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Abstract
BACKGROUND. The objectives of this study were to evaluate the relationship between ductal
morphometry and rami�cation patterns in the submandibular gland and pancreas in order to validate
their common fractal dimension. METHODS. X-ray ductography with software-aided morphometry were
obtained by injecting barium sulphate in the ducts of post-mortem submandibular gland and pancreas
specimens harvested from 42 adult individuals.

RESULTS. Three cases were excluded from the study because of underlying pathology. There was a
signi�cant correlation between the length of the main pancreatic duct (MPD) and the intraglandular
portion of the right submandibular duct (SMD) (r = 0.3616; p=0.028), and left SMD (r = 0.595; p<0.01),
respectively, but their maximal diameters did not correlate (r = 0.139 - 0.311; p>0.05). Both dimensions of
the SMD showed a signi�cant right-left correlation (p<0.05). The number of MPD side branches
(mean=37) correlated with the number of side branches of left SMD, but not with the right one (mean =
9). Tortuosity was observed in 54% of the MPD, 32% of the right SMD, and 24% of the left SMD, with
mutual association only between the two salivary glands.

CONCLUSIONS. Although the length of intraglandular SMD and MPD correlate, other morphometric
ductal features do not, thus suggesting a more complex relationship between the two digestive glands.

Background
The two digestive glands, submandibular and pancreas, are unalike at �rst sight. The submandibular
gland is a tubuloacinar seromucous gland, responsible for 2/3 of total saliva output in quiescent state. Its
planimetric size is approximately 850 mm2 [1], composed of a larger super�cial and a smaller deep
portion. Its excretory duct runs from the super�cial through the deep portion, then takes an extraglandular
course in the �oor of the mouth. On the other hand, the pancreas, with a length of around 15 cm, belongs
to the largest digestive glands in the organism. This is a compound lobulated exocrine and endocrine
gland, composed arbitrarily of the tail, body, neck, head and the uncinate process. Its main duct runs
along the midline of the gland, receiving the lobular a�uents in form of a herringbone, and terminates by
a short common channel with the common bile duct [2].

On a second glance, the similarities between the submandibular gland and pancreas exist. Their common
embryonic origin is the foregut, and the developmental mechanisms involved are budding, i.e.
proliferation and evagination of epithelium, followed by organization of lobes within the mesenchyme,
and �nally formation of the canalicular system through appearance of lumina in buds [3]. These events
are closely synchronous for both glands, beginning at Carnegie stage 13 and 14. It has been observed
that the stem cell populations deriving from both glandular tissues express analogous phenotypes and
properties [4]. The two glands share the same antigens – the family of water channel protein aquaporins
[5, 6].
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Further, both the pancreatic and the salivary gland tissue present the fractal dimension, i.e. non-integer
geometric property expressed through self-semblance in such a manner that a certain pattern repeats
itself cyclically at different size levels [7, 8]. From the clinical point of view, one would like to �nd out
whether there is a similar rami�cation pattern of both glands at a macroscopic scale, in terms of ductal
morphology correlation. This is particularly interesting from the aspect of joint involvement of glands in
pathology or as an indirect clinical follow-up of pancreas via salivary glands [1, 9, 10]. It has been shown
that ductal pathology of salivary glands compatible with chronic sialoadenitis is common in the course
of chronic pancreatitis. Identi�cation of such forms can facilitate effective therapeutic intervention, and
sialography may be valuable in identifying primary chronic pancreatitis. Therefore, we have carried out a
comparative post-mortem ductographic study on the pancreas and the submandibular glands in order to
evaluate the macro-morphological and morphometric correlation between the ductal systems of the two
glands.

Material And Methods
The investigation was conducted in accordance with Ethical Principles for Medical Research Involving
Human Subjects (World Medical Association, Declaration of Helsinki: Ethical Principles for Medical
Research) [WMO 2008]. The post-mortem material for the study was sampled at the Institute for
Anatomy, Faculty of Medicine, University of Belgrade, under the legislative points of the Law on Health
Protection, Chapter on Establishing time and cause of death and autopsy of deceased persons, and
Chapter on Procurement of bodies of deceased persons for the purpose of practical medical education
[11, 12]. The local health legislature allowed research on donated bodies. The remaining portion of the
study (image analysis, morphometry, statistical analysis, etc.) was conducted at the Faculty of Medicine,
University of Geneva. As the data did not contain personal identi�ers (anonymous biological material),
this research did not require an IRB review under federal law (Human Research Act 810.30, HRA).

