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The distribution of ghrelin cells in the human 
and animal gastrointestinal tract: a review of 
the evidence
K.M. Mehdar

Najran University, East of Airport, Najran, Saudi Arabia
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The growth hormone and appetite are regulated by a 28-peptide hormone called 
ghrelin, which is produced in the stomach, pituitary gland, and other body tissues. 
The physiological roles fulfilled by ghrelin include regulation of food intake, cardiac 
output, reproductive system, proliferation of cells, and formation of osteoblasts, 
as well as action against inflammation/fibrosis. The ghrelin present in the body 
can be distinguished as acylated ghrelin and deacylated ghrelin. Furthermore, both 
in humans and other animals, the entirety of the gastrointestinal tract comprises 
ghrelin cells, which are classified as open-type and closed-type cells. The present 
study reviews the evidence about how ghrelin cells are distributed in the human 
and the animal body. (Folia Morphol 2021; 80, 2: 225–236)

Key words: ghrelin, mucous membrane, stomach, gastrointestinal tract, 
gastric

OVERVIEW
The discovery of ghrelin as an endogenous ligand 

for the growth hormone secretagogue receptor (GHS-R) 
in the stomach was made in 1999. Since then, ghrelin 
has been found to be involved in growth hormone 
(GH) secretion, dietary intake, glucose metabolism, 
memory, and effects against depression [50, 79, 86].

Ghrelin is mainly produced in the upper part of the 
stomach, which is called the fundus. Ghrelin remains 
available in a proportion of 35–45% following a com-
plete gastrectomy [4, 30, 73]. Its action on the body 
is related to its close association with the GH secre-
tagogue subtype 1a (GHS-R1a), a G protein-coupled 
receptor [13]. A large number of tissues and organs, 
including the peripheral and central nervous systems, 
have high expression of both ghrelin and GHS-R1a. 
Thus, additional organs support ghrelin production, 
even though the stomach is the primary producer. 
Among the organs that have been found to have 

ghrelin gene expression in both humans and rodents 
at various developmental stages are the intestine [32], 
brain [89], heart [57], lung [21], testis [27], immune 
cells [17], and pancreas [105].

Research has uncovered that ghrelin and GHS-R1a 
fulfil key bioactions in a wide range of physiological 
processes, including regulation and homeostasis of 
central food intake [66], modulation of the cardio-
vascular system [111], gastric acid production and 
circulation improvement [56], as well as regulation 
of cell proliferation and survival [74].

Ghrelin cells have maximum prevalence in the gas-
tric body mucosa, but this prevalence decreases in the 
gastric antrum and in the small intestine, especially in 
rodents. In adult bodies, ghrelin is produced chiefly by 
the stomach, so other sources have not been closely 
investigated. For instance, studies on rodents have 
not considered other sources of ghrelin production, 
choosing to focus on the stomach fundus. However, it 
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has been reported that 20% of circulating ghrelin was 
still available in rodents following fundectomy [105].

GHRELIN HISTORY AND 
CHARACTERISTICS

The discovery of peptide derivatives mediating GH 
secretion from the anterior pituitary was made by Cyr-
il Bowers and Frank Momany towards the end of the 
1970s [8, 62]. The formation of the discovered growth 
hormone-released peptides (GHRPs) was found to 
be based on chemical alteration of met-enkephalin, 
including GHRP-6 and GHRP-2 [85]. In a 1996 study, 
GHS and GHRP were used as agonists by Roy Smith 
and Lex van der Ploeg to assess the GHS candidate 
MK0677 for the GHS-R1a clone [44]. This sparked 
methodical investigations with the purpose of catego-
rising the endogenous GHS-R1 ligand. It was only with  
the discovery of the GHS-R1 cognate agonist in 1999 
that the ligand became effective. The name “ghrelin” 
was given to the hormone consisting of 28 peptides 
that was isolated from rodent gastric extracts [49]. In 
2000, it was found that ghrelin was responsible for 
regulation of weight and intake of fat and glucose 
by acting on the cerebral tissue [97].

Derived from the root “ghre” of proto-Indo-Euro-
pean origin, the term “ghrelin” reflects its function 
as a GH peptide. Interestingly, “ghre” and “lin” are 
widely accepted in hormone terminology [9, 65].

THE PROCESS OF GHRELIN 
DEVELOPMENT

To reach full development, ghrelin goes through  
a number of post-transitional modifications. It under-
goes translation as preproghrelin, a precursor protein 
with 117 amino acids. This is followed by cleavage of 
the N-terminal signal co-translation to generate 94 
amino acids and transfer to the endoplasmic reticu-
lum lumen proghrelin comprising 23 amino acids and 
66AA carboxyterminal peptide known as C-ghrelin 
(Fig. 1). By binding to fatty acyl group (o-ctanoyl), 
proghrelin undergoes octanoylation to serine residue 
(Ser3), which is the third amino acid related to the 
enzyme known as ghrelin O-acyltransferase (GOAT). 
A ghrelin acylation enzyme, GOAT, serves to highlight 
how important acyl modelling is for ghrelin physiol-
ogy. Switch is of particular significance in octanoy-
lation and, to a lesser extent, to the ghrelin effect 
on systemic metabolism. Clear evidence regarding 
the central function of GOAT in activating ghrelin 
has been brought forth [37, 109]. The formation of 

mature ghrelin results from packaging proghrelin into 
secretory vesicles and alteration by protein convertase 
enzymes. Consisting of 28 amino acids, mature ghre-
lin is released into the circulation [34]. Conversely, if 
proghrelin is cleaved at the C-terminal (C-ghrelin), it 
can yield obestatin with 23 amino acids and opposite 
role to ghrelin [71].

The stomach-derived human ghrelin gene is pres-
ent on the third chromosome (3p25-26) and consists 
of five exons and four introns. It secretes various 
bioactive molecules, including two types of ghrelin, 
namely, acylated ghrelin (AG) and deacylated ghrelin 
(DAG), as illustrated in Figure 1 [56]. In mammalian 
bodies, the stomach is the producer of AG [7].

In the human body, AG, DAG, and C-ghrelin are 
the forms of ghrelin found in the bloodstream [42, 
70, 71]. GOAT undertakes acylation of the AG peptide, 
with expression restricted chiefly to the gut, stom-
ach, and pancreas. Hydrolysis causes the loss of the 
N-acyl group from DAG [37]. Meanwhile, C-ghrelin 
comprises the entire obestatin coding area and may 
undergo cleavage for secretion of peptides, including 
obestatin [71].

In general, AG in the bloodstream is less than 
10%, while DAG and C-ghrelin in the human blood-
stream account for over 90% of the total ghrelin in 
the bloodstream [81]. 

When the gastric mucosa is surgically extracted, 
there is a reduction of around 80% in the synthesis of 
C-ghrelin in rats [20, 53] and in humans [4]. Under-
standing is yet to be achieved as to whether the same 
or similar secretory pathways release ghrelin and DAG 
into the circulation. In rats, gastric ghrelin is broken 
down via deacylation and N-terminal proteolysis [22], 
with deacylation being undertaken by lysophospholi-
pase I [84]. In rats, receptor activity is not exhibited by 
DAG against GHS-R1a, GH release or other endocrine 
events. Another compound demonstrating bioaction is 
unesterified GHRL, the activity of which is underpinned 
by a GHS-R other than GHS-R1a [7, 82].

MORPHOLOGICAL CHARACTERISATION 
OF GHRELIN CELLS IN THE 
GASTROINTESTINAL TRACT

In earlier studies, gastric ghrelin was characterised 
as deriving from an ultra-structured, “hormonal-less” 
A-like cell present in rat pancreas and human P/D1 cells. 
In the rodent gastrointestinal tract (GIT), oxyntic muco-
sa has the greatest prevalence of ghrelin cells, followed 
by the gastric antrum and small intestine [18, 19, 75].  
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In adult individuals, ghrelin is primarily produced by 
the stomach, so the other hormone sources have 
been studied to a lesser extent. The stomach fundus 
has been particularly extensively explored in studies 
on rodents. The ghrelin in the rodent bloodstream 
post-fundectomy has been reported to be at a level 
of 20% [19], reflecting the fact that there are other 
sources of the hormone besides the stomach, such 
as the pancreas and intestines [105]. The presence of 
ghrelin-containing X cells in rodent stomach has been 
indicated through immunohistochemistry, immunoe-
lectron-based microscopy, and hybridisation [75, 78].

In rodents, ghrelin cells have been found through-
out the GIT apart from the myenteric plexus, with the 
stomach body and upper part displaying the greatest 

production of ghrelin cells. Meanwhile, in the large 
and small intestines, ghrelin cells are found in the 
epithelium of crypts and villi, but these cells are less 
dense in the large intestine [41, 45].

Most ghrelin entero-endocrine cells are classified 
as closed-type cells because they are not continuous 
to the gastrointestinal lumen. By contrast, ghrelin 
cells continuous to the gastrointestinal lumen are 
classified as open-type cells and are most prevalent 
in the stomach [94].

In terms of histology, there are clear differences 
between the ghrelin cells in the stomach and those 
in the intestinal tract. The stomach contains spherical 
cells of small size known as closed-type cells [19, 77, 
112], while the small intestine and colon contain both 

Figure 1. Schematic representation of the process of ghrelin maturation, starting with the structure of the human ghrelin gene to its active peptide.
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closed-type cells with a pyramidal or expanded shape 
and open-type lumen cells that have more than one 
cytoplasmic process and are located in the apical cell 
membrane (Fig. 2).

The regulation of the open-type cells is mechan-
ical, based on luminous signals (e.g. pH, nutrients), 
while the regulation of the closed-type cells is based 
either on mechanical effect or the effect of additional 
hormones released into the circulation from the GIT 
(e.g. leptin, somatostatin, glucagon) [38, 100]. One 
study on rainbow trout discovered that the distribu-
tion of ghrelin cells in the stomach mucosa encom-
passed both closed-type and open-type cells [76]. 
Furthermore, research employing electron microscopy 
has revealed that spherical and dense granules of gas-
tric mucosal cells exhibited the ghrelin immunogold 
mark [75, 95, 110]. Ghrelin cells have somewhat small 
and round secretory granules, with varying electron 
density in their cores, from solid to rather electron-lu-
cent. Consequently, the limiting membrane adheres 
closely to the dense core in the majority of granules. 

In the foetus, there is no difficulty differentiating 
ghrelin cells from β cells based on the thick uneven 
structure of their granules [105]. Meanwhile, on  
a study on rodents, hamsters were shown to have sig-
nificantly smaller ghrelin granule diameters (200.8 ±  
± 8.8 nm) compared to mice (277.7 ± 11.1 nm) and rats  
(268.8 ± 13.0 nm) [55]. There were no major differenc-
es in ghrelin-immunoreactive cells between mice and 
humans (147 ± 30 nm); however, by comparison to 
rats and humans, dogs displayed considerably larger 
ghrelin cell granules (183 ± 37 nm vs. 273 ± 49 nm).  
Ultrastructure studies have characterised ghrelin cells 
as well-defined spherical, compact-to-thin, haloed 
secretory cells around 140 nm in width, located in 
the core of the oxyntic gland, and presenting X/A-like 
granules. In the stomach, ghrelin cells can be found in 
the proximity of cells that secrete histamine. In dogs, 
ghrelin cells are typically spherical and associated 
with a range of sizable, solid, electron-dense X-like 
granules of oval shape with significant marking for 
ghrelin antibodies [26].

Table 1. The distribution of ghrelin cells in humans and other animals, listed alphabetically

Site of ghrelin cells Morphology of the ghrelin cells References

Amphibians and reptiles Stomach (mucosal layer) not in myenteric plexuses and muscle layer Closed cell type [1, 11]

Canine Stomach Closed and open types [75]

Chicken First part of the stomach (middle layer of mucosal layer) Closed cell type [98]

Dog Stomach Closed and open types [75]

Human Stomach (all parts of the fundic gland) Open and closed cell types [26]

Mice Gastric fundus Closed and open types [102]

Pigs From stomach to cecum Closed and open types [100]

Rainbow trout Stomach (mucosal layer) Closed and open types [79]

Rats Stomach (from base to body of fundic gland) Closed type only or both types  [79, 80]

Figure 2. Schematic illustration of the two types of ghrelin cells; A. Closed-type ghrelin cells delineated in green colour; on the superior part, 
the cells are sealed by epithelial cells so there is no direct interaction with the lumen; when neurons are stimulated, ghrelin is released, as 
indicated by the grey colour, and the cell basal area gives rise to nutrient receptors, as indicated by the blue colour; B. Open-type ghrelin cells 
delineated in green colour; these cells communicate directly with the lumen on their superior part, while the inferior part gives rise to nutrient 
receptors, shown in blue colour. The small orange dots in both types of cells indicate the spread of ghrelin to lamina propria, from which it 
permeates the gastric capillaries and finally the systemic circulation.

A B
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Positive ghrelin cells are likely to be assimilated 
in the plasma instead of the intestinal tract because 
they are found close to capillaries and do not have 
contact with the oxyntic gland lumen [9]. Table 1 
provides an overview of the GIT location of cells that 
secrete ghrelin.

GHRELIN CELL DISTRIBUTION IN 
HUMANS AND ANIMALS

Distribution of ghrelin cells in the human GIT
Gastrectomy is an intervention performed in cases 

of cancer or perforated ulcer, involving removal of 
the stomach, either partially or entirely. One study 
concluded that the stomach was the main source of 
ghrelin in the bloodstream since patients who had 
undergone complete gastrectomy exhibited a 65% 
reduction in plasma-like immune rates [4]. Similarly, 
a different study reported that the levels of immu-
noreactive ghrelin in plasma were almost halved in 
the aftermath of complete gastrectomy compared to 
pre-gastrectomy; however, there was a subsequent 
progressive rise in the plasma ghrelin levels, suggest-
ing that other sources of ghrelin offset the ghrelin 
lost through stomach removal [87].

A sex-based difference in the distribution of ghre-
lin cells and levels of ghrelin in plasma has been dis-
covered, with the plasma ghrelin levels being higher 
in females than in males [58].

It has also been proposed that, in humans, the 
levels of ghrelin in the bloodstream were regulated 
by sex hormones, since testosterone therapy was 
observed to enhance ghrelin levels in hypogonadal 
patients [52]. The regulatory effect of sex hormones 
was reinforced by the observation that there was  
a higher number of ghrelin cells with expression of the 
oestrogen α-receptor 3 days post-ovariectomy [36].

Anti-ghrelin antibody was employed by Tanaka- 
-Shintani and Watanabe [93] to analyse how im-
munoreactive ghrelin cells were distributed in the 
gastric mucosa in humans, with results revealing 
that those cells were mainly located in the stomach 
fundus and there was a close correlation between 
their distribution and the distribution of parietal cells. 
The overall cell number for rich and mild types was  
3.70 ± 3.31 and 1.18 ± 2.67, respectively, for every 
area of the fundus. The area of the duodenum also 
contained immunoreactive ghrelin cells, although 
not in such a great abundance as the stomach [108].

Other studies reported that the intestine had the 
greatest concentration of immunoreactive ghrelin 

cells, with lower concentrations in the duodenum, 
jejunum, and ileum, and absence in the colon. The 
majority of the ghrelin cells were present in the Lieb-
erkühn crypts [61, 94].

Obese females have been observed to have  
a greater abundance of ghrelin cells than obese males 
(p > 0.05). The stomach body had the greatest con-
centration of ghrelin cells, followed by the fundus and 
antrum. By contrast, patients with H. pylori infection 
or gastritis were found to have a lower abundance 
of ghrelin cells [114].

A study that investigated how the levels of ghrelin 
in serum, the number of ghrelin cells, and weight 
were correlated in patients with Prader-Willi syndrome 
reported that the stomach fundus contained a num-
ber of ghrelin cells that was 2–3 times higher, while 
the levels of ghrelin in plasma were also abnormally 
high, even in younger patients [93].

In the context of embryonic development, ghre-
lin cells appear in the foetal stomach from day 18, 
proliferating in direct proportion with foetal growth. 
During the first week of embryonic development, pos-
itive-immunostained ghrelin cells emerged at the base 
of the gland, while in the third week, they emerged 
at the base and neck, achieving distribution from the 
base to the neck of the fundic gland during post-ne-
onatal development [80]. In a different study, the 
number of immunoreactive ghrelin cells was low at 
day 21 of embryonic development, but grew progres-
sively afterwards and then declined [43]. Furthermore, 
it has been suggested that the increase in the levels 
of gastric ghrelin mRNA by age was correlated with 
the rise in the number of ghrelin cells [69].

In humans, another organ associated with the 
presence of immunoreactive ghrelin cells is the pan-
creas. The cells secreting α glucagon and β insulin 
and the δ cells in pancreatic islets have endogenous 
expression of ghrelin, whilst the pancreatic α and  
β cells have preponderant expression of GSH-R1a 
[60, 99]. Furthermore, it has been discovered that, by 
comparison to the adult pancreas, the foetal and neo-
natal pancreas has a higher number of ghrelin cells.

Evidence has been produced regarding the con-
sistent lack of hormone related to immunoreactive 
ghrelin cells in the common islet-type of cells, namely, 
α, β, δ, and pancreatic polypeptide cells (PP-cells) 
based on double or triple immunostaining for ghrelin 
and four major islet hormones (i.e. glucagon, insulin, 
somatostatin, and PP-cells) [40]. Ghrelin cells have 
also been found in foetal and neonatal rat pancreas 
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[25, 101] and in mouse pancreas [16]. Furthermore, 
from day 8 of mouse embryonic development, ghrelin 
cells start to participate in the formation of Langer-
hans islets. The pancreas secretes ghrelin on a con-
stant basis during embryonic development, but the 
release rate decreases rapidly after birth. In humans, 
only a particular group of cells has ghrelin expression 
in islets; by contrast, in mice, a subset of ε-cells is 
chiefly responsible for the glucagon-based production 
of ghrelin in islets.

The insulin produced by the pancreatic β cells 
undertakes modulation of glucose homeostasis. The 
involvement of ghrelin in glucose homeostasis has 
been highlighted by a number of studies and it is 
presumed that, in humans, ghrelin has an effect on 
how this process is modulated [18].

Ghrelin and GHS-R1a may have a stimulating effect 
on the functions of the pancreas, as the receptor has 
been found to be present in islands. Furthermore, there 
is evidence that ghrelin and insulin have a reciprocal 
effect on the modulation of their production [18].

Distribution of ghrelin cells in rat GIT

In one study, anti-acylated rat ghrelin antiserum 
was employed to histologically characterise rat gh-
relin cells and determine how they were distributed. 
It was observed that the distribution of ghrelin cells 
spanned the whole rat gastrointestinal mucosa, from 
the stomach to the colon. Moreover, both closed-type 
and open-type of cells were distinguished, as well as 
both types of ghrelin, with DAG being present mainly 
in the perinucleus region and AG occurring at the 
edges of the cytoplasm [77].

Morphometric analysis revealed that the greatest 
concentration of ghrelin cells was in the rat stomach, 
followed by the duodenum, with reduced concentra-
tion in the large and small intestines [68]. Sex-based 
differences ghrelin cell presence in rats have also 
been reported, with female rats displaying a higher 
number of ghrelin cells and from an earlier develop-
mental stage [59].

In Teive et al. [94], Wistar rats were employed to 
determine whether it was possible to offset the ghrelin 
lost due to gastrectomy by increasing the presence 
of ghrelin cells in the duodenum. To that end, the 
rats were subjected to sleeve gastrectomy followed 
by reoperation 30–60 days later. The latter, involved 
dissection of a duodenal segment for the purposes of 
immunohistochemistry to determine the number of 
ghrelin cells. Results indicated a proliferation of immu-

nopositive ghrelin cells in the duodenum, which was 
considered to be unrelated to the sleeve gastrectomy.

In Sun et al. [90], a gradual rise in the levels of 
mRNA gastric ghrelin was observed during the second 
and third weeks post-partum. Similarly, in Sun et al. 
[92], the levels of gastric ghrelin increased constantly 
up to 3 months post-partum. Another study reported 
that the gastric and intestinal tract contained both 
open- and closed-type of ghrelin cells, with the stom-
ach having the greatest concentration of ghrelin cells, 
while the number of open-type cells increased steadily 
from the stomach to the lower intestine. In addition, 
rats of both sexes exhibited positive ghrelin cells in 
the stomach immediately post-partum, with a steady 
rise in the level of expression of gastric ghrelin up to 
two months of age after birth [68].

In Wortley et al. [106], the use of immunohisto-
chemistry and immunoelectron microscopy to in-
vestigate ghrelin cell distribution in the stomach of 
Wistar rats revealed that immunoreactive positive 
ghrelin cells spanned the area from the fundic gland 
neck region to the actual fundus glands. Further-
more, the granules of enteroendocrine type X cells 
were discovered via ultrastructural analysis to have 
positive-immunolabelled ghrelin cells.

Immunohistochemistry was also the approach 
adopted in McFarlane et al. [59] to identify ghre-
lin-positive mast cells and establish where they were 
found and how they were distributed. Results showed 
that ghrelin was produced by the mast cell granules, 
which were smaller than tryptase-positive mast cells. 
Thus, it was confirmed that mast cell granules present 
in rodent stomach wall contained ghrelin, implying 
that mast cells were an important ghrelin source.

Distribution of ghrelin cells in mouse GIT

The preferred animal model for developmental 
studies on gene modulation is the mouse. From the 
fact that appetite is stimulated by ghrelin in both 
rodents and humans, it has been deduced that the 
hormone represents an orexigenic antipode to ano-
rexigenic leptin, anticipating that appetite suppres-
sion and weight loss could be achieved through phar-
macologic ghrelin activation [91, 102]. However, this 
theory has not been supported by investigations of 
ghrelin on mouse models, which did not exhibit sig-
nificant appetite suppression or weight loss [55, 109, 
113, 115]. On the other hand, it has been observed 
that mice with ghrelin deficiency do not have an ab-
normal body weight or dietary intake, and actually, 
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it appears that, in mice, ghrelin serves primarily to 
regulate glucose in the blood. Several studies have 
reported that tolerance to glucose is enhanced by 
ghrelin ablation by stimulating elevated production 
of insulin [48, 107]. Similar to mice with ghrelin de-
ficiency, mice with GHS-R deficiency do not gain 
weight when given a diet rich in fat. Some studies 
have argued that, to some extent, this might be due 
to the fact that such mice have a moderate pituitary 
and use fat selectively for energy purposes [39, 47]. In 
Churm et al. [12], it was found that mice with ghrelin 
deficiency and of different origins displayed reduced 
body weight and fat mass, which was tentatively 
attributed to intensified energy use and movement. 
Furthermore, studies on mouse models with ghrelin 
knockout concluded that dietary intake or develop-
ment did not depend critically on the ghrelin peptide 
[113], and mice with ghrelin knockout did not eat less 
or were of smaller size, but they did differ from wild 
counterparts in terms of their behavioural phenotype 
related to dietary intake [102, 113].

Ghrelin cell distribution in non-mammalian 
vertebrates

A number of vertebrates have been identified to 
have ghrelin cells [29, 54], with evolutionary highly 
conserved ghrelin N-terminal areas. One study has 
been successful in isolating ghrelin from trout, re-
vealing that octanoic or decanoic acid modified the 
third residue of ghrelin serine [23]. A different study 
has detected immunopositive ghrelin cells through-
out the GIT, but with a gradual reduction in number 
from the stomach to the duodenum, ileum, cecum, 
and colon [114].

In Wortley et al. [106], hamsters were used to 
show that the ghrelin cells were the same as the  
X cells of proper gastric glands and those cells were 
fewer than in rats and mice. Meanwhile, in Steinert 
et al. [88], similarities were reported between ghrelin 
cells in mammals or birds and ghrelin cells in amphib-
ians and reptiles; ghrelin cells were present on the 
stomach mucosal layer but absent on the mesenteric 
nerve plexus or stomach muscularis externa.

In birds, immunopositive ghrelin cells have been 
detected in the proventriculus mucous layer, which 
is the first area of the stomach fundic gland, where 
digestion enzymes act on the food intake alongside 
the gizzard. On the other hand, immunoreactive gh-
relin cells have been found to be absent from the 
avian mesenteric plexus; compared to the mucosal 

layer, a higher number of immunopositive cells has 
been identified in the middle layer and the majority 
of ghrelin cells were closed-type cells [72].

In Tschop et al. [96], the nutraceutical properties 
of a diet of Spirulina (Arthrospira platensis) were 
investigated by analysing the expression of oligopep-
tide transporter 1 (PepT1) and ghrelin in the GIT of 
zebrafish (Danio rerio). After 2 days of fasting, ghrelin 
began to be secreted and its levels increased after  
5 days, initially in the stomach and then in the rest of 
the GIT. It was thus concluded that, in the context of 
fasting and feeding, the effect of ghrelin on zebrafish 
was opposite that of PepT1 [96].

THE ROLE OF GHRELIN AND  
RELATED RECEPTOR

A number of physiological processes unfold with 
the involvement of ghrelin. An overview of the key 
roles performed by ghrelin is provided in Figure 3.

Belonging to the superfamily of G-protein coupled 
receptors, the ghrelin receptor, GHS-R, has seven 
transmission domains across the helix. In humans, 
the GHS-R gene is made up of two exons and one 
intron and is located on chromosome 3 (3q26.2) [13]. 
GHS-R is differentiated into GHS-R1A, which is a 366 
AA protein with seven transmembrane helix domains, 
and GHS-R1B, which is a 289 AA protein with five 
transmembrane helix domain [15].

In mammals, among the behaviours of great-
est complexity is food intake, which is controlled 
by different homeostatic and external factors.  
A key hormone for food intake regulation is ghrelin  
[2, 10]. In rodents, ghrelin circulation intensifies dur-
ing feeding before reverting to normal levels once full-
ness is achieved [2, 5]. Weight gain often accompanies 
chronic therapies owing to increase in adiposity [24]. 
In humans, food intake has been observed to increase 
when peripheral ghrelin was administered. There is 
also a regular increase and reduction in the levels of 
ghrelin in the human bloodstream, corresponding to 
the daily intervals of food consumptions [83].

Research using mouse models has reported 
that angiogenesis was consistently promoted when 
ghrelin was administered. According to a recently 
conducted study on rat model of cardiopulmonary 
bypass, cardiopulmonary bypass-related inflamma-
tory response, apoptosis, and oxidative stress were 
reduced when ghrelin was administered, while the 
heart pumping function was maintained based on 
signalling GHS-R1a and Akt [14].
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Studies on rats have also found that ghrelin and 
its receptor were associated with osteoblast develop-
ment, with ghrelin being reported to help osteoblasts 
proliferate and differentiate both in vitro and in vivo 
[56]. The regulatory effect of ghrelin on bone develop-
ment seems to be underpinned by ghrelin induction 
of the phosphorylation of adenosine monophosphate 
active protein kinase [46]. Despite promoting the 
growth of human osteoblasts, which show exclusive 
expression of GHS-R1b isoform inactive receptor, it 
appears that ghrelin has no effect on the differentia-
tion of osteoclasts in rats [63]. Such results reflect the 
fact that the influence of ghrelin on bone turnover 
is not dependent on GHS-R1a. Furthermore, in more 
recent studies, ghrelin has been observed to regulate 
osteoclastogenesis and bone metabolism in an age-
based manner by interacting with leptin [6, 33].

Mouse models of Parkinson’s disease and focal 
ischaemia/reperfusion have indicated that ghrelin-reg-
ulated GHS-R1a signals demonstrated protective ef-
fects. The neurological disorder of Parkinson’s disease 
manifests clinically as recurrent tremor, rigidity, and 
bradykinesia. A recent study on C57BL/6 mice found 
that GHS-R1a signalling dopaminergic neurons for trig-
gering 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP) neurotoxicity were controlled by ghrelin [31].

Ghrelin signals with GHS-R1a mediation could po-
tentially participate in adult hippocampal neurogen-
esis as progenitor cells have been found to contain 
hippocampal GHS-R1a. The results of a recent study 
on adult mice pointed to the fact that hippocampal 
neuronal progenitor cells activated and differentiated 
in the sub-granular zone [64]. One study even proposed 
that GHS-R1a signalling could be the basis for a strategy 
for improving dysfunctional learning and memory, since 
it contributes significantly to the proliferation of adult 
hippocampal progenitor cells and the early differentia-
tion of neurons, which in turn underpin the generation 
of agonists in ghrelin receptors [13].

Ghrelin and its receptor have been detected in 
both rat and human testes [35, 103, 104], as well as in 
the organs involved in the human female reproductive 
system, namely, the ovary, hilum, and corporal lutea 
[28]. Furthermore, by diminishing the differentiation 
of hypothalamic gonadotropin release hormone and 
increasing hormone luteinisation and production of 
follicle-stimulating hormones, ghrelin contributes 
significantly to the regulation of the hypothalamic- 
-pituitary-gonadal axis [3].

Another key function attributed to ghrelin is the 
control of lipid storage by white adipose tissue. GH 
production is frequently stimulated by extensive ex-

Figure 3. The key roles fulfilled by ghrelin in physiological processes; GH — growth hormone.
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posure to ghrelin, leading to an expansion in the 
fat mass. Ghrelin has additionally been observed to 
improve adipogenesis, enzyme action for fat storage, 
and the levels of triglycerides, whilst decreasing fat 
usage and lipolysis [10].

Soon after ghrelin was first identified, one study em-
ployed in situ hybridisation and immunocytochemistry 
to determine whether ghrelin could be expressed in the 
human pancreas [51]. Findings suggested that ghrelin 
had an effect on insulin production, being capable of 
suppressing this production in both humans and ro-
dents, and β cells mediated the action of ghrelin [51].

The presence of immunoreactive ghrelin cells 
throughout the human pancreas has been confirmed 
via immunostaining. More specifically, the α, β, and 
δ cells in pancreatic islets have been found to have 
endogenous expression of ghrelin, whilst the α and 
β cells are the main types of pancreatic cells with 
GSH-R1a expression [60, 99]. Furthermore, the foetal 
and neonatal pancreas seems to have a considerably 
higher number of ghrelin cells than the adult pan-
creas. Moreover, evidence has been produced that 
immunoreactive ghrelin cells are never associated 
with hormone in the common α, β, δ, and PP-cells 
in pancreatic islets, as indicated by double or triple 
immunostaining for ghrelin and the four major islet 
hormones, namely, glucagon, insulin, somatostatin, 
and PP-cells [40]. Ghrelin cells have been confirmed 
to contribute to foetal and neonatal cellular devel-
opment in rat pancreas [25, 67, 101], whilst also 
occurring in mouse pancreas [16].

Ghrelin immunoreactivity has also been reported 
in Langerhans cell islets, as well as in human β cells 
and human α cells [18].

Furthermore, from day 8 of mouse embryonic 
development, ghrelin cells start to participate in the 
formation of Langerhans islets. The pancreas secretes 
ghrelin on a constant basis during embryonic devel-
opment, but the release rate decreases rapidly after 
birth. In humans, only a particular group of cells 
has ghrelin expression in islets; by contrast, in mice,  
a subset of ε-cells is chiefly responsible for the gluca-
gon-based production of ghrelin in islets.

GHS-R has been reported to be extensively dis-
tributed within the lymphoid system, leading to the 
suggestion that ghrelin and GHS-R ligands could be 
potential signal modulators within the immune and 
endocrine systems, as well as between the central 
and peripheral nervous systems. Furthermore, human 
urogenital organs could possibly include nerve-im-

mune activity, as deduced from rat model research on 
ghrelin-positive mast cells in autonomic nerves [72].

CONCLUSIONS
The stomach is the main source of ghrelin. In 

terms of cellular types, the stomach and other areas 
of the GIT contain different forms of ghrelin cells, 
with both open-type and closed-type of ghrelin cells 
being present in the stomach and large and small 
intestines. The ghrelin cells in the stomach are con-
sidered to contribute the largest amount of ghrelin 
in the plasma, whereas the large and small intestines 
contribute a smaller amount. Further research is nec-
essary in order to shed more light on the biological 
and histopathological properties of the ghrelin cells 
present in the large and small intestines.  
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The contribution of the middle cerebral artery 
and callosal artery to the vascularisation of 
the Facies convexa of the brain in horses with 
reference to the equine-specific cartographic 
pattern of the neopallium
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Background: The extremely complex surface architecture of the equine brain 
does not allow a uniform transfer of anatomical data from other mammalian 
species, e.g., dog or cat. Rather, a special approach is required to elucidate the 
equine-specific patterns of cerebral vascular ramifications. Therefore, a novel 
cartographic system was applied. Prior attention was paid to the A. cerebri media 
(MCA) and to the A. corporis callosi (CA), as they spread over the widest part of 
the neopallium’s Facies convexa (i.e. the lateral and dorsal surface), thus being of 
particular interest in terms of surgical treatment of trauma of the skull and brain.
Materials and methods: The brains of 17 adult warmblood horses were studied. 
The neopallium’s Facies convexa was subdivided into 15 sectors clearly delineated 
by the primary sulci and by related auxiliary lines. The courses and destinations 
of main branches (= branches of 1st or 2nd order, with a minimum calibre of  
0.75 mm) of MCA and CA were topographically analysed by means of superim-
posed graphical sketches. 
Results: The MCA had six main branches (numbered in rostrocaudal direction); 
the CA had seven main branches. The main branches of the MCA spread over 
the widest part of the Facies convexa, but never reached the rostral pole and the 
caudal pole of the neopallium. Clearly, the main branches of CA proceeded from 
the hemisphere’s medial side across the Margo dorsalis cerebri, thus supplying 
rostrodorsal and dorsal sectors of the Facies convexa.
Conclusions: The topographical analysis of the vascular ramification patterns 
(regions of residence) in combination with the cartographic system of sectors of 
the neopallium respected the equine-specific surface architecture. It highlighted 
the distinct vascular supply areas and the particular multiple-supply situations 
especially in sectors presumably related to the equine area motorica. (Folia Mor-
phol 2021; 80, 2: 237–247)

Key words: horse, brain cartography, cerebrum, gyration, middle 
cerebral artery, callosal artery, ramification pattern
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INTRODUCTION
The presence of several arterial branches supplying 

the brain hemispheres of horses was reported [1, 17, 
24]. However, their further courses, positions and local 
distributions on the neopallium have not been de-
scribed in detail. The same is true for the current sixth 
edition of the Nomina Anatomica Veterinaria [25] and 
the corresponding illustrated edition [5]: They list the 
cerebral stem arteries (e.g., A. cerebri media [MCA] on 
the brain’s basolateral surface). However, they fail to 
display the individual branches originating from them 
and, for example, continuing along the neopallium’s 
lateral and dorsal surface (i.e. Facies convexa).

Such a topographical description of a general 
vascularisation pattern of the equine cerebral hemi-
spheres is challenged by the special surface architec-
ture of the equine neopallium [2, 12]. In horses, the 
gyration pattern is complex [21, 23] due to the varying 
arrangements of the plentiful secondary sulci. A typical 
bow-like conformation of the gyri (“Bogenwindun-
gen”), like in carnivores, does not exist in horses [1, 8, 
20, 21]. Despite this, the significance of the primary 
sulci of the equine neopallium has been highlighted 
[21], as they occur regularly and can be used as the 
key features for a topographical orientation. How-
ever, the space between them is too wide (and the 
secondary sulci in between are too irregular) to allow 
an adequate topographical reference to certain sites of 
smaller dimensions. Consequently, a new cartographic 
system of orientation [3, 13] was introduced. It refers 
to the primary sulci [21] and to related auxiliary lines 
[3, 13], dividing the neopallium’s surface into 21 sec-
tors (15 of them on the lateral Facies convexa).

The aim of this study was to describe in ap-
propriate detail the ramifications of the MCA and  
A. corporis callosi (CA). In particular, special attention 
was given to the neopallium’s sectors to elucidate 
whether there was a basic ramification pattern and 
if specific vascular supply areas existed.

MATERIALS AND METHODS
The heads of 17 adult, warmblood horses were 

fixed by perfusion with 10% formalin (10 L on aver-
age) via the left A. carotis communis (the left and 
right V. jugularis externa were cut; however, the right 
A. carotis communis was clamped in order to prevent 
early reflux of the fixative). Five of the heads were sub-
sequently injected with 60% latex milk via the same 
port. The cerebral hemispheres were macroscopically 
dissected ex situ.

The horses had been purchased from local ani-
mal trade companies to be used as specimens in the 
anatomical dissection classes of the University of Vet-
erinary Medicine Hannover, Germany. They had been 
euthanased either prior to or immediately after their 
arrival, without being housed at the institute’s facilities. 
All related procedures were carried out in accordance 
with the German Federal Law, that is the Protection 
of Animals Act (Tierschutzgesetz §4, §7, §7a) as well 
as the Directive of the European Parliament and of 
the Council for the Protection of Animals Used for 
Experimental and other Scientific Purposes (2010/63/ 
/EU). Accordingly (Tierschutzgesetz §7), no explicit per-
mission to conduct this study was necessary because 
no medical procedures or experiments were carried 
out while the animals were alive, except intravenous 
injection for euthanasia. Euthanasia was carried out 
by qualified and authorized medical staff by means of 
an initial general anaesthesia by 2% isoflurane (Isoflu-
ran CP 1 mL/mL, CP-Pharma Handelsgesellschaft mbH, 
Burgdorf, Germany) and consecutively administering 
60 mg/kg pentobarbital i.v. (Euthadorm® 400 mg/mL, 
CP-Pharma Handelsgesellschaft mbH, Burgdorf, Germa-
ny). This procedure was approved by the University‘s 
Animal Welfare Officer, confirmation TVO-2018-V-71.

The hemisphere’s Facies convexa was subdivided 
in accordance with the previously described method 
[2, 12]. In this cartographic approach, firstly, the 
primary sulci [21] were the essential key landmarks 
(Fig. 1). Secondly, six points of orientation (PO-1 to 
PO-6) — all related to the aforementioned primary 
sulci — were marked on the Facies convexa of the 
neopallium (Fig. 1). Finally, auxiliary lines — orient-
ed to these points of orientation — completed the 
division into 15 lateral and dorsal sectors (Fig. 1; red 
dotted lines). 

Branches directly originating from the MCA or CA, 
i.e., branches of 1st order, were dissected together 
with those subsequently deriving from them, i.e., 
branches of 2nd order. Both categories of branches had 
a minimum width of 0.75 mm and were designated 
as the main branches. Further and smaller branches 
originating from these main branches were discrimi-
nated. The identified main branches were numbered 
in a rostrocaudal direction (i.e., main branch 1 was 
the most rostral one). 

Standardised photographs (90o perspective, in 
lateral and medial view) were used to draw sketches 
of the individual arterial ramifications. These sketches 
were digitally superimposed in one graphical rep-
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resentation in order to highlight similarities in terms 
of a basic pattern of ramification. Furthermore, the 
sketches helped to display individual variations in 
the ramifications and courses of the respective blood 
vessels, i.e., their local distributions related to the 
neopallium’s sectors. 

