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Abstract
Purpose Pancreas contour variations can sometimes be misdiagnosed as mass lesions. This study aimed to evaluate normal 
pancreatic contour morphology, variations, frequency and the development of the uncinate process.
Methods Out of 1183 consecutive computed tomography images taken in our hospital for various reasons (e.g. malignity, 
donor), 899 suitable images were included in the study. The following variations were identified: globular, elongated or 
globular–elongated contours of the pancreas head, protrusions of the body–tail surfaces and globular, lobular, globular–lobu-
lar, tapered and bifid contours of the tail. Hypoplasia and aplasia of the uncinate process were identified. All images were 
evaluated retrospectively by two radiologists.
Results Of the 899 patients, 504 (56.1%) were males. The mean age of the patients was 53.9 ± 14.7 (range 18–89). Hypoplasia 
of the uncinate process was found in 72 (8%) patients; aplasia was seen in 11 (1.2%) patients. Thirty-one (3.5%) of the pan-
creatic head variations were globular, 49 (5.4%) elongated and three (0.3%) elongated–globular. In patients with pancreatic 
uncinate process developmental anomaly, contour variations were also detected in the head of the pancreas. The pancreatic 
body–tail showed protrusions anteriorly in 76 (8%) patients and posteriorly in 11 (1.2%) patients. Seventy-two (8%) of the 
pancreatic tail variations were globular, 39 (4.4%) were globular–lobular, 18 (2%) were tapered and 17 (1.8%) were bifid.
Conclusion Patients with pancreatic uncinate process developmental anomaly also have contour variations in the head of 
the pancreas. Pancreatic uncinate process developmental anomaly was seen in 9.2%. Pancreatic tail contour variation was 
16.2%. The pancreatic body–tail showed protrusion in 9.2% of patients.
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Introduction

The pancreas is located at the anterior pararenal space of 
the retroperitoneum. It is a rather long organ, extending 
from the right side of the body to the left. Its length may 
reach 15–20 cm. It comprises four segments: the head, the 

uncinate process, the body (or corpus) and the tail [1]. The 
head is near the duodenum, while the tail extends towards 
the splenic hilum. The uncinate process is the extension of 
the medial-caudal portion of the head; it has a regular or 
concave anteromedial border and a triangular pattern [2]. 
The body and tail are located behind the stomach. The 
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thickness of the pancreas is variable and decreases with 
ageing. [3].

Benign and malignant lesions of the pancreas tend to be 
located mainly in the head and tail [4]. Some variations of 
pancreatic contours, particularly those originating from the 
head and tail regions, may be misunderstood as tumoural 
processes [5]. Another pattern of contour variation that may 
cause a similar confusion is the nodular pattern of the pan-
creatic body. These nodular protrusion patterns may extend 
to the anterior or posterior aspects of the body. On the other 
hand, in cases where the pancreatic uncinate process devel-
ops significantly, it can be confused with tumours. Because 
of these various variations, it is extremely important to fully 
understand both normal patterns and variations of pancreatic 
contours.

Some studies have explained the morphology and the 
variations of the head, uncinate process, body and the tail, 
separately [6–8]. In studies conducted to complete the devel-
opment of pancreatic uncinate process, it has been stated that 
uncinate process hypoplasia and aplasia are associated with 
malrotations [9]. The present study aimed to evaluate and 
categorise the normal morphology and variations of the con-
tours of the head, body and tail portions of the pancreas and 
to define the development pattern of the uncinate process.