Subjects

Fresh specimens en bloc were excised during autopsy of 42 adult persons (35 males, 7 females; median
age 54 years, mean 53.1 ± 12.1 years), all of local ethnicity. The height and weight of all the subject was
not available. The harvested organs and their surrounding were carefully inspected and palpated. Only
cases without macroscopic pathological �ndings or injuries of the head-neck transition and of the
duodeno-pancreas were included. The �rst excisate included the tongue, base of the mouth with
submandibular and sublingual glands, the hyoid bone, pharynx, larynx, thyroid gland and the upper half
of the trachea. The submandibular gland was preferred to the parotid because of an easier approach. The
second excisate, from the same individual, consisted of the pancreas, duodenum and roots of the
mesentery and transverse mesocolon. Therefore, both original excisates included the surrounding
structures, whose rigidity prevented arti�cial deformation of the ductal system. The sublingual caruncle
and the ampulla of Vater were cannulated via a thin Ven�on catheter. The water-soluble iodine contrast
has the disadvantage that it tends to pass quickly into the parenchyma in the postmortem specimens,
consequently blurring the image. the image. We have therefore opted for an 80% barium-sulphate
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suspension which was diluted in formol (in order to be less viscous) and slowly injected under controlled
pressure. The injection was halted on �rst sign of resistance, or when there was acinar opaci�cation of
contrast on the surface of the glands. After image acquisition, the excisates were cleared of adjacent
tissue and their weight was measured.

Image Acquisition

All the specimens were placed �at on their larger surface (coronal plane). The position of the ductal
system was veri�ed by �uoroscopy, assuring that the ductal system is parallel to the image detector, i.e.
�lm. A metal platelet as a parameter of known width was placed in proximity for later calibration on
image analysis. Afterwards, they underwent X-ray ductography using the Seldix 550, EI Nis, with the
following properties: voltage 42 kV, exposure 2.5 – 3.2 mAs.

Image Interpretation

Once the ductograms were obtained, they underwent detailed morphometric analyses, using the ImageJ,
public domain Java image processing software (ImageJ 1.52v, Research Services Branch, National
Institute of Mental Health). First, the scale was set according to the known width of the metal platelet.
The tools used were Straight line and Freehand line for calibers and lengths, respectively (Figures 1 and
2). The morphometric analyses were carried out by an experienced anatomist and an experienced
pathologist. Both authors implied (BVS and JAL) were blinded to the personal data (age, sex) during
image interpretation.

The following parameters were analysed: maximal caliber and total length of the main pancreatic duct
(MPD; Wirsung’s duct) and the submandibular duct (SMD, Wharton’s duct), length of the intraglandular
SMD, and total number of MPD and SMD side branches. The intraglandular SMD was de�ned as the
largest channel in continuity with the extraglandular SMD, running to the distal pole of the gland. Both the
MPD and SMD were analyzed for tortuosities, and the two glands were observed for the existence of
accessory lobes or ducts.

Statistical Analysis
The data underwent statistical analyses with the aid of Statistica 64-bit v. 13.5.0.17 (TIBCO Software Inc.
2018), including the Power Analysis, Sample Size Calculation, Shapiro-Wilk W test for normality of
distribution, Pearson correlation coe�cient for continuous variables, and Spearman rank order correlation
or Fisher exact test for categorical variables. Sample size of 39 matched pairs was required to detect a
0.5 Rho correlation, with a 90% statistical power and the signi�cance (alpha-error) of 0.05. Comparable
recent studies [1] were used for estimating a sample variability.

Results
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There were three cases (2 males, one female) with a pathological appearance of the sialography and/or
pancreatography (Figures 3 and 4). These cases were excluded from the study. 

Further, there were another three cases with insu�cient �lling of the salivary glands, in two cases it was
the right gland and in one the left gland. This missing data underwent casewise deletion in statistical
analyses. 