The brain hemispheres slightly differed in size; this 
discrepancy was adjusted by proportional graphical 
scaling of the neopalliums’ outlines. This procedure re-
vealed that all of the brains had similar proportional di-
mensions because the contours of the superimposed, 

individual sketches varied only slightly. Consequently, 
a mean contour was used in further illustrations.

RESULTS
Origin and ramification of MCA

The A. cerebri media originated (in 16 of 17 brains) 
from the A. cerebri rostralis (RCA) that represented 
the rostrolateral part of the circulus arteriosus cerebri 
(CAC). The MCA lay directly rostral to the lobus prir-
formis; in some specimens, it took an initial, slightly 
curved, rostral course, in others, it ran almost verti-

Figure 1. Graphical illustrations of the sectors I to XV located on the Facies convexa of the neopallium (top: lateral view; bottom: dorsal view). 
The coloured primary sulci [21] were topographically related to six points of orientation (PO-1 to PO-6) that were used to place auxiliary lines 
(red dotted). The latter divide the spaces between the primary sulci into the sectors. The numbering of the sectors always starts rostral (sec-
tor I) and caudal (sector II) to the Fissura sylvia, continuing thereafter in a concentric, bow-like manner. In the strictly lateral view (figure on 
top), parts of the sulcus coronalis (yellow dotted lines), and the PO-3 (grey) and sectors X, XI, XIV and XV are not visible. PO-1: Most rostral 
point on the continuation of sulcus presylvius, sulcus coronalis and sulcus suprasylvius; PO-2: Dorsal end of Fissura sylvia; PO-3: Most medial 
point on the continuation of sulcus presylvius, sulcus coronalis and sulcus suprasylvius; PO-4: Connection of sulcus obliquus with sulcus su-
prasylvius; PO-5: Rostral end of sulcus ectomarginalis; PO-6: Half way on sulcus ectomarginalis; the auxiliary line connected to PO-4 cuts the 
space between sulcus obliquus and sulcus suprasylvius into two parts of same size; the auxiliary line cutting PO-6 is connected orthogonally 
to the Margo dorsalis cerebri (“Mantelkante”); further auxiliary lines start at PO-1, PO-3 and PO-5, respectively, and are connected orthogonally  
to the Margo dorsalis cerebri.
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cally in a dorsal direction. Finally, the MCA reached 
the neopallium in the region of the Fissura sylvia, i.e., 
between the ventral parts of sectors I and II. In one 
brain, there was no rostrolateral portion of a CAC 
due to the lack of a left RCA. In this single case, the 
left MCA represented the rostral branch of the left 
A. carotis interna (ICA).

Six main branches originated from the MCA (Fig. 2).  
Three of them were present in all brains (main branch-
es 2, 4 and 6); the other main branches were found 
in 76–88% of the cases. Some of the main branches 
occurred double or three-fold in some brains; this 
applied to main branch 3 in 23% of the brains, and 
to main branches 2 and 4 in 41% of the brains. 

Figure 2. Graphical representations of the A. cerebri media (MCA; thick lines), and its six main branches. The comparative survey was facilitated  
by means of superimposition of the 17 sketches from the 17 equine brains (colour-coded). The main branches were of 1st order (thin lines)  
or of 2nd order (dotted lines). Lateral view (90° perspective); the neopallium is delineated by a mean contour (dashed line). Each of the main 
branches 1 to 6 spread over its typical region of residence (Note: When the MCA did not bifurcate, it ran far into the dorsal direction and was 
designated as the main branch 4).
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approximately the width of two fingers, whereas the 
positions of main branches 2, 4 and 6 varied within  
a region of up to the width of three fingers.

The averaged calibre of the MCA was 2.35 mm 
(2.00–2.75 mm). All main branches originating from 
it had an averaged calibre of 1.00–1.5 mm (1.16– 
–1.42 mm); main branch 4 was the widest (1.42 mm).

Origin and ramification of CA

The left and right CA originated from an impaired, 
common trunk that resulted from the confluence of 
the left and right RCA in the median plane of the 
brain’s ventral side. In one case only, the left RCA 
was absent so that the CAC was not closed rostrally. 
Hence, the aforementioned common trunk in the 
median plane was simply a continuation of the right 
RCA. The common trunk entered the space between 
the left and right cerebral hemisphere (fissura longitu-
dinalis cerebri) and continued along the dorsal surface 
of the rostrum and genu corporis callosi. 

Seven main branches originated from the CA  
(Figs. 4, 5). Main branch 5 was the only one found in 
all specimens; main branch 2 was present in 16 of 17 
brains. Main branches 3 and 4 were the most variable, 
being present in only 10 of 17 brains.

The CA always terminated by forming a bifur-
cation; this was located vaguely at the transition of 
the genu corporis callosi into the truncus corporis 
callosi (or slightly caudal to that site). Main branch 5 
(in 65% of the brains) and main branch 6 (in 58% of 
the brains) were the arms of this bifurcation (Fig. 5).

In the majority of specimens, main branches 2 to 
6 were predominantly given off directly from the CA. 
The main branch 7, however, was a branch of 2nd order 
originating from main branch 6 in 55% of the brains.

Main branch 1 was extremely variable: it origi-
nated either from the CA (or from the CA’s common 
trunk) or from the main branch 2 (in the latter case 
being a branch of 2nd order); in one case, it originat-
ed (as a branch of 2nd order) from main branch 3. 
Respecting this variability and the lack of a clearly 
dominating type of ramification, both types (1st or-
der origin from CA and 2nd order origin from main 
branch 2) were integrated into the sketch of the basic 
ramification pattern (Fig. 5).

Main branch 3 was extremely variable too: plenty 
of alternative origins from either main branch 1, 2,  
3 or 5 occurred — all of 2nd order (Fig. 4). Howev-
er, in a slight majority of cases (40%), its 1st order  
origin — directly from the CA — was encountered. 

Figure 3. Sketch of a proposed basic pattern of ramification of the  
A. cerebri media (MCA) into six main branches; all of them were 
predominantly of 1st order, except main branch 3, which was mainly  
of 2nd order (dotted line). Note the bifurcation into main branches  
4 and 5. Meandering courses are not displayed; approximate posi-
tion on the neopallium according to Figure 2. Lateral view; dashed 
line — mean contour of the neopallium.

A bifurcation of the MCA was present in almost all 
of the brains (82%). Such a bifurcation was predom-
inantly located slightly ventral to the sulcus rhinalis 
lateralis and rostral to the lobus piriformis (i.e., ventral 
to the region of the Fissura sylvia). The arms of this 
bifurcation (Fig. 3) were represented by main branch 4  
(in 93% of the cases) and main branch 5 (in 58%  
of the cases). However, in a few brains (3 of the 17), 
no such bifurcation of the MCA was found at all. 
In those cases, the non-bifurcated MCA continued 
far, towards the neopallium’s Margo dorsalis, and 
represented main branch 4 (Fig. 2). 

The main branches originated directly from the 
MCA (except main branch 3) and, hence, were branch-
es of 1st order (Figs. 2, 3). Only main branch 3 was an 
exception; it either ramified directly from the MCA as  
a branch of 1st order (in 40% of cases), or it represent-
ed a branch of 2nd order deriving from main branch 4 
(in 40% of the cases), or it was a branch of 2nd order 
originating from main branch 2 (in 20% of the cases). 
The latter type of ramification, representing the major-
ity of cases, was included in a graphical representation 
of a proposed basic pattern of ramification (Fig. 3).

The superimposed sketches of the six main branch-
es (Fig. 2) showed that every main branch was en-
countered in a typical, limited space on the neopal-
lium’s surface (region of residence): main branches 
1, 3 and 5 covered a region of residence that was 
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Accordingly, this type of ramification was included in 
the sketch of a proposed basic pattern of ramification 
(Fig. 5) of the CA. 

All main branches took a dorsal or caudodorsal 
course. Firstly, they entered the sulcus genualis, i.e., 
the long primary sulcus that continued into the sulcus 
cinguli and the sulcus splenialis in a caudal direc-
tion, which all delineated the medial border of the 

neopallium. Then, the main branches, subsequently 
originating from the CA, ran almost vertically towards 
and across the neopallium’s Margo rostralis and Mar-
go dorsalis (“Mantelkante”). Accordingly, these main 
branches of the CA also reached regions on the lat-
eral surface of the neopallium (Facies convexa), i.e., 
the rostrodorsal sectors X, IV and V and the dorsal 
sectors XI and XIV.

Figure 4. Graphical representations of the A. corporis callosi (CA; thick lines), and six of its seven main branches (for main branch 7 see  
Figure 5, left sketch). The comparative survey is facilitated by means of superimposition of the 17 sketches from the 17 equine brains  
(colour-coded). The main branches were of 1st order (thin lines) or of 2nd order (dotted lines). Medial view (90° perspective); the neopallium  
is delineated by a mean contour (dashed line). Each of the main branches spread over its typical region of residence.
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The position of main branch 4 on the neopallium 
varied only slightly, meaning that its region of resi-
dence was relatively narrow (Fig. 4). In contrast, the 
regions of residence of the other main branches (Figs. 
4, 5) were wider, i.e., up to the width of three fingers.

The averaged calibre of the CA was 1.93 mm 
(1.50–2.25 mm), while all main branches had an aver-
aged calibre of approximately 1 mm (0.89–1.16 mm).  

Supply areas of MCA

The main branches of the MCA spread over a re-
gion that represented the largest portion of the Facies 
convexa (i.e., sectors I to XV). However, they reached 
neither the rostral pole nor the caudal pole of the 
neopallium (Fig. 6). Every main branch was topograph-
ically related to more than one sector, and, in general, 
each of the 15 sectors was supplied by more than one 
main branch of MCA (except sector X; Table 1). Often, 
some main branches lay in certain sulci, but they 
never continued all the way exclusively inside them; 
instead, many main branches were seen to cross the 
gyri without following the course of a sulcus.

Main branch 1 often ran either in the sulcus su-
prasylvius or in the sulcus diagonalis. Accordingly, it 
was predominantly related to sector III and to the 
rostral third of sector I, as well as to a small ventral 
portion of sector IX (Fig. 6; Table 1). It also continued 
dorsally to reach sector IV. 

Main branch 2 usually entered the sulcus diago-
nalis located between sectors I and III. In all brains, it 
reached sector IV (Fig. 6; Table 1). Sometimes, it took 
a slightly caudal course into the laterodorsal sector V.

Main branch 3 frequently ran along the Fissura sylvia 
and was primarily associated with sectors I, IV and V 
(Table 1; Fig. 6). Occasionally, it entered sector XI (in 62% 
of the cases) on the dorsal surface of the neopallium.

Main branch 4 was initially located in the Fissura 
sylvia (between sectors I and II). In its further course in 
a caudodorsal direction; however, it crossed sector VI  
and reached the dorsal sector XII that lay dorsal to 
the sulcus suprasylvius (Table 1; Fig. 6). Often, it even 
crossed the sulcus ectomarginalis and contributed to 
the vascular supply of sector XIV, too.

Main branch 5 was one of the dominant vascular 
branches in sector II (present here in 92% of the 
brains). On its way in a caudodorsal direction, it 
passed through sectors VII and VIII (Table 1; Fig. 6). 
It often followed the course of the sulcus obliquus 
towards its intersection with the sulcus suprasylvius.

Main branch 6 was finally encountered in sector VII,  
in the two rostral thirds of sector VIII and in  
a small rostral portion of sector XIII (Table 1; Fig. 6).

Supply areas of CA

Initially ramifying from the CA on the medial side 
of the brain’s hemisphere, some of the main branches 

Figure 5. Left side: Graphical representation of the A. corporis callosi (CA; thick lines) and its main branch 7. Like in Figure 4, the 17 sketches  
from the 17 equine brains (colour-coded) were superimposed. The main branch 7 was either of 1st order (thin lines) or of 2nd order (dotted 
lines). Medial view (90° perspective); the neopallium is delineated by a mean contour (dashed line). Right side: Sketch of a proposed basic 
pattern of ramification of the CA into seven main branches, which were of 1st order (thin lines) or of 2nd order (dotted lines). As for main 
branch 1, no clear preference of either 1st or 2nd order type could be identified (both variations are displayed). Similarly, main branch 3 varied 
markedly too, but a slight majority of the 1st order type gave reason to prefer this type in this sketch (the other variations, as mentioned in the 
text, must be kept in mind). Note the bifurcation into main branches 5 and 6. Meandering courses are not displayed; approximate position on 
the neopallium according to Figure 4. Medial view; dashed line — mean contour of the neopallium.
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Table 1. Survey on the presence of main branches 1–6 of the A. cerebri media (MCA) in the 15 sectors (I–XV) of the neopallium’s 
Facies convexa in 17 equine brains

Sector Main branches of MCA

1 (n = 13) 2 (n = 17) 3 (n = 13) 4 (n = 17) 5 (n = 15) 6 (n = 17)

I 62% 88% 100% 71% * –

II – * 46% 88% 93% 65%

III 100% 88% 31% * – –

IV 77% 100% 77% * * –

V – 53% 100% 53% * *

VI – – * 88% 73% *

VII – – – – 87% 100%

VIII – – – – 67% 88%

IX 69% * – – – –

X 31% – – – – –

XI – * 62% 59% * *

XII – – * 88% 80% *

XIII – – – * 67% 59%

XIV – – * 88% 53% *

XV – – – * 47% *

100% — a main branch was encountered in the respective sector in all of the brains; *Values below 25% are not listed. Whenever a main branch ran along the boundary between two sec-
tors (e.g., in a sulcus), it was supposed to supply each of the two neighbouring sectors and, therefore, was counted for both sectors individually. The number of samples (n) was smaller 
than 17 when the respective main branch was not found in the specimen

Figure 6. Graphical representation of the averaged supply areas of main branches 1 to 6 of the A. cerebri media (MCA; yellow) and main 
branches 1 to 7 of the A. corporis callosi (CA; green) on the Facies convexa of the equine brain. Lateral view (90° perspective). The colour- 
-coded primary sulci [21] and the auxiliary lines (red dotted) mark the boundaries of the sectors (asterisks indicate dorsal sectors invisible in the 
lateral view; compare Figure 1). Note the multiple-supply situation (sectors shaded with two colours, i.e. yellow and green [e.g., sector IV])  
facilitated by main branches from both MCA and CA.
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ran across the neopallium’s Margo dorsalis (“Man-
telkante”) to continue on the lateral side, i.e., on the 
Facies convexa. In this way, they entered the rostro-
dorsal and dorsal sectors X, XI and XIV and parts of 
sectors IV and V (Table 2; Fig. 6).

Consequently, each of these sectors was supplied 
by both cerebral stem arteries, i.e., MCA and CA 
(instead of only one of these) in terms of a so-called 
multiple-supply situation (Fig. 6; compare Tables 1 
and 2).

DISCUSSION
Origin of MCA and CA

In 16 of the 17 specimens, the MCA originated 
from the RCA in accordance with the common pat-
tern [1, 5, 25].

The CA always originated from a common, im-
paired trunk, as had been reported earlier [1, 11, 24]. 
Despite this anatomical evidence, the nomenclature 
is different in the related literature. Being formed 
by the confluence of the right and left RCA (rostro-
lateral portion of the CAC), this common trunk was 
designated as the azygos anterior cerebral artery 
[11] or as the A. communicans rostralis [1]. Finally, 
other authors [5] described this trunk as being one 
of the three segments of the RCA, meaning that the 
right and left RCA formed the rostrolateral portion 
of the CAC (first segment); then the right and left 
RCA joined to form the A. communicans rostralis 
(second segment, representing the impaired trunk); 
and finally, the trunk rostrally bifurcated into a left 
and right artery (third segment); the latter continued 

in a caudodorsal direction on the medial surface of 
each hemisphere without being given another name.

Hence, the term CA is not used at all in that con-
text [5, 25]. In fact, it is not listed in the Nomina 
Anatomica Veterinaria [25] either. However, the term 
CA is used in current research articles [11, 18, 24] and 
textbooks [e.g. 1]. Considering the regular presence 
of these arteries in all 17 specimens in this study, and 
appreciating the descriptive value for topographical 
reasons, the present study gives substantial reason 
to add the terms A. cerebri rostralis impar (azygos 
anterior cerebral artery of [11]) and A. corporis callosi 
(or preferably, as in human anatomy, A. pericallosa 
instead of A. corporis callosi) to the Nomina Ana-
tomica Veterinaria. 

Ramification pattern of MCA

In human anatomy, the arterial branches of the 
MCA are named according to the sulci in which they 
usually occur, like for example, A. sulci centralis [7] 
that runs along the sulcus centralis. This concept 
appears to not be applicable to the horse: Firstly, the 
equine neopallium shows a very complex gyration 
pattern [21, 23] and, secondly, the arterial branches 
did not regularly run along the sulci, but often took 
a course across the gyri [2].

Supply areas of MCA and CA

The topographical analysis clearly revealed that 
the rostral pole and the caudal pole of the neopallium 
were always void of main branches from MCA and 
CA. The applied cartographic system of sectors was 

Table 2. Survey on the presence of main branches 1–7 of the A. corporis callosi (CA) in the 15 sectors (I–XV) of the neopallium’s  
Facies convexa in 17 equine brains

Sector Main branches of CA

1 (n = 14) 2 (n = 16) 3 (n = 10) 4 (n = 11) 5 (n = 17) 6 (n = 12) 7 (n = 13)

IV 29% 88% 80% 27% – – –

V – * 30% 82% 59% – –

IX 86% * – – – – –

X 50% 100% 90% 73% – – –

XI – – 30% 100% 100% 75% *

XII – – – – * – –

XIV – – – – * 100% 77%

XV – – – – – – *

100% — a main branch was encountered in the respective sector in all of the brains; *Values below 25% are not listed. Whenever a main branch ran along the boundary between two sec-
tors (e.g., in a sulcus), it was supposed to supply each of the two neighbouring sectors and, therefore, was counted for both sectors individually. The number of samples (n) was smaller 
than 17 when the respective main branch was not found in the specimen
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a valuable tool to delineate these sites in appropriate 
detail (i.e., sector IX at the rostral pole, and the caudal 
parts of sectors VIII, XIII and XV at the caudal pole). In-
stead, these sectors were supplied via branches from 
the A. ethmoidalis externa (rostral pole, sector IX)  
and by branches of the A. cerebri caudalis (caudal 
pole, sectors VIII, XIII and XV), respectively, as previ-
ously described [2]. 

The widest part of the Facies convexa, however, 
was vascularised by the six main branches of MCA, 
each of them attributed to its special region of res-
idence represented by the respective sectors of the 
cartographic system. It must be emphasized that 
every sector was always reached by more than one 
main branch, except sector X. Clearly, the rostrodor-
sal and dorsal portion of the Facies convexa, repre-
sented by sectors IV, V, X, XI and XIV, received an 
additional supply from the hemisphere’s medial side, 
as main branches from the CA extended across the 
Margo rostralis and Margo dorsalis and — together 
with main branches from the MCA — contributed to  
a so-called multiple-supply situation. Furthermore, it 
must be pointed out that in sector X, branches from 
the CA compensated for the little supply contribut-
ed by branches from the MCA. In functional terms, 
considering early electrophysiological experiments [4] 
and histological data [6, 15], some of these special 
sectors (IV, V, X, XI) were particularly discussed [2, 12]  
with regard to the suggested position of the area 
motorica of the equine brain.

Additionally, the present study elucidates that it 
was the CA, which mainly contributed to supplying 
the larger parts of the respective sectors (IV, V, X, XI)  
within this motor area. Its branches were protect-
ed in the deep gap between the heimspheres as 
they proceeded from the interhemispheric fissura 
longitudinalis cerebri. Clinically, this feature may be 
regarded as some sort of a safety mechanism in cases 
of lateral cranial and brain trauma. Traumatic head 
injuries are common in horses [9, 10, 14, 16, 22]. In 
general, such traumatic insults may require surgical 
procedures [19]; knowledge of the special regions 
of residence where the typical main branches of the 
cerebral stem arteries were located may be helpful 
in terms of treatment and prognosis of the injury.

CONCLUSIONS
Transferring the vascular ramification patterns 

and regions of residence into the cartographic sys-
tem of the neocortical sectors facilitated the detailed 

description of characteristic vascular supply areas on 
the Facies convexa of the equine neopallium. This 
combination of two topographical procedures offered 
substantial advantages; firstly, to adequately observe 
the horse’s complex and apparently complicated gy-
ration pattern, and, secondly, to overcome immanent 
orientation problems by implementing a procedure 
that is reproducibly standardised.

Acknowledgements

We most gratefully acknowledge the expert con-
tribution of our native speaker, Ms. Frances Sher-
wood-Brock, who meticulously revised the English 
manuscript.

REFERENCES
1. Böhme G. (ed.). Nickel R, Schummer A, Seiferle E. Lehr-

buch der Anatomie der Haustiere, Bd. IV: Nervensystem, 
Sinnesorgane, Endokrine Drüsen (4th ed.). Parey, Stuttgart, 
Germany 2004.

2. Böing L. Die arterielle Vaskularisation der Gehirnoberfläche 
beim adulten Warmblutpferd: Anatomische Untersu-
chung unter Berücksichtigung des tierartspezifischen 
Furchungsmusters des Neopalliums (doctoral dissertation, 
submitted). University of Veterinary Medicine, Hannover 
2020.

3. Böing L, Heun F, Gasse H. The arterial ramification pattern 
of the horse’s brain with regard to topographical sectors 
of the neopallium (Poster 79). 114th Annual Meeting, 
Anatomische Gesellschaft, Würzburg 2019.

4. Breazile JE, Swafford BC, Biles DR. Motor cortex of the 
horse. Am J Vet Res. 1966; 27(121): 1605–1609, indexed 
in Pubmed: 5971615.

5. Constantinescu GM. Illustrated Veterinary Anatomical 
Nomenclature (4th ed.). Thieme, Stuttgart, Germany 2018.

6. Cozzi B, De Giorgio A, Peruffo A, et al. The laminar organ-
ization of the motor cortex in monodactylous mammals:  
a comparative assessment based on horse, chimpan-
zee, and macaque. Brain Struct Funct. 2017; 222(6): 
2743–2757, doi: 10.1007/s00429-017-1369-3, indexed 
in Pubmed: 28210850.

7. Deller T. Hirngefäße. In: Waschke J, Böckers TM, Paulsen F.  
Anatomie. Das Lehrbuch. Sobotta (ISBN 978-3-437-44080-9).  
Urban-Fischer (in Elsevier), München, Germany 2015: 
623–644.

8. Dexler H. Beiträge zur Kenntnis des feineren Baues des 
Zentralnervensystems der Ungulaten. Gegenbaurs Mor-
phologisches Jahrbuch. 1904; 32: 288–389.

9. Feary DJ. Review of the management of traumatic brain 
injury in horses. AAEP Proceedings. 2007; 53: 519–524.

10. Fürst A, Jackson M, Kümmerle J, et al. Summary of current 
therapeutic measurements in head fractures of horses. 
Pferdeheilkunde Equine Medicine. 2010; 26(4): 503–514, 
doi: 10.21836/pem20100403.

11. Gillan LA. Blood supply to brains of ungulates with and 
without a rete mirabile caroticum. J Comp Neurol. 1974; 
153(3): 275–290, doi: 10.1002/cne.901530305, indexed 
in Pubmed: 4817350.

https://www.ncbi.nlm.nih.gov/pubmed/5971615
http://dx.doi.org/10.1007/s00429-017-1369-3
https://www.ncbi.nlm.nih.gov/pubmed/28210850
http://dx.doi.org/10.21836/pem20100403
http://dx.doi.org/10.1002/cne.901530305
https://www.ncbi.nlm.nih.gov/pubmed/4817350


247

L. Böing et al., Vascularisation of the equine neopallium

12. Heun F. Morphometrische Untersuchung der topogra-
phischen Beziehungen zwischen externen Landmarks am 
Kopf und kartographischen Mustern des Neopalliums bei 
adulten Warmblutpferden (doctoral dissertation, submit-
ted). University of Veterinary Medicine, Hannover 2020.

13. Heun F, Böing L, Gasse H. A stereotactic approach for  
a topographical mapping of the neopallium in the horse 
(Poster 80). 114th Annual Meeting, Anatomische Ge-
sellschaft, Würzburg 2019.

14. Hug S. Epidemiologische Untersuchungen der Frakturpa-
tienten der Pferdeklinik - Bedeutung der Schlagverletzung 
als Ursache von Frakturen (doctoral dissertation). Univer-
sity of Zurich, Vetsuisse Faculty 2009.

15. Hummel G. Die Feinstruktur der motorischen Großhirn-
rinde des Pf erdes. J Vet Med C. 1976; 5: 35–53, doi: 
10.1111/j.1439-0264.1976.tb00655.x.

16. Hurcombe S. Traumatic head injury in horses. Proceedings 
of the NAVC Conference. 2010; 24: 146–149.

17. Jenke W. Die Gehirnarterien des Pferdes, Hundes, Rindes 
und Schweines verglichen mit denen des Menschen 
(doctoral dissertation). University of Veterinary Medicine, 
Dresden 1919.

18. Jerbi H, Vazquez N, Pérez W. Morphological configuration 
and topography of the brain arterial supply of the one-
humped camel (Camelus dromedarius, linnaeus 1758). 
Int J Morphol. 2019; 37(3): 1095–1100, doi: 10.4067/
s0717-95022019000301095.

19. Kramer J, Coates JR, Hoffman AG, et al. Preliminary an-
atomic investigation of three approaches to the equine 

cranium and brain for limited craniectomy procedures. 
Vet Surg. 2007; 36(5): 500–508, doi: 10.1111/j.1532-
950X.2007.00297.x, indexed in Pubmed: 17614932.

20. Lang A, Sherwood-Brock F, Gasse H. Hermann Dexler’s 
“Beiträge zur Kenntnis des feineren Baues des Zentral-
nervensystems der Ungulaten.” An Annotated English 
Translation of the Original German Article; Part V: Telen-
cephalon – Adult Stages. University of Veterinary Medicine 
Hannover. 2018, doi: 10.15487/TiHo.4_2018.1/5.

21. Lang A, Wirth G, Gasse H. Review of the surface archi-
tecture of the equine neopallium: Principle elements 
of a cartographic pattern of sulci revisited and further 
elaborated. Anat Histol Embryol. 2018; 47(4): 280–297, 
doi: 10.1111/ahe.12355, indexed in Pubmed: 29542168.

22. Müller JM, Hellige M, Hoffmann MV, et al. Parietal cerebral 
defect after skull fracture as a cause of posttraumatic epi-
lepsy in an Icelandic horse. Pferdeheilkunde Equine Medi-
cine. 2011; 27(3): 306–310, doi: 10.21836/pem20110317.

23. Pillay P, Manger PR. Order-specific quantitative patterns 
of cortical gyrification. Eur J Neurosci. 2007; 25(9): 
2705–2712, doi: 10.1111/j.1460-9568.2007.05524.x, 
indexed in Pubmed: 17459107.

24. Rösslein C. Angioarchitektonische Untersuchungen an den 
Arterien des Encephalon und der Meninges beim Pferd 
(doctoral dissertation). Veterinary Faculty of Ludwig-Max-
imilians-Universität, München 1987.

25. World Association of Veterinary Anatomists. Nomina An-
atomica Veterinaria, N.A.V. (6th ed.), 2017. http://www.
wava-amav.org.

http://dx.doi.org/10.1111/j.1439-0264.1976.tb00655.x
http://dx.doi.org/10.4067/s0717-95022019000301095
http://dx.doi.org/10.4067/s0717-95022019000301095
http://dx.doi.org/10.1111/j.1532-950X.2007.00297.x
http://dx.doi.org/10.1111/j.1532-950X.2007.00297.x
https://www.ncbi.nlm.nih.gov/pubmed/17614932
http://dx.doi.org/10.15487/TiHo.4_2018.1/5
http://dx.doi.org/10.1111/ahe.12355
https://www.ncbi.nlm.nih.gov/pubmed/29542168
http://dx.doi.org/10.21836/pem20110317
http://dx.doi.org/10.1111/j.1460-9568.2007.05524.x
https://www.ncbi.nlm.nih.gov/pubmed/17459107
http://www.wava-amav.org
http://www.wava-amav.org


Folia Morphol. 
Vol. 80, No. 2, pp. 248–254

DOI: 10.5603/FM.a2020.0049
Copyright © 2021 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

248

Address for correspondence: E. Mizia, MD, PhD, Department of Anatomy, Jagiellonian University Medical College, ul. Kopernika 12,  
31–034 Kraków, Poland, tel: +48 12 422 95 11, e-mail: ewa.mizia@gazeta.pl

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to down-
load articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

The anatomical landmarks effective in  
the localisation of the median nerve  
during orthopaedic procedures
E. Mizia1, P.A. Pekala1, 2, B. Skinningsrud1, 2, B. Rutowicz1, P. Piekos1, 2, A. Baginski1,  
K.A. Tomaszewski2, 3

1Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland 
2International Evidence-Based Anatomy Working Group, Krakow, Poland 
3Faculty of Medicine and Health Sciences, Andrzej Frycz Modrzewski Krakow University, Krakow, Poland

[Received: 10 March 2020; Accepted: 30 March 2020]

Background: The aim of this study was to create a safe zone for surgeons who 
perform procedures in the wrist to avoid iatrogenic damage to the median nerve 
(MN) by identifying anatomical landmarks using ultrasound (USG).
Materials and methods: We measured the distances between the MN and two 
easily identifiable anatomical landmarks at the level of the proximal border of 
carpal ligament using USG.
Results: A total of 57 volunteers (n = 114 upper limbs) were included in this 
study. Our main findings revealed that the distance from the flexor carpi radialis 
tendon to MN (FCR-MN) was 7.87 mm (95% confidence interval 7.37–8.37) and 
the distance from flexor carpi ulnaris tendon to MN (FCU-MN) was 19.09 mm 
(95% confidence interval 18.51–19.67).
Conclusions: The tendons of FCR and FCU are easily identifiable landmarks that 
can be distinguished using simple palpation. Based on our USG findings, the 
area around FCR should be carefully navigated to avoid iatrogenic injury to the 
MN during surgical procedures around the carpal tunnel. (Folia Morphol 2021; 
80, 2: 248–254)

Key words: median nerve, flexor carpi radialis, flexor carpi ulnaris, 
iatrogenic injury, carpal tunnel release, anatomical landmarks

INTRODUCTION 
Carpal tunnel syndrome (CTS) is one of the most 

common nerve compression syndromes affecting the 
general population [19]. This condition may cause 
numbness, paraesthesias, burning sensations and 
pain in both the hand and arm. These effects begin 
to appear when the median nerve (MN), which passes 
through a narrow passageway in the wrist called the 
carpal tunnel (Fig. 1), is compressed by the flexor 

tendons, carpal ligament, and surrounding carpal 
bones. It is believed that a constellation of risk fac-
tors contributes to the development of entrapping 
the MN. Some risk factors may include anatomical 
variations of the wrist, female sex, obesity, and daily 
repetitive hand motion to name a few [17]. Carpal 
tunnel syndrome is diagnosed clinically, often being 
confirmed by an electromyogram, while ultrasono-
graphy (USG) criteria have become increasingly useful 
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for the diagnosis. Ultrasonography is better tolerated, 
less expensive, yet just as effective as other diagnostic 
methods [1, 8]. It provides a good indication of the 
severity of the condition and it allows anatomical 
variants to be discerned [19].

If there is an early diagnosis of CTS, wrist splinting, 
non-steroidal anti-inflammatory drugs, and corticos-
teroids are typically initiated as treatment along with 
other physical rehabilitation techniques [24]. Although 
this type of conservative treatment may be the first-line 
choice when treating CTS, there is little evidence to 
suggest it has any practical long-term success at remov-
ing symptoms. That is why surgery is the only definite 
option in treatment in more severe cases of CTS [9].

Surgery entails cutting through the carpal tunnel 
ligament thereby releasing pressure on the MN to 
hopefully eradicate any associated symptoms. This 
can be achieved through either an open or an endo-
scopic procedure, which are the two available surgical 
techniques [2]. Both open and endoscopic release of 
the flexor retinaculum in CTS has yielded satisfactory 
results [3]. Risks involved in this surgery include in-
fections, improper pressure release, scar formation 
and most importantly possible damage to the MN. 

Although carpal tunnel surgery is considered to 
be one of the safest procedures performed by sur-
geons, there is still a minute risk that the MN may 
be lacerated or completely cut during the operation 
[13]. This is one of the most serious complications. 
An injured MN results in permanent damage that 
can result in variable symptoms such as decreased 
strength, sensation, and hand function in the median 
nerve innervated region. Moreover, severe nerve pain 
may emerge with any applied pressure to the site 
due to the development of a painful neuroma [22].

The aim of this study was to identify a safe zone 
for surgeons who perform CTS release and other pro-
cedures in the wrist by analysing the anatomical varia-
tions in the course of the MN and its easily identifiable 
adjacent landmarks through the utilisation of USG.

MATERIALS AND METHODS
Patients

The local ethics committee has approved the pro-
tocol. Written and informed consent was obtained 
from every patient. Inclusion criteria were as follows: 
informed consent, no current or history of trauma 
in upper limbs. Exclusion criteria included: current 
or history of trauma of upper limbs, radiotherapy 
or surgery of upper limbs, rheumatoid diseases, or 
deformities of upper limbs.

Measurements

The following anatomical landmarks were visual-
ised using the MyLab25 USG scanner with an 18 MHz 
transducer (Fig. 2):

Figure 1. Cadaveric image of the wrist.

Figure 2. Cross section sonogram of carpal tunnel anatomy; FR — 
flexor retinaculum; Pi — pisiform bone; Sca — scaphoid bone; MN — 
median nerve; FCU — flexor carpi ulnaris; FCR — flexor carpi radialis.
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 — the lateral margin of the flexor carpi ulnaris (FCU) 
and/or its attachment to the pisiform bone (level 
0 = proximal edge of the flexor retinaculum)

 — the medial margin of the tendon of flexor carpi 
radialis (FCR).
A line was drawn along the medial edge of the 

FCR tendon on the palmar surface skin of the subject. 
The lateral edge of the USG transducer was adjacent 
to this line. The following parameters were assessed 
distally using the transverse position of the transducer 
(perpendicular to the long axis of the limb) at 0 cm, 
1 cm, and 2 cm levels.

Level 0 (proximal edge of the flexor retinaculum):
 — distance between the lateral margin of the FCU 
tendon and the medial margin of the MN;

 — distance between the medial edge of the FCR 
tendon and the lateral margin of MN;

 — transverse dimension of the MN (lateral);
 — the anterior-posterior (AP) dimension of the MN.
Level 1 (1 cm distal from level 0):

 — transverse dimension of the MN (lateral);
 — the AP dimension of the MN.
Level 2 (2 cm distal from level 0):

 — transverse dimension of the MN (lateral).
 — the AP dimension of the MN.

statistical analysis

To perform statistical analyses of the data ob-
tained, elements of descriptive statistics such as 
mean values with standard deviations (SD) were 
calculated. Normal distribution was assessed us-
ing the Shapiro-Wilk test. In the case of a normal 
distribution, data was compared using Student’s 
t-test. If the distribution was not normal, the 
Mann-Whitney U test was used. Authors compared 
the following groups: males vs. females, left side 
vs. right side, dominant hand vs. non-dominant 
hand. A p-value of < 0.05 was considered statis-
tically significant. Calculations were performed 
using SPSS software.

Ethics

The research protocol was approved by the Jagiel-
lonian University Medical College Ethics Committee. 
The study was performed in accordance with the eth-
ical standards established in the 1964 Declaration of 
Helsinki and its later amendments. Informed consent 
was obtained. The study was conducted in 2018 in 
the local Department of Anatomy.

RESULTS
Patients

A total of 57 patients (n = 114 upper limbs, 55 
patients with right dominant hand, 2 patients with 
left dominant hand, 27 females, 30 males) were in-
cluded in this study.

Median nerve dimensions on the right and left side

On the right side, MN measured 2.06 mm  
(SD ± 0.46), 2.02 mm (SD ± 0.37), and 1.57 mm 
(SD ± 0.36) in the AP dimension and 5.77 mm  
(SD ± 0.89), 5.52 mm (SD ± 0.96), and 6.21 mm  
(SD ± 1.13) in the transverse (lateral-medial) dimen-
sion at 0, 1, and 2 cm distal to the proximal border 
of the flexor retinaculum, respectively (Table 1).

On the left side, MN measured 1.99 mm (SD ± 0.45),  
1.96 mm (SD ± 0.42), and 1.74 mm (SD ± 0.57)  
in the AP dimension and 5.78 mm (SD ± 1.10),  
5.88 mm (SD ± 1.09), and 6.21 mm (SD ± 1.14) in 
the lateral-medial dimension at 0, 1, and 2 cm distal 
to the proximal border of the flexor retinaculum, 
respectively. There were no statistically significant 
differences between sexes (Table 1).

Median nerve dimensions on the dominant and 
non-dominant hand

On the dominant hand, MN measured 2.05 mm  
(SD ± 0.46), 2.02 mm (SD ± 0.37), and 1.58 mm 
(SD ± 0.37) in the AP dimension and 5.75 mm  
(SD ± 0.87), 5.54 mm (SD ± 0.96), and 6.17 mm 
(SD ± 1.13) in the lateral-medial dimension at 0, 1, 
and 2 cm distal to the proximal border of the flexor 
retinaculum, respectively (Table 2).

On the non-dominant hand, MN measured 1.99 mm  
(SD ± 0.45), 1.97 mm (SD ± 0.41), and 1.73 mm 
(SD ± 0.57) in the AP dimension and 5.86 mm  
(SD ± 1.07), 5.91 mm (SD ± 1.06), and 6.28 mm 
(SD ± 1.12) in the lateral-medial dimension at 0, 1, 
and 2 cm distal to the proximal border of the flexor 
retinaculum, respectively (Table 2).

Anatomical landmarks measured at the level of 
the proximal border of the flexor retinaculum

The distance from FCR to MN (FCR-MN) was  
7.87 mm (95% confidence interval [CI] 7.37–8.37), 
and the distance from FCU to MN (FCU-MN) was  
19.09 mm (95% CI 18.51–19.67). In regard to sex, FCR-
-MN was 8.76 mm (95% CI 8.05–9.47) in males and  
6.89 mm (95% CI 6.29–7.49) in females, and FCU-MN  
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was 20.09 mm (95% CI 19.36–20.82) in males and 
17.98 mm (95% CI 17.17–18.79) in females (Table 3).

With respect to side, on the right, FCR-MN was 
8.24 mm (95% CI 7.49–8.99) and FCU-MN was  
19.00 mm (95% CI 18.22–19.78). In males, FCR-MN 
was 9.20 mm (95% CI 8.13–10.27) and FCU-MN was 
20.08 mm (95% CI 19.12–21.04). In females, FCR-MN 
was 7.19 mm (95% CI 6.29–8.10) and FCU-MN was 
20.08 mm (95% CI 19.12–21.04) (Table 3).