Methods

This study was approved by the Ethical Committee and it 
was conducted in full accordance with the guidelines of the 
Declaration of Helsinki. The computed tomography (CT) 
images of 1183 consecutive patients who had undergone 
triple-phase contrast enhancement multidetector CT (CE-
MDCT) scanning between October 2017 and November 
2019 in the radiology department were evaluated retrospec-
tively by two radiologists. The evaluation of the images was 
performed simultaneously by two radiologists: a radiolo-
gist with 4 years of abdominal radiology experience and 
a final-year radiology resident. In case of disagreement, a 
third radiologist with 18 years of abdominal radiology expe-
rience was consulted and a joint decision was made. The 
examinations were performed using an MDCT system. The 
patients had been referred to the radiology department for 
CT scanning for various reasons, including liver and pan-
creas pathologies, liver and kidney donor examinations and 
primary or metastatic tumour investigations. A total of 284 
patients were excluded from the study for the following rea-
sons: poor CT image quality due to motion artefacts (ten 
patients), acute pancreatitis (91 patients), pancreatic atro-
phy (42 patients), pancreatic adenocarcinoma (124 patients), 
pancreatic mucinous cystadenoma (one patient), pancreatic 
serous cystadenoma (one patient), pancreatic lymphoma 
(one patient), pancreatic neuroendocrine tumour (two 

patients), periampullary tumour (one patient), pancreatic 
cyst (one patient), renal cancer (one patient), pancreatic solid 
pseudopapillary neoplasm (one patient), gastrointestinal 
tumour (one patient), retroperitoneal mesenchymal tumours 
(one patient), gastric cancer (one patient) and abdominal 
surgical history (five patients) (Graphic 1).

Imaging technique and quality assessment

Imaging was performed using a 128-detector MDCT unit 
(Philips Ingenuity 128, Eindhoven, The Netherlands). The 
technical parameters were 120 kvP, 200–400 mAs, rota-
tion time 0.42 s, and slice thickness 1 mm for all phases. 
Contrast-enhanced scanning was performed by injections 
of saline, non-ionic iodinated contrast media and, finally, 
20 cc saline, in sequential order, all via the antecubital vein, 
and by means of an automatic infusion pump. The contrast 
media dose was 2.5–4.0 mL/kg. Following the injection of 
the contrast material, pancreatic, portal and late phase scans 
were obtained at 35 s, 60 s and 120 s, sequentially. All scans 
were obtained with the patient at breath-hold full inspiration. 
All images were evaluated at a Philips Intellispace Worksta-
tion. Radiologic evaluation was done by two radiologists, 
simultaneously.

The normal structure of the pancreatic head was eval-
uated by categorising the variation patterns into four 
groups: normal, globular, elongated and combined globu-
lar–elongated (Fig. 1). The medial part of the proximal-
inferior end level of the pancreas completely passing the 
superior mesenteric vein (SMV) was defined as the nor-
mal development of the uncinate process. If the SMV of 
the medial part of the proximal-inferior end level of the 
pancreas does not exceed the right lateral wall border but 

Graphic 1  The initial overall number of patients, together with 
the number of patients included in the study, is demonstrated. The 
graphic also indicates the causes of exclusion from the study (CE-
MDCT contrast enhancement multidetector computed tomography)
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is close to the border, it was defined as uncinate process 
hypoplasia. If the medial part of the proximal-inferior 
end level of the pancreas is distant from the right lateral 
wall of the SMV, it was defined as uncinate process apla-
sia (Fig. 2) [10]. The incidence of intestinal malrotation 
increases when an abnormality occurs in the develop-
ment of the pancreatic uncinate process [10]. Therefore, 
malrotation was evaluated in cases with a developmental 
anomaly in the uncinate process. The contour variants of 
the body–tail section were defined as nodular protrusions 
with at least 10 mm and protruding anteriorly, posteriorly 
or in both directions [8]. These criteria were utilised for 
ruling out of age-related lipomatosis and external contour 
lobulation (Fig. 3). The tail variations were defined on five 
basic ending contour types, in the absence of focal fatty 
infiltration, tissue atrophy or necrosis, as follows: normal, 
globular, globular–lobular, tapered and bifid (Fig. 4) [8]. 
These morphologic variations were evaluated on the axial, 
coronal and sagittal plane images, together with multi-
planar reconstruction (MPR) images. To exclude image 
distortions due to distended adjacent organs, such as the 
stomach, duodenum and colon, and other image distortions 
caused by respiration movements, all evaluations were 

