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Abstract: Normal pancreas has variable sizes therefore this study was conducted to define the normal pancreatic size and 

CT number for Sudanese to establish a local reference value. A total number of 241 Sudanese subjects were included in the 

study, 161 (66.8%) were males and 80 (33.2%) were females, their mean ages were 40.6 ± 16.1; all were examined using 

cross-sectional computerized tomography (CT) imaging for abdomen. The subject’s ages and gender were recorded and the 

body characteristics including height, weight, BMI, abdomen circumference (AC), were evaluated and correlated with 

pancreas size and CT number. This study revealed that the head of pancreas size was 27.9 ± 4.5 mm, the body was 23.1 ± 

3.7mm, and tail was 19.0 ± 3.1mm, while the CT number (Hounsfield unit) was 59.1 ± 14, 57.3 ± 12.6 and 55.2 ± 13.1 

respectively. Also the study showed a significant relation between the pancreas size, pancreas CT number, age, and AC at 

(p˂0.05).  
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1. Introduction 

Pancreas is a mixed lobulated pinkish grey colored gland 

lying transversely across the posterior abdominal wall 

extending from the concavity of duodenum to the hilum of 

spleen forming the stomach bed [1].Being a mixed gland, 

the pancreas consists of two distinct populations of cells, the 

exocrine cells secrete enzymes into the digestive tract, and 

the endocrines secrete hormones into the blood stream [2]. 

Studies mentioned that both endocrine and exocrine cells 

arise from the same endodermal rudiment [3].Knowledge 

about the normal radiographic anatomy of pancreas is 

required [4]. Different studies on the morphometry of 

pancreas were obtained [5,6]. All these studies were 

obtained from various ethnic groups and different 

geographical situations. The ethnicity, body weight, genetic 

makeup and nutritional status affect the size of pancreas [7] . 

 In recent years, pancreatic imaging has improved with 

the introduction of Ultrasonography (US), Computerized 

Tomography (CT), Magnetic Resonance Imaging (MRI) and 

Positron Emission Tomography (PET) and may provide an 

advance enhancement in the morphological study of 

pancreas. [8]Using the cross-sectional imaging, the 

pancreatic size is commonly expressed by the 

anterior–posterior (AP) diameters of the tail, body, and head 

[9,10]. 

As the morphology differs regarding the race; therefore it 

is justifiable to carry out a study on the pancreatic 

morphometry in Sudanese subjects with no history of 

pancreatic disease or diabetes. To the best of our knowledge, 

no similar study was done for Sudanese population in the 

open literature regarding the pancreas, therefore this 

research was conducted to characterize the pancreas and 

establish a local reference of values for the pancreas 

measurements of the Sudanese subjects. 

2. Materials and Methods 

2.1. Area and Duration 

This study was achieved at Radiology Department 



International Journal of Medical Imaging 2014; 2(5): 119-124  120 

 

Ebn-Elhitham Hospital Khartoum-Sudan, during the period 

from November 2012 to November 2013. 

2.2. Study Sample and Scanning Protocol 

The study included 241 Sudanese subjects who were 

scanned for abdomen CT .Patients who were diagnosed as 

normal pancreas and had no history of diabetes or disease 

affected pancreas were included. Excluding criteria were the 

presence of CT signs of any pancreatic or peri-pancreatic 

pathology. Thus, the patients with the acute and chronic 

pancreatitis or pancreatic neoplasm were excluded .In 

addition, the patients with various pathological conditions 

affecting the adjacent organs (stomach, spleen, peritoneum, 

or retro peritoneum),such as large tumors, fluid collections, 

massive lymph nodes enlargement with the consecutive 

compression, infiltration, or displacement of the pancreas, 

were also excluded . Axial images were obtained using 

Toshiba 4 slice CT scanner (Asetation AS 2010). Iodinated 

contrast medium at a dose of 2 mgI kg
–1

 of body weight was 

injected. CT scans were obtained with the patient in supine 

position during full inspiration. The scan range was from the 

lung base to the lower margin of the iliac crest. The exposure 

parameters were 120 kVp and 250 mA. 