On the left side, FCR-MN was 7.50 mm (95% 
CI 6.85–8.15) and FCU-MN was 19.18 mm (95% CI 
18.33–20.03). In males, FCR-MN was 8.31 mm (95% 
CI 7.38–9.24) and FCU-MN was 20.11 mm (95% CI 
18.99–21.23). In females, FCR-MN was 6.60 mm (95% 

CI 5.82–7.38) and FCU-MN was 18.16 mm (95% CI 
16.96–19.36) (Table 3).

DISCUSSION
This study aimed to show how one can assess the 

position of MN using simple and well distinguished 
anatomical landmarks without the use of radiolog-
ical techniques. This was achieved by analysing the 
anatomical variations in the course of the MN, the 
FCU with its attachment to the pisiform, and the FCR 
through the utilisation of USG. These anatomical 
structures can be clearly seen through the skin of the 
wrist, after surgical opening, and after trauma involv-
ing a laceration that exposes this area of the wrist.

Table 3. Anatomical landmarks measured at the level of proximal border of carpal ligament 

Sex Right (mm ± 95% CI) Left (mm ± 95% CI) Overall (mm ± 95% CI)

FCR-MN FCU-MN FCR-MN FCU-MN FCR-MN FCU-MN

Overall 8.24* (7.49–8.99) 19.00 (18.22–19.78) 7.50* (6.85–8.15) 19.18 (18.33–20.03) 7.87 (7.37–8.37) 19.09 (18.51–19.67)

Male 9.20* (8.13–10.27) 20.08 (19.12–21.04) 8.31* (7.38–9.24) 20.11 (18.99–21-23) 8.76 (8.05–9.47) 20.09 (19.36–20.82)

Female 7.19* (6.29–8.10) 17.80* (16.69-18.91) 6.60* (5.82–7.38) 18.16* (16.96–19.36) 6.89 (6.29–7.49) 17.98 (17.17–18.79)

*Significant differences between right and left upper limbs; CI — confidence interval; FCR-MN — flexor carpi radialis tendon-median nerve; FCU-MN — flexor carpi ulnaris tendon-median nerve

Table 2. Median nerve dimensions measured at different levels distally from the proximal border of the carpal ligament in the domi-
nant and non-dominant hand

Level Dominant (mm ± SD) Non-dominant (mm ± SD)

Anteroposterior dimension Lateral-medial dimension Anteroposterior dimension Lateral-medial dimension

0 cm 2.05 ± 0.46 5.75 ± 0.87 1.99 ± 0.45 5.86 ± 1.07

1 cm 2.02 ± 0.37 5.54 ± 0.96 1.97 ± 0.41 5.91 ± 1.06

2 cm 1.58 ± 0.37 6.17 ± 1.13 1.73 ± 0.57 6.28 ± 1.12

*No statistically significant differences between dominant and non-dominant upper limbs; SD — standard deviation

Table 1. Median nerve dimensions measured at different levels distally from the proximal border of the carpal ligament in the right and 
left wrist with respect to sex

Level Sex Right (mm ± SD) Left (mm ± SD)

Anteroposterior dimension Lateral-medial dimension Anteroposterior dimension Lateral-medial dimension

0 cm Overall 2.06 ± 0.46 5.77 ± 0.89 1.99 ± 0.45 5.78 ± 1.10

Male 2.03 ± 0.39 6.01 ± 0.73* 2.02 ± 0.42 5.93 ± 1.09

Female 2.08 ± 0.53 5.51 ± 0.99* 1.95 ± 0.48 5.62 ± 1.10

1 cm Overall 2.02 ± 0.37 5.52 ± 0.96 1.96 ± 0.42 5.88 ± 1.09

Male 2.10 ± 0.37 5.81 ± 0.85* 1.99 ± 0.32 6.20 ± 1.12*

Female 1.93 ± 0.37 5.20 ± 0.99* 1.93 ± 0.51 5.53 ± 0.96*

2 cm Overall 1.57 ± 0.36 6.21 ± 1.13 1.74 ± 0.57 6.21 ± 1.14

Male 1.63 ± 0.38 6.43 ± 1.09* 1.74 ± 0.33 6.44 ± 0.95*

Female 1.50 ± 0.34 5.97 ± 1.14* 1.74 ± 0.76 5.96 ± 1.28*

*Statistically significant differences between males and females; SD — standard deviation
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We found that FCR-MN was 7.87 mm (95% CI 
7.37–8.37) and FCU-MN was 19.09 mm (95% CI 
18.51–19.67). The tendons of FCR and FCU are easily 
identifiable landmarks that can be distinguished in 
every patient through the skin using simple palpa-
tion. The safe zone from FCR is 7.37 mm — 95% of 
MNs are located within this distance — and going 
further medially would be a risk to injuring the MN 
iatrogenically. Laterally from the FCU, the safe zone 
is 18.51 mm — 95% of MNs are located in this area. 
There were also statistically significant differences 
between right and left upper limbs and males and 
females (Table 3). Knowledge of these anatomical 
landmarks can help prevent iatrogenic damage to the 
MN during carpal tunnel release and other surgical 
procedures in the wrist.

Carpal tunnel syndrome release is the most fre-
quently performed surgical procedure in the wrist as 
CTS is the most common musculoskeletal disorder 
in both Europe and North America [4, 5, 7, 19]. The 
annual incidence of its diagnosis in the general pop-
ulation is thought to be around 3.8/1000 [19]. The 
incidence of CTS peaks between the ages of 40 to 60 
years and it affects from 1 to 2/1000 men and 4 to 
5/1000 women [4]. 

When there is a severe case or medical treatment 
for CTS fails, surgical intervention becomes the only 
alternative. Surgical treatment has many benefits 
to patients at this stage of CTS treatment as it may 
halt the development of motor deficits and resolve 
all symptoms. Since the 1990s, carpal tunnel release 
frequency has increased and according to the French 
Agency for Hospital Information (ATIH), they have 
increased from 9537 cases in 1995 to 142,405 in 
2005 [5]. In the United States, 576,924 carpal tunnel 
releases were performed in 2006 as comparison [7].

The muscles of both the anterior forearm and of 
the thenar eminence, which control hand movement, 
are supplied by the MN. All forearm flexors, exclud-
ing the FCU and the portion of the flexor digitorum 
profundus which controls the fourth and fifth digits, 
are innervated by the MN. Additionally, the MN inner-
vates the first and second lumbrical muscles and the 
muscles of the thenar eminence through the recurrent 
thenar branch. Innervation to the skin on the palmar 
side of the index finger, thumb, middle finger, half 
the ring finger thumb, and respective nail beds are 
also supplied by the MN. 

Deficits in motor and sensory functions in areas 
supplied by the MN depend on the type of injury and 

at which level the MN has sustained it. In CTS, motor 
and sensory deficits occur due to compression of the 
MN within the wrist. Motor deficits include weakness 
in flexion of the radial half of the digits and of the 
thumb and weakness in abduction and opposition of 
the thumb. Furthermore, the presence of an ape hand 
deformity may be present when attempting to form  
a fist also known as the benediction sign [23]. Sensory 
deficits include numbness and tingling in lateral 3.5 
digits and their respective nail beds but not in the 
thenar eminence. Unlike in wrist laceration, sensation 
still persists in the central palm in CTS. This is due to 
the fact that the palmar cutaneous branch runs above 
the flexor retinaculum and is not affected in CTS.

A large retrospective review of 1332 CTS releases 
performed by two fellowship-trained hand surgeons 
at university hospitals from July 1993 to August 2006 
concluded that the Indiana Tome technique can be 
used by experienced hand surgeons, offers early 
resumption of preoperative activities (2 days and  
3 weeks), and has a low complication rate [11]. Eleven 
(0.83%) complications were noted out of 1332 cases 
by the 2 surgeons. Numbness and hypersensitivity in 
the third digital nerve distribution was the most com-
mon complication. Two of these 8 patients had nor-
mal 2-point discrimination and the other 6 had per-
sistently 2-point discrimination greater than 10 mm  
despite resolution of preoperative paraesthesia symp-
toms [11].

Other commonly performed surgeries in the wrist 
include tendon repair [25], ganglion removal [10], 
MCP joint replacement [6], and trapeziectomy [16]. 
There are reports that the MN has been mistakenly 
harvested instead of the palmaris longus tendon 
which is commonly used as a tendon graft [12, 20]. 
Knowledge of relevant anatomy is, therefore, crucial 
to avoid inadvertent harvesting of the MN. The pal-
maris longus tendon is superficial to the antebrachial 
fascia at the wrist crease, and if it is absent, the MN 
will be the next most obvious midline structure [15]. 
In all the above-mentioned procedures, the MN may 
be in danger of iatrogenic injury and surgeons must 
be conscientious of its course and presence.

Recently, studies have proven that USG may serve 
as an irreplaceable and effective tool for surgeons who 
look to identify small nerves and calculating their risk 
of iatrogenic injury before procedures [21]. Identifying 
areas of risk allows for the creation of a safe zone 
for surgeons when performing various techniques 
involved in CTS surgery [18]. This safe zone, which can 
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be located through landmarks easily seen through the 
skin, stresses the importance of long-term memory of 
clinical anatomy, surgical awareness, and the training 
of surgical technique. Visualisation of the MN preop-
eratively or during an injection can be done with USG, 
but in case the operator lacks the appropriate skills 
or an USG scanner is unavailable, landmarks should 
be known. Ultimately, proper anatomical knowledge 
provided by the safe zone may help surgeons avoid 
iatrogenic injury to the MN while decompressing the 
carpal tunnel [18]. Other examples of safe zones estab-
lished with USG includes the posterolateral approach 
to the sural nerve [14] and the infrapatellar branch of 
the saphenous nerve during tendon graft harvesting 
for knee ligament reconstruction [21].

Ultrasound has limited resolution even though it 
is now considered to be the best diagnostic tool to 
visualise nerves in real-time. This limited resolution 
may cause those who use USG examination to miss 
nerve terminal branches. The authors in this study, 
however, successfully tracked the MN within the 
borders of examined areas in all cases. Additionally, 
another limitation found in this study is the fact that 
the MN is in constant motion and changes positions 
as it runs between other anatomical structures. The 
authors minimised this limitation by examining all 
the limbs in the identical position the limb would be 
placed during a CTS release procedure. Observation 
bias was also held to a minimum by having two 
experienced surgeons present during the entirety of 
all examinations and having a third physician aid in 
unclear cases.

To the best of the knowledge of the authors, this is 
the first study to generate a topographic anatomical 
model created based on reliable clinical simulations to 
identify areas at high risk for iatrogenic MN injury. By 
revealing the course and position of the MN and its 
adjacent anatomical landmarks, we hope to provide 
crucial information to surgeons on the optimal tech-
nique to avoid iatrogenic MN injury while operating 
on the wrist.

CONCLUSIONS
The results obtained in this study are an anatom-

ical overview of the anatomy and topography of the 
MN region. Using simple palpation, the tendons of 
the FCR and the FCU can be used as landmarks to 
help improve anatomical awareness of the MN, to 
effectively plan surgery, and to provide a surgical 
tool for physicians to ultimately avoid iatrogenic MN 

injury. The safe zone medially from FCR is 7.37 mm 
and the safe zone laterally from the FCU is 18.51 mm.
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Background: The Struthers’ ligament (SL) is a fibrous band that originates from 
the supracondylar humeral process and inserts into the medial humeral epicondyle, 
potentially compressing both the median nerve and brachial artery. The contro-
versial Struthers’ arcade (SA) is a musculotendinous band found in the distal end 
of the arm that might compress the ulnar nerve. This study aimed to evaluate 
the pooled prevalence estimate of the SL and SA, and their anatomical features. 
Materials and methods: A meticulous search of major electronic medical da-
tabases was carried out regarding both structures. Applicable articles (and all 
relevant references) were analysed. Data from the eligible articles was extracted 
and evaluated. The quality and the potential risk of bias in the included studies 
were assessed using the AQUA tool. 
Results: The arcade was reported in 13 studies (510 arms), whereas the ligament 
in 6 studies (513 arms). The overall pooled prevalence estimate of the ligament 
was 1.8%, and 52.6% for the arcade. Most frequently, the ulnar nerve was covered 
by a tendinous arcade (42.2%). In all cases, the ligament inserted into the medial 
humeral epicondyle, but had various origins. Only 1 study reported compression 
of the median nerve by the ligament, whilst another contradicted this view. 
Conclusions: Although the SL is rare, and the SA is a valid anatomical enti-
ty (though with a variable presentation), clinically meaningful neurovascular 
entrapments caused by these structures are infrequent. Nonetheless, a better 
understanding of each may be beneficial for the best patient outcomes. (Folia 
Morphol 2021; 80, 2: 255–266)

Key words: Struthers’ arcade, Struthers’ ligament, meta-analysis

INTRODUCTION
Neurovascular compressions of the upper limb may 

have highly variable clinical manifestations including 
pain, numbness, weakness and muscular atrophy [1]. 
Fortunately, the entrapment site is often easily local-
ised with careful physical examination and/or radio-

graphic imaging [1]. Rare instances of such syndromes 
have been attributed to two anatomical structures: the 
Struthers’ ligament (SL) and the Struthers’ arcade (SA). 
These two structures are frequently confused, and 
some contention exists pertaining to their prevalence. 
Sir John Struthers described 9 arcades (a series of mus-
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culotendinous and fibrous arches) in the arm — eight 
associated with the median nerve, and one with the 
ulnar nerve [2]. The eighth of this series was a fibrous 
structure known as the SL, and attached to a bony 
spur on the humerus. The ninth, known nowadays as 
the SA, was a fibrous band at the brachial fascia, and 
not anchored to any bony elements [2].

The SL typically begins at a bony projection ap-
proximately two inches above the medial epicondyle 
on the anteromedial aspect of the humerus, labelled 
the supracondylar process (or spur), which can usually 
be identified on X-ray imaging [33]. The ligament itself 
extends from this process, and attaches to the medial 
humeral epicondyle. The brachial artery, the median 
nerve, or both can run beneath this fibrous band. 
Initial descriptions suggested a prevalence of 1% in 
the human population [3]. Although it is an uncom-
mon feature, its existence is undisputed. However, it 
has been implicated in causing a rare compression 
of the neurovascular entities, causing paraesthesia 
and numbness associated with forearm claudication 
or median nerve dysfunction [5]. A surgical proce-
dure involving release of the entrapped element, 
in combination with excision of the SL and its bony 
spur, effectively eliminates all the clinical symptoms 
permanently [1].

The SA is a more disputed anatomical structure, 
with highly variable descriptions and classifications 
[12]. Kane et al. [24] were the first to apply Struthers’ 
work and define the fibrous canal (definition as ap-
plied herein) with a roof formed by a deep fascial 
thickening, an anterior border at the medial inter-
muscular septum, and a lateral border at the humerus 
and the muscular fibre covering of the triceps brachii. 
Several subsequent reports have supported the ex-
istence of this structure to various degrees; however, 
the discrepancies in findings may be attributable to 
the differences in definition [15, 20, 34]. Alternatively, 
other authors [7, 32, 40] debate its existence alto-
gether, suggesting that the previous findings are only 
anatomical variations of the intermuscular septum 
and the forearm fascia. As such, it is important not 
only to assess the prevalence of this structure, but also 
the clinical presentation, and its possible variations 
[37]. The disagreements regarding the SA extend to 
its role as a possible site for entrapment. Although 
it is unlikely as a primary site for entrapment, most 
tend to agree that it is a factor in recurrent ulnar 
neuropathy after an anterior transposition of the 
nerve at the elbow [14, 25, 31].

This study seeks to evaluate the differences from 
an anatomical perspective, establish the pooled prev-
alence estimate (PPE) of both the SL and the SA, 
assess their involvement in the median/ulnar nerve 
entrapments, respectively, and provide the answer 
as to whether the disputed SA is a valid anatomical 
structure. Becoming acquainted with the said variants 
is of immense importance to physicians encountering 
unusual upper limb neural entrapments that cannot 
be explained by more commonly existing pathologies.

MATERIALS AND METHODS
This study is a systematic review and meta-anal-

ysis, level of evidence: II.

Search strategy

An extensive search on the SA and the SL, as well 
as their anatomy, was conducted on PubMed, Embase, 
ScienceDirect and Web of Knowledge databases. The 
following search terms applied: “Struthers’ ligament” 
OR “Ligament of Struthers” OR “supracondylar canal” 
OR “supracondylar spur” OR “supracondylar process” 
OR “supratrochlear spur” OR “avian spur” OR “Arcade 
of Struthers” OR “Struthers’ Arcade.” No restrictions 
were set to date or language of the original publication. 
Additionally, all references in the included articles were 
assessed to identify any other potentially eligible studies.

Study selection criteria

Eligibility for inclusion was governed by the fol-
lowing criteria: cadaveric or imaging studies con-
taining information about the SL or the SA — both 
anatomically and clinically. Case reports, conference 
abstracts, letters to editors, reviews, or studies con-
taining irrelevant or incomplete data about the SL or 
the SA were not considered.

Eligibility assessment

The authors (E.M., M.P.Z., J.R.P., L.N.K., M.G.) com-
pleted an independent review of all the included stud-
ies. Any disagreements were settled by consensus, 
where necessary also involving a consultation with the 
authors of the original study. Any studies published in  
a language not fluently spoken by the reviewing authors  
were translated by medical professionals fluent in both 
the original language of the manuscript and English.

data extraction

The extraction of data from the included studies 
was performed separately by independent reviewers. 
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The following data was extracted: country of study 
origin, method, total number of patients/specimens 
with the SL/SA, as well as characteristics of modality. 
Elements of interest included laterality, typical vs. 
atypical presentation and type, morphology, relation 
to associated nerve, extent of compression, and in-
sertion (the SL).

Quality assessment

The quality assessment was completed by inde-
pendent reviewers by utilising the Anatomical Quality 
Assurance tool (the AQUA Tool), a versatile instrument 
capable of appraising anatomical studies [23]. This 
method employed a “risk of bias” table assessing 
the five domains: (1) Aim and subject characteristics;  
(2) Study design; (3) Characterisation of methods;  
(4) Descriptive anatomy; and (5) Results reporting. 
Each criterion level of bias was deemed “High”, 
“Low,” or “Unclear” in accordance to “Yes” or “No” 
answers to specific determining questions. Conditions 
where “Yes” was selected identified a “Low” risk of 
bias, whereas a “No” answer suggested a “High” risk. 
Any disagreements were resolved with discussions, 
or by involving an additional reviewer.

statistical analysis

All the extracted data was processed using 
MetaXL version 5.3 (EpiGear International, Australia) 
as a meta-analysis with random-effects model. The 
PPE of the SL and the SA, respectively, was the pri-
mary measure of this study, with subsequent analysis 
by subgroups.

Heterogeneity was tested for using the χ2 and Hig-
gins I2 tests. A significant heterogeneity was identified 
from a p-value of < 0.10 in the χ2 test [22]. Heter-
ogeneity was determined from the I2 test according 
to the following scheme: 0% to 40% may not be 
present; 30% to 60% possible indications of moderate 
heterogeneity; 50% to 90% likely meaningful heter-
ogeneity; and 75% to 100% suggests considerable 
heterogeneity [22].

In order to investigate possible sources of het-
erogeneity, subgroup analyses were completed to 
consider the effect of geographical distribution and 
modality. Confidence intervals were utilised to illus-
trate any determined statistical differences between 
two or more subgroups. Conclusions regarding sta-
tistical insignificance could be drawn if any such 
intervals overlapped [22].

RESULTS
Study identification

The study selection process is illustrated in Figure 1.  
Initially, 891 articles were identified according to 
the specified parameters across all major electronic 
databases. Additional 31 articles were included when 
the cited articles of the previous group were checked. 
Of all the articles, 124 were identified as potentially 
meeting the inclusion criteria, from which 108 were 
deemed ineligible, for reasons such as being case 
reports/series, containing irrelevant/incomplete/no 
original data or were letters/commentaries to the 
editor. Therefore, 18 studies were utilised for this 
meta-analysis (5 pertaining to the SL, 12 to the SA 
and 1 study to both the SA and the SL).

Characteristics of the included studies

The tables outline the characteristics of the includ-
ed studies in this meta-analysis. The 6 studies pertain-
ing to the SL (n = 513 upper limbs) were conducted 
from 1983 to 2017. The 13 studies reporting on the 
SA (n = 510 upper extremities) were published from 
1991 to 2016. The prevalence rates of the relevant 
structures are reported in (Tables 1, 2).

Prevalence of the sl

A complete assessment of the SL was complet-
ed according to a subgroup analysis by geography, 

Records identified through 
database searching 

(n = 891)

Additional records identified
through reference search

(n = 31)

Records after duplicates removed
(n = 768)

Records screened
(n = 768)

Records excluded
(n = 644)

Full-text articles assessed
for eligibility
(n = 124)

Full text articles excluded
with reasons (n = 106):

— irrelevant (n = 9)
— review (n = 22)
— case report/series (n = 49)
— incomplete/no original data
 (n = 14)
— letter/commentary (n = 7)
— retracted article (n = 1)
— unavailable (n = 4)

Studies included in 
qualitative synthesis

(n = 18)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n = 18)

Figure 1. The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) flow chart.
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laterality, reported median nerve compression, and 
insertion, the results of which can be found, respec-
tively. The geographical analysis differentiated all 
the studies (PPE 1.8%; 95% confidence interval [CI] 
0.1–5.2%) from cadaveric studies (PPE 2.3%; 95% 
CI 0.0–7.4%), as well as those reporting from North 
America (PPE 0.8%; 95% CI 0.0–2.6%) (Table 3).

Four studies (Table 4) included which side the SL 
was present on. The SL appears slightly more often 
on the right side (55.8%; 95% CI 24.7–84.8) than the 
left (44.2%; 95% CI 15.2–75.3).

Gessini’s surgical study [19] from Italy support-
ed the SL as a contributor to median nerve com-
pression, whereas Gunther’s cadaveric study [21] 

Table 1. The characteristics of the included studies for the Struthers ligament (SL)

Study Country Type of study Number of limbs Prevalence (%)

Bilecenoglu et al., 2005 [8] Turkey Cadaveric 30 3.3

Caetano et al., 2017 [11] Brazil Cadaveric 60 0.1

Dellon, 1987 [17] USA Cadaveric 43 0.0

Gessini et al., 1983 [19] Italy Surgery 238 0.4

Gunther et al., 1993 [21] USA Cadaveric 38 2.6

Dellon, 1986 [16]  USA Cadaveric 104 0.0

Table 2. The characteristics of the included studies for the Struthers arcade

Study Country Type of study Number of limbs Prevalence (%)

Al-Qattan and Murray, 1991 [2] Canada Cadaveric 25 68.0

Bartels et al., 2003 [7] Netherlands Cadaveric 10 0.0

Caetano et al. 2017 [12] Brazil Cadaveric 40 100.0

Gonzalez et al., 2001 [20] USA Cadaveric 39 66.7

Mirza et al., 2014 [27] USA Cadaveric 26 7.7

Poujade et al., 2014 [30] France Cadaveric 18 33.3

Siqueira and Martins, 2005 [32] Brazil Cadaveric 60 18.3

Tubbs et al., 2011 [38] USA Cadaveric 30 86.7

Tiyaworanan et al., 2010 [37] Thailand Cadaveric 62 85.5

Von Schroeder and Scheker, 2003 [39] Canada Cadaveric 14 100.0

Yoshida et al., 2014 [41] Japan Surgery 82 1.2

Zhong et al., 2016 [42] China Cadaveric 64 57.8

Zhong et al., 2016 [42]* China Medical imaging 40 50.0

*One study was conducted as a cadaveric and a medical imaging investigation on two separate populations

Table 3. The modality and geographical distribution of the Struthers ligament (SL) studies

Subgroup Number of studies  
(no. of subjects)

Pooled prevalence of SL;  
% (95% CI)

I2; % (95% CI) Cochran’s Q, p-value

Overall 6 (513) 1.8 (0.1–5.2) 70.7 (31.7–87.4) 17.1, p = 0.004

Cadaveric 5 (275) 2.3 (0.0–7.4) 71.7 (28.6–88.8) 14.1, p = 0.007

North America 3 (185) 0.8 (0.0–2.6) 17.1 (0.0–91.4) 2.4, p = 0.299

CI — confidence interval

Table 4. Prevalence of the Struthers ligament (SL) in respect to side

Number of studies (no. of subjects with SL) Right side SL; % (95% CI) Left side SL; % (95% CI) I2; % (95% CI) Cochran’s Q, p-value

4 (9) 55.8 (24.7–84.8) 44.2 (15.2–75.3) 0.0 (0.0–82.7) 2.7, p = 0.449

CI — confidence interval
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from the United States did not support this finding 
(Table 5).

Lastly, 3 studies (Table 6) outlined the distal in-
sertion point of the SL. In all cases, the SL was found 
to terminate at the medial humeral epicondyle. Not-
withstanding, the origin of the SL varied in all those 
three instances, as in 1 case it was attached to the 
supracondylar humeral process, in another into the 
anteromedial surface of the humerus (with no bony 

spur present) and into the brachialis muscle in the 
last case (Fig. 2).

Prevalence of the sa

Similarly to the analysis of the SL, assessment of 
the SA was divided by subgroups — geographical 
prevalence, atypical prevalence, atypical type, mor-
phology, relation to the ulnar nerve, and ulnar nerve 
compression.

Table 5. The median nerve compression by the Struthers ligament (SL)

Study Country Type of study Number of limbs with SL Prevalence of median nerve compression (%)

Gessini et al., 1983 [19] Italy Surgery 1 100.0

Gunther et al., 1993 [21] USA Cadaveric 1 0.0

Table 6. The insertion points of the Struthers ligament (SL)

Study Country Type of study Number of limbs with SL Prevalence of medial epicondyle insertion (%)

Bilecenoglu et al., 2005 [8] Turkey Cadaveric 1 100.0

Gessini et al., 1983 [19] Italy Surgery 1 100.0

Gunther et al., 1993 [21] USA Cadaveric 1 100.0

Figure 2. Prevalence of the Struthers ligament forest plot; CI — confidence interval.

Overall
Q = 17.08, p = 0.00, I2 = 71%

Study
Bilecenoglu, 2005

Caetano, 2017
Dellon, 1987

Gessini, 1983
Gunther, 1993

Lee Dellon, 1986

Prevalence (95% CI)
0.03 (0.00–014)
0.10 (0.03–0.19)
0.00 (0.00–0.04)
0.00 (0.00–0.02)
0.03 (0.00–0.11)
0.00 (0.00–0.02)

%Weight
12.6
16.7
14.8
22.3
14.0
19.5

0.02 (0.00–0.05) 100

0                                                                                       0.1                                                                                      0.2
Prevalence

Figure 3. Prevalence of the Struthers arcade forest plot; *one study was conducted as a cadaveric and a medical imaging investigation on 
two separate populations; CI — confidence interval.
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Bartels, 2003
Caetano, 2016

Gonzalez, 2001
Mirza, 2014

Poujade, 2014
Siqueira, 2005
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Von Schroeder, 2003
Yoshida, 2014

Zhong, 2016
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1.00 (0.96–1.00)
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0.08 (0.00–0.22)
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Overall
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Table 8. The definitions of the Struthers arcade applied in this meta-analysis.

Author Year Definition

Kane et al. [24] 1973 Fibrous canal with roof formed by a deep fascial thickening, an anterior border at the medial  
intermuscular septum, and a lateral border at the humerus and the muscular fibre covering  

of the triceps brachii. (Considered as the “classical” in this study.)

Al-Qattan and Murray [2] 1991 “Classical” definition provided by Kane et al.
OR

Multiple ligaments of the thickened deep fascia and medial intermuscular septum  
passing superficial and deep to the ulnar nerve

OR
Roof formed by the triceps muscular fibres alone.
(Both considered as the “atypical” in this study.)

Tubbs et al. [38] 2011 Thickening of the brachial fascia 
OR

Thickening of the internal brachial ligament
OR

Thickening of the medial intermuscular septum.
(All three considered as the “atypical” in this study.)

Table 9. Prevalence of the classical and atypical Struthers arcade

Type Number of studies  
(no. of subjects)

Pooled prevalence;  
% (95% CI)

I2; % (95% CI) Cochran’s Q, p-value

Classical 8 (142) 72.8 (30.0–100.0) 95.8 (93.5–97.2) 165.6, p < 0.001

Atypical 8 (142) 27.2 (0.0–70.0) 95.8 (93.5–97.2) 165.6, p < 0.001

CI — confidence interval

Table 7. The modality and geographical distribution of the Struthers arcade (SA) studies

Subgroup Number of studies (no. of subjects) Pooled prevalence of SA; % (95% CI) I2; % (95% CI) Cochran’s Q, p-value

Overall 13 (510) 52.6 (27.1–77.5) 96.9 (95.8–97.7) 381.8, p < 0.001

Cadaveric 11 (388) 59.6 (35.0–82.1) 95.4 (93.4–96.8) 218.4, p < 0.001

North America 5 (134) 69.4 (32.3–97.1) 93.7 (88.3–96.7) 64.0, p < 0.001

Asia 4 (248) 45.2 (0.0–94.2) 98.2 (97.1–98.9) 169.7, p < 0.001

South America 2 (100) 68.0 (0.0–100.0) 99.1 (98.1–99.5) 105.6, p < 0.001

Europe 2 (28) 15.1 (0.0–59.1) 83.2 (30.0–96.0) 6.0, p = 0.015

CI — confidence interval

The geographical analysis separated all the stud-
ies (PPE 52.6%; 95% CI 27.1–77.5%) from cadaveric 
studies (PPE 59.6%; 95% CI 35.0–82.1%), as well as 
those reporting from North America (PPE 69.4%; 95% 
CI 32.3–97.1%), Asia (PPE 45.2; 95% CI 0.0–94.2%), 
South America (PPE 68.0%; 95% CI 0.0–100.0%), and 
Europe (PPE 15.1%; 95% CI 0.0–59.1%) (Fig. 3, Table 7).

The formal description of the SA by Kane et al. 
[24] (a fibrous canal with a roof formed by a deep 
fascial thickening, an anterior border at the medial 
intermuscular septum, and a lateral border at the hu-
merus and the muscular fibre covering of the triceps 
brachii) did not always apply to the findings of certain 
included studies due to its variability in presentation 
[2, 27, 32, 38]. The variant definitions of the SA 

can be found in Table 8. Since most of the authors 
described their SA in accordance with the definition 
stated by Kane et al. [24], we applied this term as the 
classical type in opposition to the atypical SAs, found 
and described less commonly. All the typical and 
unusual SAs encountered in analysed studies fit into 
one of the definitions from Table 8. Table 9 presents 
the PPE of the typical and atypical SAs, and Table 10 
reports the types of the atypical SAs (when reported 
in the respective studies). The most common of the 
atypical types is a thickening of the brachial fascia, 
found in 39.3% (95% CI 0.0–89.0%) of the reported 
38 structures.

The morphology of the SA was found to be mostly 
musculotendinous (PPE 54.2; 95% CI 12.6–89.1%), or 
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otherwise tendinous (PPE 38.5; 95% CI 3.5–77.3%), 
or muscular (PPE 7.2; 95% CI 0.0–33.5%) (Table 11). 
Examples of the SAs found during our own routine 
cadaveric examinations are presented on Figure 4  
(a tendinous arcade) and Figure 5 (a musculotendi-
nous arcade).

The various relations of the SA to the ulnar nerve 
are shown in Table 12, where it most typically pre-
sented as a tendinous arcade passing over the ulnar 
nerve (PPE 42.2; 95% CI 2.5–77.9%). Table 13 pre-
sents the findings of the 3 studies concerning the 
prevalence of ulnar nerve compression. Forty limbs 
from 1 study [12] were reported to show no com-
pression, whereas all the SAs of Mirza et al. [27] and 

Yoshida et al. [41] were associated with the ulnar 
nerve compression.

risk of bias analysis

The complete appraisal of the included studies 
in terms of the risk of bias they pose is presented in  
Table 14. All in all, the vast majority of the studies were 
assessed as having a “High” risk of bias in Domains 1  
and 3, due to the lack of complete information about 
the patients’ baseline characteristics and demograph-
ics, as well as the specialty and experience of the 
scientists in charge of a particular part of the study. 
Domains 2 and 5 were evaluated as being at “Low” 
risk of bias for all the included studies. Nonetheless, 

Table 10. Types of the atypical Struthers arcade

Type Number of studies 
(no. of subjects)

Pooled prevalence; 
% (95% CI)

I2; % (95% CI) Cochran’s Q, p-value

Multiple ligaments of thickened deep fascia and  
medial intermuscular septum

4 (38) 16.6 (0.0–62.2) 83.5 (58.3–93.5) 18.2, p < 0.001

Roof formed by the triceps muscular fibres alone 4 (38) 24.1 (0.0–72.8) 83.5 (58.3–93.5) 18.2, p < 0.001

Thickening of the brachial fascia 4(38) 39.3 (0.0–89.0) 83.5 (58.3–93.5) 18.2, p < 0.001

Thickening of the internal brachial ligament 4 (38) 9.6 (0.0–49.9) 83.5 (58.3–93.5) 18.2, p < 0.001

Thickening of the medial intermuscular septum 4 (38) 10.4 (0.0–51.6) 83.5 (58.3–93.5) 18.2, p < 0.001

CI — confidence interval

Table 11. Morphological types of the Struthers arcade

Type Number of studies  
(no. of subjects)

Pooled prevalence;  
% (95% CI)

I2; % (95% CI) Cochran’s Q, p-value

Musculotendinous 10 (193) 54.2 (12.6–89.1) 96.0 (94.3–97.3) 227.2, p < 0.001

Tendinous 10 (193) 38.5 (3.5–77.3) 96.0 (94.3–97.3) 227.2, p < 0.001

Muscular 10 (193) 7.2 (0.0–33.5) 96.0 (94.3–97.3) 227.2, p < 0.001

CI — confidence interval

Figure 4. A tendinous Struthers arcade found during a routine ca-
daveric dissection.

Figure 5. A musculotendinous Struthers arcade found during a rou-
tine cadaveric dissection.
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Domain 4 had two studies at “High” risk of bias due 
to them not specifying their definition of the SA 
(Table 14).

DISCUSSION
This study aims to clarify the differences between 

the SL and the SA, and investigate their respective 

Table 12. Relation of the Struthers arcade to the ulnar nerve

Type Number of studies 
(no. of subjects)

Pooled prevalence; 
% (95% CI)

I2; % (95% CI) Cochran’s Q, 
p-value

Musculotendinous arcade covers the nerve 9 (193) 34.2 (0.0–71.6) 96.5 (94.9–97.6) 227.2, p < 0.001

Tendinous arcade passing over the ulnar nerve 9 (193) 42.2 (2.5–77.9) 96.5 (94.9–97.6) 227.2, p < 0.001

Triceps muscle covers the nerve 9 (193) 13.8 (0.0–43.9) 96.5 (94.9–97.6) 227.2, p < 0.001

The ulnar nerve passing anteriorly to the arcade 9 (193) 2.5 (0.0–21.9) 96.5 (94.9–97.6) 227.2, p < 0.001

Triceps aponeurosis covers the nerve 9 (193) 3.6 (0.0–24.9) 96.5 (94.9–97.6) 227.2, p < 0.001

Multiple ligaments of thickened deep fascia and medial inter-
muscular septum pass superficially and deeply to the nerve

9 (193) 3.7 (0.0–25.2) 96.5 (94.9–97.6) 227.2, p < 0.001

CI — confidence interval

Table 13. The ulnar nerve compression by the Struthers arcade (SA)

Study Country Type of study Number of limbs with SA Prevalence of ulnar  
nerve compression (%)

Caetano et al. 2017 [12] Brazil Cadaveric 40 0.0

Mirza et al., 2014 [27] USA Cadaveric 2 100.0

Yoshida et al., 2014 [41] Japan Surgery 1 100.0

Table 14. The risk of bias analysis

Study Risk of bias

Objective(s) and study 
characteristics

Study design Methodology 
characterisation

Descriptive  
anatomy

Reporting of 
results

Al-Qattan and Murray, 1991 [2] High Low High Low Low

Bartels et al., 2003 [7] High Low High Low Low

Bilecenoglu et al., 2005 [8] High Low High Low Low

Caetano et al., 2017 [11] High Low High Low Low

Caetano et al., 2017 [12] High Low High Low Low

Dellon et al, 1987 [17] High Low High Low Low

Gessini et al., 1983 [19] High Low High Low Low

Gonzalez et al., 2001 [20] High Low High Low Low

Gunther et al., 1993 [21] High Low High Low Low

Dellon 1986 [16] High Low High Low Low

Mirza et al., 2014 [27] High Low High Low Low

Poujade et al., 2014 [30] High Low High Low Low

Siqueira and Martins, 2005 [32] Low Low High Low Low

Tiyaworanan et al., 2010 [37] High Low High High Low

Tubbs et al., 2011 [38] High Low High Low Low

Von Schroeder and Scheker, 2003 [39] High Low High Low Low

Yoshida et al., 2014 [41] High Low High High Low

Zhong et al., 2016 [42] High Low High Low Low
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properties in a clinically relevant manner. Disagree-
ments in prior publications exist, promoting a poor 
understanding of these structures and their implica-
tions in the treatment of upper limb neuropathies 
[11]. In order to improve patient outcomes during the 
associated procedures, this meta-analysis attempted 
to evaluate the SL and the SA in terms of their PPE, 
anatomical features (such as e.g. morphology), and 
relation to the median and ulnar nerves, respectively. 

Clinicians must consider the possible involvement 
of these two structures in their practice — especially 
in surgeries. The SL is rare, and is typically associated 
with the brachial artery and/or the median nerve. 
Due to its low prevalence, it is infrequently being 
considered in the differential diagnosis as a cause 
of entrapment [21]. Also, even if present (when 
identified by radiographs) it may not necessarily be 
the origin of the symptoms [21]. The SA is a valid 
structure, most typically presenting as a musculo-
tendinous band associated with the ulnar nerve, but 
has extensive variability. Primary entrapment has not 
been described, but it has been largely implicated 
in failed cubital tunnel surgery, or otherwise during 
the anterior transposition of the ulnar nerve, which 
may be the result of unsuccessful decompression or 
formation of a new site of compression [15, 18, 32]. 
Since both structures have been suggested to be in-
volved in neuropathies, it is of immense importance 
for medical professionals to get acquainted with 
their variants and consider them in the differential 
diagnoses. This recommendation is especially valid in 
cases which cannot be explained by more commonly 
prevalent conditions, e.g. cubital tunnel syndrome in 
case of the ulnar nerve entrapment. 

Henceforth, patients presenting with unusual cas-
es (such as with the SL or the SA involvement) may 
be treated more accurately by medical professionals 
acquainted with their infrequent causes, possibly 
mitigating the risk of permanent nerve injuries. Com-
pressions to the median, radial, or ulnar nerve, which 
occur especially when such bands of fibrous or mus-
cular tissue traverse them, may lead to upper limb 
entrapment peripheral neuropathies [8]. Ulnar nerve 
neuropathies at the elbow are important in particular, 
as they are the second most common entrapment 
neuropathy in adults [10].