The weight of the glands were as follows: pancreas 90.6 ± 25.2 g, left submandibular 10.5 ± 2.5 g, and
right submandibular 10.3 ± 2.4 g.

The dimensions of the ductal systems in three glands examined are given in Tables 1 and 2. The entire
salivary duct length is around 35% of the MPD length and their maximal caliber is 2/3 of the caliber of
the MPD. If only the intraglandular length of the salivary ducts was taken into account, it was less than a
half of the whole duct’s length. All the dimensions presented a normal distribution, permitting the
correlation analyses.

Table 1. Pancreatic and submandibular duct dimensions

  MPDa length
(mm)

MPD caliber
(mm)

SMDb length (mm) SMD caliber (mm)

R L R L

mean ±
SD

172.3 ± 31.1 3.7 ± 2.1 63.8 ±
10.2

61.8 ± 8.9 2.6 ± 0.5 2.3 ± 0.5

min -
max

125.0 – 257.3 0.9 ± 5.4 43.9 –
82.1

43.4 –
77.6

1.5 – 3.5 1.2 – 3.5

cS-W W ;
p

0.948 ; 0.07 0.965 ; 0.27 0.974 ;
0.54

0.962 ;
0.22

0.974 ;
0.52

0.970 ;
0.39

Abbreviations: aMPD – main pancreatic duct; bSMD – submandibular duct; cS-W W – Shapiro-Wilk
normality test; p - probability

Table 2. Submandibular duct dimensions (intraglandular)

  SMD intraglandular length (mm)

  R L

mean ± SD 29.4 ± 5.4 28.5 ± 5.8

min – max 20.0 – 39.6 15.5 – 38.2

S-W W ; p 0.957 ; 0.17 0.961 ; 0.17

Abbreviations: as in Table 1
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The dimensions of the MPD and SMD underwent correlation analyses. The total length of the duct
presented no correlation between the pancreas and the SM gland, both on the right and on the left:  r =
0.1620 (p=0.338), and r = 0.2184 (p=0.188), respectively. On the other hand, when only the intraglandular
portion of the salivary duct was compared to the MPD, there was a signi�cant correlation, both for the
right and the left gland: r = 0.3616 (p=0.028), and r = 0.5950 (p=0.000), respectively. As for the mutual
correlation between the duct length of the left and the right salivary gland, it was at signi�cant level both
for the whole and for the intraglandular length: r = 0.5705 (p=0.000), and r = 0.3286 (p=0.050),
respectively. 

The maximal caliber of the MPD vs SMD did not show statistical signi�cance, either for the right, or the
left salivary gland: r = 0.3109 (p=0.061), and r = 0.1390 (p=0.405). On the other hand, the mutual
correlation between the left and the right SMD was signi�cant: r = 0.6833 (p=0.000). The maximal caliber
of the SMD was exclusively found extraglandularly.

The descriptive statistics for the MPD and SMD side branches are given on Table 3. When correlating the
pancreatic side branches to the ones in the right gland, there was no signi�cance (R = 0.3105, p=0.061).
On the contrary, there was a highly signi�cant correlation with the left gland (R = 0.4364, p=0.006), and
mutually between the right and the left gland (R = 0.5155, p=0.001).

Table 3. Number of primary side branches of the pancreas and salivary glands

  MPD side branches SMD side branches

R L

median (SD) 37 (7.6) 9 (2.5) 9 (2.5)

min - max 19 – 52 4 – 14 3 - 15

S-W W ; p 0.964 ; 0.24 0.970 ; 0.40 0.966 ; 0.30

Abbreviations: as in Table 1

The tortuosities were observed in 21/39 of MPD, 12/37 of right SMD, and in 9/38 of left SMD (Figure 5).
For this feature, the Fisher exact test presented no association between the MPD and both the right and
the left SMD (p=0.049 and p=0.062, respectively). On the other hand, a correlation was observed between
the left and the right SMD (p=0.279). The normal “genu” of the SMD, winding around the posterior border
of the mylohyoid muscle, was not considered as a tortuosity.

The search for accessory submandibular ducts/lobes revealed 3 such cases on the right, 2 on the left and
2 bilateral (Figure 6). The homologous structures were not found in the pancreases.