2.3. Method of Pancreas Measurement 

The measurements were taken from the operator council 

of the CT machine; the axial images were obtained through 

the middle of the pancreatic portion (head, body and 

tail) .Anterior-posterior diameters (AP) were measured at 

right angles to the longitudinal axis of the organ. The largest 

diameter of the pancreas lying to the left of the middle of the 

vertebral body was considered the head .The body of the 

pancreas was measured on the left margin of the vertebral 

body and the tail opposite to the medial margin of the left 

kidney. The transverse diameter of the adjacent vertebral 

body was measured and used as a reference and marker of 

body character as applied by Andreas [11]. The CT numbers 

for the pancreas head, body and tail were measured 

(Hounsfield). The CT number of the lumber Vertebra was 

also been evaluated. 

2.4. Method of Statistical Analysis 

All data obtained in the study were documented and 

analyzed using SPSS version16 for windows (SPSS Inc, 

Chicago, IL).Descriptive statistics, were presented with 

mean ± standard deviation (SD), maximal (Max), and 

minimal (Min) values. Independent samples t- test was used 

to estimate the sex-related differences. Pearson’s correlation 

coefficient was used to evaluate the correlations of the size 

of the pancreas with the subject’s age, and parameters of 

body character. P-value of less than 0.05 was considered to 

be statistically significant. Linear regression models were 

performed between the variables which have significant 

relations and equations were created. 

 

3. Results and Discussion 

The pancreas is a particularly important organ from the 

point of view of human medicine because it is subject to two 

important diseases: Diabetes Mellitus and pancreatic cancer. 

Despite this medical importance, the developmental natural 

science of the pancreas has attracted only a small number of 

researchers in recent years. Lack of awareness invariably 

devotes studying the exocrine and endocrine pancreas as 

though; they were entirely separate organs and the lineage of 

the cell types is far to be understood. Considering the 

seriousness of pancreatic diseases and the importance of its 

correct diagnosis and treatment, a morphmetric study of 

pancreas among Sudanese population has emerged as a 

demand of present time.  

This study was carried out to establish normal dimensions 

of pancreas especially for Sudanese to be considered as local 

reference which could be a guideline for the correct 

diagnosis, treatment and research on various relevant 

diseases. The following tables presented the data obtained 

from 241 Sudanese subjects (161 were males and 80 were 

females). The compared means and standard deviation 

between genders and the subjects demographic data 

including age, height, weight, BMI, abdominal 

circumference were presented in table (1).  

This study used the Anterior–posterior (AP) diameters of 

the head, body, and tail of the pancreas because they are the 

most widely used measuring diameters for the determination 

of pancreatic size by the cross-sectional imaging methods. 

[12, 13] 

Table (1). Compare Means and standard deviation, of (Age, height, weight, 

BMI, Abdominal Circumference) measured for Sudanese subjects (males 

and Females) 

Gender Age Height Weight BMI 
Abdomen 

Circumference 

Male 
39.5 

± 6.1 

168.6 

± 22.3 

71.0 

± 19.0 

25.9  

± 5.2 

87.0 

± 20.26 

Female 
42.6 
± 5.9 

157.3 
± 18.8 

67.2 
± 16.6 

29.9 
± 22.4 

87.2 
± 17.9 

P-value 0.161 0.000* 0.133 0.102 0.847 

*Normal p-value is 0.05; therefore the statistical difference is significant, 

the data express as Mean ± SD. 

The above table showed that only the height is 

significantly different with gender, such differences 

probably resulted from the anthropometric differences 

between males and females. [14] 

Table (2). Mean and standard deviation, Minimum and Maximum values of 

Pancreases head, body and tail Size measured for Sudanese subjects 

Variable 
Pancreases 

Head Size 

Pancreases 

Body Size 

Pancreases 

Tail Size 

Mean ± SD 27.9 ± 4.5 23.1 ± 3.7 19.0 ± 3.1 

Minimum 13.1 12.6 9.7 

Maximum 66.9 35.0 30.5 

In CT imaging, the interpretation of pancreatic pathology 

rests on the appreciation of the appearance of the normal 
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pancreas. The normal anterior-posterior width of the body of 

the pancreas varies, but 20mm is accepted as the upper limit 

of normal. The normal upper limit for width of the 

pancreatic head ranges between 25-30 mm, and pancreatic 

tail is 15 mm. These are at best only a rough guide to 

pancreatic size, and it is important to correlate the full 

dimensions of the gland when evaluating the suspected 

pancreatic enlargement. [15] 

AP diameters of the pancreas in our series were different 

and not compatible with the values reported in the literature 

[16, 17] as noticed in table (2)  