The SL is a consistently reported structure, and our 
PPE findings (1.8%) are in line with that of previous 
descriptions [3, 5, 29, 35]. These results support that 
this structure is vestigial, and is likely analogous to the 

latissimocondyloideus muscle found in climbing ani-
mals [3, 9], which serves to protect the neurovascular 
bundle and provides attachment for the pronator teres 
muscle by forming an end-epitrochlear foramen [3].

Although we report that it may be slightly more 
prevalent on the right side, this result is only based on 
9 cases, so the statistical power is not significant. Only 
2 reports were included in this analysis concerning the 
prevalence of median nerve compression as a result 
of the SL, with one supporting and one opposing this 
view [19, 21]. Therefore no appropriate conclusions 
can be drawn. However, a series of cases have been 
described where radiological examination of a patient 
complaining of paraesthesia and numbness have 
identified the characteristic spur, and subsequent 
release surgery has yielded reduced or eliminated 
clinical symptoms following recovery [1, 4, 5]. Ay 
et al. [6] describe success using Barnard and McCoy 
classical approach to remove the periosteum of the 
spur, the binding fibres of the pronator teres muscle, 
and the fibrous extension.

Although entrapment syndromes are typically 
evaluated using magnetic resonance imaging and 
electromyography, their application in the SL-related 
conditions is poorly described [4, 13]. Palpation of the 
bony process may or may not be possible, so it cannot 
be used as an indication for investigative imaging [9]. 
In addition, rare instances have been reported where 
the SL was found associated with only a minimal pro-
trusion, or none whatsoever [35]. Gunther et al. [21] 
report that the supracondylar spur is most typically an 
incidental finding on radiography, and that no surgi-
cal corrections should be made without any clinical 
complaints present. Furthermore, a clinician should 
not automatically assume that the SL (if present) is re-
sponsible for any neuropathies prior to investigation. 
However, the surgeon should be conscious of these 
structures during surgical exploration. Also, it may be 
beneficial to recognize that the SL likely inserts into 
the medial humeral epicondyle (possibly lending aid 
to the identification of this rare anatomical variant) 
as per all the reports evaluated herein [8, 19, 21].

Since the overall PPE of the SL is very low, it will 
ultimately be a rare cause of entrapment. Importantly, 
Laha et al. [26] define a simple differentiation of the 
median nerve entrapment by the SL and its bony liga-
ment from the more common pronator syndrome be-
cause of pronator teres weakness found in the latter.

Lastly, Taylor et al. [36] discuss the possibility of 
using the SL (associated with the coracobrachialis 
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muscle) during restoration of normal facial expression 
procedures in the longstanding facial paralysis, as it 
might be used to replace the orbicularis oris muscle 
and eliminate the deviation of the lips towards the 
unaffected side whilst smiling. Nonetheless, addi-
tional research is required on this matter to ensure 
the development of safe and effective treatments.

Many previous reports have had opposing views 
on whether or not the SA is a true structure, or just 
a product of a specific method of dissection, and 
further still, if its presence could be related to entrap-
ment [7, 12, 16, 39]. The results of the study herein 
suggest that the SA can be found in most individuals, 
but that its presentation is highly variable, described 
in Tables 8–11. Al-Qattan and Murray [2], Mirza et al. 
[27], Siqueira and Martins [32] and Tubbs et al. [38], 
all describe at least some occurrence of an atypical 
SA, differing by the source of the thickened fascia or 
musculotendinous band. Even more inconsistency 
lies in the morphology of the SA, where most tend-
ed to be musculotendinous, but a large proportion 
was still found to be solely tendinous or muscular. 
Another factor may be, as Bartels et al. [7] suggest, 
where any dissection can be conducted to replicate 
a fibrous structure depending on the stepwise tech-
nique. However, earlier reports on the arcade clearly 
differentiate the absence or presence with images 
and descriptions of their division [34].

The course of the SA was described in 9 studies, 
and it most frequently presents as either a musculo-
tendinous or tendinous arcade covering or passing 
over the ulnar nerve. Only 3 included studies spe-
cifically outlined the prevalence of the ulnar nerve 
compression from the SA, the results of which either 
suggested a 100% association with compression or 
0%. Therefore, an extensively variable presentation 
of this structure may be likely, suggesting a difficulty 
in differentiating the possible interactions of the SA. 

Firstly, inaccurate reporting may be the result of 
confusion between the SL and the SA [11] as the two 
similarly named structures appear in the same region. 
This clarification is imperative for future consistency.

Al-Qattan and Murray [2] report that when per-
forming a procedure to release an entrapped nerve, 
an atypical SA with a roof of multiple ligaments may 
have resulted in further entrapment, and that liga-
ments passing deep to the ulnar nerve should also 
be released at their insertions. Bartels et al. [7] and 
Dellon [16] claim to have never observed any such 
tendinous arches during their nerve entrapment 

release surgeries, and suggest that any observed 
bands are likely the result of improper release of the 
brachial fascial sheath during the previously under-
taken anterior transposition of the ulnar nerve that 
now became the fibrotic point of compression of the 
nerve. Bartels et al. [7] also suggest that the edge of 
the sheath that was cut might become more fibrotic 
and hence resemble the structure known as the SA. 
Dellon [16] continues to suggest that an appropriate 
incision for the cubital tunnel release should be into 
the brachium, but end more proximally to the me-
dial humeral epicondyle. Attempts to further study 
the causes of secondary entrapments have not been 
successful [28, 29, 38].

The disparity in the frequencies of surgeons find-
ing the SA may be in part due to the differences in 
dissection methodologies; Bartels et al. [7] suggest 
that in order to standardise the procedure, a step 
by step dissection focusing on the fascial coverings 
should be demonstrated. Otherwise, Bartels et al. [7] 
report that the findings may be in part by the cut edge 
becoming more fibrotic, and therefore appearing as  
a tendinous band, however this secondary observa-
tion was not the case for most of the included cases.

Overall, the findings of this analysis suggest that 
the SA is a common structure, albeit with great var-
iability in terms of morphology, relation to the ulnar 
nerve, or otherwise atypical. It is not likely to be the 
primary site for nerve entrapment, but it is largely 
implicated in post transposition syndrome [14]. To 
reduce the likeliness of a secondary compression, 
the ulnar nerve must be adequately mobilized from 
the SA or otherwise any soft tissue attachments that 
may cause compression [37].

Although a thorough risk of bias assessment was 
completed, and the quality of the analysed data was 
evaluated, this study is still subject to the limitations 
of the availability of the previously published studies. 
Since the SL is not frequently found, large scale stud-
ies cannot be realistically executed, thus potentially 
reducing the effects of bias altogether. Fortunately, 
the statistical power of this meta-analysis enabled 
appropriate conclusions to be drawn. The disagree-
ments regarding the SA (such as its involvement in 
entrapment, or its existence altogether) added to the 
difficulty in the investigation, as the findings tended 
to be bimodal — either largely present, or completely 
absent. However, with a comprehensive study, and 
efforts to explicate the discrepancies, statistically sig-
nificant values could be obtained.
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CONCLUSIONS
Since some of the upper limb entrapment periph-

eral neuropathies have been reported in association 
with the presence of the SL or the SA, a clinical picture 
of these two structures must be established in prac-
tice. Although the presence of the SL is infrequent, 
and the manifestation of the SA is highly variable, 
they are still important considerations in treatment 
of the aforementioned condition. The SL had a PPE 
of 1.8% overall, and may be found minimally more 
likely on the right side (55.8%) than the left (44.2%), 
but seems to always insert into the medial humeral 
epicondyle. It was associated with median nerve com-
pression in one of the two studies on the matter. The 
SA is a valid anatomical structure, and has an overall 
PPE of 52.6%. Although most typically presenting as 
a musculotendinous band, it has extensive variability, 
and may be problematic in procedures involving the 
anterior transposition of the ulnar nerve. In view of 
the foregoing, a better understanding of each may 
be beneficial for the best patient outcomes.
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Background: The purpose of this study was to evaluate the topographic anato-
my of the tibial nerve and its medial calcaneal branches in relation to the tip of 
the medial malleolus and to the posterior superior tip of the calcaneal tuberosity 
using the ultrasound examination and to verify its preoperative usefulness in 
surgical treatment.
Materials and methods: Bilateral ultrasound examination was performed on 30 
volunteers and the location of the tibial nerve bifurcation and medial calcaneal 
branches origin were measured. Medial calcaneal branches were analysed in 
reference to the amount and their respective nerves of origin.
Results: In 77% of cases, tibial nerve bifurcation occurred below the tip of the 
medial malleolus with the average distance of 5.9 mm and in 48% of cases above 
the posterior superior tip of the calcaneal tuberosity with the average distance of 
2.7 mm. In 73% of cases medial calcaneal branches occurred as a single branch 
originating from the tibial nerve (60%). The average distance of the first, second 
and third medial calcaneal branch was accordingly 9.3 mm above, 9.5 mm below 
and 11.6 mm below the tip of the medial malleolus and 17.7 mm above, 1.6 mm  
below and 4 mm below the posterior superior tip of the calcaneal tuberosity.
Conclusions: As the tibial nerve and its branches present a huge variability in the 
medial ankle area, in order to prevent the iatrogenic injuries, the preoperative or 
intraoperative ultrasound assessment (sonosurgery) of its localisation should be 
introduced into the clinic. (Folia Morphol 2021; 80, 2: 267–274)

Key words: medial calcaneal nerve, ultrasound-guided nerve 
examination, tarsal tunnel syndrome, medial plantar nerve, lateral 
plantar nerve, sonosurgery

INTRODUCTION
The tibial nerve arises as a branch of the sciatic 

nerve bifurcation in the popliteal fossa. It runs dis-
tally on the tibialis posterior muscle together with 
the posterior tibial vessels. Usually at the level of 
flexor retinaculum it terminally divides into lateral 

and medial plantar nerve. During distal course, the 
tibial nerve emits medial calcaneal branches which are 
variable in number and origin. The tibial nerve and its 
branches provide innervation to the posterior lower 
leg, foot and sole muscles and the skin of medial 
foot and sole [28].

mailto:l.warchol@uj.edu.pl
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The knowledge of topographic anatomy of periph-
eral neurovascular bundles is important in surgical 
procedures, especially in the medial ankle surgery. 
It helps to understand the pathophysiology of the 
tarsal tunnel syndrome and its symptoms such as heel 
and sole burning pain, paraesthesia and numbness 
radiating to the toes and proximally on the medial 
side of the calf with often nocturnal presentation  
[2, 5, 22, 24, 25, 39]. The tibial nerve and its branches 
may be entrapped in the tarsal tunnel by various inter-
nal and external mechanisms [8]. Additionally other 
medical conditions with body fluid retention and 
chronic inflammatory processes may lead to nerve 
compression [13]. Rising prevalence of diabetes mel-
litus contributes to a large number of compression 
syndromes [36]. Currently, popular outdoor activities 
(e.g. jogging) also bring new cases of foot pain [23].

One of the utmost treatment options for the foot 
pain syndromes is a surgery [1, 20]. It must be per-
formed with the highest awareness of tibial nerve 
anatomy without inflicting iatrogenic damage. Ac-
cording to anatomy books, atlases and cadaveric dis-
section studies, the tibial nerve presents a various pat-
tern of its bifurcation as well as origin and number of 
medial calcaneal branches [6, 7, 9–11, 14–17, 21, 27, 
30, 31, 33]. In relation to the anatomical landmarks 
we tried to establish the most common topographic 
localisation of the tibial nerve and its final branches 
and to encourage to the preoperative ultrasound 
examination prior to medial ankle surgeries.

MATERIALS AND METHODS
Patients. The study was conducted on the 30 vol-

unteers (n = 60 lower limbs). There were 16 females 
and 14 males. The average age of the volunteers 
was 25.7 years (range 19–50 years). The inclusion 
criteria were as follows: age 18 years or older, written 

informed consent for the examination. The exclu-
sion criteria were: any lower limb trauma, surgical 
or radiotherapeutic procedures of the lower limb, 
deformation of the lower limb, and chronic disease 
of the lower limb. 

The ultrasound examination was performed on the 
Mylab Gold 25 ultrasound scanner with an 18 MHz 
linear probe (penetration depth 3.0 cm) in the De-
partment of Anatomy between December 2016 and 
April 2017. The examination and measurements were 
performed by an orthopaedic surgeon with more than 
20 years of experience in ultrasound examination. 

The ultrasound examination was performed with 
the volunteer lying prone with the foot in neutral 
position (ankle fixed in the foot stabilising device 
and adjusted to the right angle). Each procedure was 
initiated 40 cm proximally to the tip of the medial 
malleolus, continuing distally along the tibial nerve 
course up to its bifurcation and further looking for 
medial malleolus branches. Following points were 
marked on the skin with the fine tip skin marker: 
the tibial nerve bifurcation point, medial calcaneal 
branches origin, the tip of the medial malleolus and 
the posterior superior tip of the calcaneal tuber-
osity (attachment point of the Achilles tendon to 
the calcaneal tuberosity). Lines crossing the marked 
points were drawn parallel to the foot plane (Fig. 1).  
Distances from the reference lines (the tip of the 
medial malleolus line and the posterior superior tip 
of the calcaneal tuberosity) to the tibial nerve bi-
furcation line and to the medial calcaneal branches 
origin lines were measured with the calliper. If the 
measured point was below the reference line the 
value is in negative numbers, if above the reference 
line the value is in positive number. Medial calcaneal 
branches were analysed with regards to the number 
of branches, nerve of origin and relation to the ref-

Medial Plantar Nerve
Lateral Plantar Nerve

posterior superior tip of the calcaneal
tuberosity reference line

tibial nerve bifurcation

Tibial Nerve

Medial Calcaneal Nerve

medial calcaneal branch origin

tip of the medial malleolus reference line

Figure 1. Foot scheme with the 
measured points and the refer-
ence lines.
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erence lines. The results were transformed into rates 
and tabulated.

statistical analysis

Obtained data was statistically processed using 
descriptive statistics such as percentage, mean, stand-
ard deviation. A p-value of < 0.05 was considered as 
statistically significant. Two groups were compared 
using the Mann-Whitney test or t-test depending 
normal distribution. All analyses were performed 
using MedCalc version 16.8.

The research protocol was approved by the local 
Ethics Committee (registry no. 122.6120.315.2016). 
The study was performed in accordance with the eth-
ical standards established in the 1964 Declaration of 
Helsinki and its later amendments. The volunteers were 
informed about the study protocol and gave both in-
formed and written consent to participate in the study.

RESULTS
There were 30 volunteers (n = 60 lower limbs) 

with an average age of 25.7 ± 7 amongst which 32 
(53.3%) were female and 28 (46.7%) male feet. 

The bifurcation of the tibial nerve into the medial 
and lateral plantar nerve most frequently occurred 
below the tip of the medial malleolus (76.7%) with 
the mean distance of 5.93 ± 19.59 mm and above 
the posterior superior tip of the calcaneal tuberosity 
(48.3%) with the mean distance of 2.67 ± 19.79 mm 
(Tables 1, 2). There was no significant difference be-

tween the sexes (p > 0.05). The correlation between 
the reference lines of the tip of the medial malleolus 
and the posterior superior tip of the calcaneal tuber-
osity has been proven to be statistically significant  
(r = 0.9874, p < 0.05) (Fig. 2).

The medial calcaneal branches were identified in 
the range from one to three ramifications. A total of 
80 medial calcaneal branches were visualised. In 44 
(73.3%) patients, only one medial calcaneal branch 
was identified with no significant differences between 
the sexes (p > 0.05). Two medial calcaneal branches 
were presented in 12 patients, and three branches in 
4 patients (Table 3). Most commonly medial calcaneal 

Table 2. Results of measurements [mm] and statistics

Reference 
line

Measured point N Mean ± stand-
ard deviation

Median Maximum Minimum Lower  
quartile (Q1)

Upper  
quartile (Q3)

Sex differ-
ences

Tip of the 
medial 
malleolus

Tibial nerve bifurcation 60 –5.93 ± 19.59 –8.00 60 –33 –19.50 –1.50 P = 0.6929

Medial calca-
neal branch 

origin

1st branch 60 9.27 ± 61.73 –1.00 337 –27 –7.00 6.50 P = 0.9409

2nd branch 16 –9.50 ± 10.09 –8.50 2 –35 –14.00 –0.50

3rd branch 4 –11.75 ± 9.03 –11.00 –4 –21 –19.50 –4.00

Posterior 
superior 
tip of the 
calcaneal 
tuberosity

Tibial nerve bifurcation 60 2.67 ± 19.79 0.00 72 –26 –10.00 7.50 P = 0.6776

Medial calca-
neal branch 

origin

1st branch 60 17.67 ± 61.18 7.00 343 –17 3.00 13.50 P = 0.8939

2nd branch 16 –1.63 ± 11.28 –1.00 12 –29 –6.50 8.00

3rd branch 4 –4.00 ± 8.45 –2.50 3 –14 –11.00 3.00

Table 1. Tibial nerve bifurcation location according to the reference line

Location Tip of the medial malleolus Posterior superior tip of the calcaneal tuberosity

Above the reference line 14 (23.3%) 23 (38.3%)

At the level of the reference line 0 (0.0%) 8 (13.3%)

Below the reference line 46 (76.7%) 29 (48.3%)

correlation: r = 0,9874
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branch originated from the tibial nerve as a single 
branch (60%). If there were two medial calcaneal 
branches, they emerged from the tibial and lateral 
plantar nerve most frequently (Table 4). Most of the 
medial calcaneal branches were located below the tip 
of the medial malleolus with the mean distance of  
3.97 mm and above the posterior superior tip of the cal-
caneal tuberosity with the mean distance of 4.36 mm  
(Table 5). It may be assumed that majority of branches 
were located between the tip of the medial malle-
olus and the posterior superior tip of the calcaneal 
tuberosity.

First medial calcaneal branch (n = 60) originat-
ed 9.27 ± 61.73 mm above the tip of the medial 
malleolus and 17.67 ± 61.18 mm above the poste-
rior superior tip of the calcaneal tuberosity with no 
statistically significant differences between the sexes 
(p > 0.05) (Table 6). Second medial calcaneal branch  

(n = 16) originated 9.50 ± 10.09 mm below the tip of 
the medial malleolus and 1.63 ± 11.28 mm below the 
posterior superior tip of the calcaneal tuberosity. Third 
medial calcaneal branch (n = 4) originated 11.75 ±  
± 9.03 mm below the tip of the medial malleolus 
and 4.00 ± 8.45 mm below the posterior superior 
tip of the calcaneal tuberosity (Table 2, Figs. 3, 4). In  
1 volunteer (n = 2 feet) an exceptionally long distance 
of the first medial calcaneal branch was measured:  
330 mm on the left lower limb and 337 mm on the 
right lower limb above the tip of the medial malle-
olus and respectively 335 mm and 343 mm above 
the posterior superior tip of the calcaneal tuberosity.

DISCUSSION
Up to 15% of adult population suffers from the 

plantar heel pain [3]. According to Oztuna et al. 
[32], nerve entrapment is one of the reasons for this 

Table 3. Division of the medial calcaneal nerve according to the number of branches

Number of branches Male feet (n = 28) Female feet (n = 32) Pooled sexes feet (n = 60) Percentage

One 16 (57.1%) 28 (87.5%) 44 73.3%

Two 10 (35.7%) 2 (6.3%) 12 20%

Three 2 (7.1%) 2 (6.3%) 4 6.7%

Table 4. Pattern of the medial calcaneal branches presentation according to the nerve of origin

Nerve of origin Male feet (n = 28) Female feet (n = 32) Pooled sexes feet (n = 60) Percentage

Single branch of TN 14 (50.0%) 22 (68.8%) 36 60%

Single branch of LPN 2 (7.1%) 5 (15.6%) 7 11.7%

One branch of TN and one of LPN 6 (21.4%) 0 (0.0%) 6 10%

Two branches of TN 3 (10.7%) 1 (3.1%) 4 6.7%

Two branches of TN and one of MPN 0 (0.0%) 2 (6.3%) 2 3.3%

Two branches of TN and one of LPN 2 (7.1%) 0 (0.0%) 2 3.3%

One branch of TN and one of MPN 1 (3.6%) 1 (3.1%) 2 3.3%

Single branch of MPN 0 (0.0%) 1 (3.1%) 1 1.7%

TN — tibial nerve; LPN — lateral plantar nerve; MPN — medial plantar nerve

Table 5. Location of all medial calcaneal branches according to the reference lines [mm]

Reference line Location N = 78 Percentage Mean Median Maximum Minimum

Tip of the medial malleolus Above the reference line 25 31.25%

At the level of the reference line 7 8.75% –3.97 –3 23 –35

Below the reference line 48 60.0%

Posterior superior tip of the  
calcaneal tuberosity

Above the reference line 56 70.0%

At the level of the reference line 2 2.5% 4.36 5 34 –29

Below the reference line 22 27.5%

Two maximum distal locations were excluded from the statistics (330/335 mm, 337/343 mm)
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Table 6. First medial calcaneal branch location in relation to reference according to the sex

Reference line Sex N Mean ± stand-
ard deviation

Median Maximum Minimum Lower 
quartile 

(Q1)

Upper 
quartile 

(Q3)

P-value Correlation

Tip of the medial  
malleolus

Female 32 –0.91 ± 11.51 –0.5 23.0 –22 –8.5 6.0
0.9409

0.9463
Male 28 20.89 ± 88.95 –1.5 337.0 –27 –6.5 6.5

Posterior superior tip of 
the calcaneal tuberosity

Female 32 7.56 ± 12.03 6.5 34.0 –16 3.5 14.5
0.8939

Male 28 29.21 ± 88.05 7.0 343.0 –17 2.0 13.0

Figure 3. Medial calcaneal branches location in relation to the medial malleolus; two maximum distal locations were not included in the table  
(330 mm, 337 mm).
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condition. As operative decompression of the tarsal 
tunnel is one of the most effective treatment options 
it is essential to perform the surgery in concordance 
with the anatomical structures in order to avoid its 
iatrogenic injury [12].

The first description of the tibial nerve and its 
branches variable anatomy was published by Horwitz 
[17] in 1938. Dissecting 100 lower extremities author 
states that the tibial nerve bifurcation occurs 1.3 cm 
above the tip of the medial malleolus. As for the me-
dial calcaneal branch(es), he underlines its difference 
in number, location and origin. Dellon et al. [10] in 
1984 examined 31 cadaver feet. For the first time 
the malleolar-calcaneal axis (MCA) was proposed as 
the reference line for the measurements. In 90% of 
the cases the tibial nerve bifurcation occurred within  
1 cm of the MCA. Medial calcaneal branch originates 
above the flexor retinaculum in 65% of cases. The 
author emphasizes variability of left and right feet 
bifurcation locations as well as the number and lo-
cation of the medial calcaneal branches. For the first 
time a substantial differences between mentioned 
studies are pointed out. Only 15% of Dellon et al. [10]  
cases presented the tibial nerve bifurcation at the 
level of Horwitz [17] results. 

Comparing data obtained in the other published 
studies, the tibial nerve bifurcation was located in-
side the tarsal tunnel in 99.9% (Joshi et al. [21]), 
93% (Havel et al. [15]), 88% (Torres et al. [37]) and 
73% (Louisa et al. [27]) of cases. Heimkes et al. [16] 
defined the tarsal tunnel as the oval osteofibrous ca-
nal between talus, calcaneus and flexor retinaculum 
which stretches from the medial malleolus to the 
calcaneus. These data correspond with the results of 
the present study in which 76.7% of cases presented 
the bifurcation below the tip of the medial malle-
olus with the mean distance of 5.93 ± 19.59 mm.  
According to the tarsal tunnel definition it may be 
assumed that majority of the nerves (tibial nerve, 
lateral and medial plantar nerve) localised by the 
authors run and divide in the tarsal tunnel where it 
may by compressed. 

Location of the tibial nerve bifurcation was the 
subject of many cadaveric studies [37]. Most of them 
were conducted according to the MCA reference 
line which was fixed between the centre of the me-
dial malleolus and the medial calcaneal tuberosity 
[21, 27]. Some authors suggest the tip of the lateral 
malleolus as the reference point which is localised 

below the tip of the medial malleolus [26, 38]. Nev-
ertheless, in the present study the authors introduced 
different, parallel to the foot plane reference lines: 
a line crossing the tip of the medial malleolus and 
a line crossing the posterior superior tip of the cal-
caneal tuberosity. Measurement according to those 
two reference lines proved to have a high correlation  
(r = 0.9874). The authors believe that those bony, 
easy palpable through skin orientation points may 
appear of better use in the clinic environment. 

Many authors published various results in relation 
to the number, location and origin of the medial cal-
caneal branches. Havel et al. [15], Louisa et al. [27] 
reported the occurrence of the range of one to two 
branches of the medial calcaneal nerves. Other pub-
lished studies states the occurrence of the range of 
one to three (Torres et al. [37]) and even four (Joshi et 
al. [21]) branches of the medial calcaneal nerves. Sin-
gle medial calcaneal branch is the most often finding 
in reports from Havel et al. [15] and Torres et al. [37] 
whilst two branches are most commonly registered 
by Louisa et al. [27] and Dellon et al. [10]. Joshi et 
al. [21] found single medial calcaneal branch in the 
same number of dissected lower limbs as for two 
branches. In the present study the authors visualised 
a range of one to three medial calcaneal branches 
with the most common single branch (73.3% of the 
lower limbs) which is similar to reports by Torres et 
al. [37] and Havel et al. [15].

In the range of differences, the authors of all 
other publications indicated the tibial nerve as the 
most frequent nerve of origin for the medial calca-
neal branch(es) [15, 21, 27, 37]. The present study 
states that despite there is a single, double or triple 
branching pattern the tibial nerve is the most often 
nerve of origin (87% of cases). As for other ramifica-
tion models, the lateral plantar nerve gives off medial 
calcaneal branch(es) in 25% of cases followed by 
medial plantar nerve present in 8% of cases. Some 
authors finds medial calcaneal branch(es) originating 
only from the tibial nerve [35], others claim it goes off 
only form the tibial or lateral plantar nerve [14, 17, 
21, 23], yet another reports it originates only from 
the tibial or medial plantar nerve [4]. 

Medial calcaneal branch(es) location also appears 
to be a matter of variance among published studies. 
Some authors observes majority of the medial cal-
caneal ramifications proximally to the tarsal tunnel  
[7, 27, 37], others locate it distally [9, 14]. In the 
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present study the authors registered 60% of medi-
al calcaneal branches located below the tip of the 
medial malleolus at the same time 70% of them is 
located above posterior superior tip of the calcaneal 
tuberosity. It allows assuming that most of the rami-
fications are located between the two reference lines.

As a single case of an exceptionally distant loca-
tion of the medial calcaneal branch of 330 mm and 
337 mm above the tip of the medial malleolus may 
appear odd or suggest examiners mistake. It finds 
confirmation with Torres et al. [37] study where the 
authors also report a maximal ramification occurring 
346.6 mm above the MCA.

Iborra et al. [18, 19] and Mullick et al. [29] con-
firm that the use of ultrasound in the tarsal tunnel 
syndrome operative treatment leads to respectively 
90.12% and 93% excellent and good results. In the 
cadaveric study the authors proved that a high-resolu-
tion ultrasonography can visualize the entire course of 
the tibial nerve as well as its tiny branches which may 
be applied in the decompression surgeries [18, 19, 
29]. Also a sonosurgery, which is a “minimally invasive 
surgical technique performed with the continuous ul-
trasound imagining and the use of endoscopic tools” 
seems promising in improving the surgical result by 
reducing the risk of iatrogenic injuries [34]. 

Limitations of the study

The fact that tibial nerve and its branches run 
together with vessels between muscles and other 
anatomical structures may mean that its localisation 
changes during the lower limb movement. Therefore 
for the sake of this study a standardised positioning 
set up was arranged with all patients lying prone 
with the foot in neutral position (ankle fixed in the 
foot stabilising device and adjusted to the right 
angle). Second limitation is the localisation of the 
posterior superior tip of the calcaneal tuberosity, 
which depends on the foot arch. The angle between 
calcaneal inclination line and the horizontal line (heel 
pitch angle) varies in cavus, neutral and flat foot. 
Therefore in cavus foot the measured distance may 
be longer whilst shorter in the flat foot. Another 
restriction is a limited ultrasound resolution. Al-
though authors were able to track the tibial nerve 
till its final bifurcation the high frequency ultrasound 
might miss some tiny terminal nerves, such as medial 
calcaneal branches. To reduce this factor ultrasound 
examination was conducted by an experienced or-
thopaedic surgeon.

CONCLUSIONS
To conclude, the authors of the present study 

together with the other analysed publications proved 
that the anatomy of the tibial nerve and its distal 
branches observed in the medial ankle area is different 
between left and right limbs, gender and amongst 
individuals. As is the origin, location and division 
pattern on the medial calcaneal branch(es). Because 
of these anatomical variations, it is difficult to sug-
gest any safe zone area for the medial ankle surgical 
treatment, as so the preoperative or intraoperative 
ultrasound examination is highly recommended.
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Background: The following study aimed to evaluate the dimensions (anteropos-
terior, transverse and vertical) of the sphenoid sinuses in the adult population. 
Materials and methods: The study was conducted as a retrospective analysis of 
the computed tomography (CT) scans of the paranasal sinuses of 296 patients 
(147 females and 149 males), who did not present any pathology in the sphe-
noid sinuses. The CT scans of the paranasal sinuses were done with the spiral CT 
scanner, without using any contrast medium. After obtaining transverse planes, 
frontal and sagittal planes were created using secondary reconstruction tool. 
Results: The anteroposterior dimension was found to be 2.65 cm on average, 
in the range of 0.5–4.3 cm. The transverse dimension was on average 1.98 cm, 
ranging from 0.5 cm to 4.9 cm. The average vertical dimension was found to be 
2.1 cm, in the range of 0.7–3.7 cm.
Conclusions: Due to the high incidence of the anatomical variants of the paranasal 
sinuses, a CT scan is recommended in all patients before a planned surgery in 
order to avoid the potential iatrogenic complications. Dimensions of the sphenoid 
sinuses might point towards more at risk variants, but there is still a substantial 
amount of research that needs to be done in that aspect. (Folia Morphol 2021; 
80, 2: 275–282)

Key words: sphenoid sinus, anatomy, dimensions, functional endoscopic 
sinus surgery 

INTRODUCTION
Sphenoid sinuses are located in the diaphysis of the 

sphenoid bone. They are air-filled spaces that are lined 
up with mucous membrane. There is a high incidence 
of variance in their size, shape, the number of the septa 
present and the extent of their filling with air [9, 10, 12].

A surgeon, before carrying out an invasive proce-
dure in the paranasal sinuses, has to take into account 

the adjoining structures (nervous and vascular) that 
are next to the walls of the sphenoid sinuses. It is 
crucial to evaluate the anatomical parameters of the 
sinuses ahead of the planned surgery (including en-
doscopy), as to minimise the surgical risk and avoid 
complications that might arise during the procedure 
[1, 6, 8, 11, 13, 14, 17–20, 22]. 
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A clear-cut image of the osseous structures of the 
paranasal sinuses can be obtained by the computed 
tomography (CT), which is regarded as one of the 
most accurate methods of imaging of the sinuses 
(it allows for a distinction between the anatomical 
variants of the sinuses).

Recently it has been possible to notice the ad-
vancement of the functional endoscopic sinus surgery 
(FESS) [3, 4]. The minor number of the classical ex-
tensive surgeries of the paranasal sinuses still carried 
out was obtained thanks to the minimally invasive 
endoscopic procedures. 

In the surgical treatment of the chronic paranasal 
sinusitis, the FESS is commonly regarded as a meth-
od of choice. In comparison to classical surgeries, 
endoscopic techniques allow for a better insight into 
the otherwise difficult to assess places, cause less 
collateral damage during the operation and facilitate 
a shorter recovery period for the patients [6, 15].

MATERIALS AND METHODS
Two hundred ninety-six patients (n = 296; 147 fe-

males, 149 males) were referred to the Department of 
Medical Imaging of the University Hospital in Krakow, 
Poland. People over 18 years of age, without any 
visible/confirmed pathology in the sphenoid sinuses, 
were included in this retrospective analysis of the 
paranasal sinuses CT scans. The patients who suffered 
from a head injury or underwent a surgical procedure 
involving nasal, orbital, or cranial basis regions were 
excluded from the study.

Standard procedure in the option Siemens CARE 
Dose 4D applied while obtaining the CT scans of the 
paranasal sinuses, using spiral CT scanner (Siemens So-
matom Sensation 16). No contrast medium was given 
to the patients. Sagittal and frontal planes were ob-
tained by using the multiplanar reconstruction (MPR) 
tool, after the images of transverse planes were taken. 
Siemens Volume Wizard diagnostic station was used 
in order to evaluate the data. 

The analysis of the obtained images involved the 
three dimensions of each of the sphenoid sinuses 
studied: anteroposterior (in the longest part of the 
sinuses), transverse (in the widest part of the sinuses) 
and vertical dimensions (in the highest part of the 
sinuses).

RESULTS
The anteroposterior dimension was on average 

2.65 cm (2.6 cm in females, 2.7 cm in males), in the 

range of 0.5–4.3 cm (0.5–4.2 cm in females, 0.6–4.3 cm  
in males). The smallest anteroposterior dimension 
of the right sphenoid sinuses noted was 0.6 cm  
(1 cm in females, 0.6 cm in males), and 0.5 cm of the 
left sphenoid sinuses (0.5 cm in females, 0.8 cm in 
males). On the other side, the biggest anteroposterior 
dimension of the right sphenoid sinuses was 4.1 cm 
(4 cm in females, 4.1 cm in males), and 4.3 cm of the 
left sphenoid sinuses (4.2 cm in females, 4.3 in males). 

The median value of the anteroposterior dimen-
sion of the female sphenoid sinuses (2.55 cm; 2.25– 
–2.9 cm) was significantly different from the median 
value of the same dimension in the males (2.8 cm;  
2.4–3.1 cm; p = 0.001, Mann-Whitney’s test). 
Moreover, there was a significant variation found 
between the median value of the anteroposterior 
dimension of the right sphenoid sinuses in females 
(2.7 cm; 2.05–3.0 cm) and males (2.8 cm; 2.2–3.2 cm;  
p = 0.021, Mann-Whitney’s test). Similarly, the me-
dian value of the anteroposterior dimension of the 
left sphenoid sinuses in females (2.7 cm; 2.1–3.0 cm) 
was significantly different to the one in males (2.9 cm;  
2.3–3.4 cm; p = 0.005, Manna-Whitney’s test).

Rarely there were sphenoid sinuses found that 
would have the same anteroposterior dimension — 
they were noted only in 17 patients (12 females,  
5 males). 

No statistically significant differences were found 
between the prevalence of the different/equal anter-
oposterior dimension of the right and left sphenoid 
sinuses in females and males (p = 0.075, χ2 test). In 
both males and females the different dimension of 
the right and left sphenoid sinuses comprised over 
90% of the cases (Tables 1, 2, Fig. 1).

The transverse dimension was 1.98 cm on average 
(1.85 cm in females, 2.1 cm in males), in the range 
of 0.5–4.9 cm (0.7–3.7 cm in females, 0.5–4.9 cm 
in males). The smallest transverse dimension of the 
right sphenoid sinuses was 0.5 cm (0.7 cm in females, 
0.5 cm in males), and 0.8 cm in the case of the left 
sinuses (0.9 cm in females, 0.8 cm in males). On the 
other side, the biggest transverse dimension of the 
right sphenoid sinuses was 4.9 cm (3.2 cm in females, 
4.9 cm in males), and 4.6 cm of the left sinuses  
(3.7 cm in females, 4.6 cm in males).

The median value of the transverse dimension 
of the female sphenoid sinuses (1.75 cm; 1.6–2 cm)  
was significantly different to the one of males  
(2 cm; 1.75–2.4 cm; p = 0.001, Mann-Whitney’s test). 
Moreover, there was a significant variation between 
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ney’s test). Similarly, the median value of the trans-
verse dimension of the left sphenoid sinuses in fe-
males (1.7 cm; 1.5–2.3 cm) differed significantly from 
the one in males (2.1 cm; 1.7–2.7 cm; p < 0.001, 
Mann-Whitney’s test).

Likewise in the case of this dimension there were 
not many sinuses with equal transverse dimensions 
found — such situation was noted only in 14 patients 
(7 females, 7 males).

No statistically significant relations were found be-
tween the prevalence of the different/equal transverse 
dimensions of the right and left sphenoid sinuses in 
females and males (p = 0.979, χ2 test). In both fe-
male and male groups, the sinuses that had different 
transverse dimensions of the right and left sphenoid 
sinuses predominated (95%; Tables 3, 4, Fig. 2).

The vertical dimension was 2.1 cm on average 
(2 cm in females, 2.2 cm in males), in the range 
of 0.7–3.7 cm (0.7–3.7 cm in females, 1–3.4 cm in 
males). The smallest vertical dimension of the right 
sphenoid sinuses was 1 cm (1.1 cm in females, 1 cm 
in males), and 0.7 cm of the left sphenoid sinuses  
(0.7 cm in females, 1.1 cm in males), and the biggest ver-
tical dimension of the right sphenoid sinuses was 3.7 cm  

Table 1. The anteroposterior dimensions of the sphenoid sinuses in centimetre

The anteroposterior dimension Females Males Total

Overall

Mean ± standard deviation 2.6 ± 0.52 2.75 ± 0.54 2.65 ± 0.54

Median (Q1–Q3) 2.55 (2.25–2.9) 2.8 (2.4–3.1) 2.7 (2.35–3)

Minimum–maximum 0.5–4.3 0.6–4.3 0.5–4.3

Right sphenoid sinus

Mean ± standard deviation 2.56 ± 0.65 2.71 ± 0.72 2.63 ± 0.69

Median (Q1–Q3) 2.7 (2.05–3.0) 2.8 (2.2–3.2) 2.7 (2.175–3.2)

Minimum–maximum 1–4 0.6–4.1 0.6–4.1

Left sphenoid sinus

Mean ± standard deviation 2.55 ± 0.72 2.79 ± 0.78 2.67 ± 0.76

Median (Q1–Q3) 2.7 (2.1–3.0) 2.9 (2.3–3.4) 2.8 (2.2–3.2)

Minimum–maximum 0.5–4.3 0.8–4.3 0.5–4.3

Table 2. The prevalence of the different/equal anteroposterior (AP) dimensions of the right and left sphenoid sinuses

F F% M M% F + M F + M%

AP RSS≠LSS 135 91.84% 144 96.64% 279 94.26%

AP RSS=LSS 12 8.16% 5 3.36% 17 5.74%

RSS — right sphenoid sinus; LSS — left sphenoid sinus; RSS≠LSS — different anteroposterior dimensions; RSS=LSS — equal anteroposterior dimensions; F — females, F% — the per-
centage of females, M — males; M% — the percentage of males

Figure 1. A computed tomography scan of the paranasal sinuses, 
transverse plane. The measurement method of the anteroposterior 
dimensions of the right and left sphenoid sinuses.

the median value of the transverse dimension of the 
right sphenoid sinuses in females (1.8 cm; 1.5–2.1 cm)  
and males (1.9 cm; 1.5–2.4 cm; p = 0.031, Mann-Whit-
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Table 3. The transverse dimensions of the sphenoid sinuses in centimetre

The transverse dimension Females Males Total

Overall

Mean ± standard deviation 1.85 ± 0.38 2.12 ± 0.54 1.98 ± 0.49

Median (Q1–Q3) 1.75 (1.6–2) 2 (1.75–2.4) 1.85 (1.65–2.15)

Minimum–maximum 0.7–3.7 0.5–4.1 0.5–4.9

Right sphenoid sinus

Mean ± standard deviation 1.82 ± 0.48 2.04 ± 0.76 1.93 ± 0.64

Median (Q1–Q3) 1.8 (1.5–2.1) 1.9 (1.5–2.4) 1.8 (1.5–2.2)

Minimum–maximum 0.7–3.2 0.5–4.9 0.5–4.9

Left sphenoid sinus

Mean ± standard deviation 1.88 ± 0.60 2.21 ± 0.75 2.05 ± 0.70

Median (Q1–Q3) 1.7 (1.5–2.3) 2.1 (1.7–2.7) 1.9 (1.5–2.5)

Minimum–maximum 0.9–3.7 0.8–4.6 0.8–4.6

Table 4. The prevalence of the different/equal transverse dimensions (Transv.) of the right and left sphenoid sinuses

F F% M M% F + M F + M%

Transv. RSS≠LSS 140 95.24% 142 95.3% 282 95.27%

Transv. RSS=LSS 7 4.76% 7 4.7% 14 4.73%

RSS — right sphenoid sinus; LSS — left sphenoid sinus; RSS≠LSS — different transverse dimensions; RSS=LSS — equal transverse dimensions; F — females; F% — the percentage of 
females; M — males; M% — the percentage of males

(3.7 cm in females, 3.4 cm in males), and 3.2 cm  
of the left sphenoid sinuses (3.1 cm in females,  
3.2 cm in males).