Discussion
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The correlation between different human organs has been studied by means of automatic anatomy
recognition, with model objects classi�ed as sparse, non-sparse and hybrid [13]. The delineation and
recognition were easiest for non-sparse, i.e. compact, blob-like objects or entities. We can say that the
objects of our study, the SM glands and pancreas belong to such a group. The mentioned study by Udupa
et al [13] correlated the size among different objects within the thorax, the abdomen and the neck, but not
mutually the soft tissue entities from different regions. Moreover, our study went into �ner detail
regarding the complete ductal systems of the SM and pancreas gland. 

An autopsy retrospective study has presented correlation of different organ weights with the subjects’
age, body weight and height [14]. The statistical analysis de�ned the age of 19 years as a cut-off point
after which there are only individual variations, but no more general increases in organ weight. In line with
this �nding, we did not �nd it necessary to include the body height and weight in our analyses. However,
we have measured the weight of the salivary glands and pancreas, and their values are within the normal
limits reported previously [15,16].

It has been reported that age-related structural changes occur in salivary glands, with a reduction in
volume of acini, and increase in the ductal volume, �brous and fatty tissues, as well as lymphocytic
in�ltration [17]. Comparable senescent changes have also been observed in the pancreas [18], but it was
underlined that the pancreatic volume is stable until the 6th decade, and that severe pancreatic steatosis
was demonstrated in those 60-69 years old. A number of pancreatic morphological abnormalities
(calci�cation, atrophy, duct dilatation, pseudocyst) have been detected by digital autopsy, with highest
frequencies from 6th decade onward [19]. Our material comprised individuals from the younger-middle
and middle age groups, and was carefully analyzed in sense of excluding all the cases with anamnestic
data or observed pathology of both the pancreas and/or the submandibular glands.

Apart from aging, some �broin�ammatory conditions can also affect the salivary glands, such as the
immunoglobulin G4-related disease [20], with bilateral swelling of glands and multiple enlarged cervical
lymph nodes. Through medical history of our cases and detailed inspection during organ harvesting, we
have not found such an entity in our material. 

The projection images of the entire ductal system of pancreas can be achieved via endoscopic retrograde
or magnetic resonance cholangiopancreatography (ERCP and MRCP). The non-invasive MRCP gives an
image of lesser quality, and ERCP is thus considered to be the reference method [21]. In cases of
equivocal and mild pancreatitis, the appearance of abnormal side branches is highly important for early
diagnosis [22]. Likewise, the ductal properties of the salivary glands can be achieved by conventional,
digital subtraction or MRI sialography [9,23].

Our methodology has focused both on the main duct and the side branches, as acinar destruction
accompanied by �brosis is a joint property of chronic in�ammatory disease both for the pancreas and
the salivary glands [24], and the entire size of the gland itself is a questionable parameter in
discriminating the healthy and the diseased organ [9,25,26]. 
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It has been noted that MPD and SMD anatomical features such as duct length and caliber can be implied
in etiopathogenesis of different diseases, such as pancreatitis, sialolithiasis and sialadenitis [22,25]. Our
�rst analysis applied to the length of the MPD and SMD. The two organs differ in the fact that more of a
half of the SMD is situated extraglandularly, which is not the case with pancreas. The lack of correlation
between the MPD and the full-length SMD can be attributed to the large range of variation of this
parameter; when only the SMD intraglandular portion was taken into account, the correlation appeared as
signi�cant. A retrospective study of digital substraction sialograms found a mean value for SMD length
of 58 mm [25], somewhat inferior to our measurements. The differences can be explained by a higher
pressure of contrast injection in post-mortem specimens.

The caliber (internal diameter) of the MPD and the SMD is a valuable morphometric factor on which one
can base the algorithm in clinical evaluation. It can be measured at different locations, such as head,
body or tail in pancreas, or proximal, middle and distal third of the SMD [25,27]. Instead, we opted for one
maximal caliber as being a more comparable feature. The median value for the MPD maximal caliber
was close to the upper limit, but still with the normal ranges for the disease-free gland [27]. In case of the
SMD, the median maximal calibers we measured (2.6 mm and 2.3 mm) were also within the upper limits
given by Horsburgh and Massoud [25], despite the methodological differences, i.e. post-mortem vs. digital
subtraction sialography. However, in our study there was no correlation between the MPD and SMD
maximal calibers.