Table (3). Compare Means and Correlation between (Pancreas Head size, 

Pancreas Body size and Pancreas Tail size) with gender 

Variable 
Pancreases 

Head Size 

Pancreases  

Body Size 

Pancreases 

Tail Size 

Male 28.0 ± 3.9 23.3 ± 3.4 19.1 ± 3.01 

Female 27.6 ± 5.5 22.9 ± 4.3 18.9 ± 3.2 

P-value 0.513 0.354 0.404 

The data were expressed as Mean ± STDV, *Normal p-value is 0.05 

The compared means of pancreas measurements showed 

that there were no significant differences between the two 

genders as seen in table (3).However another study showed 

that the measured diameters of the pancreas were different 

between the two genders. [15] 

Table (4). Correlation between (Pancreases Head, Body and Tail Size)with 

others variables 

Variables 
Pancreases 

Head Size 

Pancreases 

Body Size 

Pancreases 

Tail Size 

Age 0.690 0.011* 0.042* 

Gender 0.058 0.576 0.252 

Height 0.001* 0.000* 0.000* 

Weight 0.000* 0.000* 0.000* 

BMI 0.527 0.585 0.898 

AC 0.084 0.011* 0.004* 

VBTD 0.024* 0.001* 0.016* 

VBCT 0.909 0.773 0.158 

* Correlation is significant at P= 0.05. BMI=Body Mass Index, 

AC=Abdominal circumference, VBTD=Vertebral body transverse diameter, 

VBCT=vertebral body CT number. 

Correlation between the variables were studied and 

presented in table (4). Linear regression models were 

performed between patients demographic data and the 

pancreas measurements. Equations were created from the 

significant relations. 

Age = 24.07 + 0.71 X Pancreas Body Size. (Eq.1) 

Age = 27.53 + 0.69 X Pancreas Tail Size. (Eq.2) 

The Sudanese pancreas body and tail sizes can be 

predicted when the subjects’ ages were known. As the ages 

increased, the pancreas body sizes were also increased by 

0.71starting from 24.07mm, and the tail size increased by 

0.69 mm starting from 27.53mm. (Eq.1, 2) 

The impact of age on pancreas measurements was studied 

previously [15]. Our study findings were not consigned with 

these results. Other results had mentioned that parenchymal 

pancreatic measurements have reached a maximum in the 

third decade of age, remaining constant until 60 years of age 

thereafter and it gradually decreases [15]. However the study 

in Sudanese pancreas size was best described by the 

established age related formula. The use of the proposed 

formula, which includes commonly measured diameters of 

the pancreas by cross-sectional imaging, will provide fast 

calculation of the approximate pancreatic size in the regular 

clinical practice. One study had also reported that in adults 

beyond 60 years of age, both total and parenchymal pancreas 

measurements gradually decline and fat infiltration of the 

pancreas have been reported with aging in humans (16, 17). 

Previous anatomical studies reported that pancreas 

measurements decreased after age 60 (18, 19, 20). 

Ultrasound studies report increased pancreatic echogenicity 

with aging, suggesting the age-related fat accumulation in 

the pancreas (21, 22). Others have reported age-related 

morphological changes of the pancreas by CT imaging (23) 

Heuck et al. reported the decreased pancreatic 

measurements and increased lobulation in elderly 

humans.[23] Our study showed the  impact of age on  the 

AP -dimensions of pancreas regardless of the change in each 

decade separately. 

The Sudanese pancreas body and tail sizes can be 

calculated when the subjects’ heights and weights were 

known. As the heights increased the pancreas head, body 

and tail sizes were also increased by1.02, 1.39 and 2.03 mm 

for head, body and tail, respectively. As the weight increased 

the pancreas head size increased by 1.3 starting from 

33.9mm, body size increased by 1.84 starting from 27.25mm, 

and the tail size increased by 2.24 starting from 

27.22mm .When the Sudanese subjects abdomen 

circumferences (AC) were known; the pancreas body and 

tail sizes can also be calculated. As the abdomen 

circumferences increased; the pancreas body sizes were also 

increased by 0.87starting from 67.47, and the tail size 

increased by 1.16 mm starting 65.39 these were noticed in 

the following equations. 