The median value of the vertical dimension of 
the female sphenoid sinuses (2 cm; 1.85–2.2 cm) 
was significantly different from the ones of males 
(2.2 cm; 1.95–2.45 cm; p = 0.001, Mann-Whit-
ney’s test). Moreover, there was a significant dif-
ference between the median values of the vertical 
dimension of the right sphenoid sinuses in females  
(2.1 cm; 1.8–2.3 cm) and males (2.2 cm; 1.9–2.5 cm;  
p = 0.002, Mann-Whitney’s test). Similarly, the medi-
an value of the vertical dimension of the left sphenoid 
sinuses in females (2 cm; 1.7–2.25 cm) differed sig-
nificantly from the one of males (2.2 cm; 1.9–2.5 cm;  
p < 0.001, Mann-Whitney’s test).

Likewise in the case of this dimension, there were 
not many sinuses with equal vertical dimensions — 
such situation was noted only in 24 patients (12 
females, 12 males). 

No statistically significant relations were found 
between the prevalence of the different/equal vertical 
dimensions of the right and left sphenoid sinuses 
in females and males (p = 0.972, χ2 test). In both 
female and male groups the sphenoid sinuses with 
varied vertical dimensions predominated (92%; Tables 
5, 6, Fig. 3).

Figure 2. A computed tomography scan of the paranasal sinuses, 
transverse plane. The measurement method of the transverse  
dimensions of the right and left sphenoid sinuses.
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DISCUSSION
The average dimensions of the sphenoid sinuses 

did not differ significantly amongst the genders. 
The anteroposterior dimension was 2.65 cm on 

average, in the range of 0.5–4.3 cm. The different 

anteroposterior dimension of the two sphenoid si-
nuses in one patient was the most prevalent variant 
— 94.26% of the patients.

Similar results were obtained by Mutlu et al. [18], 
who found the anteroposterior dimension to be  
2.76 cm on average (ranging from 1.07 to 4.17 cm), 
and Sareen et al. [20], who determined it to be 2.5 cm  
on average (in the range of 1.3–3.4 cm).

Elwany et al. [5] provided the following data for 
the anteroposterior dimension of the sphenoid sinus-
es: the mean of 1.6 cm (the presellar type) and 3.1 cm 
(the postsellar type), the smallest 1.2 cm (the presellar 
type) and 2.6 cm (the postsellar type), as well as the 
biggest 1.8 cm (the presellar type) and 3.9 cm (the 
postsellar type). On the other hand, Stokovic et al. [21] 
evaluated the average anteroposterior dimension to 
be 1.66 cm (in the range of 0.65–3.45 cm) (Table 7).

The transverse dimension was 1.98 cm on av-
erage, in the range of 0.5–4.9 cm. The different 
anteroposterior dimensions of the two sphenoid 
sinuses in one patient was the most prevalent vari-
ant — 95.27% of the patients (95.24% of females, 
95.3% of males).

Table 5. The vertical dimensions of the sphenoid sinuses in centimetre

The vertical dimension Females Males Total

Overall

Mean ± standard deviation 2.02 ± 0.31 2.21 ± 0.31 2.12 ± 0.35

Median (Q1–Q3) 2 (1.85–2.2) 2.2 (1.95–2.45) 2.1 (1.9–2.3)

Minimum–maximum 0.7–3.7 1.0–3.4 0.7–3.7

Right sphenoid sinus

Mean ± standard deviation 2.05 ± 0.39 2.2 ± 0.49 2.125 ± 0.44

Median (Q1–Q3) 2.1 (1.8–2.3) 2.2 (1.9–2.5) 2.1 (1.8–2.4)

Minimum–maximum 1.1–3.7 1–3.4 1–3.7

Left sphenoid sinus

Mean ± standard deviation 1.99 ± 0.40 2.23 ± 0.42 2.11 ± 0.43

Median (Q1–Q3) 2 (1.7–2.25) 2.2 (1.9–2.5) 2.1 (1.8–2.4)

Minimum–maximum 0.7–3.1 1.1–3.2 0.7–3.2

Table 6. The prevalence of the different/equal vertical dimensions (Vert.) of the right and left sphenoid sinuses

F F% M M% F + M F + M%

Vert. RSS≠LSS 135 91.84% 137 91.95% 272 91.89%

Vert. RSS=LSS 12 8.16% 12 8.05% 24 8.11%

RSS — right sphenoid sinus; LSS — left sphenoid sinus; RSS≠LSS — different vertical dimensions; RSS=LSS — equal vertical dimensions; F — females; F% — the percentage of fema-
les; M — males; M% — the percentage of males

Figure 3. A computed tomography scan of the paranasal sinuses, 
frontal plane. The measurement method of the vertical dimensions 
of the right and left sphenoid sinuses.
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Mutlu et al. [18] obtained similar results, eval-
uating the mean transverse dimension of the right 
and left sphenoid sinuses as 3.18 cm (in the range 
of 2.13–5.54 cm). However, the aforementioned re-
searchers provided the total dimension of the both 
sinuses (combining the measurement of the right and 
left sphenoid sinuses).

Elwany et al. [5] provided the following transverse 
dimensions of the sphenoid sinuses: the mean of 1.2 cm  
(the presellar type) and 1.9 cm (the postsellar type), 
the smallest 0.7 cm (the presellar type) and 1.4 cm 
(the postsellar type) and the biggest 1.4 cm (the pre-
sellar type) and 2.4 cm (the postsellar type). On the 
other hand, Stokovic et al. [21] estimated the average 
transverse dimension as 1.43 cm (ranging from 0.55 
to 3.5 cm) (Table 8).

The vertical dimension was 2.1 cm on average, 
in the range of 0.7–3.7 cm. The different vertical 
dimensions in one patient was the most often var-
iant — in 91.89% of the patients (91.84% females, 
91.95% males).

Similar results were obtained by Sareen et al. [20], 
who assessed the mean vertical dimension of the sphe-
noid sinuses to be 2.2 cm (ranging from 1.4 to 3.6 cm).

Awadalla et al. [2] provided a different method of 
measuring the sphenoid sinuses by taking the length 
of the sinuses in their superior (the mean length 
was 13.9 mm) and inferior parts (the mean length 
was 25.9 mm), as well as the height in their anterior 
(the mean height was 18.9 mm) and posterior parts 
(the mean height was 12.1 mm). The mean height 
obtained by the aforementioned scientists in the 

Table 7. The reported anteroposterior dimensions of the sphenoid sinuses (cm)

Author (material and methods) The mean The smallest The biggest RSS=LSS RSS≠LSS

Mutlu et al. (69 HRCT) 2.76 1.07 4.17 - -

Sareen et al. (20 skulls, dissection study) 2.5 1.3 3.4 - -

Elwany et al. 1983 (100 X-rays, 100 skulls X-rayed,  
50 skulls — dissection study)

1.6/3.1 1.2/2.6 1.8/3.9 - -

Stokovic et al. (51 skulls CBCT) 1.66 0.65 3.45 - -

Jaworek-Troć et al. (296 CT scans) 2.65 0.5 4.3 5.74% 94.26%

CT — computed tomography; CBCT — cone-beam computed tomography; HRCT — high-resolution CT; RSS — right sphenoid sinus; LSS — left sphenoid sinus; RSS≠LSS — different 
anteroposterior dimensions; RSS=LSS — equal anteroposterior dimensions

Table 8. The reported transverse dimensions of the sphenoid sinuses (cm)

Author (material and methods) The mean The smallest The biggest RSS=LSS RSS≠LSS

Mutlu et al. (69 HRCT) 3.18 2.13 5.54 - -

Elwany et al. 1983 (100 X-rays, 100 skulls X-rayed,  
50 skulls — dissection study)

1.2/1.9 0.7/1.4 1.4/2.4 - -

Stokovic et al. (51 skulls CBCT) 1.43 0.55 3.5 - -

Jaworek-Troć et al. (296 CT scans) 1.98 0.5 4.9 4.73% 95.27%

CT — computed tomography; CBCT — cone-beam computed tomography; HRCT — high-resolution CT; RSS — right sphenoid sinus; LSS — left sphenoid sinus; RSS≠LSS — different 
transverse dimensions; RSS=LSS — equal transverse dimensions

Table 9. The reported vertical dimensions of the sphenoid sinuses (cm)

Author (material and methods) The mean The smallest The biggest RSS=LSS RSS≠LSS

Sareen et al. (20 skulls, dissection study) 2.2 1.4 3.6

Awadalla et al. (25 skulls, dissection study and  
364 CT and/or MRI scans)

1.89 - -

Elwany et al. 1983 (100 X-rays, 100 skulls X-rayed,  
50 skulls — dissection study)

1.4/2.6 1.0/2.4 1.6/2.9 - -

Stokovic et al. (51 skulls CBCT) 1.71 0.96 3.25 - -

Jaworek-Troć et al. (296 CT scans) 2.1 0.7 3.7 8.11% 91.89%

CT — computed tomography; CBCT — cone-beam computed tomography; HRCT — high-resolution CT; MRI — magnetic resonance imaging; RSS — right sphenoid sinus; LSS — left 
sphenoid sinus; RSS≠LSS — different vertical dimensions; RSS=LSS — equal vertical dimensions
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anterior part of the sinuses is akin to the average 
vertical dimension obtained in the present study. The 
discrepancies may be due to the method of measuring 
the dimensions of the sphenoid sinuses.

Elwany et al. [5] reported the following data for 
the vertical dimensions of the sphenoid sinuses: the 
mean of 1.4 cm (the presellar type) and 2.6 cm (the 
postsellar type), the smallest 1.0 cm (the presellar 
type) and 2.4 cm (the postsellar type), as well as the 
biggest 1.6 cm (the presellar type) and 2.9 cm (the 
postsellar type). On the other hand, Stokovic et al. 
[21] evaluated the average vertical dimension of the 
sphenoid sinuses to be 1.71 cm (ranging from 0.96 
to 2.5 cm) (Table 9).

Lupascu et al. [16] evaluated the mean di-
mensions of the sphenoid sinuses as 24/20.5/ 
/18 mm (23.4/22.1/19.2 mm for the male group and 
24.5/18.6/17.1 mm for the female group), but they 
did not provide the methods or the information to 
which dimension the obtained data applies.

The size of the sphenoid sinuses can be a pre-
dictor of the thickness of its walls, as suggested by 
Elwany et al. [5] who noted an inverse correlation 
between them, i.e. the bigger the sinus, the thinner 
its walls. That fact is of immense importance, as 
there is a higher risk of iatrogenic injuries done to 
the neighbouring critical neurovascular structures, 
namely the carotid artery or the optic nerve, when 
the walls of the sphenoid sinus are thinner [5]. The 
aforementioned authors have also found that the 
intercarotid distance was 4–9 mm shorter than the 
transverse dimension of the sinus, possibly allowing 
to pinpoint the location of the carotid arteries without 
any carotid dehiscence visible within the lumen of the 
sinus during the surgery [5].

Furthermore, there are studies that have found 
a correlation between the presence of the protru-
sion of the carotid canal or the optic nerve into 
the lumen of the sphenoid sinus and its type or 
dimensions [7, 21]. Stokovic et al. [21] noticed that 
in the case of the sellar type of the sinuses, chance 
of it being of “high risk” (defined as “pneumati-
sation extensions to all parts of the sphenoid and 
protrusions of all neurovascular structures,” i.e. the 
maxillary nerve, pterygoid nerve, optic nerve and 
internal carotid artery) increased with its dimen-
sions. The aforementioned authors have divided 
it further into three subcategories: a) the first one 
with high probabilities of pterygoid process pneu-
matisation and optic and pterygoid nerve protru-

sions increased with sinus’ height; b) the second 
one with high probabilities of pterygoid process 
and greater wings pneumatisation and maxillary 
nerve protrusions associated with width; c) and the 
third one with contra- and ipsi-lateral internal ca-
rotid protrusion with higher odds in the postsellar 
type and with greater sinus’ length [21]. Notwith-
standing, the authors themselves state that more 
research should be carried out due to the limited 
sample they had (51 skulls).

CONCLUSIONS
As pointed by our analysis, the anteroposterior 

dimension was on average 2.65 cm, the transverse 
dimension 1.98 cm, and the vertical dimension 2.1 cm.  
The great variance in the anatomy of the paranasal 
sinuses may complicate the surgical procedures un-
dertaken in the aforementioned region. Knowledge 
of the dimensions of the sphenoid sinuses might 
point towards a higher chance of various neurovas-
cular structures protrusion that might not be not-
ed on standard imaging. Nonetheless, there is still  
a need of further research in this aspect that might 
hopefully prove useful in avoiding iatrogenic injuries 
to critical neurovascular structures surrounding the 
sphenoid sinuses. As such a study has not yet been 
conducted in the Polish population, we aimed to pres-
ent the up-to-date representation of sphenoid sinuses’ 
dimensions combined with deductions of other, refer-
enced here authors, in furtherance of diminishing the 
number of iatrogenic complications in the meantime.
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Background: The anatomical variations of the coeliac trunk are due to devel-
opmental changes in the ventral segmental arteries. Multidetector computed 
tomography (MDCT) has been used to investigate vascular anatomy for scientific 
and diagnostic purposes. These studies allow for much larger sample sizes than 
traditional cadaveric studies. The aim of this research was to isolate rare anatomical 
variants of the coeliac trunk and emphasize their clinical significance.
Materials and methods: A descriptive, retrospective study was carried out on 
MDCT angiographies performed from January 2020 till March 2020 in Polish 
patients. Coeliac trunk was studied and normal and anatomical variations were 
identified. 
Results: Out of total 350 patients, hepatogastrosplenic trunk was predominant. 
However, we observed: coeliaco-mesenteric and hepatogastric trunk type, hepatic 
artery variations and coeliac axis stenosis with collateral mesenteric circulation. 
Conclusions: Rare variations of the coeliac trunk should always be anticipated 
before radiological and surgical interventions. Knowledge of unusual coeliac trunk 
anatomy is important in hepatopancreatobiliary surgery, transplantology, and 
interventional radiology. (Folia Morphol 2021; 80, 2: 283–289)

Key words: coeliac trunk, variations, multidetector computed 
tomography angiography

INTRODUCTION
The main mesenteric vessels, the coeliac trunk, 

the superior mesenteric artery (SMA), and the inferior 
mesenteric artery (IMA) develop from the primitive 
ventral segmental (splanchnic) branches, which are 
originally paired vessels. They become the unpaired 
after the fusion of two dorsal aortae and, next, nour-
ish the gut tube (after yolk sac incorporation) [42]. 
There is regression of all segmental arteries as devel-
opment proceeds, except for three of these primitive 
communications, with only precursors to the three 
major mesenteric vessels and longitudinal anastomotic 

vessels remained. The 10th segmental artery gives rise 
to the coeliac trunk, the 13th segmental artery gives 
rise to the SMA, and the 21st or 22nd artery gives rise 
to the IMA. The longitudinal anastomotic vessels be-
tween the coeliac trunk and SMA, and between the 
SMA and IMA disappear [25, 36, 38, 47]. Persistence, 
incomplete regression, or disappearance of parts of 
these primitive ventral segmental arteries could give 
rise to numerous variations of SMA (Fig. 1) [33, 52]. 
Understanding the different anatomical variations of 
mesenteric circulation is mandatory in various diag-
nostic and surgical procedures in the upper abdomen. 
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Nowadays, evaluation of arteries branching from the 
abdominal aorta is possible owing to a minimally 
invasive examination — the multidetector computed 
tomography angiography (MDCTA). The latest 64-row 
computed tomography (CT) scanners allow for a very 
high spatial resolution (up to 0.4 mm) and a temporal 
resolution of only a few seconds. These technical de-
velopments have made it possible to acquire detailed 
knowledge of the abdominal vasculature prior to sur-
gery. This makes the technique indispensable for sur-
geons, for example, in planning liver transplantation 
surgery or, more commonly, in fashioning intestinal 
anastomoses, the success of which is dependent on 
adequate vascularity [10]. 

The purpose of this study is to determine arterial 
branches of the coeliac trunk by using noninvasive im-
aging technique, MDCTA of the abdominal aorta. Ow-
ing to the large number of the analysed examinations, 
it was possible to isolate rare anatomical variants of 
coeliac trunk and emphasize their clinical significance.

MATERIALS AND METHODS
A computer search was performed to identify all 

the patients who had undergone MDCTA of the ab-
dominal aorta at the Institute of Diagnostic Imaging, 
J. Dietl Specialist Hospital in Krakow, Poland between 
January 2020 and March 2020. A total of 350 CT angio-
graphies of abdominal aorta of patients was included 
in our study and retrospectively reviewed to evaluate 
the visibility of the coeliac trunk and its branches. All 
patients met the following inclusion criteria: perfor-
mance of CT scan in the arterial and venous phase for 
a variety of clinical indications. Exclusion criteria were 
the presence of any condition likely to affect normal 

vascular anatomy, such as prior gastric resection sur-
gery; extended jejunoileal resections; colonic resec-
tions; anterior rectal resection; partial pancreaticoduo-
denectomy; bariatric surgery; liver, pancreas, bowel or 
multiorgan transplants; and major hepatic resections. 
Patients were also excluded if they had aneurysmal 
disease of the splanchnic arteries, severe aortic ath-
erosclerosis, arteritis with possible involvement of the 
vessels being studied (Kawasaki’s disease, polyarteritis 
nodosa, Takayasu’s arteritis, Churg-Strauss syndrome). 
The study was reviewed and approved by the local 
Ethics Committee; number 1072.6120.78.2019. The 
requirement for informed patient consent was waived 
due to the retrospective nature of the study. CT im-
ages were obtained with a 64-channel MDCT scanner 
(Aquilion 64, Toshiba Medical Systems Corporation, 
Tokyo, Japan). The contrast medium used was iohexal 
(Omnipaque 350; GE Healthcare AS, Oslo, Norway), 
which was administered intravenously by injection 
pump at a rate of 3–4 mL/s. The dose of the contrast 
agent was 1 mL/kg body weight and the upper limit 
of dose was set at 100 mL for every patient.

Image analysis was done on a dedicated Toshiba 
console equipped with reconstruction software. We 
used multiplanar reconstructions (MPRs) in the three 
spatial planes and three-dimensional reconstructions 
using maximum intensity projection (MIP) and vol-
ume rendering (VR). The arterial phase was used to 
create vascular maps of the coeliac axis including the 
origin(s) of the hepatic artery and origin of the SMA. 
Images were interpreted by a radiologist with 15 years 
of experience in abdominal and vascular imaging. Sta-
tistical analysis was done with the Statistical Package 
for the Social Sciences (SPSS) version 21.

Figure 1. The embryologic origin of the visceral arteries; A. Primitive ventral segmental arteries; B. Normal anatomy demonstrating the coeliac  
trunk arising from the 10th and superior mesenteric artery from 13th segmental artery, respectively. 

A B

Coeliac
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RESULTS
The study population comprised 198 women 

(56.6%) and 152 men (43.4%) aged between 46 
and 88 years (mean age 62.7 ± 15.3). According to 
Adachi and Michels’ classification different types of 
normal anatomy or anatomic variants were described 
(Table 1).

Hepato-gastro-splenic trunk

This is the classical trifurcation of the coeliac trunk, 
detected in a total of 340 (97.14%) patients of our 
series. The typical variant was defined as: the vascular 
trunk located approximately 1 cm above the SMA and 
splitting into 3 branches: left gastric artery (LGA), 
common hepatic artery (CHA) and splenic artery (SA).

Coeliaco-mesenteric trunk type

Common origin of the coeliac trunk and of the 
SMA — the coeliaco-mesenteric trunk (CMT) — was 
observed in 5 (1.4%) patients (Fig. 2).

Hepato-gastric trunk type

Common hepatic and left gastric arteries origin 
from a common trunk whereas the splenic artery 
originates from the aorta (1/0, 28%) (Fig. 3).

hepatic artery variations

The following two hepatic arterial variants were 
observed: the gastro-splenic trunk with the common 
hepatic artery arising from the SMA (Michels’ classi-
fication type IX) (Fig. 4) and the gastro-splenic trunk 

with the CHA arising independently from aorta and 
accessory right hepatic artery originating from CHA 
(Fig. 5).

Coeliac artery stenosis

In 1 case there was coeliac artery stenosis re-
sulting in the development of collateral mesenteric 
circulation, i.e. coeliac artery compression syndrome 
(CACS) (Fig. 6).

We also observed coeliac artery stenosis with extend-
ed collateral mesenteric circulation and SMA originating 
from aorta slightly above the coeliac trunk (Fig. 7). 

Figure 2. Coeliaco-mesenteric trunk type; CT — coeliac trunk;  
LGA — left gastric artery; CHA — common hepatic artery;  
SA — splenic artery; SMA — superior mesenteric artery.

Figure 3. Hepato-gastric trunk type in association with the inde-
pendent arising of splenic artery (SA); CT — coeliac trunk; CHA —  
common hepatic artery; LGA — left gastric artery; GDA —  
gastroduodenal artery; SMA — superior mesenteric artery. 

Table 1. Hepatic artery variations: Michels’ classification

Description Type

Normal anatomy I

Replaced left hepatic artery arising from left gastric artery II

Replaced right hepatic artery arising from superior mesenteric 
artery

III

Coexistence of type I and type II IV

Accessory left hepatic artery arising from left gastric artery V

Accessory right hepatic artery arising from superior mesenteric 
artery

VI

Coexistence of type V and type VI VII

Replaced right hepatic artery and accessory left hepatic artery 
or replaced left hepatic artery and accessory right hepatic artery

VIII

Common hepatic artery arising from superior mesenteric artery IX

Common hepatic artery arising from the left gastric artery X
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In either case the stenosed coeliac trunk corre-
sponded with a hepato-gastro-splenic type in a false 
configuration.

DISCUSSION
Most of anatomical reports on the variation of 

CT are cadaver based studies [14, 22, 23, 29, 35, 
39]. However, in recent years MDCT has been used 
to investigate vascular anatomy for scientific and 

diagnostic purposes. These studies allow for much 
larger sample sizes than traditional cadaveric studies.

The anatomical variations of the CT, SMA and IMA 
are due to developmental changes in the ventral seg-

Figure 5. Gastro-splenic trunk in association with the common 
hepatic artery (CHA) arising independently from aorta and acces-
sory right hepatic artery originating from CHA; LGA — left gastric 
artery; SA — splenic artery; SMA — superior mesenteric artery; 
GDA — gastroduodenal artery; rRHA — replaced right hepatic 
artery; LHA — left hepatic artery.

Figure 6. Coeliac artery stenosis resulting in the development of 
collateral mesenteric circulation; CT — coeliac trunk; LGA — left 
gastric artery; CHA — common hepatic artery; SA — splenic 
artery; SMA — superior mesenteric artery; rRHA — replaced right 
hepatic artery; GDA — gastroduodenal artery; rLHA — replaced 
left hepatic artery.

Figure 7. Coeliac artery stenosis with extended collateral mesen-
teric circulation and superior mesenteric artery (SMA) originating 
from aorta slightly above the coeliac trunk; CT — coeliac trunk; 
LGA — left gastric artery; SA — splenic artery; CHA — common 
hepatic artery; PHA — proper hepatic artery.

Figure 4. Gastro-splenic trunk type in association with the com-
mon hepatic artery (CHA) arising from the superior mesenteric ar-
tery; CT — coeliac trunk; LGA — left gastric artery; SA — splenic 
artery; PHA — proper hepatic artery; GDA — gastroduodenal ar-
tery; SMA — superior mesenteric artery; aRRA — accessory right 
renal artery; CHA aneurysm — common hepatic artery aneurysm; 
aHA — accessory hepatic artery.
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mental arteries [6]. Incomplete fusion or malfusion of 
the vitelline arteries during the developmental stage may 
be responsible for the variations of the coeliac trunk. 

A CMT occurs when the 10th to 12th vitelline arteries 
regress and a large portion of the ventral anastomosis 
persists to connect the coeliac artery and branches to the 
SMA. The common trunk of the coeliac artery and the 
SMA is a rare variation and according to the earlier stud-
ies, it has been found in < 2% of patients [34, 42]. A pa-
tient with CMT is at risk of mesenteric ischaemia because 
there lack some of the protective benefits of dual-origin 
vessels with multiple mutually supporting anastomoses 
[2, 48, 49]. Anything that compromises the single com-
mon trunk arising from the abdominal aorta puts the 
entire vascular region of the major abdominal viscera at 
risk of ischaemia [43]. Furthermore, CMT variant could 
change the SMA angle from the aorta, thus increasing 
or decreasing the potential for compression of the third 
portion of the duodenum [43]. Pathologies involving 
CMT are very rare and include stenosis and aneurysms 
of the common trunk [9, 24]. A common CMT thus has  
a strong potential for development and progression of 
atherosclerosis along the trunk, which can have severe 
consequences as it results in ischaemia of the regions 
supplied by both the coeliac trunk and SMA. Review 
of the literature reveals several cases of coeliacomes-
enteric stenosis [1, 4, 24, 27, 30, 37, 44]. In these case 
reports, one patient had an open bypass graft, two 
had percutaneous angioplasty/stenting, one underwent 
open surgical endarterectomy with patch-graft angio-
plasty, one underwent open thrombectomy and one 
had extra-anatomic right iliac retrograde SMA bypass 
grafting. The CMT has been reported to be affected by 
aneurysms, atherosclerotic degeneration, thrombosis, 
and nutcracker syndrome [28].

The types of hepatic artery variation have been de-
tailed described in Michels’ classification [32] and other 
studies [8, 16, 41], as well as anatomical monographs 
[28]. According to Michels’ classification [32], the most 
common variant observed was a replaced right he-
patic artery originating from the SMA (Michels III),  
identified in 9.3% of patients. It is important to recog-
nize a replaced right hepatic artery when performing 
pancreaticoduodenectomy and for porta hepatis dis-
section during hepatic resection. Therefore, if a head or 
uncinate process pancreatic cancer involves a replaced 
right hepatic, it precludes the patient from surgical 
resection. The second most common arterial variant 
identified was a replaced left hepatic artery (LHA) 
originating from the left gastric artery, seen in 5.9% of 

patients (Michels II). It is important to detect this vari-
ant prior to performing left hepatectomy because this 
vessel must be identified and ligated; the knowledge 
of this variant facilitates portal dissection because the 
major arterial branch to the left liver does not need to 
be found in the porta hepatis. A replaced LHA arising 
from LGA, may provide a source for collaterals during 
obstruction of structures in porta hepatis. In addition, 
it may get damaged during oesophagogastrectomy. 
This may lead to increased mortality due to hepatic 
necrosis [15]. Only patients with chronic liver diseases 
and a reduction of liver reserve functions are most 
susceptible to ischaemia caused by the replaced LHA 
ligation; in effect, Huang et al. [17] suggested that the 
replaced LHA should be preserved in these cases. In 
order to reduce these ischaemic liver complications, 
some surgeons suggested a number of techniques for 
the preservation of the replaced LHA: preservation and 
peeling of the LGA along with the low tie of the LGA [7].  
The LGA branches, directed towards the lesser cur-
vature and the oesophagus, are ligated separately to 
preserve the LGA and replaced LHA. Next, the LGA is li-
gated distal to the origin of the replaced accessory LHA. 
The third most common arterial variant observed was 
the common hepatic artery arising from the SMA, seen 
in 3.6% of cases (Michels IX). We identified this variant 
in our study. Michels IX variant requires a twisting in 
anastomosis’ order since the artery has to be sutured 
before the portal vein because of its deeper location 
posterior to the vein. An accessory LHA originating 
from the left gastric artery was found (Michels V).  
This accessory artery provides an additional source 
of arterial blood to the left hepatic lobe and may be 
sutured without compromising the arterial supply to 
the left hepatic lobe [18]. Knowledge of the variant 
hepatic arteries is of greatest importance in liver trans-
plantation, since appropriate technical adjustments 
must be made both in organ procurement and in 
re-anastomosis in the recipient [12].

Patients with stenosis or occlusion of a single mes-
enteric artery seldom develop symptoms of chronic 
mesenteric ischaemia. It is commonly accepted that 
this is due to the extensive mesenteric arterial collat-
eral circulation. However, mesenteric ischaemia may 
occur in these patients, for example, in patients with 
CACS (Dunbar syndrome). This is nonatherosclerotic, 
respiration-dependent anatomical compression of the 
coeliac artery by the median arcuate ligament and 
diaphragmatic crura, which leads to extensive mesen-
teric collateral circulation. This extrinsic compression 
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causes a constellation of symptoms including nau-
sea, vomiting, weight loss, and postprandial epigas-
tric pain [26]. Extensive collaterals are likely to have  
a compensating function preventing ischaemia in the 
coeliac artery outflow region [45]. 

Several studies have demonstrated successful 
treatment of CACS with coeliac artery release through 
release of the arcuate ligament [3, 5, 13, 19, 46]. 

Regarding gastrectomy with D2 lymphadenecto-
my for cancer, it is necessary during surgery to ligate 
at the root and cut off the left gastric artery, which 
may affect the hepatic tissue supplied by the replaced/ 
/accessory LHA deriving from the LGA, thus influ-
encing hepatic function, especially for the replaced 
right hepatic artery [11, 31, 40]. Therefore, accurate 
preoperative assessment of whether the abnormal 
LHA is replaced by the right hepatic artery or accessory 
right hepatic artery is especially important.

Preoperative knowledge of variant arterial anat-
omy may reduce extensive exploration during sur-
gery and consequently decrease the risk of vascular 
damage [51]. According to our current and previous 
findings, we suggest to apply reconstruction meth-
od for evaluation of variations at least in patients 
who are candidate for mentioned surgical or inter-
ventional procedures [20, 21]. Preoperative MDCTA 
with three-dimensional reconstruction should be per-
formed before any major surgery on the upper gas-
trointestinal organs to identify all vascular variations 
to allow optimal preoperative planning.

CONCLUSIONS
Rare variations of the coeliac trunk should always 

be anticipated before radiological and surgical inter-
ventions. Knowledge of unusual coeliac trunk anat-
omy is important in hepatopancreatobiliary surgery, 
transplantology, and interventional radiology.
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Background: Multidetector computed tomography angiography (MDCTA) has 
become a major part in evaluation of normal anatomy and its variants in patients 
undergoing operative or interventional procedures. The purpose of this study 
was to assess the frequency of anatomical variation of coeliac trunk in patients 
undergoing MDCTA of the abdominal aorta. 
Materials and methods: A descriptive, retrospective study was carried out on 
MDCTAs performed from January 2014 till January 2020 in Polish patients. Coeliac 
trunk was studied and normal and anatomical variations were noted according 
to Adachi’s classification. All patients with abnormalities affecting the vessels or 
a history of any vascular abnormality were excluded from the study. 
Results: Out of total 1000 patients, hepatogastrosplenic trunk was found in 
93.0%. True and false types of trifurcation were observed. Hepatosplenic trunk 
was found in 2.8%, coeliacomesenteric trunk in 1.1%, hepatomesenteric trunk 
in 1.7% gastrosplenic trunk was found in 1.4%. We have not observed hepato-
splenomesenteric trunk. 
Conclusions: The type and knowledge of anatomy is of prime importance for 
an optimum preoperative planning in surgical or radiological procedure. MDCTA  
allows minimally invasive assessment of arterial anatomy with high quality  
three-dimensional reconstruction images. (Folia Morphol 2021; 80, 2: 290–296)

Key words: celiac trunk, variations, multidetector computed tomography 
angiography

INTRODUCTION
The most common classical type of coeliac trunk 

branching pattern is referred to as trifurcation (Fig. 1A, B)  
and was first observed by von Haller [37], i.e. tripus 
Halleri. It has been considered to be the normal ap-
pearance of computed tomography (CT). According 
to Haller, coeliac trunk divides into common hepatic 
artery (CHA), splenic artery (SA) and left gastric artery 

(LGA), which usually arises as a tributary elsewhere in 
this trunk, while the other divisions of coeliac trunk 
rarely occur in human populations. The anatomical 
variations of coeliac trunk were classified for the first 
time by Adachi in 1928 [1]. Investigations were per-
formed on 252 people of Japanese origin and these 
formed the basis of Adachi’s classification of the  
6 types of division of coeliac trunk and superior mesen-
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teric artery (SMA) (Fig. 2, Table 1). Knowledge of coeliac 
trunk branching pattern is mandatory in laparoscopic 
surgery, liver transplants, radiological abdominal in-

terventions and penetrating abdominal injuries [42]. 
Lack of familiarity with such variants can result in 
insufficient management and predispose patients to 
inadvertent injury during open surgical procedures or 
percutaneous interventions. In recent 20 years, with 
the widespread use of multidetector computed tomog-
raphy and angiography (MDCTA), it is easy to collect  
a large sampling of data on the angiographic anatomy 
of the abdomen in daily radiological practice. Then, the 
variation patterns and radiological findings of coeliac 
trunk can be classified and evaluated in detail by MDC-
TA. The main purpose of this study was to evaluate 
the frequency of normal and anatomical variations of 
coeliac trunk in Polish patients undergoing MDCTA of 

Table 1. Adachi’s classification of coeliac trunk variations

Trunk classification Trunk classification 
number

Percentage

Hepatogastrosplenic 1 86%

Hepatosplenic 2 8%

Gastrosplenic 6 3%

Coeliacomesenteric 4 1.5%

Hepatosplenomesenteric 3 1%

Hepatomesenteric 5 0.5%

Figure 1. A. True tripod; B. False tripod; CHA — common hepatic artery; GDA — gastroduodenal artery; LGA — left gastric artery; PHA — 
proper hepatic artery; SA — splenic artery.

A B

Figure 2. Coeliac trunk trifurcation types according to Adachi; CHA — common hepatic artery; LGA — left gastric artery; SA — splenic  
artery; SMA — superior mesenteric.
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the abdominal aorta for various clinical indications. The 
use of MDCTA allowed for identification of its types 
and prevalence in a large study population. We also 
discussed their clinical implications and the probable 
embryological mechanisms by which the observed 
variations are achieved. It has become significant to be 
aware of the normal variations in the vascular supply 
of these organs, in order to prevent complications 
during and after surgery.

MATERIALS AND METHODS
This study was conducted at the Institute of Diag-

nostic Imaging, J. Dietl Specialist Hospital in Krakow, Po-
land. One thousand patients referred to CT angiogram 
of abdominal aorta for various reasons irrespective of 
age and gender were included in this study. All the 
patients underwent abdominal MDCTA in Aquilion 64, 
Toshiba Medical Systems Corporation, Tokyo, Japan. 
Local Institutional Ethical Committee approval was 
obtained. Being a retrospective study, informed consent 
was not obtained as the data was collected retrospec-
tively from the electronic medical record database. 
Abdominal CT angiographic images from 01.2014 till 
01.2020 were studied for coeliac trunk anatomical 
variation. The pattern of the aortic origin of branches 
of coeliac trunk and its branches was analysed.

Multiphase enhanced MDCT scan was performed 
after intravenous administration of contrast agent 
(Omnipaque 350; GE Healthcare AS, Oslo, Norway) 
at 350 mg of iodine per millilitre and 30 mL of ster-
ile saline (0.9% NaCl) by using a power injector at  
a rate of 3–4 mL/s. The dose of the contrast agent was  
1 mL/kg body weight and the upper limit of dose 
was set at 100 mL for every patient. Data obtained 
during the arterial phase were used to evaluate the 
anatomy of the coeliac trunk. The raw axial images 
obtained from MDCT were processed on the worksta-
tion to obtain three-dimensional (3D) reconstruction 
with maximum intensity projection (MIP) and volume 
rendering (VR). The analysis of the images was carried 
out by an experienced radiologist. 

Identification of coeliac trunk and its branches was 
possible in all patients examined. Patients with dis-
torted anatomy due to previous abdominal surgery, 
degenerative spine conditions or any abnormality 
that involved the vessels were excluded. The pattern 
of the aortic origin of the four major arteries: left 
gastric, the common hepatic, splenic and superior 
mesenteric arteries were analysed in the study. The 
instructional 3D models of the coeliac trunk and its 

abnormalities were designed. Anatomical variations 
of the coeliac trunk were reported according to Ad-
achi’s classification (Table 1). Coeliac trunk was also 
assessed for its diameter, distance from the SMA, 
angle of departure from the abdominal aorta and 
projection on the spine. 

statistical analysis

Statistical package for social sciences (SPSS) ver-
sion 21 was used for statistical analysis. Mean and 
standard deviation was calculated for age of the pa-
tients. Frequency and percentages was calculated for 
normal anatomy and anatomical variations of coeliac 
trunk. Comparison was done to see the relationship 
among coeliac artery variant. Chi-square test was 
applied. P-value was taken as < 0.05.