performed by the examination of triple-phase contrast-
enhanced MDCT series [11, 12]. MPR images were also 
utilised for this evaluation. MPR images also gave us the 
opportunity to evaluate the course of the splenic artery 
and vein, as well as the junctions of the inferior mesen-
teric vein (IMV) and superior mesenteric vein (SMV) with 
the splenic vein. Previous CT scans, demonstrating or not 
demonstrating a contrast enhancement or contour altera-
tion, were also evaluated to exclude the possibility of a 
developing pancreatic neoplasm. These schematic draw-
ings clearly demonstrate the development of the uncinate 
process and the contour variations of the pancreatic seg-
ments (Fig. 5).

Statistical analysis

The categorical variables were defined as numbers and per-
centages. The numerical data were defined as the mean and 
standard deviation (SD) values. The Pearson chi-square and 
the Fisher’s exact test were utilised to compare the categor-
ical data. SPSS 21.0 software was used for the statistical 
analyses.

Fig. 1  These axial CE-MDCT images show contour variations of the pancreatic head: a globular, b elongated, c combined globular–elongated 
patterns of variation at the pancreatic head. The arrows (red) indicate the superior mesenteric vein

Fig. 2  These axial CE-MDCT 
images show contour varia-
tions of the pancreatic uncinate 
process: a hypoplasia of the 
uncinate process, b aplasia of 
the uncinate process; the arrows 
point to the superior mesenteric 
vein, while the asterisk indicates 
the duodenum, vertical line in 
the right lateral of the SMV; pay 
attention to the distance of the 
pancreatic tissue to the line
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Fig. 3  These axial CE-MDCT 
images show contour varia-
tions of the pancreatic tail: a 
globular, b globular–lobular, c 
tapered, d bifid

Fig. 4  These axial CE-MDCT 
images demonstrate a the pos-
terior and b anterior protrusions 
at the tail portion
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Results

The triple-phase CE-MDCT images belonging to 1183 
patients were evaluated retrospectively. Of those, 899 
cases were included in the study. The study included 504 
(56.1%) males and 395 (43.9%) females. The minimum 
age was 18 and the maximum age was 89; mean age: 
53.92 ± 14.75 (SD).

According to the evaluations made on the basis of 
uncinate process variations, 816 (90.8%) patients showed 
normal uncinate process morphology, 72 (8%) demon-
strated hypoplasia and 11 (1.2%) demonstrated aplasia. 
Malrotation was observed in 14 (16.9%) of the 83 patients 

with pancreatic uncinate process developmental disor-
der. The configuration of the pancreatic head was found 
to be normal in 816 (90.8%) patients; it was globular in 
31 (3.5%) patients, elongated in 49 (5.4%) patients and 
elongated–globular in three (0.3%) patients. The contour 
variations of the pancreatic head and uncinate process are 
presented in detail in Table 1.

The contour of the pancreatic body (corpus) was found 
to be normal in 812 (90.3%) patients. There was an anterior 
protrusion in 76 (8.5%) patients and a posterior protrusion in 
11 (1.2%) patients. The configuration of the pancreatic tail 
was fairly normal in 753 (83.8%) patients; it was globular 
in 72 (8%) patients, globular–lobular in 39 (4.4%) patients, 

Fig. 5  These schematic drawings clearly demonstrate the development of the uncinate process and the contour variations of the pancreatic seg-
ments

Table 1  The numbers and percentages of the contour variations of the pancreatic head and uncinate process, in accordance with gender, are 
demonstrated