Subjects height=136.5+1.02 X Pancreases head size. (Eq.3) 

Subjects height=132.7+1.39 X Pancreases body size. (Eq.4) 

Subjects height = 126.3 + 2.03X Pancreas tail size. (Eq.5) 

Subjects weight = 33.9 + 1.3 X Pancreas head size. (Eq.6) 

Subjects weight = 27.25 +1.84 X Pancreas body size. (Eq.7) 

Subjects weight = 27.22 + 2.24 X Pancreas tail size. (Eq.8) 
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Subjects(AC) = 67.47+ 0.87 X pancreas body size. (Eq.9) 

Subjects(AC) = 65.39 + 1.16 X pancreas tail size. (Eq.10) 

The pancreatic sizes for head, body and tail, could be 

computed employing the above formulae for height, weight 

and AC .The differences reflect the body habitus of the 

investigated subjects .These Findings are consistent with the 

fact that the organ size usually correlates with body height 

and weight [20] .Our justification pointed that ethnicity and 

nutritional status may affect the size of pancreas [7].The 

study showed no significant relationship between the 

pancreas measurements and BMI .However a study done by 

Silva et al reported that the diameters of the head, body, and 

tail of the pancreas measured by ultrasonography had 

relation with BMI.[21]The transverse diameter of the 

lumbar vertebral body, which is considered representative of 

body habitus, was included in the calculations .Similar 

studies were obtained concerning this consistency. 

[25]When the Sudanese vertebra body sizes (VBS) are 

known; the pancreas head, body and tail sizes can be 

predicted. As the vertebral body size increased; the pancreas 

head, body, tail sizes were increased by 0.13, 0.23, and 

0.20mm these were noticed in the following equations. 

(VBS) = 34.9 + 0.13X pancreas head size. (Eq.11) 

(VBS) = 33.21 + 0.23X pancreas body size. (Eq.12) 

(VBS) = 34.69 + 0.20 X pancreases tail size. (Eq.13) 

No significant relations were detected between vertebra 

body CT number and the pancreas measurements. The 

importance of the knowledge about the pancreas normal size; 

is that the pancreas size is very important in the evaluation of 

protein energy malnutrition patients, and these measures 

could also be used as a predictive parameter [26] and any 

changes in size may affect its function. As researchers had 

explained that the pancreatic size reduction in type 1 and 2 

diabetes may be secondary to a reduced insulinotropic effect 

on the acinar cells [27], therefore, it can be explained that the 

reduction of endocrine cells which constitute only two 

percent of the pancreas can lead to reduction of the exocrine 

glandular tissue as well [27]. This also reflects the 

importance to know the normal size of the pancreas in order 

to be able to predict any changes that may occur. 

Table (5). Mean and standard deviation, Minimum and Maximum values of 

(Pancreases Head, Body and Tail (CT number) measured for Sudanese 

Subjects 

Variable 

Pancreases 

Head CT 

number 

Pancreases Body 

CT number 

Pancreases Tail 

CT number 

Mean ± SD 59.1 ± 14.1 57.3 ± 12.6 55.2 ± 13.1 

Minimum 27.7 13.0 10.0 

Maximum 137.0 115.0 101.0 

Table (6). Compare Means and Correlation between (Pancreas Head, Body 

and Tail CT number with gender 

Variable 
Pancreases Head 

CT number 

Pancreases 

Body CT 

number 

Pancreases 

Tail CT 

number 

Male 57.4 ± 11.8 56.1 ± 10.3 54.0 ± 12.3 

Female 62.5 ± 17.5 59.7 ± 16.2 57.5 ± 14.5 

P-value 0.009* 0.037* 0.047* 

The data were expressed as Mean ± STDV, *Normal p-value is 0.05. 

Table (7). Correlation between (Pancreases Head, Body and Tail CT 

number) with others variables 

Variables 

Pancreases 

Head CT 

number 

Pancreases 

Body CT 

number 

Pancreases 

Tail CT 

number 

Age 0.020* 0.000* 0.000* 

Gender 0.029* 0.073 0.166 

Height 0.643 0.758 0.902 

Weight 0.122 0.019* 0.019* 

BMI 0.804 0.381 0.312 

AC 0.175 0.009* 0.019* 

VBTD 0.021* 0.063 0.032* 

VBCT 0.274 0.112 0.002* 

 *Correlation is significant at p= 0.05. BMI=Body Mass Index, 

AC=Abdominal circumference, VBS=Vertebral body transverse diameter, 

VBCT=vertebral body CT number 

Table (5) presented the mean and standard deviation, 

minimum and maximum values of pancreases head, body 

and tail (CT number) measured for Sudanese subjects. The 

study revealed that there were significant difference between 

the pancreas CT numbe and the two genders as presented in 

table (6) 