RESULTS
Out of total 1000 patients, 510 (51%) were males 

and 490 (49%) were females. The mean age of the 
patients was 65.2 ± 19.75 years. According to Ada-
chi’s first classification, there are 6 branching types of 
the coeliac trunk: hepatogastrosplenic, hepatosplen-
ic, hepatosplenomesenteric, hepatomesenteric, gas-
trosplenic, coeliacomesenteric. Hepatogastrosplenic 
trunk (type I according to Adachi’s classification) 
dividing into 3 branches i.e. LGA, CHA and SA was 
found in 93.0% (930/1000). Two different types of this 
trifurcation were observed: (a) a true tripod when the 
coeliac trunk ended in a complete trifurcation (≈35%, 
325/930) and (b) a false tripod when the three arter-
ies did not have a common origin (≈65%, 605/930)  
(Fig. 1A, B). Type II (i.e. hepatosplenic trunk) was 
found in 2.8% (28/1000) (Fig. 3). Type IV (i.e. coeli-
acomesenteric trunk) was found in 1.1% (11/1000) 
(Fig. 4), type V (i.e. hepatomesenteric trunk) was 
found in 1.7% (17/1000) (Fig. 5), type VI (i.e. gastro-
splenic trunk) was found in 1.4% (14/1000) (Fig. 6). 
We have not observed type III (i.e. hepatosplenomes-
enteric trunk). The level of coeliac trunk origin was 
found to be at the inter-vertebral disc between T12 
and L1 in all of the cases. The angle of departure of 
the coeliac trunk from the abdominal aorta varied 
widely from 6.8° to 85.6° (Table 2).

On average, the coeliac trunk calibre was 11.7 mm,  
with the largest one of 18.1 mm and the smallest of 
5.3 mm, and standard deviation of 0.13. The mean 
distance between the coeliac trunk and the SMA was 
15 mm, the largest — 22 mm, and the shortest —  
3 mm, with standard deviation of 0.4.
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DISCUSSION
Anatomic variations of the coeliac trunk and SMA 

occur due to anomalous embryogenesis of primitive 
ventral blood vessels originating from the abdominal 

aorta [33]. In our study, there were 4 types of coeliac 
axis variation identified in 70 patients, with normal 
coeliac axis anatomy in 930 (93%) patients as com-
pared with 89% in the dissection study conducted by 
Michels [25]; 91% in the study conducted by Sureka et 
al. [31]; 86% in the study conducted by Sankar et al. 
[29]; 85.1%, 89.5%, and 95.4%, respectively, in cadav-
er studies, imaging studies, and liver transplantation 
studies, as reported by Panagouli et al. [27]; 89.1% 
in the study conducted by Song et al. [30]; 89.8% in 
the study conducted by Chen et al. [8], who analysed 
a population defined as homogeneous in Japan; and 
90% in the study conducted by Araujo-Neto et al. [2]. 
The hepatosplenic trunk (2.8%) was the most com-
mon coeliac artery variation with separate origin of 
LGA and SMA followed by coeliacomesenteric trunk 
(1.1%). Gastrosplenic trunk with separate origin of 

Figure 3. Hepatosplenic trunk; abbreviations — see Figure 1.

Figure 4. Coeliacomesenteric trunk; abbreviations — see Figure 1.

Figure 5. Hepatomesenteric trunk; abbreviations — see Figure 1.

Figure 6. Gastrosplenic trunk; abbreviations — see Figure 1.

Table 2. Coeliac trunk variations according to Adachi’s classifi-
cation found in the study

Trunk classification Trunk classification 
number

Percentage

Hepatogastrosplenic 1 93%

Hepatosplenic 2 2.8%

Gastrosplenic 6 1.4%

Coeliacomesenteric 4 1.1%

Hepatosplenomesenteric 3 0%

Hepatomesenteric 5 1.7%
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SMA and CHA from aorta was not found in our study 
which was found in 0.22% and 0.83% in the studies 
of Song et al. [30] and Sureka et al. [31], respectively. 

Multidetector computed tomography angiography 
has become a valuable tool for the visualisation of nor-
mal vascular anatomy and its variants. Furthermore, 
reformatted 3D MDCT images allow visualisation of 
vascular structures in angiography equivalent planes 
other than the axial, which is useful for evaluation of 
complex vascular anatomy [3, 14]. Rapid volumetric 
acquisition of thin-slice high resolution images of 
the abdominal arteries during the phase of maximal 
contrast enhancement with the help of MDCT allows 
3D reconstructions to be created, providing the radiol-
ogist and the surgeon with a 3D model of the patient’s 
arterial anatomy. MDCT angiography has a reported 
accuracy of 97–98% compared with conventional 
angiography for detecting arterial variants [41]. The 
disadvantages include potential for contrast reactions, 
nephrotoxicity, and exposure to ionizing radiation. 

Knowledge about the spectrum of coeliac trunk 
variations is important for planning surgical or inter-
ventional procedures in the upper abdomen. Identifi-
cation of coeliac trunk variations may avoid vascular 
complications during medical procedures, such as 
hepatobiliary surgery, pancreatic surgery, gastrectomy 
and others like transcatheter arterial chemoemboli-
sation [10, 13, 24, 34, 40]. 

Many endovascular procedures require detailed 
acquaintance regarding specific features of the par-
ticular blood vessels. It is especially noticeable in 
planning embolisation both as intervention to control 
haemorrhage and as bariatric procedure. Haemor-
rhages can occur in the course of many vascular 
and non-vascular pathologies such as ruptured aneu-
rysms, pseudocysts (due to pancreatitis which com-
monly lead to erosion of the splenic artery [4, 16]) or 
posttraumatic injuries (very often due to splenic inju-
ries [9]) and inflammatory diseases. i.e. pancreatitis 
with related bleeding [19]. In most of the mentioned 
cases the procedure is done within splenic artery or 
its branches [9, 19] and it is crucial to be acquainted 
with variations of the course of this artery, especially 
when the surgeon is planning the proximal splenic 
artery embolisation which is faster instead of the 
distal, recommended to focal lesions in the spleen [9]. 

The embolisation is also used in bariatric treat-
ment. Recent studies revealed that the procedure of 
embolisation the LGA could improve loss of weight, 
decreases the concentration of ghrelin and HbA1c 

[21, 32, 39], but the veritable efficacy is still investi-
gated [39]. It is important to take into account de-
tailed features of the LGA (s-shape) and its variation 
of emerging from the coeliac axis and notice that 
the position of the coeliac trunk might be horizontal, 
parallel or inferior which could affect manipulation 
difficulties [21].

One should bear in mind various angles of de-
parture of the coeliac axis from abdominal aorta. 
In our study angle varied widely from 6.8° do 85.6°. 
Besides a hepatectomy, systemic chemotherapy and 
arterial chemoinfusion therapy are used to treat pri-
mary and liver metastatic cancers. Catheter inser-
tion is necessary for arterial infusion chemotherapy, 
and there are surgical and percutaneous catheter 
insertion methods. The catheter insertion route is 
selected depending on the branching angle (upward 
or downward) of the origin of the coeliac artery in 
some cases, and assessments of the branching angle 
before catheter insertion may increase the reliability 
of the technique. In recent studies Tokue et al. [35] 
measured the branching angle of the coeliac trunk in 
1200 patients aged 19–91 years with hepatocellular 
carcinoma. Similarly to our results, the branching was 
downward in most of patients. Prior information of 
the branching angle before catheter insertion may 
increase the reliability of the insertion technique and 
the completion rate of the therapy.

Many recent studies about liver transplantation re-
vealed that the knowledge about the anatomy of the 
hepatic and aberrant (accessory or replaced) hepatic 
arteries emerging directly from the coeliac trunk or its 
branches is significant to prevent complications both 
at the recipients and the living donors [6, 7, 15, 17, 
22, 38]. The complications after donation which even-
tuate from imprecise analysis of hepatic arteries and 
the other vessels include: sepsis, acute hepatic failure, 
biliary leaks of stricture or vascular thrombosis [6].  
Thus, there is a trend to preserve accessory and re-
placed hepatic arteries as well as it is possible if there 
is not insurance about the blood supply in the same 
area of liver. In some cases this preservation could 
not be equal at the recipient and the donor so that 
it is important to analyse meticulously distribution of 
arteries in both circumstances [6, 7, 38]. According 
to Michels’ classification there are described cases 
of replaced left hepatic artery (10%) and accessory 
left hepatic artery (8%), both originating from LGA 
[25]. The appropriate retaining of arteries supplying 
the donor’s left lobe is essential to provide adequate 
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regeneration of the rest of liver [6, 7]. During planning 
the surgery in some cases there could be difficulties 
to palpate the accessory hepatic artery branching of 
the LGA. This could be resolved by finding the LGA 
which sometimes could not pass from the coeliac axis 
(for example in the hepatosplenic trunk) [38]. The 
replaced right hepatic artery frequently originating 
from the proper hepatic artery (from CHA) but some-
times (11%) it arises from superior mesenteric artery 
[25] and it also should be considered in planning the 
transplant procedure.

The awareness of variations of the coeliac axis is 
also significant in treatment for patients with diag-
nosed hepatocellular carcinoma and the other prima-
ry hepatic cancers. Roma et al. [28] revealed that the 
right inferior phrenic artery — one of the branches 
of the abdominal aorta or the coeliac trunk (which is 
the second most common origin [5, 20]) is the part 
of the collateral circulation and supplies the liver 
cancer in the most cases. This fact has an impact on 
planning treatment of the peripheral lesions such as 
the chemoembolisation procedure [28]. Maki et al. 
[22] mentioned that this artery and the other ones 
(left inferior phrenic, gastric, internal mammary ar-
teries and omental arteries) creating the collateral 
circulation of the liver should be preserved to avoid 
postoperative alanine aminotransferase elevation due 
to hepatic ischaemia. 

Considering the other oncological issues: gastric, 
oesophageal and pancreatic cancer, the procedure of 
resection of the neoplasms very often includes lym-
phadenectomy of the lymph nodes surrounding the 
coeliac axis, LGA or the CHA and SA [6, 12, 26]. The 
variations of the coeliac trunk and its branches could 
restrict surgeon’s manipulations during dissecting 
lymph nodes and lead to prolonged operative time 
and increased risk of iatrogenic complications [6, 26]. It 
is also crucial to analyse thoroughly the anatomy of the 
blood vessels which are considered to sacrifice during 
the procedure. Maki et al. [22] noted that ligation the 
LGA during gastrectomy could lead to liver ischaemia 
because of presence of the accessory or replaced left 
hepatic artery and Kim et al. [18] suggested preserva-
tion of the accessory left hepatic artery if the diameter 
of the LGA is equal or larger than 5 mm. 

Our study provides an insight into the anatomical 
patterns found in Poland. According to our find-
ing, the prevalence of variations was significant, so 
we suggest applying 3D reconstruction method for 
evaluation of variation at least in patients who are 

candidate for mentioned surgical or interventional 
procedures. Further studies of this nature could lead 
to better technical planning of surgical procedures 
and avoiding inadvertent injuries that might com-
promise the results of medical procedures, leading 
to complications. Better knowledge of anatomical 
variations could ultimately contribute to reducing the 
rates of morbidity and mortality in endovascular pro-
cedures, abdominal surgeries, and transplantations, 
especially those of the liver and pancreas [11, 23, 36]. 

CONCLUSIONS
Our study identified the variations in coeliac trunk 

anatomy in a sample of Polish population using Ad-
achi’s classification. Our results correlated well with 
studies in other populations. Adequate knowledge 
of these variations would be of great help to the 
interventional radiologist and hepatobiliary surgeon.
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Background: The Southern Karaman sheep, which is very fertile in terms of 
meat and milk production and is often preferred in livestock raising, is known 
as a domestic sheep breed. The Hasak sheep is a breed formed by the triple 
crossbreeding of the German Black-headed, Hampshire and Akkaraman breeds. 
Arterial feeding of the forelimb is provided by arteria axillaris, a continuation of 
arteria subclavia. In this study, it was aimed to examine the forelimb arteries in 
Southern Karaman and Hasak sheep breeds.
Materials and methods: Totally, 8 Southern Karaman and 8 Hasak sheep were 
obtained from Konya Bahri Dagdas International Agricultural Institute. The sheep 
were anesthetised with xylazine and ketamine and extravasated by cutting the 
arteria carotis communis in the neck area of the sheep. The forelimbs of the sheep 
separated from the body were fixed in 10% formaldehyde solution and then dis-
sections were made and the course and branching of the arteries were examined. 
Results: It was determined that the arteria brachialis was divided into two main 
branches as distal arteria brachialis and proximal arteria subscapularis at the artic-
ulatio humeri level of the arteria axillary. Arteria mediana, which is a continuation 
of arteria brachialis, was also examined in different parts of antebrachium and 
ended by splitting into branches. 
Conclusions: According to the findings of the Southern Karaman and Hasak 
sheep breeds, it was determined that the forelimb arteries had some anatomical 
differences but were similar in structure to many sheep breeds. (Folia Morphol 
2021; 80, 2: 297–301)

Key words: arteria, axillaris, brachialis, subscapularis, fore limb, sheep

INTRODUCTION
The Southern Karaman sheep is described as a sep-

arate breed formed as a result of the crossbreeding 
of the Karagül male sheep with the Akkaraman and 
Dağlıç sheep brought by the Yörüks (Türkmens) who 

migrated from Turkistan to the Mediterranean during 
the Ottoman period. The Suthern Karaman sheep is 
very productive in terms of meat and milk and it is 
often preferred in livestock breeding [10, 13]. The 
Hasak sheep is a breed formed by the triple cross-
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breeding of the German Black-headed, Hampshire 
and Akkaraman breeds at the Konya Bahri Dagdas 
International Agricultural Institute [13, 19, 21].

In ruminants, the arterial feeding of the forelimb 
is provided by the arteria axillaris, a continuation 
of the arteria subclavia, the branch of truncus bra-
chiocephalicus that emerges from the arcus aorta  
[7, 15]. The arteria subclavia dexter et sinister origi-
nate from the chest cavity and after their passage to 
the forelimb, the section up to the musculus teres 
major beam is referred to as the arteria axillaris. 
Arteria axillaris is divided into two main branches, 
proximal and distal, at the level of articulatio humeri. 
On the musculus subscapularis of arteria axillaris, the 
thickest of the branches that travel proximal along 
the margo caudalis of the scapula and emerge from 
arteria axillaris are referred to as arteria subscapularis. 
The distal part of arteria axillaris from the chorda of 
musculus teres major to collum radii is called arteria 
brachialis [4, 6]. The distal part of arteria brachialis 
after collum radii is named to as arteria mediana  
[3, 11, 15]. The branches of arteria subscapularis are 
arteria thoracodorsalis, arteria circumflexa humeri 
caudalis and arteria circumflexa scapula. In addition 
to these branches, many rami muscularis are also 
among the branches separated. Arteria profunda 
brachii, arteria bicipitalis, arteria collateralis ulnaris, 
arteria brachialis superficialis, arteria transversa cubiti, 
arteria interossea communis, arteria ulnaris branches 
originate from arteria brachialis [4, 6].

The aim of this study was to examine the mor-
phological structure of the forelimb arteries in the 
Southern Karaman and Hasak sheep.

MATERIALS AND METHODS
Totally, 8 Southern Karaman and 8 Hasak sheep 

used in this study were obtained from Konya Bahri 
Dagdas International Agriculture Institute. The sheep 
were anesthetised with xylazine HCl (0.2 mg/kg/IV) 
and ketamine HCl (2.2 mg/kg/IV) [18] and extrav-
asated by cutting the arteria carotis communis in 
the neck area of the sheep. Then, the body cavity 
along the median line was opened and the internal 
organs were removed. Latex, which is described as 
the raw material of rubber mixed with red dye, was 
given into arteria axillaris with injectors of various 
sizes depending on vessel diameter and then left in 
10% formaldehyde solution for fixation for 72 hours 
after applying latex injection method [1, 2, 8, 9, 22]. 
Then the forelimb arteries were examined individually 

and their anatomical structures, routes and branches 
were examined and each photographed separately. 
Nomina Anatomica Veterinaria [23] was based on the 
naming of the vessels.

RESULTS
In both breeds studied, arteria axillaris was iden-

tified at the level of articulatio humeri to divide into 
two main branches, namely arteria brachialis, which 
ran along the limb distally in the triangular area be-
tween musculus subscapularis and musculus teres 
major, and arteria subscapularis, which ran towards 
the scapula in the caudodorsal direction. The branch-
es of arteria subscapularis which ran along the margo 
caudalis of the scapula were arteria circumflexa hu-
meri caudalis, arteria thoracodorsalis, ramus tricipitis 
and arteria circumflexa scapula (Fig. 1A, B). The first 
branch of the arteria subscapularis, which contin-
ued in proximal, was identified as arteria circumflexa 
humeri caudalis, which gave it towards the front of 
the limb. It was determined that arteria circumflexa 
humeri caudalis navigated between musculus brachi-
alis and musculus triceps brachii immediately after 
its origin. The second branch of arteria subscapularis 
was arteria thoracodorsalis. This branch originated 
from the same place as arteria circumflexa humeri 
caudalis, moving in different directions and within 
1 cm proximal of the beginning of arteria brachialis 
and in the caudal direction. It was determined to 
continue between musculus latissimus dorsi and mus-
culus teres major. Later, the arteria subscapularis was 
found to give thin muscular branches in the cranial 
direction, with 3 in the Southern Karaman sheep and 
2 in the Hasak sheep. After giving the second of these 
branches in the Southern Karaman sheep and the 
first in the Hasak sheep, it was determined that the 
ramus tricipitis originated to feed musculus triceps 
brachii and run caudal, i.e. in the caudal direction as 
arteria thoracodorsalis. In its further course, arteria 
subscapularis gave arteria circumflexa scapula, which 
run laterally, along the scapula’s margo cranialis, to 
feed musculus supraspinatus and musculus subscap-
ularis (Fig. 1A, B).

Arteria circumflexa humeri cranialis, arteria pro-
funda brachii, arteria collateralis ulnaris, arteria bic-
ipitalis, arteria transversa cubiti, arteria interosseous 
communis branches were found to originate from 
arteria brachialis and continue distally as arteria me-
diana. It was observed that the first branch separated 
from the arteria brachialis was the arteria circumflexa 
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Figure 1. The branches of arteria brachialis and arteria subscapularis in Southern Karaman and Hasak sheep; A. Arteria subscapularis and 
its branches in Southern Karaman sheep, A — arteria axillaris, B — musculus teres major, C — musculus triceps brachii, D — musculus 
biceps brachii, E — musculus supraspinatus, F — musculus subscapularis, I — arteria subscapularis, II — arteria brachialis, 1 — arteria 
circumflexa humeri caudalis, 2 — arteria thoracodorsalis, 3 — ramus tricipitis, 4 — arteria circumflexa scapula; B. Arteria subscapularis and 
its branches in Hasak sheep, A — arteria axillaris, B — musculus teres major, C — musculus triceps brachii, D — musculus biceps brachii, 
I — arteria subscapularis, II — arteria brachialis, 1 — arteria circumflexa humeri caudalis, 2 — arteria thoracodorsalis, 3 — ramus tricipitis, 
4 — arteria circumflexa scapula; C. Arteria brachialis and its branches in Southern Karaman sheep, A — arteria axillaris, B — musculus teres 
major, C — musculus triceps brachii, D — musculus biceps brachii, I — arteria subscapularis, II — arteria brachialis, 1 — arteria circumflexa 
humeri cranialis, 2 — arteria profunda brachii, 3 — arteria collateralis ulnaris, 4 — arteria bicipitalis; D. Arteria brachialis and its branches 
in Hasak sheep, A — arteria axillaris, B — os femur, C — musculus triceps brachii, I — arteria brachialis, 1 — arteria circumflexa humeri 
cranialis, 2 — arteria profunda brachii, 3 — arteria collateralis ulnaris, 4 — arteria bicipitalis; E. Arteria transversa cubiti in Southern Karaman 
sheep, A — articulatio cubiti, B — musculus triceps brachii, C — musculus biceps brachii, D — musculus flexor carpi radialis, I — arteria 
brachialis, 1 — arteria profunda brachii, 2 — arteria bicipitalis, 3 — arteria collateralis ulnaris, 4 — arteria transversa cubiti; F. Arteria trans-
versa cubiti in Hasak sheep, A — musculus triceps brachii, I — arteria brachialis, 1 — arteria profunda brachii, 2 — arteria bicipitalis, 3 — 
arteria collateralis ulnaris, 4 — arteria transversa cubiti; G. Arteria interossea communis in Southern Karaman sheep, A — musculus biceps 
brachii, B — musculus flexor carpi radialis, I — arteria brachialis, II — arteria mediana, 1 — arteria bicipitalis, 2 — arteria collateralis ulnaris, 
3 — arteria interossea communis; H. Arteria interossea communis in Hasak sheep, A — musculus biceps brachii, B — musculus flexor carpi 
radialis, I — arteria brachialis, II — arteria mediana, 1 — arteria bicipitalis, 2 — arteria collateralis ulnaris, 3 — arteria transversa cubiti, 4 — 
arteria interossea communis.

A B

C D

E F
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humeri cranialis in order to feed the musculus bi-
ceps brachii. It was determined that this branch run 
towards the craniolateral aspect of the limb. It was 
determined that arteria brachialis gave arteria pro-
funda brachii on the distal part of tuberositas teres 
major (Fig. 1C–H). It was seen that after giving this 
branch, arteria brachialis gave thin muscular branches 
which continued in the same direction as it. Later, it 
was observed that two branches originating from 
the arteria brachialis that they continued in different 
directions. The branch that continued in the cranial 
direction was arteria bicipitalis and the branch that 
continued in the caudal direction was arteria collater-
alis ulnaris. Arteria collateralis ulnaris followed along 
the distal edge of musculus triceps brachii. It was 
determined that arteria bicipitalis was dispersed in 
musculus biceps brachii to feed it. Arteria brachialis 
was observed to give arteria transversa cubiti at the 
level of articulatio cubiti. Arteria brachialis gave its 
last branch, arteria interossea communis, at the level 
of the spatium interosseum antebrachii proximalis, 
then continued as the arteria mediana, cruising along 
the distal of the limb (Fig. 1E–H).

DISCUSSION
In mammals [6], it was reported that arteria ax-

illaris was a continuation of the arteria subclavian 
and that arterial vascularisation of the forearm was 
provided by this vessel [17]. Arteria axillaris was found 
at the level of articulatio humeri [4]. Similar to us, 
previous report found that it continued towards the 
scapula with the name arteria subscapularis and ar-
teria brachialis, which ran along the distal part of 
the limb [4].

Arteria circumflexa humeri caudalis have been 
reported to originate from arteria subscapularis [15, 
16] and originate from the same place as arteria 
thoracodorsalis in ruminant [20]. Our results were 
similar to those of the literature.

Similar to our findings, previous studies [6, 14–17] 
reported that arteria thoracodorsalis originated from 
arteria subscapularis with the origin of arteria cir-
cumflexa humeri caudalis. However, unlike our find-
ings, other previous study was reported that arteria 
thoracodorsalis originated from the dorsal wall of 
arteria axillaris [5].

The arteria subscapularis in the Southern Karaman 
and Hasak sheep continued its path as arteria circum-
flexa scapula after giving off arteria thoracodorsalis; 
it was also determined by Dursun [4] and Nickel [14].

Previous studies suggested that arteria brachia-
lis continues as arteria mediana along the leg after 
giving the branch of arteria Intersosseous communis 
[5, 11, 17]. Nur and Ari [17] reported that the arteria 
interosseous cranialis branch arises instead of the 
arteria interosseous communis branch, one of the 
branches separated from the arteria brachialis. It has 
been determined our findings differed from those of 
Nur and Ari [17], and showed similarities with other 
literature [5, 11].

Arteria circumflexa humeri cranialis at the prox-
imal level of the humerus was reported to origi-
nate from the axial arteries of the medial face [6].  
In addition, Nickel [14] reported that arteria cir-
cumflexa humeri cranialis originated from arteria 
brachialis. Our study findings were in line with the 
findings of Nickel [14], while they differ from those 
of Dursun [6].

According to Nur et al. [16] and Getty [11], arteria 
profunda brachii originated from arteria brachialis 
and according to Dursun [6] it was the first branch of 
arteria brachialis. Our study findings were similar to 
those in the literature, but differently, it was not the 
first branch of the arteria brachialis, but the second 
branch from the arteria brachialis that emerged after 
the arterial circumflexa humeri cranialis.

Similar to our study findings, it was reported that 
arteria collateralis ulnaris was a branch emerging 
from arteria brachialis and that it was distributed to 
musculus triceps brachii and arteria bicipitalis was 
distributed to musculus biceps brachii [4, 5, 17]. 

Ghoshal and Getty [12] determined that the pal-
mar branch of the cranial interosseous artery passes 
through the distal interosseous space of the forearm 
and divides into a superficial and deep branch in 
goats [12]. Nickel noticed arterial communication 
between a branch of Ramus volaris profundus and  
a branch of arteria medianoradialis in three cases [14]. 
Also, Dursun [4] reported that arteria interosseous 
communis originated from arteria brachialis at the 
level of spatium interosseum antebrachii proximalis. 
In our study, arteria interosseous communis branches 
were found to originate from arteria brachialis and 
continue distally as arteria mediana.

CONCLUSIONS
In conclusion, the forelimb arteries in Southern 

Karaman and Hasak sheep breeds were found similar 
in regards of structure and morphology to the sheep 
breeds and some mammals. In addition to the ana-
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tomical findings, this also will contribute to scientific 
studies on the forelimb arteries in the sheep breeds.
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Background: The aim of this study is to present the level of aortic bifurcation in 
a sample of Greek origin (case series) and to perform an up-to-date systematic 
review in the existing literature.
Materials and methods: Seventy-six formalin-fixed adult cadavers were dissected 
and studied in order to research the level of aortic bifurcation. Additionally, Pub-
Med and Google Scholar databases were searched for eligible articles concerning 
the level of aortic bifurcation for the period up to February 2020.
Results: The mean level of aortic bifurcation according to our case series was the 
lower third of the L4 vertebral body (21/76, 27.6%). The level of aortic bifurcation 
ranged between the lower third of the L3 vertebral body and the lower third of the 
L5 body. No statistically significant correlation was found between the two sexes. 
The systematic review of the literature revealed 31 articles which were considered 
eligible and a total number of 3537 specimens were retracted. According to the 
recorded findings the most common mean level of aortic bifurcation was the body 
of L4 vertebra (1495/3537 cases, 42.2%), while the range of aortic bifurcation 
was described to occur from upper third of L3 vertebrae to the upper third of 
the S1 vertebrae in the 52.8% of the cases (1866/3537).
Conclusions: The mean level of AA corresponds to the body of L4 and presents 
a great range (form L3U to S1U). Knowledge of the mean level of aortic bifurca-
tion and its probable ranges is of great significance for interventional radiologists 
and especially vascular surgeons that deal with aneurism proximal to the aortic 
bifurcation. (Folia Morphol 2021; 80, 2: 302–309)

Key words: aorta, intervertebral discs, lumbar vertebra, bifurcation, 
anatomy

INTRODUCTION
The aorta (or arteria magna) commences at the 

upper part of the left ventricle of the heart and after 
following a short ascending course, it forms the ar-
cus aortae over the left lung’s root and then follows  
a descending trajectory within the thorax as thoracic 

aorta. After passing through the aortic opening of the 
diaphragm, at the level of the 12th thoracic vertebra, it 
is considered as the abdominal aorta (AA) [22, 31, 32]. 

Inside the abdominal cavity the AA terminates its 
course usually at the left side of the lower border of 
the 4th lumbar vertebra (L4), where it bifurcates into 
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the right and left common iliac arteries. The width of 
the aorta just after passing through the diaphragm 
is considerably larger than the corresponding one at 
the level of its bifurcation [39].

According to the available literature, most com-
monly, aortic bifurcation occurs at the lower level of 
the L4 [6, 22], with a range which varies from the 
level of the L2 to the level of the upper third of the 
first sacral vertebra (S1) [6, 22]. However, AA tends to 
bifurcate lower than higher [6]. Additionally, it seems 
that in older persons, osteoporosis and intervertebral 
disc degeneration lead to a caudal shift of the aortic 
bifurcation [21, 32].

The purpose of the present study is twofold:  
(1) To present the level of aortic bifurcation in a sam-
ple of Caucasian origin (case series); (2) To perform an 
up-to-date systematic review concerning the level of 
aortic bifurcation in the available literature.

MATERIALS AND METHODS
Design of the case series

Seventy-six formalin-fixed adult human cadavers 
of Caucasian (Greek) origin, of which 39 were males 
and 37 females, were dissected for educational and 
research purposes at the Anatomy Department of 
the Medical School of Athens. All the cadavers de-
rived from body donation with informed consent 
[27], written and signed with signature authentica-
tion by the donator himself. The authors retained 
approval for the present research’s protocol from the 
ethics committee of our institution. The age of the 
cadavers ranged between 39 and 98 years (average 
age 75.4 years, standard deviation [SD] ± 11.23, 
standard error [SE] = 1.288). In every one cadaver 
dissected, we identified and revealed the AA and 
its branches according to the Clemente’s Anatomy 
Dissector [10].

The level of the AA bifurcation was measured in 
relation to the bodies of the lumbar vertebrae and 
the intervertebral discs. The bodies of the vertebrae 
were divided into upper, middle and lower thirds. 

statistical analysis 

All the measurements were recorded in the form 
of tables and then subjected to statistical analysis in 
order to calculate the average, maximum and min-
imum value. For comparing continuous variables, 
the t-test was applied and for nominal variables the 
χ2 test. All the statistical analysis was performed by 
SPSS 15.0.

Design of the systematic review

Study design. The present study was developed 
according to PRISMA guidelines, following current 
guidelines on conducting systematic reviews and me-
ta-analysis of anatomical studies [17]. For the purpose 
of the systematic review, PubMed and Google Scholar 
electronic databases were searched for eligible articles 
for the period up to February 2020. No publication 
year restrictions were imposed. The following search 
terms were used: level of aortic bifurcation OR level 
of abdominal aorta bifurcation OR aortic bifurca-
tion with lumbar vertebrae. The references of all the 
articles which were considered eligible were also 
thoroughly checked. 

Inclusion criteria. Only original research articles 
examining the level of aortic bifurcation in relation to 
the bodies of the lumbar vertebrae in a human popu-
lation sample (cadaveric or clinical study) and written 
in English or French were selected to be included 
to this systematic review. Single case reports and 
studies with overlapping populations were excluded. 
No limitations concerning race, age, sex or journal 
were imposed. Any type of unpublished material 
was excluded. 

Eligibility assessment. Three independent re-
viewers (E.P., G.T. and V.P.) checked the studies which 
were retrieved for eligibility. Papers which did not 
meet eligibility criteria, duplicated studies or studies 
containing incomplete or irrelevant data were ex-
cluded. Eligible studies retrieved from reference lists 
checking were also added. Assessment of bias was 
performed with anatomical quality assessment tool 
(AQUA) [16, 17].

data extraction. The studies considered eligible 
were screened by two independent reviewers (E.P. and 
G.T.) who extracted all the relevant data. For each study 
considered eligible the following parameters were col-
lected: year of publication, type of the study (cadaveric, 
clinical, imaging), number of specimens, age, range 
and mean vertebral level of aortic bifurcation. After 
the evaluation of data, the results were recorded in the 
form of Tables 1 and 2. The range, the mean level of 
bifurcation, as well as the frequency and percentage 
of each category were calculated.

RESULTS
Case series

The bifurcation of AA was observed on each ca-
daver dissected without identifying any anatomical 
variation. 
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The mean level of AA bifurcation (21/76, 27.6%) 
was the lower third of the L4 vertebral body (L4L). 
In relation to the vertebral bodies, the level of AA 
bifurcation ranged between the lower third of the 
L3 vertebral body (L3L) and the lower third of the L5 
body (L5L) (Fig. 1).

Both in females (32.4%, 12/37) and males (23.1%, 
9/39) the mean level of bifurcation corresponded also 
to the lower third of the L4 body (L4L). In females 
the level of bifurcation ranged between the lower 
third of the L3 body (L3L) and the middle third of the 
L5 vertebral body (L5M) and in males between the 

L3–L4 intervertebral dick and the L5L. However, no 
statistically significant correlation was found between 
the two sexes (p = 0.521, p > 0.05).

The AA division levels in relation to the lumbar 
vertebral bodies and the relevant intervertebral discs 
in the total of the cadaveric specimens are depicted 
in Figure 2 and between the sexes in Figure 3.

Systematic review

All details regarding the selection of eligible stud-
ies are presented in Figure 4 (PRISMA flow diagram). 
Eventually 31 articles were found eligible and were 

Table 1. Eligible studies

Authors, year Type of studies N Age

George, 1935 Cadaveric study 105 > 17 years

Anson and McVay, 1936 Cadaveric study 100 –

Cauldwell and Anson, 1943 Cadaveric study 294 18 to 78 years

Lerona and Tewfik, 1975 Pelvic arteriograms 100 15 to 82 years

Watt and Park, 1978 Angiographic study 9 2 to 13 years

Kawahara et al., 1996 Cadaveric study 21 75 years

Kornreich et al., 1997 CT study 180 –

Chithriki et al., 2002 MRI study 441 15 to 95 years

Lee et al., 2004 MRI study 210 67.3 ± 0.8 years

Inamasu et al., 2005 MRI study 100 –

Pennington and Soames, 2005 Cadaveric study 15 67 to 95 years

Pirro et al., 2005 Cadaveric study 42 81 ± 8 years

Datta et al., 2007 CTA study 76

Lakchayapakorn and Siriprakarn, 2008 Cadaveric study 65 73 ± 10 years

Khamanarong et al., 2009 Cadaveric study 187 67.3 ± 0.8 years

Prakash et al., 2011 Cadaveric study 54 16 to 74 years

Mirjalili et al., 2012 CT study 108 60 ± 17 years (18–97 years)

Vaccaro et al., 2012 MRI study 30 41 years (19–89 years)

Barrey et al., 2013 MRI study 146 46 ± 12 years

Butoi et al., 2013 Cadaveric study 148 –

Sharma at al., 2013 Cadaveric study 35 –

Deswal et al., 2014 Cadaveric study 25 –

Ashwini et al., 2014 Cadaveric study 40 –

Ogeng’o et al., 2014 Cadaveric study 106 27 to 81 years

Marchi et al., 2015 MRI study 108 –

Keskinoz et al., 2016 MDCT study 200 50 to 84 years

Molinares et al., 2016 MRI study 100 57.4 years (22–88 years).

Myung-Sang, 2017 CT study 48 30 to 90 years 

Gregory et al., 2019 CTA study 232 Neonate to 19 years

Bečulić et al., 2019 MRI study 40 53.7 years (26–69 years)

Goyal et al., 2019 CT study 100 43.78 ± 13.1 years (19–70 years)

CT — computed tomography; CTA — computed tomography angiography; MDCT — multidetector computed tomography; MRI — magnetic resonance imaging
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included (Table 1). Due to overlapping population,  
a previous study of the authors was not included [23].  
Among them, 14 were cadaveric studies [1, 2, 7, 8, 12, 
13, 19, 21, 23, 31, 33–36], 8 were magnetic resonance 
imaging (MRI) studies [4, 5, 9, 18, 24, 26, 29, 37],  
4 were computed tomography (CT) studies [14, 22, 
28, 30], 2 were computed tomography angiography 
(CTA) studies [11, 15], 1 multidetector computed 
tomography (MDCT) study [20], 1 was angiographic 
study [38] and 1 was based on pelvic arteriograms 
[25]. Mean age or age range where included when 

available. Low risk of bias was detected. However, the 
lack of clearly defined demographic characteristics 
might represent a factor compromising the quality 
of studies.

The mean level of bifurcation and the range of the 
bifurcation level of the AA in relation to the bodies 
of the lumbar vertebrae and the intervertebral discs 
for each study are recorded in Table 2. In cases where 
the vertebral bodies were not subdivided into upper, 
middle and lower thirds, as in our study, only the 
corresponding vertebra is mentioned. 

Table 2. Mean level and range of aorta bifurcation related to vertebral bodies

Authors, year N Level Range

George, 1935 105 L4L (25/105) L3L to L5L

Anson and McVay, 1936 100 L4M (32/100) L3M to L5M

Cauldwell and Anson, 1943 294 L4–L5 (83/294) L3M to L5L

Lerona and Tewfik, 1975 100 L4L (35/100) L4U to L5L

Watt and Park, 1978 9 L4 (5/9) L4 to L5–S1

Kawahara et al., 1996 21 L4–L5 (9/21) L3 to L5

Kornreich et al., 1997 180 L4U (62/180) L3U to S1U

Chithriki et al., 2002 441 L4 (295/441) L3U to L5M

Lee et al., 2004 210 L4U (94/210) L3L to L5U

Inamasu et al., 2005 100 L4 (55/100) L3 to L5

Pennington and Soames, 2005 15 L4L (6/15) L4U to S1U

Pirro et al., 2005 42 L5 (21/42) L3 to S1

Datta et al., 2007 76 L4 (39/76) L3 to S1

Lakchayapakorn and Siriprakarn, 2008 65 L4M (41/65) L3 to L5

Khamanarong et al., 2009 187 L4 (131/187) L4 to L5

Prakash et al., 2011 50 L4 (27/50) L3 to L5

Mirjalili et al., 2012 108 L4 (65/108) L3L to L5L

Vaccaro et al., 2012 30 L4 (22/30) L3 to L5

Barrey et al., 2013 146 L4 (93/146) L3-L4 to L4–L5

Butoi et al., 2013 148 L4–L5 (40/148) L3M to L5–S1

Sharma at al., 2013 35 L4 (19/35) L3 to L5

Deswal et al., 2014 25 L4 (16/25) L3 to L5

Ashwini et al., 2014 40 L4 (22/40) L3 to L5–S1

Ogeng’o et al., 2014 106 L4L (41/106) L3-L4 to L5

Marchi et al., 2015 108 L4 (56/108) L3 to L5

Keskinoz et al., 2016 200 L4M (53/200) L3M to L5U

Molinares et al., 2016 100 L4M (33/100) L3L to L5L

Myung-Sang, 2017 48 L3-L4 (23/48) L3 to L5

Gregory et al., 2019 232 L4 (155/232) L3 to L5

Bečulić et al., 2019 40 L4L (14/40) L3M to L5–S1

Goyal et al., 2019 100 L4U(38/100) L3U to L5U

Present series 76 L4L (21/76) L3L to L5L

Total 3537 L4 (1495/3537) L3U to S1U
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A total number of 3537 specimens resulted from 
the eligible studies. According to the recorded find-
ings the most common mean level of AA bifurca-
tion was the body of L4 vertebra (1495/3537 cases, 
42.2%). In the studies were the body of the vertebra 
was divided in three thirds, the bifurcation most fre-
quently occurred at upper third of L4. Considerably 
less frequently the mean level corresponded to L4–L5 

intervertebral disc (132/3537 cases 3.7%), while the 
L3–L4 intervertebral disc and the body of L5 were 
observed as mean level of bifurcation in only a few 
studies (23/3537, 0.65% and 21/3537, 0.59%). Con-
cerning the range of AA bifurcation, a great variability 
was observed, as the bifurcation was described to 
occur from upper third of L3 vertebrae to the upper 
third of the S1 vertebrae in the 52.8% of the cases 
(1866/3537). The results are represented in Table 3.