Although the majority of interest within the two glands’ morphology has been focused on their principal
excretory ducts [25,28], the MPD and SMD primary side branches have also been the objective of studies
[9,22,29]. The vast majority of side branches open on each side of the main duct with very few on anterior
and posterior walls [30]. In our study, even those few ducts were visible as they do not take a
geometrically ideal orthogonal course.  It has been shown that irregularities of peripheral ducts, such as
cystic dilations, ectasia and lack of opaci�cation are signs of initial and mild in�ammation. On the other
hand, it must be underlined that non-invasive imaging has a lower rate of presenting these side branches,
e.g. MRCP vs ERCP, or MR sialography vs. conventional or digital subtraction sialography [25,28,31]. Our
post-mortem ductography achieved the complete arborization pattern, except in three submandibular
glands. However, the correlation of side branches’ number was indeterminate, pancreas vs. left gland
showed high signi�cance, but pancreas vs. right gland did not, although it was close to the upper limit of
signi�cance. One of the plausible explanations for this can be found in the embryology of the MPD, which
derives from the fusion of the ducts from ventral and dorsal pancreatic buds. The major part of MPD is
derived from dorsal bud that composes the left (body-tail) part of postnatal pancreas.

Apart from the duct dimensions (length and caliber), the pattern of its course is also of diagnostic and
therapeutic value. For instance, a tortuous MPD can pose technical di�culties for stent insertion [32], and
a tortuous salivary duct can compromise balloon dilatation [33]. With respect to the presence of ductal
tortuosities, our study did not reveal an association between the pancreas and the salivary glands.
Therefore, this feature can be ascribed to individual variability. 
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The left-right comparison of paired organs has also included the submandibular glands, mainly by
measuring the cross-sectional or planimetric area occupied by the gland [1,34]. The detailed morphometry
of the SMD ducts [25] did not, however, include the question of symmetry. Therefore, we carried out these
analyses with regard to all the morphometric parameters observed (length, caliber, tortuosity, side
branches of the SMD) and found full symmetry between the two sides. 

Last but not least, we have observed cases with accessory submandibular ducts and lobes, not as an
independent glandular structure [35], but mostly in the forms of outgrowths of the principal glands. This
is in line with the embryology of the gland, where there is interaction between the endoderm and the
neighboring mesenchyme, resulting in budding of the glands [24]. Similar �nding was not noted in
pancreases. 

This study has two limitations. One concerns the material sample with a predominance of males, and the
other is a single measurement of dimensions rather than repetitive to obtain reproducibility of results. 

Conclusion
Our study has given valuable morphometric data regarding the pancreas and the submandibular glands.
On the other hand, the correlation of these parameters rests partly inconclusive, while length of the MPD
and SMD correlate well, the caliber of the ducts does not, and the number of side branches only partly.
Therefore, we look forward to a similar study set out in a clinical environment.

Abbreviations
MPD – main pancreatic duct (Wirsung’s duct); 

SMD – submandibular duct (Wharton’s duct):

SM – submandibular:

S-W W – Shapiro-Wilk normality test; 

p – probability
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Figures

Figure 1

A post-mortem pancreatogram with Freehand contour outline of the MPD below. Note: The Freehand line
was drawn following the course of the main duct. For clarity reasons of this illustration, it was afterwards
wholly just transposed to the side of the gland, in order not to overlap with the main duct or its side
branches.
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Figure 2

A post-mortem SM sialogram with maximal caliber (arrows).
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Figure 3

A post-mortem pancreatogram with pathological �ndings: dilatations and strictures of the MPD, mostly in
the body and tail of pancreas; side branches dilated or obstructed.
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Figure 4

A post-mortem sialogram with pathological �ndings: intraglandular SMD dilated, side branches
“amputated” or dilated.
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Figure 5

Kinks and tortuosities in the SMD (upper) and MPD (lower).
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Figure 6

Accessory salivary lobe (arrows) joining the SMD.