Correlation between pancreases head, body and tail CT 

number with other variables were evaluated and presented in 

table (7).The pancreas CT number had significant relation 

with age at p -value= 0.000. The justification to have relation 

with age could be due to decline in the glandular tissue as 

well as the fatty connective tissue within the substance of the 

gland in elderly people [28]. The correlation between the 

pancreas CT number and the variables was studied, and 

regarding the significant relations; predictive equations that 

defined body habitus were established; these equations 

provided predictive ability for important physical measures 

that defined pancreas size.(Eq 14-16) 

Age = 50.65 - 0.17X Pancreas head CT number. (Eq.14) 

Age = 61.86 - 0.37X Pancreas body CT number. (Eq.15) 

Age = 62.30 -0.39X Pancreas tail CT number. (Eq.16) 

Sudanese pancreas, head, body and tail CT number can be 

measured when the subjects’ ages were known. As the ages 

increased the pancreas head, body and tail CT number 

decreased by 0.17, 0.37 and 0.39, respectively. This 

reduction can be due to the fact that the structural and 

functional properties differ significantly in the exocrine and 
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endocrine pancreas and age. [29] A number of structural 

changes have been described in the aging pancreas. Results 

from earlier literature reported that the organ decreases in 

weight after the seventh decade of life in humans, and it 

becomes harder [30, 31, 32] in addition, histological changes 

such as ductal epithelial hyperplasia, intralobular fibrosis, and 

acinar cell de-granulation have been described. These 

morphologic changes in the aging pancreas have been 

attributed to pancreatic involution leading to decreased 

secretory capacity of the exocrine pancreas [31, 33] 

Weight=82.25-0.22 X Pancreas body CT number. (Eq.17) 

Weight = 81.43- 0.21X Pancreas tail CT number. (Eq.18) 

(AC) = 102.22 - 0.26 X Pancreas body CT number. (Eq.19) 

(AC) = 99.89 - 0.23 X Pancreas tail CT number. (Eq.20) 

The above equations presented that the pancreas body and 

tail CT number, were reduced as the subjects weight and 

abdominal circumference increased. 

For the reference value as vertebra body transverse 

diameter (VBTD) and CT number (VBCT); the following 

equations were also established: 

VBTD = 41.02 - 0.04X pancreas head CT number. (Eq.21) 

VBTD = 34.7 +0.20X pancreas tail CT number. (Eq.22) 

VBCT= 210.37- 0.76X Pancreas tail CT number. (Eq.23) 

A negative linear relationship was found between the 

pancreas head CT number and VBTD; it reduced by 0.04 

starting from 41.02 .The pancreas tail CT number had 

positive linear relation with VBTD and negative relation 

with VBCT. The differences in CT number of the pancreas 

head, body and tail in the CT images, were justified to be due 

to pancreas differentiation of cells, its proceeding through 

two different pathways, corresponding to the dual endocrine 

and exocrine functions of the pancreas [34]. 

In progenitor cells of the exocrine pancreas, important 

molecules that induce differentiation; include follistatin, 

fibroblast growth factors, and activation of the notch 

receptor system [29].  

Development of the exocrine acini progresses include the 

pre-differentiated, proto-differentiated, and differentiated 

stages, which correspond to undetectable, low, and high 

levels of digestive enzyme activity, respectively. That means 

the difference in structure and function might cause those 

differences in CT number readings for the pancreas head, 

body and tail, as the pancreas is being a mixed gland.  

4. Conclusion 

The study concluded that axial CT scan is considered as 

an appreciable radiological method for measuring the 

pancreas size and characterizing its structure using CT 

number (Hounsfield). The study also revealed that the 

Sudanese pancreas is different from what was mentioned in 

the literature and other previous studies, and also pancreas 

size and CT number had significant relations with age and 

other body habitus. Sudanese pancreas size and CT number 

were best described by the established formulae for age, 

weight, height, AC, VBTD, VDCT. Local references for 

Sudanese pancreas measurements and CT number were 

established. 
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