DISCUSSION
Topographic anatomy of AA bifurcation is fairly 

important for many medical procedures as gynae-
cology, abdominal surgery or radiology, in order to 
avoid complications or misdiagnosis [31]. Clinically, 
the umbilicus is considered to be a reliable surface 
landmark for the level of AA bifurcation [3]. More 
accurate, the level of AA bifurcation is evaluated in 
relation to the vertebral bodies and especially the 
lower lumbar ones and rarely in relation to the sa-
crum. Several studies have been performed and may 
be found in the available literature covering this field, 
[1, 2, 4, 5, 7–9, 11–15, 18–26, 28–31, 33–38] either 
in cadaveric material or by the use of CT, MRI and 
CTA. According to the results of the present study, 
the bifurcation of the AA corresponds in most of the 
cases to the body of L4 vertebra — upper, medial or 
lower third (1495/3537 cases, 42.2%) and that was 
also the level discovered in our case-series (21/76, 
27.6%). From our systematic review it occurred that 
the level of bifurcation presents great variation as 
it ranges from L3U to S1U, with the most frequent 
levels being between L3 and L5 (Table 3).

Figure 1. Ranges of the level of abdominal aorta (AA) bifurcation; 
U — upper; m — middle; l — lower.

Figure 2. The abdominal aorta bifurcation levels in relation to the lumbar vertebral bodies and the relevant intervertebral discs in the total  
of the cadaveric specimens; U — upper; m — middle; l — lower.
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Kawahara et al. 1996 [19] reported that the level 
of termination of great vessels shifted significantly 
downwards with age and this observation is justified 
by the loss of overall height due to dehydration of 
intervertebral discs as well as osteoporosis in the el-
derly. The present case series was performed in rather 
aged cadavers (mean age 75.4 ± 11.23 years) and 
the level of their aortic bifurcation ranged between 
L3L and L5L. The studies retrieved from the systematic 

review showed a variable age range (Table 1). Moreo-
ver, many of them included both youngsters as older 
people as well [8, 9, 14, 25, 29, 35, 37]. However, 
both range and mean level of aortic bifurcation did 
not seem to differ according to age. Additionally, in 
the two studies which were conducted exclusively 
in children [15, 38] a great range was also recorded  
(L4 to L5-S1 and L3 to L5, respectively). Nevertheless, 
all above mentioned facts, combined with the lack of 
age details in some studies [1, 2, 7, 12, 18, 22, 36] 
could not lead to a safe result concerning the corre-
lation between age and level range of AA bifurcation.

The same mean level of AA bifurcation was observed 
in both sexes in our case series. That was also the case 
in the study of Molinares et al. [29], Bečulić et al. [5],  
and Goyal et al. [14], while in most of the remaining 
studies, details about sexes were not provided and or 
when present, the presence of a statistically significant 
difference between sexes was not discussed at all. Con-
sequently, it seems that the level of aortic bifurcation 
does not differ according to gender. Moreover, is worth 
to mention that Bečulić et al. [5] concluded in their 

Table 3. Mean and range level of abdominal aorta (AA) bifurca-
tion according to the retrieved studies

Mean level of AA  
bifurcation

Range of AA bifurcation

L3–L4: 132/3537 — 3.7% L3U to S1U
1866/3537 
— 52.8%

L3 to L5: 1286/1866
L4 to L5: 121/1866
L4 to L5-S1: 4/1866
L3 to S1: 176/1866
L4 to S1: 9/1866
L3-L4 to L4-L5: 53/1866
L3 to L5-S1: 152/1866
L3-L4 to L5: 65/1866

L4: 1495/3537 — 42.2%
L4 body, n = 993
L4U, n = 194
L4M, n = 159
L4L, n = 149

L4–L5: 23/3537 — 0.65%

L5: 21/3537 — 0.59%

Figure 3. The abdominal aorta bifurcation levels in relation to the lumbar vertebral bodies and the relevant intervertebral discs between the 
sexes; U — upper; m — middle; l — lower.

Figure 4. Flow diagram of the studies (according to PRISMA 
guidelines); the diagram describes the steps followed during the 
selection of the eligible studies.
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study that the level of AA bifurcation was independent 
on gender, height or body mass index.

Concerning the limitations of the present study, 
the most important was the lack of demographic 
characteristics of most of the studies. The majority 
did not provide detailed data about age and gender. 
Another limitation was the fact that there was a wide 
age range and that some studies consisted of live 
patients while others were conducted on cadavers. 
Radiographic studies may also have limitations in 
detecting the level of aortic bifurcation. Neverthe-
less, not important differences have been observed 
between the two types of studies.

Knowledge of the exact level of AA bifurcation is 
important for the planning of a great number of lap-
aroscopic, transcatheter arterial chemoembolisation 
and radioembolisation procedures, as well in view of 
surgery in the area involved as it will minimize the risk 
of injury and complications [2, 14, 29]. The fact that 
the mean level of bifurcation is at L4 vertebra and the 
range is over S1, is helpful information in the planning 
of approach during surgery, especially when the area 
of operation involves L4–L5 [14, 31]. Another field of 
medicine where the familiarity with the level of AA 
bifurcation is necessary is radiation therapy planning 
[14, 29]. Finally, it could help in the identification of 
the vertebral level in imaging [14, 29].

CONCLUSIONS
Knowledge of the mean level of AA bifurcation 

and its probable ranges is important for a number 
of surgical and radiologic procedures. Our systematic 
review, combined with a case series study concluded 
that the mean level of AA corresponds to the body 
of L4 and presents a great range (form L3U to S1U). 
Aging might cause a caudal swift of AA, nevertheless 
different ranges and low levels might occur in any 
age. Finally, there is no indication of a different level 
according to gender.
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Background: Traumatic brain injury (TBI) is one of the most serious problems 
of modern medicine that plays the dominant role in the morbidity and mortality 
of population of the economically developed countries. This article presents the 
findings of the experimental study of the effect of a mild TBI on the morphology 
of rats’ kidney.
Materials and methods: The experiment was performed on 70 adult white rats  
3 months of age. The mild TBI was modelled by the Impact-Acceleration Model — 
free fall of weight in the parieto-occipital area. For histopathological comparison, 
the samples were taken on the 1st, 3rd, 5th, 7th, 14th, 21st days after TBI. 
Results: Examination of the rat’s kidney histological slides on the 1st, 3rd, 5th, 7th, 
14th, and 21st days after the TBI showed manifested changes in the bloodstream 
and structural changes in the kidney parenchyma, particularly, dilatation of the 
capillaries and veins in the initial period. It also showed perivascular lymphocytic 
infiltration, dystrophic and necrotic processes in the form of the focal destruc-
tion of the renal tubule, and renal corpuscles with diapedesis and perivascular 
haemorrhages on the 5th and 7th days after the TBI. There were also the focal 
signs of perivascular and glomerular sclerosis observed on the 14th and 21st days 
after the injury. 
Conclusions: The greatest changes in the rats’ kidneys appear on the 5th–7th 
days after the injury, which have a clear tendency to decrease after that. (Folia 
Morphol 2021; 80, 2: 310–316)

Key words: traumatic brain injury, kidney, rat, nephron

INTRODUCTION
Traumatic brain injury (TBI) is one of the most 

important problems of modern medicine, which plays 
a major role in the morbidity and mortality of the 
population even in the most economically developed 
countries [3, 7, 8, 10, 11, 20, 23, 25, 26]. This medical 

problem is multidisciplinary in the field of practical 
and experimental medicine and biology, which, in 
addition to medical, has an important social signifi-
cance, given the young age of patients traumatized, 
and the significant cost of their treatment [9, 24].
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Traumatic brain injury has a global effect on the 
body, causing a general adaptive response, which 
is manifested by a complex of pathophysiological 
and pathomorphological changes not only in the 
area of direct mechanical damage but also in various 
organs and systems of the body, in particular in the 
kidneys [4, 5]. Currently, there is a small amount of 
experimental research that would reveal the content 
of morphological disorders of the internal organs of 
pubescent and immature rats due to TBI, especially 
in the advanced period. As for the paediatric TBI, it 
is known that a distinctive feature of the dynamics 
and clinical picture of TBI in children is the impact 
of a traumatic factor on the brain, the growth and 
development of which has not yet completed [6]. In 
addition, the intensity of metabolic processes, low 
tolerance to blood loss, hypoxia and hypotension, 
prevalence of generalised reactions over local, high 
compensatory opportunities with a fast transition 
to decompensation, should be taken into account in  
a case of TBI in children [22]. This is the reason why 
the TBIs of even mild severity caused in childhood do 
not go away without a trace.

It has been shown that in severe TBI, especially 
in its acute period, liver and renal failure are among 
the most common disorders, as well as individual dis-
orders in the coronary vessels and myocardium [15]. 
Extracranial complications, including acute kidney in-
jury, are highly influential in determining the outcome 
from severe head injury [2, 12, 13, 17, 19] and may 
contribute to morbidity and mortality. However, there 
is neither a clear understanding of the pathogenesis 
of such effects nor experimental work that would 
confirm or refute the assumption of morphological 
changes in the kidney, as a result of TBI, particularly 
— mild TBI. The purpose of this study was to reveal 
the content of internal organ morphology, particularly 
the kidneys, in rats affected by TBI of mild severity 
with particular focus on pubescent rats. Thus, the first 
stage of this study was to investigate such changes 
in pubescent rats immediately after the injury and in 
the more advanced period after the injury.

MATERIALS AND METHODS
The study was performed on 70 adult white rats 

aged 3 months with the bodyweight of 180–230 g. 
All animals were divided into two groups: 1 — healthy 
animals (control group, 10 animals), 2 — animals 
with simulated mechanical TBI of mild severity (60 
animals). Animals in group 2 were removed from the 

experiment on days 1, 3, 5, 7, 14, and 21 after the TBI 
modelling (10 animals on each day). Rats were kept 
on a standard laboratory diet with free unrestricted 
access to water at the vivarium of the Odessa National 
Medical University. All experiments were carried out 
in compliance with the provisions of the Europe-
an Convention for the Protection of Vertebrate An-
imals used for research and other scientific purposes 
(Strasbourg, 18.03.1986), Council of Europe Directive 
86/609/EEC (1986), resolutions of the First National 
Congress on Bioethics (Kyiv, 2001), and the Ministry 
of Health of Ukraine Order No. 690 (Kyiv, 23.09.2009). 
All stages of the experiments were approved by the 
ONMEDU Bioethics Commission (Minutes No. 109-A,  
4.11. 2016). Mild TBI was inflicted by using the Im-
pact-Acceleration Model, a free fall of weight onto 
the parieto-occipital area according to Meretskyi [16]. 
Reproduction of TBI a vertically mounted tripod metal 
guide tube was used with an inner diameter of 1 mm 
and a height of 65 cm. The tube served as a guide for 
a freely moving weight inside. The latter represented 
a circular metal rod, to which a solid rubber strip  
3 mm thick and 0.5 cm2 in area was glued to the lower 
end. The tripod stand was also glued with a sturdy 
rubber gasket. By means of light ether anaesthesia, 
the animals were placed under the tube so that the 
head was clearly below the opening and fixed by 
the experimenter. Then the tractor performed a free 
fall with a subsequent blow to the skull of the an-
imal. Thus, the centre of impact was clearly on the 
sagittal line forward 3–5 mm from the intrauricular 
line. For reproduction of the TBI of a mild severity in 
mature rats, a 34.5 g tractor was used, which pro-
duced impact energy of 0.220 J. The animals were 
removed from the experiment by an overdose of 
ether anaesthesia, after which the kidney samples 
were prepared and obtained for further histological 
examination. Histological slides were stained with 
the haematoxylin and eosin and Mallory’s trichrome, 
examined, and photographed using the Leica-DMLS 
microscope while all the measurements were done 
with the ImageJ software (ver.1.51j8). 

statistical analysis

The obtained results were tested for the normality 
of distribution with Shapiro-Wilk test. All the data 
were presented as M ± SD where “M” stands for aver-
age and “SD” for standard deviation. The differences 
between the groups were analysed using analysis of 
variance (ANOVA) with Tukey’s post-hoc test. The 
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differences turned out to be statistically significant 
with the p-value < 0.05. All statistical computing 
was done with the RStudio software (ver. 1.1.442).

RESULTS
After the TBI modelling, no fatalities, behavioural, 

or dietary changes were recorded in the animals. On 
the 1st day after the inflicted experimental injury, 
hyperaemia of the tubular capillaries with the stasis 
of erythrocytes in their lumen in all examined histo-
logical specimens was observed. The mean diameter 
increased up to 6.75 ± 1.98 µm (index of the control 
group 4.60 ± 1.72 µm, p < 0.001; Fig. 1) while the 
diameter of the dilated afferent arterioles was in the 
range of 10–15 µm. Some veins were dilated with the 
stasis of erythrocytes in their lumen with 40–60 µm 
in diameter. Erythrocytic stasis was also observed in 
the lumen of the medium-sized arteries. Nephron glo-
meruli were fragmented, and their diameter remains 
in the range of control group value, as well as the 
capsule diameter (Tables 1, 2). Capillaries of glomeruli 
had narrowed down to 2.44 µm and dilated — with 
the maximal value up to 9.91 µm as opposed to the 
control group where the maximal value remained at 

7.80 µm. The mean value was 5.25 ± 1.51 µm (Fig. 2),  
which is significantly higher than of the control group 
(p < 0.05).

On the 3rd day of the experiment, in all of the sam-
ples dilatation of the tubular capillaries with erythro-
cytic stasis in their lumen continued to persist. Their 
diameter in certain areas was up to 12.12 µm with 
the mean value of 6.43 ± 1.98 µm, the diameter of 
glomerular capillaries increased too (Table 3). Eryth-
rocytic stasis was observed in the veins of all calibres 
with their dilatation in separate areas reaching up 
40–50 µm. This was especially the case for the area 
between the cortical layer and the medullary area. 
Dilatation of vasa recta was also observed with di-
ameter reaching up to 12–15 µm with erythrocytic 
stasis in their lumen.

On the 5th and 7th days of the TBI, renal corpuscles 
of various sizes were observed in the majority of ex-
amined specimens. The diameter of the glomerulus 
on the 5th day was 76.85 ± 15.19 µm and 77.78 ±  
± 15.31 µm on the 7th day. The diameter of the cap-
sule of the renal corpuscle also had reached its max-
imal value — 93.07 ± 14.76 µm on the 5th day and 
94.06 ± 14.82 µm on the 7th day. The diameter of 

Table 1. Rats’ nephron glomerulus measurements

Group Mean SD SEM Min Max N

Control 66.46 10.57 1.53 48.33 90.69 48

Day 1 67.76 14.15 2.24 44.57 95.95 40

Day 3 74.24 10.74 1.87 50.65 93.50 33

Day 5 76.85* 15.19 2.11 48.77 105.35 52

Day 7 77.78** 15.31 2.12 49.02 105.49 52

Day 14 76.23* 10.52 1.66 57.71 97.55 40

Day 21 73.97 10.23 1.62 54.10 95.99 40

*p < 0.05, **p < 0.001; SD — standard deviation; SEM — standard error of mean; 
Min — minimum value; Max — maximum value; N — total numbers of measurements

Table 2. Rats’ nephron capsule measurements

Group Mean SD SEM Min Max N

Control 79.90 12.30 2.32 63.23 112.81 28

Day 1 86.55 12.89 2.06 58.43 120.63 39

Day 3 90.14 10.90 1.99 70.38 114.85 30

Day 5 93.07* 14.76 1.97 62.85 122.43 56

Day 7 94.06* 14.82 1.98 63.47 123.14 56

Day 14 85.20 11.85 1.87 66.73 115.24 40

Day 21 83.20 11.87 1.88 66.39 112.74 40

*p < 0.001; SD — standard deviation; SEM — standard error of mean; Min — mini-
mum value; Max — maximum value; N — total numbers of measurements

Figure 1. Diameter variation of the rats’ peritubular capillaries.
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Table 3. Measurements of glomerular capillaries.

Group Mean SD SEM Min Max N

Control 4.30 1.22 0.17 2.41 7.80 52

Day 1 5.25 1.51 0.18 2.44 9.91 70

Day 3 6.05* 1.29 0.14 4.09 11.93 82

Day 5 7.28* 2.10 0.26 3.44 12.68 67

Day 7 7.79* 2.12 0.26 3.91 13.11 67

Day 14 6.19* 1.94 0.23 3.09 15.92 73

Day 21 5.11 2.08 0.25 1.82 15.03 72

*p < 0.001; SD — standard deviation; SEM — standard error of mean; Min — mini-
mum value; Max — maximum value; N — total numbers of measurements

the tubular capillaries and capillaries of the nephron 
glomeruli had reached their maximum throughout 
the experiment on the 7th day (Figs. 1, 2, Tables 3, 4).  
This was predominantly due to dilatation of the cor-
tical capillaries that were close to the renal capsule 
while the diameter of some capillaries was 15.46 µm.  
In some places, renal corpuscles were partially de-
stroyed and there was a dilation of the space be-
tween the glomeruli and the capsule. Small arteries 
were congested, mainly, with aggregated erythrocytes 
(sludge). Perivascular space showed impregnation of 
the blood cells and massive lymphocytic infiltrates 
with perivascular haemorrhage in some areas (Fig. 3). 
The renal medulla showed the areas with the signs of 
renal infarction and destruction of the proximal and 
distal tubules. One of the characteristic features of 
this period was dilatation of the arcuate veins with 
the blood stasis in their lumen, the diameter of which 
reached 50–80 µm.

On the 14th–21st days after the TBI the sclerotic 
changes of the renal corpuscles were focally observed 
(Fig. 4) as well as the massive perivascular infiltrates 

and initial signs of sclerosing of perivascular spaces 
in the renal medulla (Fig. 5). Infiltrates were observed 
in all specimens, while the signs of sclerosis were 
detected in 6 animals. The renal corpuscles focally 
were fragmented with infiltrates taking their place 
and the signs of formation of the connective tissue 
(Figs. 4, 6). Lumen of the vessels, especially veins, was 
filled with the red blood cells occasionally sticking to 
their intima. The diameter of capillaries and the size 
of glomeruli tended to decrease, though all their 
values remained significantly greater than those of 
the control group. Venous dilatation and blood cells 
aggregation were especially manifested in the area 
between the renal cortex and the medulla similarly 
to the previous periods.

DISCUSSION
According to the research literature, the dysfunc-

tional disorders caused by a heavy craniocerebral 
injury are manifested in the form of the acute renal 
insufficiency that develops as a result of the dience-

Table 4. Measurements of tubular capillaries

Group Mean SD SEM Min Max N

Control 4.60 1.72 0.29 1.14 7.78 36

Day 1 6.75** 1.98 0.27 2.98 11.84 53

Day 3 6.43** 1.98 0.23 2.63 12.12 72

Day 5 8.18** 2.30 0.23 4.09 15.46 97

Day 7 8.67** 2.36 0.24 4.25 16.32 97

Day 14 6.59** 1.75 0.20 3.00 12.52 80

Day 21 6.06* 1.73 0.19 2.34 11.96 80

*p < 0.05, **p < 0.001; SD — standard deviation; SEM — standard error of mean; 
Min — minimum value; Max — maximum value; N — total numbers of measurements

Figure 3. Perivascular haemorrhage (arrow); 5th day after traumatic 
brain injury; haematoxylin and eosin.

Figure 4. Destruction of renal corpuscle with lymphocytic infiltrate 
and sclerosis (arrow). Blood clot near renal corpuscle (arrowhead); 
14th day after traumatic brain injury; haematoxylin and eosin.
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phalic-catabolic syndrome [4, 5]. In clinical treatment 
of patients with severe TBI described are dyscirculato-
ry functional changes in the form of spasm of the ar-
teries, arterioles, and venous plethora and diapedetic 
haemorrhages. In the future, this leads to metabolic, 
dystrophic, and necrotic changes. The first clinical sign 
of this is the appearance of red blood cells, protein, 
and cylinders in the urine.

The trigger mechanism of it could be, most likely, 
a massive adrenalin rush in the bloodstream with 
subsequent spasm of the microcirculatory bed that 
leads to the acute hepatorenal insufficiency. But such 
as complications is explained not only by the stress, 
but also by the activation of the cytokine system 
in response to brain damage leading to a systemic 
inflammatory response [14, 18]. Due to a prolonged 
spasm and influence of catecholamines the signs of 
hypoxic damage of the vascular endothelium start-
ed to develop along with the formation of sludges 

and thrombi, increased endothelial permeability, and 
expression of endothelial adhesion molecules [18] 
which in the more prolonged periods of the exper-
iment lead to the infarct of the renal parenchyma, 
destruction of the renal corpuscles, formation of 
sclerotic changes, and development of chronic renal 
insufficiency. The central dysregulation mechanisms 
after brain injury could contribute to the development 
and progression of extracerebral organ dysfunction 
by promoting systemic inflammation that may cause 
medical complications.

Microscopic studies of the kidneys in the first 
hour after the heavy TBI showed absolute dyscircu-
latory changes manifested by the spasm of vessels, 
congestion, and areas of the diapedesis haemor-
rhages on the border between the kidney cortex and 
the medulla [1, 15]. On the 3rd day after the injury, 
pathomorphological processes are complicated by the 
dystrophic and necrotic processes with manifestation 
of the ischaemic necrosis of the tubular epithelium 
and the interstitial oedema with disorganisation of 
the connective tissue [1, 15]. In the case of the severe 
TBI, observed were dyscirculatory changes in the liver, 
myocardium, and kidneys. They were accompanied by 
ischaemia, congestion, macrophagal and lymphocytic 
infiltration with dilatation of the vessels of various 
calibres, which in the more prolonged period after 
the TBI (5th day) were complicated by the pathomo-
rphological processes in the form of dystrophic and 
necrotic changes in all organs [15, 21].

In the course of this study, the following pattern 
in the development of pathological changes in the 
rats’ kidneys resulting from the mild TBI was found:

 — on the 1st–3rd days, the development of mostly 
dyscirculatory changes manifested by the spasm 
of arterioles, dilatation of capillaries and venous 
bed were observed;

 — on the 5th–7th days, the dyscirculatory changes 
are growing and are accompanied by the areas 
of destruction of the convoluted tubules and re-
nal corpuscles. Such changes along with conges-
tion and the areas of diapedesis and perivascular 
haemorrhages are best manifested between the 
cortex and medulla and in the areas close to the 
renal capsule. These pathological changes can 
explain the disorders of the filtration processes 
and urine reabsorption and are typical of the stage 
of the acute kidney failure;

 — on the 14th–21st days, the intensity of the dy-
scirculatory and destructive changes decreases, 

Figure 6. Fragmented renal glomeruli (arrow) with sclerosis  
(arrowhead) and blood stasis (asterisk); 21st day after traumatic 
brain injury; trichrome.

Figure 5. Perivascular infiltrate and sclerosis (arrow). Destruction 
of the renal tubules (arrowhead); 14th day after traumatic brain injury;  
haematoxylin and eosin.
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although there are indications of the focal perivas-
cular sclerosis, perivascular infiltrates and indica-
tions of sclerosis of some renal corpuscles.
In the context of the clinical application of the re-

sults of experimental studies of the effects of TBI on 
rats, it should be noted that a rat’s kidney structurally 
and functionally has similarities to the human kidney. 
Minor differences are mainly at the macrostructural lev-
el; the rat kidney, unlike humans, contains one pyramid.

The structure of the vascular grid also differs. But 
nephron structure, hierarchy of kidney layers, and their 
functioning are similar as to those found in humans. 
This similarity allows us to make assumptions about 
the similarity of pathological changes caused by TBI. 
The limitation of full conclusions from the results of 
this work is its exclusively morphological character. For 
a full and voluminous conclusion, the physiological 
aspects of these changes also need to be investigated 
to evaluate a possible strategy for the treatment and 
prevention of urinary tract complications from TBI. 
However, the assured conclusion for the clinicians may 
be that attention is needed not only for patients with 
severe TBI but also those with mild head injuries as 
well. Particularly if mild TBI is part of the polytrauma, 
or if such patients have concomitant renal pathology.

CONCLUSIONS
Summarising the data from these experiments 

and considering the relevant reports contained in 
the research literature, it is reasonable to conclude 
that there is a clear dependence of developmental 
dynamics and notable degree of pathological chang-
es in kidneys on the severity of the TBI. In case of  
a mild TBI, the greatest changes in the rats’ kidneys 
appear on the 5th–7th days after the injury, which have  
a consistent tendency to decrease after that. However, 
morphological changes in the form of a perivascular 
sclerosis and focal changes in the renal corpuscles 
show the signs of a possible development of a chronic 
kidney failure even after a mild TBI. 
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Background: Cardiac implantable electronic device (CIED) implantation proce-
dures with transvenous lead placement afford an opportunity to observe vascular 
anatomic variations. The course of CIED implantation depends largely on morpho-
metric and topographic characteristics of the relevant brachiocephalic vein (BCV), 
which is the left BCV in the case of lead insertion via the left clavipectoral triangle. 
This study aims to present left BCV anomalies arising from abnormal systemic vein 
embryogenesis and encountered during CIED implantation.
Materials and methods: Venograms obtained during CIED implantation proce-
dures and illustrating left BCV topography/morphometry were analysed retrospec-
tively for two types of anomalies: anomalies of the left BCV itself (data from the 
period 2014–2018) and a combination of left BCV variations with a persistent 
left superior vena cava (PLSVC); since the latter instances are rare, the analysed 
period was longer (2003–2018).
Results: Analysis of data from the first, 5-year-long, period included data from  
a group of 1812 patients and revealed 5 (0.3%) cases of developmental left-BCV 
anomalies (3 double left BCV and 2 cases of a single subaortic left BCV). The 
16-year-long analysed period included 6110 CIED implantation procedures, which 
showed 12 (0.2%) cases of PLSVC including 4 (33%) cases of left BCV agenesis. 
Conclusions: The analysed venograms rarely showed isolated left-BCV aberrations 
(0.3%), with the combination of left-BCV agenesis and PLSVC being much more com-
mon (33%). The morphometry and/or topography of aberrant left-BCV may result 
in difficulties during cardiac lead insertion. (Folia Morphol 2021; 80, 2: 317–323)

Key words: aberrant left brachiocephalic vein, persistent left superior 
vena cava, venography, lead implantation, cardiac implantable 
electronic device (CiEd)

INTRODUCTION 
Procedures utilising transvenous catheter inser-

tion, including cardiac implantable electronic device 
(CIED) implantation, afford an opportunity to detect 

vascular anatomy variations, such as the natural phys-
iological individual variations in the shape or course 
of vessels and vascular anomalies due to disturbances 
during embryogenesis [1, 5, 11, 17]. The normal 
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course of said procedures depends on favourable 
morphometry and topography of the brachiocephalic 
vein (BCV), also known as the innominate vein, which 
is a systemic vein.

Disturbances in systemic vein embryogenesis re-
sult in vascular anomalies. In the case of left BCV 
such anomalies exhibit considerable anatomical var-
iations in comparison with a normal left BCV. These 
anomalies may manifest as variations in the course 
of the vein through the anterior mediastinum and its 
spatial relationship to adjacent anatomical structures. 
Another result of disturbed venous embryogenesis 
can be the presence of an accessory vessel which 
is a doubled version of the left BCV [4, 15, 18, 29].

The rates of detected left-BCV anomalies depend 
on the evaluated population and the used imaging 
technique. Left-BCV anomalies are detected in ap-
proximately 1% of patients with congenital heart 
defects, such as tetralogy of Fallot, atrial septal defect, 
and ventricular septal defect. In the population with-
out heart defects the estimated prevalence of left-BCV 
anomalies is below 0.4%. Developmental anomalies 
of the left BCV may occur in isolation or coexist with 
various variations of the persistent left superior vena 
cava (PLSVC). This type of systemic vein aberrations 
is found in 0.3–0.5% of individuals from the general 
population [3, 12, 14, 19, 26].

Unlike in the case of left BCVs with a typical topo-
graphy, anatomical variations of this vessel (depend-
ing on their nature and extent), may facilitate inflict-
ing inadvertent damage to the vessel itself and to 
the adjacent structures during certain transvascular 
procedures [2, 9, 10, 13, 22]. This is particularly like-
ly if the vascular variation had been asymptomatic 
prior to the procedure and is detected only during  
a CIED implantation procedure, as was the case in 
the examples presented below.

This paper presents our records on rare, and some-
times very rare, developmental anomalies of the left 
BCV observed over a number of years. The enclosed 
images illustrate the nature of the detected anomalies 
(i.e. they are a radiographic representation of vascular 
morphometry and topography).

MATERIALS AND METHODS
This study is a retrospective assessment of the 

imaging records from venography procedures per-
formed during de-novo CIED implantation procedures 
involving cardiac lead insertion through the systemic 
veins via a venous access in the left clavipectoral 

triangle. The indication for contrast-enhanced ve-
nography had been intra-operative problems with 
lead advancement, which needed to be explained 
and solved. 

The material presented below has been classified 
into two types of disturbed left BCV embryogenesis: 

 — developmental anomalies involving only the left 
BCV, detected over the period 2014–2018;

 — developmental anomalies of the left BCV in com-
bination with the presence of PLSVC, detected 
over the period of 2003–2018. 
The images of left-BCV variations presented in this 

paper have been selected to best illustrate charac-
teristic examples of the relevant vascular anatomical 
variants. 

During most of the procedures, venography in-
volved selective contrast administration, directly via 
cephalic vein cutdown or axillary vein/subclavian vein 
puncture. This helped limit the volume of the contrast 
agent being administered while at the same time ensur-
ing a more thorough filling of mediastinal vein lumina. 

Our statistical analysis used numerical variables 
in the form of mean values, standard deviations. 
This study had been approved by the Institutional 
Review Board. 

RESULTS 
Table 1 provides an overview of the types of left-

-BCV anomalies presented in this paper in terms of: 
patients’ age at the time of first CIED implantation, 
procedure date, electrocardiographic indications for 
CIED implantation and the CIED types.

Analysis of data from the first, 5-year-long (2014– 
–2018), period included CIED implantation proce-
dures performed in a total of 1812 patients. Among 
those, there were 5 (0.3%) cases of developmental 
left-BCV anomalies.

Over the analysed 5-year period, there were  
3 cases of a double left BCV, 2 of which were detected 
during de-novo CIED implantation procedures (in-
cluding that illustrated in Fig. 1A). The third case of 
a double left BCV was detected during a procedure 
involving the addition of another cardiac lead to  
a CIED that had been implanted years earlier. The ve-
nography in this case additionally showed the patency 
of the vein in whose lumen the previous cardiac lead 
resided (Fig. 1B).

In the detected cases of double left BCV, the main 
and duplicated vessel differed in their diameters, with 
only the main (‘upper’) vessel’s course and morpho-
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metry allowing cardiac leads to be threaded towards 
the heart. 

Throughout the evaluated period, we detected  
2 cases of a subaortic left BCV (Fig. 2A, B). In 1 of 
those patients (Fig. 2A), who had undergone aortic 
valve replacement in the past, the altered venous 

Table 1. Venous anomaly types

Type of BCV anomaly Sex Age* ECG-based indications Procedure date CIED type

Double BCV Female 78 VT 2014 ICD VR

Male 74 AF, AVB 2015 VVI

Male 82 SSS+PAF 2017 DDD

Subaortal BCV Male 87 AF, AVB, EF 17% 2017 (ineffective procedure) Indications for ICD VR

Male 81 SF, AVB 2018 VVI

Left BCV + Double SVC Male 41 SSS 2003 AAI

Female 90 AF+CHB 2004 VVI

Male 63 SR+CHB 2015 DDD

Male 67 VT 2016 ICD VR

Double SVC without BCV Female 77 TBS 2006 DDD

Female 80 SR+CHB 2006 VVI

Male 61 TBS 2007 DDD

Female 67 AF+CHB 2017 VVI

Single persistent left SVC Female 52 SR+CHB 2009 DDD

Male 67 SR+CHB 2013 VVI

Female 66 VT+AF 2014 ICD VR

Male 63 AF+CHB 2015 VVI

*Patients’ age at the time of first cardiac implantable electronic device (CIED) implantation; AAI — single-chamber atrial pacemaker; AF — atrial fibrillation; AVB — atrioventricular block 
(I°/II°); BCV — brachiocephalic vein; CHB — complete heart block; DDD — dual-chamber (atrioventricular) pacemaker; EF — ejection fraction; ECG — electrocardiogram; ICD VR — sin-
gle-chamber implantable cardioverter-defibrillator; PAF — paroxysmal atrial fibrillation; SVC — superior vena cava; SR — sinus rhythm; SSS — sick sinus syndrome; TBS — tachycardia
-bradycardia syndrome; VT — ventricular tachycardia; VVI — single-chamber ventricular pacemaker

Figure 1. Differences in the lumina of the double left brachiocephalic vein variants: the main vessel (with a larger diameter and greater venous 
blood flow) — black arrows; the vessel with a smaller diameter and blood flow — white arrows; A. The blood/contrast agent flowing through 
the lower vessel in an 82-year-old male (black arrows). The cardiac leads were later successfully threaded through the upper vessel (white 
arrows); B. Cardiac leads threaded through the upper vessel in a 74-year-old male (black arrows), with the lower vessel exhibiting unfavoura-
ble morphometry and topography for lead advancement (white arrows).

lumen morphometry precluded threading a cardiac 
lead beyond the site of stenosis and, thus, it was im-
possible to implant the CIED via a left-sided approach.

In the years 2003–2018, PLSVC was detected in  
12 cases (6 women and 6 men), which constitut-
ed 0.2% of the 6110 CIED implantation procedures 
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involving transvenous cardiac lead placement per-
formed over this period.

In 4 PLSVC patients (3 women and 1 man; mean 
age 71 ± 9 years; < 0.1%) there was concomitant left 
BCV agenesis (Fig. 3), with each of the two superior 
venae cavae having independent venous drainage.

The presence of a left BCV forming a bridge be-
tween the two superior venae cavae was detected in 
4 cases (including 3 men and 1 woman; mean age 
65 ± 20 years; one example is illustrated in Fig. 4). 

In the remaining 4 cases (2 men and 2 women; 
mean age 62 ± 7 years), we observed a single PLSVC 
providing right-side thoracic drainage via an arching 
left BCV located in the superior mediastinum (Fig. 5). 

The aberrant anatomy of systemic vessels (shown 
in the cases presented above and due to abnormal 
systemic vessel embryogenesis) proved problematic 
during CIED implantation procedures and lengthened 
procedure duration; however, there were no intraop-
erative complications. 

Figure 3. Persistent left superior vena cava (PLSVC) with left brachiocephalic vein (BCV) agenesis in a 61-year-old male. Intraoperative bilat-
eral venography illustrates a lack of contrast enhancement in the left BCV potentially connecting the two superior venae cavae; A. Right supe-
rior vena cava (RSVC) morphometry illustrated with a contrast agent shows a lack of the left BCV. The site where the left BCV can be typically 
visualised if the vessel forms during normal embryogenesis (white oval). Marking the exact topography and morphometry of the vessel would 
be difficult due to inter-individual anatomical variations; B. Contrast-enhanced PLSVC also shows a lack of contrast flow through a left BCV in 
a situation where a left BCV bridge could be potentially present. 

Figure 2. The general radiographic location of a subaortic left brachiocephalic vein (BCV) (white circles), including the location of the aortic 
arch (aortic cross-section marked with a black oval); the compressed subaortic left BCV segment (marked with arrows); A. Venous lumen 
compression by a dilated aorta in a 87-year-old male with a documented anatomical variation in aortic-arch arteries, involving both carotid 
arteries and the right subclavian artery branching off a common vessel (CT), status post aortic valve implantation, and an ascending aortic 
aneurysm. The oblique radiopaque stripe with a notched margin is a measuring scale; B. A radiogram from the successful implantation of  
a VVI pacemaker in an 81-year-old male, illustrating the venous configuration. 
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DISCUSSION
In normally developing human embryos, the in-

itially symmetrical venous system consists of paired 
anterior and posterior cardinal veins that drain the 
cephalic and caudal areas of the embryo, respectively. 
During further stages of physiological embryogenesis, 
the left and right pairs of cardinal veins anastomose 
inferiorly to form the left and right common cardi-
nal veins (ducts of Cuvier). At 8 weeks of gestation, 
anastomoses between the left and right anterior car-
dinal veins lead to BCV formation. The physiological 
development of the systemic veins of the superior 
mediastinum ends with the left BCV being nearly  
3 times longer than the right BCV. Each BCV, which is 

an anatomical continuation of the ipsilateral internal 
jugular vein and subclavian vein, drains blood from 
the ipsilateral side of the body. 

The left-BCV is typically positioned superior to the 
aortic arch and anterior to the aortic arch branches 
(the brachiocephalic trunk, left common carotid artery, 
and left subclavian artery). Having crossed to the right 
side of the superior mediastinum, the left BCV merges 
with the right BCV to form the superior vena cava 
(SVC) [21, 25]. During CIED implantation procedures, 
cardiac leads are typically inserted via the veins of the 
left clavipectoral triangle. This is also the approach 
preferred at our centre (utilised in approximately 97% 
of de novo CIED implantation procedures).

Figure 4. Persistent left superior vena cava (LSVC) with a left brachiocephalic vein (LBCV) in a 90-year-old female; A. Venogram showing the 
course of the cardiac lead and demonstrating a typical course of the LBCV through the mediastinum (obliquely and inferiorly) and the pres-
ence of two superior venae cavae (fluoroscopic image obtained during intra-procedure venography); B. LBCV patency can be verified when 
threading a new lead is required several years after the first procedure. Post-procedure chest X-ray film illustrating the location of both cardiac 
leads within the LBCV. 

Figure 5. Single persistent left superior vena cava in a 66-year-old female; A. Right superior vena cava agenesis — documented by a lack of 
contrast enhancement in the vessel’s potential location (white oval); B. Persistent left superior vena cava (PLSVC) morphometry poorly visual-
ised by a retrograde flow of contrast; C. The position of a guidewire, arching between the left and the right subclavian veins, unequivocally 
proves the presence of a patent left brachiocephalic vein (LBCV). 
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The presence of left BCV anomalies may pose  
a challenge in performing transvascular procedures 
employing this vessel and increase the risk of their 
complications [10, 13, 14]. Moreover, the left BCVs 
that are not anomalous themselves may sometimes 
have tributaries, whose configurations and conflu-
ence angles differ dramatically from those typically 
observed. This usually poses problems during an-
aesthesiology procedures, such as central venous 
catheter placement [8, 22].

An abnormal, supraaortic variant of the typically 
subaortic course of the left BCV in the superior me-
diastinum was first described by Takada et al. [28]. 
Other left-BCV variants due to the vessel’s abnormal 
embryogenesis have also been described: a double 
left BCV, formed when a doubled branch of the left 
BCV courses inferoposteriorly to the ascending aorta 
before anastomosing with the right BCV or when the 
accessory vessel courses posteriorly to the trachea 
and oesophagus and merges with the azygos vein 
before draining into the SVC [24, 31]. In our study, 
we encountered the following left-BCV variants: su-
baortic left BCV, double left BCV, and another, pre-
viously unreported, variant where both vessels (the 
upper and lower one) coursed parallel to each other 
above the aortic arch [27]. Our records over a 5-year 
period showed left-BCV-only anomalies in 1.6% of 
the analysed CIED implantation procedures involving 
contrast venography. 