Pancreas uncinate process Pancreas head Total

Normal Hypoplasia Aplasia Normal Globular Elongated Globular–elongated

Gender (n/%) Female 364 (92.2%) 28 (7%) 3 (0.8%) 364 (92.2%) 12 (3%) 18 (4.5%) 1 (0.3%) 395
Male 452 (89.6%) 44 (8.7%) 8 (1.7%) 452 (89.6%) 19 (3.9%) 31 (6.2%) 2 (0.3%) 504
Total 816 (90.8%) 72 (8%) 11 (1.2%) 816 (90.8%) 31 (3.5%) 49 (5.4%) 3 (0.3%) 899
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tapered in 18 (2%) and bifid in 17 (1.8%) patients. The 
details are shown in Table 2.

In our study, contour variations were observed in the head 
of the pancreas in all the patients with developmental anom-
aly of the pancreatic uncinate process. In 34 patients with 
pancreatic head contour variation, a contour variation was 
also observed in the tail of the pancreas. In six patients with 
pancreatic body contour variation, contour variation was 
also observed in the tail of the pancreas. On the other hand, 
there were eight patients with simultaneous head, body and 
tail contour variations.

Discussion

This study aimed to define the contour variations of the 
head, uncinate process, body and tail portions of the pan-
creas, to determine the frequency and co-occurrence of these 
variations and to discuss these findings in relation to the 
scientific literature. A literature review showed that several 
studies have evaluated variations in the contour of the pan-
creas. In a survey conducted by Inue et al. [9] that evaluated 
101 patients, uncinate process hypoplasia was detected in 
3% of the patients; however, aplasia was not detected in any 
patient. In our study, apart from the normal configuration, 
the frequencies of hypoplasia and aplasia were 8% and 1.2%, 
respectively. Undoubtedly, the high number of cases may be 
the reason for the different values in our study.

Inoue et al. [9] and Chandra et al. [7] have shown that 
patients with malrotation had hypoplasia or aplasia of the 
pancreatic uncinate process. The developmental anomaly 
of the uncinate process has also been reported to be due to 
the insufficiency of the migration of the ventral bud [13]. 
We detected malrotation in 14 of the 83 patients who dem-
onstrated a developmental anomaly of the uncinate process 
and in all cases with uncinate process aplasia. These findings 
indicate that a developmental deficiency of the uncinate pro-
cess cannot solely be explained by a migration insufficiency. 
However, we think this issue might also be related to cer-
tain genetic factors that affect embryologic development. We 
hope that new theories will be developed in the future, and 
the issue will be better delineated by researchers.

The pancreatic head and the uncinate process must be 
evaluated separately from the other portions of the organ. 
The pancreas emerges as a collection of ventral and dorsal 
buddings from the ventral gut during the 4th week of gesta-
tion [14]. Pancreatic development terminates with a duo-
deno-jejunal rotation. The uncinate process and the caudal 
portion of the head comprise the ventral bud which rotates 
around the gut and unites with the dorsal bud. The cranial 
portion of the head, the body and the tail originates from the 
dorsal bud [15]. Both buds first rotate to the right and then 
unite at a site adjacent to the ventral pancreas’ emerging Ta
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point. In the assessment of the pancreatic head in our study, 
the most frequent variation was elongated configuration 
(5.4%), followed by globular configuration (3.5%) and com-
bined elongated–globular configuration (0.3%). In all the 
patients with these variations, there was a developmental 
anomaly of the uncinate process, which is presumably a 
result of the common embryologic origin of the uncinate 
process and the pancreas head. To the best of our knowledge, 
there is no detailed study in the English literature on the 
contour variations of the pancreatic head, so we could not 
compare our findings with those of other studies.

