fibre length (Circular)
Jejunal Thickness
DJJ Thickness
Doudenal Thickness
Range (μM).
18.6-52.4
32.3-57.5
30.2-52.6
Mean (μM)
36.4
46.5
39.2
S.D. (μM) ± S.D.
10.9
7.0
5.8
F-test
9.65
P value
0.011*
P1
0.006*
P2
0.211*
P3
0.014*
P1 comparison between Jejunal thickness and DJJ thickness
P2 comparison between Jejunal and duodenal thickness
P3 compassion between DJJ Jejunal thickness and duodenal thickness
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Fig. 8: comparison between different sites with regards to muscle circular fibre length
DISCUSSION
The present study shed some insights into the anatomical–functional relationship of DJJ. DJJ is not simply a connection, but a
segment of 0.8 ± 0.04 cm length among adults (range 3–5) present in between duodenum and jejunum. The current study revealed
distinctive outer criteria that clarify DJJ at the surgery. This criteria includes DJJ vascular artery, the existence of an overlying
narrow down, alter in the belt of the gut as previously mentioned, the slight change in color between duodenum and jejunum, and
obviously the increase in the thickness of DJJ on palpation than the equal thickness of duodenum and jejunum. The jejunum, from
the DJJ, had a mesentery and was able to move. Moreover, the inner aspect of the DJJ revealed a distinctive appearance for
identification. The apparent appearance of the mucosal ‘DJJ rosette’ with its clear delineated end, can mark the DJJ.
Moreover, the DJJ, when observed from its inner side, revealed to be a contracted segment between two moderately-wider
segments i.e., duodenum and jejunum. These criteria can mark the DJJ at the time of endoscopy for investigative or treatment
purposes. The histological results of the DJJ clarified its functional criteria. The existence of a mucosal rosette at the DJJ
decreases its lumen which further tapers by the thickened circular muscle coat. The decrease in the DJJ lumen most likely delays
the progress of the chyle in its way from duodenum to the jejunum. This retardation of chyle movement in the duodenum (DD)
causes a combination of duodenal filling with duodenal, biliary secretions, and pancreatic secretions which are released in the
second part of the duodenum.
The postulation of a DJJ anatomical sphincter
The thickened circular muscle coat of the DJJ presumably discloses the presence of an ‘anatomical sphincter’ in this part of
the gut. This sphincter appears to control the passage of duodenal contents to the jejunum. It seems that the chyle continues to
collect in the duodenum and gets mixed with biliary and pancreatic secretions until it reaches a particular volume desirable for the
DJ sphincter to unlock, permitting the duodenal filling to move into the jejunum. Even though the circular muscle layer at the DJJ
was not so thick to form an obvious sphincter, yet a ‘sphincter-like action’ is postulated to present at the DJJ. This is proved by the
augmented thickened circular layer, the mucosal rosette and the reduced thickness of the DJJ. Moreover, the twisting of the
jejunum at its connection with the duodenum suggests the sphincter-like action of the DJJ. It is revealed that this duodenojejunal
bending at the DJJ also results in the decreased gut lumen and makes a flap-like valve function, which reduces the flow of the
chyle to the jejunum. According to a recent study, due to the increased pressure area at DJJ, it is and recommended that a
physiologic sphincter is present at the DJJ [11]. The research has revealed that the DJJ pressure got reduced on DD tightening, an
action of the DJJ about to be mediated through reflex termed as ‘DJJ inhibitory reflex’. Whereas it got augmented on JJ
contraction through a supposed reflex termed as ‘DJJ excitatory reflex’ [11]. The former appeared to make the chyle to reach the
JJ while the latter inhibits the reflux of the JJ fillings to DD during JJ contraction. The study findings were parallel to t hat of
Shafik et al (2006). The longitudinal muscle coat was also very thick at the junction when compared with the same coat in
duodenum or jejunum. This result was not in agreement with Shafik et al. 2007, who found that the previous coat was skinny.
Our radiological study supported the existence of DJJ sphincter and became parallel to the histological and anatomical
findings. Moreover, the statistical results also revealed that there was a significant difference between jejnunal thickness and DJJ
thickness and the p-value was 0.006*. There was a significant difference between DJJ thickness and duodenal thickness and the pvalue was 0.014*. There was an insignificant difference between jejunal and duodenal thickness, whereas the p-value was 0.211*
and this stance supports the current study concept.
Recommendation: Further investigations are necessary to clarify the physiologic mechanisms of DJJ in a better way.
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