When the pancreatic body and tail contours were evalu-
ated, anterior protrusion was detected in 8.5% of the cases 
and posterior protrusion was found in 1.2% of the cases. In 
their study of 449 patients in a Japanese population, Omeri 
et al. [8] detected anterior protrusion in 4.6% of the cases 
and posterior protrusion in 0.4% of the cases. Omeri et al. 
[8] and our studies show that protrusion variation is more 
common in the anterior part of the pancreas. The antero-
inferior surface of the pancreas, which is located beneath 
the transverse mesocolon, is coated with the peritoneum in 
continuation with the posteroinferior layer of the transverse 
mesocolon [16]. More than one peritoneal layer may overlap 
and create a double-layer pattern on some of the surfaces 
covered by the peritoneum [16]. The posterior surface of 
the pancreas is adjacent to the aorta, the left crus of the dia-
phragm, the left suprarenal gland and the kidney and kidney 
vessels. The posterior surface of the pancreas is close to the 
splenic vascular structures and it does not contain perito-
neum. Nonetheless, the left kidney is separated from the 
posterior surface of the pancreas by the left retromesenteric 
plane. This plane forms three fused fascial layers, organised 
from ventral to dorsal, left leaf of the mesocolon, primary 
parietal peritoneum and anterior renal fascia [16–19]. We 
think that the left retromesenteric plane prevents the pan-
creatic tissue from protruding posteriorly. This may explain 
why posterior protrusion is less common.

The most common contour variation of the pancreatic tail 
was globular (8%), followed by globular–lobular (4.4%) and 
tapered (2%). The bifid pancreatic tail was the least common 
variation; it was only found with 1.8% of the cases. There are 
very few detailed studies on the pancreatic tail in the litera-
ture. However, these studies were frequently conducted on 
the bifid tail of the pancreas; in one study, that configuration 
was found in six of the 650 patients [13]. Our study is one of 
the largest series in which the pancreatic tail configuration 
is evaluated.

Variations in the tail patterns may be explained by the 
mesentery’s folding mechanism, including the splenic 
hilum and the gastrosplenic and splenorenal ligaments. 
These anomalies most probably occur between the two 
layers of the splenorenal and/or gastrosplenic liga-
ments. In contrast, the bifid variation is reported to be a 

developmental branching anomaly [20, 21]. Furthermore, 
there are rare cases in the literature about different tail 
configurations published as case reports. Dinter et  al. 
[22] reported a bifid tail case in which the ventral aspect 
showed calcification and hosted a chronic localised pan-
creatitis focus. Kahramanoglu et al. [23] reported another 
bifid tail case that presented with relapsing pancreatitis 
attacks. Some authors suggested a strong relationship 
between the bifid tail anomaly and pancreatitis. However, 
we did not encounter any chronic pancreatitis findings in 
our bifid tail cases.

Our study did not aim to compare pancreatic lesions 
with contour variations. We wanted to emphasise that, 
amongst the mass-like variations in the contours of the 
pancreas, the globular appearance of the pancreatic head 
and protrusions may be similar to some pancreatic lesions. 
The appearance can be identical to that of adenocarcinoma 
of the pancreas and focal autoimmune pancreatitis. For 
example, the density of some adenocarcinomas can appear 
to be equal to the density of the pancreas on CT [24]. 
Likewise, in some cases in which autoimmune pancreatitis 
occurs focal, the density of the lesion area may be equal to 
the density of the pancreas, especially in the early period 
[25]. In such cases, performing radiological evaluation in 
the presence of clinical and laboratory findings to differ-
entiate between the pancreatic variation and the lesion will 
prevent possible misdiagnoses.

Our study has some limitations. First, it used a retro-
spective design. It was also a single-centre research study. 
We suggest that future prospective multi-centre studies 
with more patients will contribute a better understanding 
of this issue.

Conclusion

Incomplete development or aplasia of the uncinate pro-
cess is often associated with malrotation. It should also be 
noted that pancreatic head contour variations can be seen 
in uncinate process development’s abnormalities. Anterior 
and posterior protrusions at the pancreatic body-level and 
pancreatic tail-level contour variations, especially globular 
and globular–lobular variations, can sometimes be con-
fused with malignancies.
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