During normal embryogenesis, the mature form 
of the right anterior cardinal vein forms the right 
SVC, whereas the left-sided vessel undergoes invo-
lution up to the 20th week of gestation and, conse-
quently, blood flow is redistributed to the right side. 
During abnormal embryogenesis the left anterior 
cardinal vein may not undergo involution, which 
leads to the presence of PLSVC. Over the last 16 
years, during which CIED implantation procedures 
were conducted at our centre, this type of systemic 
vein anomaly was detected in 12 (0.2%) cases, slight-
ly less commonly than reported in other, comparable 
populations [1, 7, 30]. 

Approximately 85% of adults diagnosed with 
PLSVC have two coexisting venous drainages. In our 
study, the PLSVC anomaly with two developed venous 
drainages (double SVC) was detected in 67% of cas-
es. Out of these PLSVC cases, concomitant left-BCV 
agenesis with two independent SVC drainages due 
to a failure in the formation of the physiological 
bridge between the two anterior cardinal veins, was 

observed less commonly (50%) than reported by other 
authors [7, 16, 20, 30].  

A double SVC with the two vessels bridged by the 
left BCV was found in 4 (33%) cases, out of all 12 de- 
tected cases of PLSVC. However, we believe that this 
type of double SVC may be more common due to 
the fact that some cases remain undetected; for in-
stance, those cases where the continuation of the 
left subclavian vein into the left BCV favours smooth 
advancement of a cardiac lead into the right SVC, 
cases where cardiac leads are introduced via the right 
SVC, or cases that lack any diagnostic imaging that 
would visualise the presence of a double SVC [26]. 

In 10–20% of PLSVC cases, abnormal development 
of the right cardinal vein leads to right SVC agenesis. 
In our study, this type of venous drainage from both 
sides of the chest via a single PLSVC (naturally, via the 
left BCV) was observed in 4 (33%) out of all cases of 
detected PLSVC [6, 23]. 

Having knowledge on the prevalence of left BCV 
anomalies along with the morphometric and topo-
graphic characteristics helps predict potential prob-
lems during transvenous procedures, such as central 
venous catheter and CIED, which employ systemic 
thoracic veins.

Limitations of the study 

Our evaluation of the prevalence of presented left-
-BCV variations was confined to a selected group of 
patients, namely those undergoing CIED implantation 
procedures with an accompanying venography. This 
may have caused the proportion of detected venous 
anomalies to be lower than their actual prevalence, 
both in populations undergoing CIED implantation 
and in the general population. 

Failure to detect some of the developmental 
anomalies of mediastinal veins may be associated 
with the fact that venography of the left BCV is 
less common than that of its tributaries coursing 
through the left clavipectoral triangle. Moreover, 
during some procedures, the leads are advanced 
via the right BCV. 

CONCLUSIONS 
The analysis of our study population of patients 

undergoing a CIED implantation procedure showed 
developmental anomalies of the left BCV alone to 
be rare, whereas left BCV agenesis in combination 
with PLSVC was more common. The asymptomatic 
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character of left-BCV aberrations is usually the reason 
why they are detected only during certain transvenous 
procedures. Such aberrations in venous topography 
and morphometry may pose a challenge during CIED 
implantation procedures involving transvenous car-
diac lead insertion. 
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Variations in the gonadal artery with a single 
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Background: A gonadal artery originates as a branch of the abdominal aorta 
and renal artery inferior to the level of origin of the renal arteries. Variations 
in multiple right testicular arteries (RTAs) arising from the abdominal aorta are 
common. We aimed to re-evaluate the unusual courses of gonadal arteries with  
a single common trunk in relation to the inferior vena cava and left renal vein and 
explain the developmental anatomy.
Materials and methods: The observational cross-sectional study was performed 
on 54 Japanese adult cadavers (29 men and 25 women). We examined the lit-
erature and developed embryological hypotheses on the single common trunk 
of the gonadal artery.
Results: The gonadal artery, testicular artery, and ovarian artery arose from the 
abdominal aorta in 93.1%, 96.3%, and 89.6% of cases, respectively, and from 
the renal artery in 4.9%, 3.7%, and 6.3% of cases, respectively. We found two 
rare variations in the RTAs observed during the routine dissection of two male 
cadavers; in these two cases, a single common trunk of the RTAs originated from 
the abdominal aorta. A single common trunk was found in 3.7% of cadavers, 
2.0% of sides, and 2.0% of arteries in the gonadal artery and in 6.9% of cadavers, 
3.8% of sides, and 3.7% of arteries in the testicular artery. All cases of the single 
common trunk, including those in past reports, were observed only in men.
Conclusions: Knowledge of the variations in RTAs has important clinical con-
sequences for invasive and non-invasive arterial procedures. In addition, this 
variation provides a new interpretation of the embryology of the gonadal artery. 
Variations similar to our findings have not been previously reported. Therefore, 
different variations concerning the RTA should be considered during surgical and 
non-surgical evaluations. (Folia Morphol 2021; 80, 2: 324–330)

Key words: single common trunk, right testicular artery, vascular 
development, cadaver
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INTRODUCTION
The gonadal artery (GA) originates separately on 

the left and right sides as a lateral branch of the 
abdominal aorta (AA), inferior to the level of origin 
of the renal arteries and veins. On the right side, the 
artery commonly passes anterior to the inferior vena 
cava (IVC), while on the left, it passes posterior to the 
inferior mesenteric vein. It descends inferolaterally 
toward the pelvis along the psoas major muscle, 
under the parietal peritoneum, and then enters into 
the ipsilateral deep inguinal ring [11].

Variations of the renal, adrenal, and inferior 
phrenic arteries, among others, are reported to occur 
at the origin of the GA as well as at the AA [1, 5, 7–9, 
12]. In addition, variations of the courses of multiple 
GAs are reported [1, 5–10, 12, 15, 17]. Even the oc-
currence of many GAs with multiple origins has been 
discussed. Multiple GAs have a single origin, and the 
multiple branches pass through several blood vessels. 

The course of GAs is important not only for identi-
fying the structures of the gonadal anatomy but also 
for facilitating safer gonadal and renal surgeries. It 
is unclear whether the single common trunk can be 
included for multiple arteries or single arteries, and no 
study so far has focused on GAs with a single common 
trunk. In addition, the embryological considerations 
for the development of GAs with a single common 
trunk have not been reported. 

In the present study, we re-evaluated the unusual 
courses of GAs with a single common trunk with 
respect to the IVC and left renal vein and attempted 
to explain the developmental anatomy.

MATERIALS AND METHODS
All cadavers were selected from the bodies used 

for research and anatomy practice at Tokai University 
School of Medicine in 2017 and 2018. This observa-
tional cross-sectional study was performed on 54 
Japanese adult cadavers (29 men and 25 women) and 
on 98 sides (53 male and 45 female sides) and on 102 
arteries (54 testicular and 48 ovarian arteries), with an 
average age of 88.6 ± 7.46 years (88.0 ± 6.32 years 
in men and 89.1 ± 8.29 years in women). Some left 
and right sides of the cadavers were not observable 
by human error. In addition, there were cadavers with 
multiple gonadal arteries. Therefore, the results are 
presented in terms of cadavers, sides, and arteries. 
Cadavers that underwent urogenital surgery were 
excluded from this study. The single common trunks 
were treated as one artery. 

We also presented case results from the dissection 
of 94-year-old (No. 2026) and 87-year-old (No. 2028) 
Japanese adult male cadavers as the first and second 
cases (cause of death: hepatic cancer and pancreatic 
cancer, respectively). 

The cadavers were free from other diseases of the 
liver, stomach, and related vessels. Gross dissection 
was performed using the customary procedure. The 
vascular anatomical relationship around the kidney 
was specifically observed. For this purpose, we re-
moved the branches of the coeliac trunk and the 
upper mesenteric arteries and carefully examined 
the structures.

RESULTS
The two cadavers with the single common trunk 

were referred to as first and second cases (Figs. 1 
and 2, respectively). In Figure 1, the right testicular 
arteries (RTAs) of the single common trunk arose from 
the AA at the second lumbar vertebral level below 
the level of the left renal vein and ran 4 mm toward 
the IVC. Afterward, the single common trunk divided 
into two testicular arteries (TAs) passing through the 
lateral (dorsal) side (lRTA) and the medial (ventral) side 
(mRTA) of the IVC. The lRTA travelled in an arch shape 
from the dorsal side to the ventral side with respect 
to the right renal vein and descended to the caudal 
side. The mRTA passed through the ventral side of the 
right renal artery and descended to the caudal side. 
The lRTA and mRTA joined at the inferior pole of the 
right kidney and descended ventrally to the psoas 
major muscle. In other words, the IVC passed through 
the hiatus of the RTA. The left testicular arteries (LTAs) 
arose from the AA at the second lumbar vertebral level 
and descended ventrally to the psoas major muscle. 
The single common trunk of the RTAs, mRTA, lRTA, 
and LTA had an external diameter of approximately 
1.8 mm, 0.8 mm, 1.8 mm, and 3.6 mm, respectively 
(Fig. 1). The right renal artery arose from the AA at the 
third lumbar vertebral level and passed through the 
ventral side of the IVC. The other abdominal arteries 
displayed normal courses. 

In Figure 2, RTAs of the single common trunk 
arose from the AA at the third lumbar vertebral level 
below the level of the left renal vein and then ran  
30 mm toward the IVC in the second case. Afterward, 
the single common trunk divided into two testicular 
arteries on the ventral side of the IVC and passed 
through the lRTA and the mRTA of the right testicular 
vein. The lRTA and mRTA did not join but dropped 



326

Folia Morphol., 2021, Vol. 80, No. 2

separately toward the deep inguinal ring. The left 
testicular arteries arose from the AA at the fourth 

lumbar vertebral level and descended ventrally to the 
psoas major muscle. The single common trunk of the 

Figure 1. Photograph and schematic of the right testicular artery with the single common trunk in the first cadaver; A. Anterolateral view of 
a formaldehyde-fixed abdominal cavity of a 94-year-old man (cause of death: hepatic cancer; No. 2026); B. Graphical schematic of the same 
view. The black arrow points to the single common trunk of the right testicular artery. The single and double black arrowheads point to the lat-
eral right testicular artery and medial testicular artery, respectively; AA — abdominal aorta; CT — coeliac trunk; IMA — inferior mesenteric  
artery; IVC — inferior vena cava; LRV — left renal vein, LTA — left testicular artery; LTV — left testicular vein; RK — right kidney; RRA — 
right renal artery; RRV — right renal vein; RTV — right testicular vein; SMA — superior mesenteric artery.

Figure 2. Photograph and schematic illustration of the right testicular artery with the single common trunk in the second cadaver; A. Antero-
lateral view of a formaldehyde-fixed abdominal cavity of an 87-year-old man (cause of death: pancreatic cancer; No. 2028); B. Graphical 
schematic of the same view. The black arrow points to the single common trunk of the right testicular artery. The single and double black 
arrowheads point to the lateral right testicular artery and medial testicular artery, respectively; AA — abdominal aorta; IMA — inferior  
mesenteric artery; IVC — inferior vena cava; LRV — left renal vein; LTA — left testicular artery; LTV — left testicular vein; RK — right  
kidney; RRA — right renal artery; RRV — right renal vein.

A B

A B
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RTA, mRTA, lRTA, and LTA had an external diameter 
of approximately 2.4 mm, 1.1 mm, 1.3 mm, and  
1.9 mm, respectively (Fig. 2). The other abdominal 
arteries displayed normal courses. 

The details of the origin of all GAs are shown in 
Table 1. The details for men and women are shown 
separately in Table 1 because the gonadal arteries 
are different in testicular and ovarian arteries. Given 
that the testicular artery with a single common trunk 
originates from the AA and then branches into two, 
it was included in the group branching from the AA 
in this study. In addition, the single common trunk 
was included in the ratio of origin as one artery. The 
GA, testicular artery, and ovarian artery arose from 
the AA in 93.1%, 96.3%, and 89.6% of cadavers, 
respectively, and from the renal artery in 4.9%, 3.7%, 
and 6.3% of cadavers, respectively. 

As shown in Table 2, all previous reports of the 
single common trunk were from case reports of 
men. There were two testicular arteries with a single 
common trunk on the right side in the specimens 
of this study. Therefore, the incidence rate of the 
single common trunk is 3.7% of cadavers, 2.0% of 
sides, and 2.0% of arteries in the GA. Moreover, the 
incidence rate of a single common trunk is 6.9% of 
cadavers, 3.8% of sides, and 3.7% of arteries in the 
testicular artery. 

DISCUSSION
Herein, we have described variations at the origin 

of the GAs in 54 cadavers. In addition, we exam-
ined the single common trunk in two cadavers and 
correlated our observations with related literature. 
Moreover, we discuss the embryological hypothesis 
of GAs with a single common trunk.

The GA, testicular, and ovarian arteries arose from 
the AA in 77.7% of arteries, 76.5% of arteries, and 
79.3% of arteries, respectively, and from the renal 
artery in 21.8% of arteries, 22.6% of arteries, and 
20.7% of arteries, respectively [8, 9]. Our data show 
that the percentage of vessels arising from the AA 
was higher than those arising from the renal artery. 
This result may be due to the limited number of cases. 
Double testicular arteries existed in 1.6% and 1.4% of 
the right and left sides, respectively. They originated 
from the same artery in 2 of 8 and 3 of 7 cases at 
the right and left sides, respectively, and originated 
from different arteries in 6 of 8 and 4 of 7 cases at 
the right and left sides, respectively [8, 9]. In another 
report [12], double testicular arteries were present 
in 25/1,167 (2.14%) cases on the left side; of these, 
14 had both arteries arising from the AA (1.19%),  
9 originated from the AA (0.77%). The other one had 
double testicular arteries originating from arteries 
other than the AA, and 2 had both arteries originating 

Table 1. Observed anatomical variations in the origin of gonadal arteries of the present study

Origin of go-
nadal artery

Male (testicular artery) Female (ovarian artery) Total (gonadal artery)

Body Side  
(left, right)

Artery  
(left, right)

Body Side  
(left, right)

Artery 
(left, right)

Body Side  
(left, right)

Artery
(left, right)

Abdominal aorta 27 51 (25, 26) 52 (26, 26) 20 40 (20, 20) 43 (23, 20) 47 91 (45, 46) 95 (49, 46)

Renal artery 2 2 (2, 0) 2 (2, 0) 3 3 (2, 1) 3 (2, 1) 5 5 (4, 1) 5 (4, 1)

Other Not observed Not observed Not observed 2 2 (0, 2) 2 (0, 2) 2 2 (0, 2) 2 (0, 2)

Table 2. Description of the gonadal artery with a single common trunk in the published literature

References Sex Origin Side Remark

Rusu (2006) [15] Male Abdominal aorta Left Doubled right testicular arteries arose from the abdominal aorta and renal artery
Single common trunk run arching with respect to the left renal vein

Tanyeli et al. 2006 [17] Male Renal artery Right Normal course of a left testicular artery

Kotian et al. 2016 [6] Male Abdominal aorta Left Normal course of a right testicular artery

Mao and Li 2017 [10] Male Abdominal aorta Right Right testicular vein passed through the hiatus of the right testicular artery

First cadaver Male Abdominal aorta Right Normal course of a left testicular artery
Lateral right testicular artery run arching with respect to the right renal vein

Inferior vena cava passed through the hiatus of the right testicular artery

Second cadaver Male Abdominal aorta Right Normal course of a left testicular artery
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from the vessels other than the AA (0.17%, both from 
the RA). On the right side, 19/1,229 cases showed  
a double testicular artery (1.54%), 9 had both arteries 
arising from the AA (0.77%), and 10 had both arteries 
originating from vessels other than the AA (0.81%). It 
is unclear whether the single common trunk can be 
included in multiple arteries or single arteries, and the 
original ratio may be masked. Therefore, a detailed 
ratio of single common trunk structures of the study 
specimens is useful for classifying the arteries.

The arterial running pattern of the single common 
trunk is one of the two types: type A divides into the 
right and left sides of GAs on the different side and 
type B divides into the medial and lateral sides of GAs 
on the same side. The single common trunk structure 
of type A is reported “in < 0.1% of cases a common 
trunk originated from the AA, which later divided 
into right and left testicular arteries” by statistical 
processing of the previous literature [7]. However, the 
details of type B are unknown. In this study, the inci-
dence rate was 3.7% of cadavers and 6.9% of bodies, 
2.0% of sides and 3.8% of sides, and 2.0% of arteries 
and 3.7% of arteries in the GA and testicular artery, 

respectively. Moreover, all single common trunks of 
type B were present in men, which was consistent 
with previous literature [6, 10, 15, 17]. However, it is 
unclear whether the single common trunk only exists 
in men. The testis may be associated with longer 
migration than the ovary. At any rate, to the best of 
our knowledge, this report is the first detailed study 
of the single common trunk of type B.

As shown in Table 2, the RTA with a single com-
mon trunk was observed in the cadaveric specimens 
of this study; however, the embryological signifi-
cance of the presence of these varieties of the right 
GAs remains unclear. In general, the variations in the 
origin, course, and branching out of the right GAs 
are attributed to the development of the IVC. Only 
Terayama et al. [18] reported on the development of 
the RTA and IVC system together. Several successive 
networks participate in the formation of the IVC 
through the initial appearance of complex capillary 
plexuses and preferential utilisation and expansion 
or regression of individual channels within the plexus  
[2, 18]. The sub-cardinal veins arise in association 
with the ventral margin of the mesonephros and form 

Figure 3. The proposed scheme of the formation of the single common trunk (SCT) of the right testicular artery (modified from the figure of 
Terayama et al. [18]’s report); A, B. Anastomosis of the right supracardinal vein (RSPV) and right sub-cardinal vein (RSBV) is important to 
determine the course of the right gonadal artery (RGA); C. Proposed developmental anatomy of the first cadaver (Fig. 1); D. Proposed devel-
opmental anatomy of the second cadaver (Fig. 2). Right gonadal arteries (GAs) arising from the dorsal aorta (DA) pass dorsally to the RSPV 
or pass between the RSBV and RSPV: type S of RGA pass dorsally to IVC and type M and type L of RGA pass dorsally or ventrally to inferior 
vena cava (IVC); AA — abdominal aorta; mRGA — medial right gonadal artery; LGA — left gonadal artery; LGV — left gonadal vein; LRV — 
left renal vein; LSBV — left sub-cardinal vein; LSPV — left supracardinal vein; LSSA — left sub-supracardinal anastomosis; lRGA — lateral 
right gonadal artery; RGV — right gonadal vein; RSSA — right sub-supracardinal anastomosis; RRV — right renal vein; SBA — sub-cardinal 
anastomosis.

BA

C
D
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the sub-cardinal anastomosis, which is the origin of 
the gonadal and renal veins [4, 18]. Thereafter, the 
supracardinal veins appear dorsal to the sub-cardinal 
veins, and the supracardinal and sub-cardinal veins 
anastomose (Fig. 3A). The sub-cardinal and sub-su-
pracardinal anastomoses, as well as the sub-cardinal 
and supracardinal veins, are important for the devel-
opment of the GAs, gonadal veins, renal veins, and 
IVC (Fig. 3B) [3, 14, 18]. 

As shown in Figure 3, we assumed that the right 
gonadal arteries (RGAs) arise from the dorsal arteries 
and then pass either dorsally to both the sub-cardinal 
and supracardinal veins or dorsally to the sub-cardinal 
veins and ventrally to the supracardinal veins (Fig. 3A).  
Moreover, several previous reports also showed that 
the lateral artery of the dorsal aorta, including the 
right GA, had a longitudinal anastomosis (Fig. 3A) 
[13, 16]. Terayama et al. [18] reported that the course 
of the GA is of one of the four subtypes based on 
the relationship to the left renal vein and the IVC, of 
superior (S), middle (M) and lower types (L1 = ven-
trally, L2 = dorsal of IVC). Type S ultimately passes 
dorsally to the IVC (Fig. 3B). Type L can be divided into 
types L1 and L2 during the development of the IVC 
(Fig. 3B). Finally, one or two of types S, M, L1, and 
L2 become the remaining RGA (Fig. 3B). In the first 
case, it is assumed that a longitudinal anastomosis 
with type L1 remained after type M passed through 
the dorsal side of the IVC (Fig. 3C). It is also presumed 
that in the second case, a longitudinal anastomosis 
with type L2 remained after type L1 passed through 
the ventral side of the IVC (Fig. 3D). The hypotheses 
of type S, M and L embryology, including the lon-
gitudinal anastomosis, are useful in discussing the 
development of the right GA, including the IVC. The 
left GA does not need to consider IVC, so either the 
grid-like vascular network remains partially or not.

Part of the discussion explains the embryological 
hypothesis of GA based on observations and past 
literature. Therefore, the limitation of this research is 
that it has not been proved experimentally.

CONCLUSIONS
Our findings revealed that the GA, testicular ar-

tery, and ovarian artery arose from the AA in 93.1%, 
96.3%, and 89.6% of cadavers, and from the renal 
artery in 4.9%, 3.7%, and 6.3% of cadavers, respec-
tively. A single common trunk was found in 3.7% of 
cadavers, 2.0% of sides, and 2.0% of arteries in the 

GA and in 6.9% of cadavers, 3.8% of sides, and 3.7% 
of arteries in the testicular artery. Varying morpho-
logical anomalies of GAs may be clinical significant 
while considering the influence of the blood flow 
from the gonadal glands and the development of new 
operative techniques (especially in the laparoscopic 
surgery field) within the abdominal cavity [13]. The 
knowledge of these common variations can serve 
as a reference for avoiding clinical complications, 
especially during surgery in this region.
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Origin and main ramifications of coeliac artery 
in Cerdocyon thous
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Background: Cerdocyon thous is the canid with the greatest geographical cover-
age in South America. The aim of this study was to describe the origin, skeletopy, 
length and main branches of the coeliac artery in C. thous. 
Materials and methods: The dissections were performed on 14 cadavers of adult 
specimens, 6 males and 8 females, with a rostrosacral length average of 67.00 ± 
± 4.7 cm and 62.09 ± 5.7 cm, respectively. The specimens were collected dead 
on highways on the banks of the Atlantic Forest (Rio de Janeiro) and the Pampa 
biome (Rio Grande do Sul) in Brazil. The cadavers were fixed and preserved in  
a formaldehyde solution until dissection. The coeliac artery was dissected, the 
length was measured “in situ” and its main branches were recorded. The coeliac 
artery emerged as a single artery in all dissected animals. 
Results: The average length of the coeliac artery was 1.43 ± 0.17 cm in males 
and 1.39 mm ± 0.24 cm in females, with no significant difference in this meas-
urement between sexes. The predominant skeletopy was at the level of the second 
lumbar vertebra (57.1%), positioned on average 1.43 cm cranially to the cranial 
mesenteric artery. In most individuals (92.9%), the classic trifurcation was formed: 
the coeliac artery branched into the hepatic, left gastric, and lienal arteries. Only 
1 male animal presented a bifurcation formed between the hepatic artery and  
a gastrolienal trunk. 
Conclusions: These anatomical characteristics are similar to those of other species 
of the Canidae family, possibly due to their phylogenetic proximity. (Folia Morphol 
2021; 80, 2: 331–335)

Key words: animal anatomy, cardiovascular system, crab-eating-fox, wild 
carnivorans

INTRODUCTION
Cerdocyon thous (C. thous), known as “crab-eat-

ing-fox”, is the most widely distributed wild canid on 
the South American continent, populating Colombia 
to Uruguay. With great adaptability, it inhabits closed 
and open vegetation areas [8, 9, 18, 19]. Body mass 

ranges from 5 to 9 kg and can measure up to 1.2 m 
from the tip of the snout to the tail [19]. The diet is 
based on fruits, small vertebrates, eggs, insects, and 
crustaceans, characterising an opportunistic omniv-
orous diet [9, 18]. Cerdocyon thous is threatened by 
hunting, hit-and-run, and diseases transmitted by 

mailto:paulosouza@unipampa.edu.br
https://orcid.org/0000-0002-2094-3490
https://orcid.org/0000-0001-6211-5944
https://orcid.org/0000-0001-6132-4189
https://orcid.org/0000-0001-7333-9361
https://orcid.org/0000-0001-6480-5500
https://orcid.org/0000-0002-6488-6491
https://orcid.org/0000-0003-2251-171X


332

Folia Morphol., 2021, Vol. 80, No. 2

Canis familiaris (C. familiaris), although its conserva-
tion is not a concern [9, 18, 19].

The high occurrence of free-ranging C. thous and 
its high frequency in zoos and private collections 
makes it frequently subject to veterinary care [8, 32].

The coeliac artery (CA) is one of the most im-
portant arteries in the abdominal part of aorta; it is  
a short vessel that emerges ventrally from the ab-
dominal aorta, at the level of the aortic hiatus of the 
diaphragm muscle [20]. Close to its origin, this vessel 
is surrounded by the coeliac plexus and ganglia. On 
the left, the CA forms a syntopic relationship with 
the stomach; on the right, with the liver and adrenal 
gland, and caudally with the left lobe of the pancreas 
[17, 20]. The CA emits the hepatic, left gastric and 
lienal arteries [17].

In mixed-breed C. familiaris, the CA presents two 
morphological arrangements distinct from branches: 
classical trifurcation (formed by the hepatic artery, 
left gastric, and lineal), and hepatic artery and gas-
trolienal trunk [1]. Anatomy knowledge and possible 
variations in branches of the main splanchnic vessels 
is fundamental for planning surgeries and supports 
comparative studies on vascular arrangement in dif-
ferent species.

The aim of this study was to describe the origin, 
skeletopy, and main branches of the CA in Cerdocyon 
thous.

MATERIALS AND METHODS
Adult specimens of C. thous were collected dead 

on highways of the Atlantic Forest biome (State of 
Rio de Janeiro, Brazil) and in the Pampa biome (Rio 
Grande do Sul, Brazil) under authorisation of the 
Ethics Committee on Animal Experimentation (pro-
tocol 018/2017) and IBAMA/SISBIO (number 33667). 
Since most of the cadavers collected on highways 
had abdominal vessels and viscera ruptured, only 
specimens in perfect condition were selected for the 
dissection of the CA and its main branches. Thus, 14 
cadavers (6 males and 8 females), 7 from each biome, 
were dissected.

Initially, the cadavers were thawed under running 
water, sexed, and identified by placing a plastic tag 
attached to the common calcaneal tendon using  
a string. The rostrum-sacral length of each animal 
was measured using a precision metal measuring 
tape. The tip of the snout was used as a reference for 
the proximal insertion of the tail. The cadavers were 
placed in right lateral decubitus position to access 

the thoracic aorta through an incision made between 
the 6th and 10th left intercostal spaces. The artery was 
cannulated with a number 8 or 10 urethral probe, 
depending on the diameter of the vessel, and was 
attached with a string to prevent leakage and main-
tain intravascular pressure. Fixation was performed 
by injecting a 10% formaldehyde solution through 
the probe in a caudal direction.

Immediately following the fixation of the cadavers, 
petrolatex S65 (Petrobrás Duque de Caxias Refinery 
[RE-DUC], Duque de Caxias/RJ) solution was injected 
and stained with Suvinil pigment for repletion of the 
arterial system. Then, the cadavers were immersed in 
polyethylene boxes containing 10% formaldehyde 
solution for to complete the latex fixation and po-
lymerisation process. 

Seven days after the latex injection, the cadav-
ers were dissected in order to determine the origin, 
skeletopy, and main branches of the CA. After skin 
removal, two incisions were made in the abdominal 
wall: the first in the linea alba, starting from the 
xiphoid cartilage to the pubic region; the second 
transversely at the level of the last rib in both antim-
ers, starting from the transverse process of the first 
lumbar vertebra to the linea alba. The cranial coeliac 
and mesenteric arteries were dissected after locating 
the abdominal aorta.

A digital calliper (ZAAS Precision, Amatools®) was 
used to measure the distance between the centres 
of the origins of the coeliac and cranial mesenteric 
arteries and the CA length until it originated its first 
branch.

The mean and standard deviation of the animals’ 
rostrosacral length, CA length, and the distance be-
tween CA and cranial mesenteric artery were calcu-
lated. These values were compared for both sexes 
and considered significant when p < 0.05 using the 
unpaired “t” test. The data were analysed using the 
Graphapad Prism 5® Software.

RESULTS
The rostrum-sacral and CA lenght averages were 

higher in males (Table 1), while the distance between 
the coeliac and cranial mesenteric arteries was higher 
in females, although there was no significant differ-
ence in any comparison between sexes (p > 0.05).

In all dissected specimens, the CA originated ven-
trally from the abdominal aorta. The predominant 
skeletopy of the CA in C. thous occurred at the level 
of the second lumbar vertebra (Table 2). 
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Although the CA in C. thous presented a variable 
skeletopy between the individuals, there was no sta-
tistical difference between sexes (p = 0.05).

In 13 specimens, the classic trifurcation was 
formed: the CA originated the hepatic, left gastric and 
lienal arteries (Fig. 1). Only 1 male animal presented 
a bifurcation formed between the hepatic artery and 
a gastrolienal trunk (Fig. 2). 

DISCUSSION
Origin

The CA emerged ventrally from the abdominal 
aorta, close to the aortic hiatus of the diaphragm, 
similar to what is described in different mammals 
[1–3, 10, 22, 23, 27, 33]. However, in Bubalus bubalis 
foetuses [24] and in 33% of Lycalopex gymnocercus 
specimens [22], the origin of the CA occurred in the 
thoracic aorta. Despite phylogenetic proximity to Ly-
calopex gymnocercus, no coeliac arteries originating 
in the thoracic aorta were found in the sampling of 
C. thous from the present study.

Some studies have noted variations in the emer-
gence of the CA in some species of mammals and 
mention the presence of a common trunk formed by 
the coeliac and cranial mesenteric arteries called the 
coeliac-mesenteric trunk. It was reported with Ovis 
aries [21], Bubalus bubalis [24], Capra aegagrus hircus 
[13], Myocastor coypus [23], C. familiaris [30], Felis ca-
tus [29], Didelphis albiventris [11], and humans [15].  

In humans, another arrangement has been described: 
the formation of the coeliac-bimesenteric trunk, 
formed by the coeliac, superior mesenteric, and in-
ferior mesenteric arteries [7, 26].

Regarding the incidence in mammals, the coeliac- 
-mesenteric trunk was divided into three groups:  
a group with a regular or preponderant incidence, ob-
served in Cavia porcellus; a group with frequent inci-
dence, observed in Ovis aries; and a group with a low 
or zero incidence observed in Castor fibre, Erinaceus 
europaeus, Mesocricetus auratus, and Mus musculus 
[31]. In canids, the occurrence of coeliac-mesenteric 
trunk is described only in C. familiaris [30], not being 
found in L. gymnocercus [22] or C. thous.

Table 1. Mean and standard deviation (cm) of the rostrum-sa-
cral length, length of the coeliac artery (CA) and the distance be-
tween the coeliac and cranial mesenteric arteries in Cerdocyon  
thous. The p value corresponds to that obtained in the unpaired 
t-test of comparison of means between sexes

Cerdocyon thous (n = 14)

Males (n = 6) Females (n = 8) P

Rostrum-sacral length 67.0 ± 4.79 62.09 ± 5.78 0.11

CA length 1.43 ± 0.17 1.39 ± 0.24 0.78

Distance between CA and  
cranial mesenteric artery

1.48 ± 0.20 1.60 ± 0.26 0.36

Table 2. Absolute and percentage frequencies of the skeletopy 
of the coeliac artery in Cerdocyon thous

Skeletopy Males (n = 06) Females (n = 08) Total (n = 14)

L1 2 (33.3%) – 2 (14.3%)

L1–L2 1 (16.7%) 3 (37.5%) 4 (28.6%)

L2 3 (50.0%) 5 (62.5%) 8 (57.1%)

Figure 1. The aorta (Ao), cranial mesenteric (CrM) artery and coe-
liac artery (Cel) and its main branches (classic trifurcation): hepatic 
(Hep), left gastric (LG) and lienal (Lie) arteries in a female, adult, 
specimen of Cerdocyon thous. Scale bar: 10 mm.

Figure 2. The aorta (Ao), cranial mesenteric (CrM) artery and coe-
liac artery (Cel) and its main branches. In this specimen, an adult 
male Cerdocyon thous, coeliac artery originated a gastrolienal trunk 
(GLTr) and a hepatic artery (Hep); the gastrolienal trunk bifurcated 
into lienal (Lie) and left gastric (LG) arteries. Scale bar: 10 mm.
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skeletopy

In domestic carnivores, the coeliac artery has  
a predominant origin at the level of the first lumbar 
vertebra (Table 3) [1, 29, 33], although origin points 
as cranial as the 13th thoracic vertebra or as caudal 
as the 2nd lumbar vertebra are often described [1, 25, 
33]. In the wild canid L. gymnocercus, the predom-
inant skeletopy of the CA was at the level of the 2nd 
lumbar vertebra, varying cranially to the 1st lumbar 
[22], similar to the results obtained in the sampling of  
C. thous in this research. In other carnivores, including 
C. familiaris and Felis catus as well as wild canids Vul-
pes vulpes and procyonid Nasua nasua, the skeletopy 
was at the level of the first lumbar [1, 5, 12, 33].

Getty et al. [17] reported that the CA appears at 
the level of the 17th and 18th thoracic vertebra in Equus 
ferus caballus, at the level of the 1st lumbar vertebra in 
Bos taurus and Ovis aries, between the 1st and 2nd lum-
bar vertebra in goat [16], and between the last thoracic 
vertebra and the 1st lumbar vertebra in Sus domesticus. 
In Oryctolagus cuniculus, the coeliac artery’s level pre-
dominates between the 13th thoracic vertebra and the 
1st lumbar [2], ventrally to the 1st lumbar vertebra in 
Cavia porcellus [17], and the coeliac trunk appears at 
the level of the 12th thoracic vertebra in humans [26]. 

Reports of CA length measurements are still 
scarce. In the C. familiaris it measures around 2 cm 
[14], 1.3 cm in Felis catus [33], and about 1.4 cm in 
C. thous. Regarding the distance between the origins 
of the coeliac and cranial mesenteric arteries, it was 
described as 3 mm in Bubalus bubalis foetuses, rang-
ing from 1.8 to 5 mm [24]. In humans, it was 12 mm, 
ranging from 3 to 23 mm [4]. The mean value found 
in Lycalopex gymnocercus was 6.66 mm, had a mod-
erate correlation with the animal’s length [22], and 
was smaller than in the C. thous specimens analysed.

Main branches

The classic trifurcation of the CA into hepatic, left 
gastric and lienal arteries was the most prevalent ar-
rangement in C. thous, similar to that registered in  
C. familiaris, Oryctolagus cuniculus, Myocastor coy-
pus, and Galea spixii [1, 2, 10, 27]. The bifurcation 
in a hepatic artery and gastrolienal trunk found in  
a single specimen of C. thous of this sampling was also 
reported as sporadic in C. familiaris [1, 14]. However, 
this bifurcation was found in almost half of Felis catus 
[33]. In Oryctolagus cuniculus, unlike in other species, 
the CA emitted only one arrangement: the lienal artery 
and then the left gastric artery, which continued to be 
hepatic [2]. In Hystrix cristata and Dildelphis albiventris, 
the CA was divided into only two branches: the lienal ar-
tery and the hepatic artery in all animals studied [6, 11].

CONCLUSIONS
It can be concluded that the CA in C. thous origi-

nates as a single artery in the ventral face of the ab-
dominal aorta, predominantly at the level of the sec-
ond lumbar vertebra, about 1.5 cm from the cranial 
mesenteric artery, cranially. The artery measures about 
1.4 cm until the predominant classic trifurcation oc-
curs, although a bifurcation variant can be verified. 
These anatomical characteristics are similar to those 
described in other canids, possibly as an expression 
of the evolutionary proximity of these species.

Funding

Research Support Foundation of Rio Grande do 
Sul (FAPERGS), National Council of Technological and 
Scientific Development (CNPq), Rio de Janeiro State 
Research Foundation (FAPERJ) and Coordination of 
Superior Level Staff Improvement (CAPES) Finance 
Code 001.

Table 3. Summarisation of common skeletopy, average length and primary branches of coeliac artery in species of the order Carnivora

Species Family N Common  
skeletopy

Length Branches

C. thous Canidae 14 L2 1.41 cm Hepatic, left gastric and lienal arteries

L. gymnocercus [22] Canidae 15 L2 – Hepatic, left gastric and lienal arteries

V. vulpes [12] Canidae 06 L1 – Gastrolienal trunk and hepatic artery 

C. familiaris [1] Canidae 30 L1 0.98 cm Gastrolienal trunk and hepatic artery or hepatic, left gastric and lienal arteries

M. martes [34] Mustelidae 01 - – Gastrolienal trunk and hepatic artery

M. p. furo [13] Mustelidae – – – Hepatic, left gastric and lienal arteries

N. nasua [5] Procyonidae 04 L1 – Hepatic, left gastric and lienal arteries

F. catus [33] Felidae 30 L1 1.30 cm Gastrolienal trunk and hepatic artery or hepatic, left gastric and lienal arteries

L. pardalis [28] Felidae 02 – – Hepatic, left gastric and lienal arteries
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Background: In this study, we aimed to image pulmonary venous return anom-
alies and associated cardiovascular and pulmonary abnormalities by high-pitch 
low-dose computed tomography (CT) in children.
Materials and methods: Forty-one patients with total or partial anomalous 
pulmonary venous return anomalous between May 2012 and June 2019 were 
retrospectively reviewed. The anomalies were determined using high-pitch  
low-dose CT. The patients’ mean age was 3 years (6 months to 15 years), and 24 
of them were female. 
Results: There were 10 patients with total pulmonary venous return anomalies 
(TPVRA) and 31 patients with partial pulmonary venous return anomalies (PPVRA). 
Six (60%) patients with TPVRA had the supracardiac type, 2 (20%) had the cardiac 
type, and 2 (20%) had the mixed type. All patients with TPVRA had a large atrial 
septal defect (ASD), 1 patient also had patent ductus arteriosus, and 1 patient 
had right cardiac hypertrophy. Forty cases of PPVRA were found in 31 patients. 
Twenty-seven (67%) of them were right-sided, and 13 were left-sided (33%). 
Twenty (65%) patients also had an additional cardiovascular anomaly (ASD in  
12 patients, persistent superior vena cava in 4 patients, patent ductus arteriosus  
in 3 patients, and aortic coarctation in 2 patients). Of the 27 patients with 
right-sided PPVRA, it drained into the superior vena cava in 19 patients, the right 
atrium in 5 patients, and the inferior vena cava in 3 patients. In left-sided cases, 
the anomalous pulmonary vein drained into the left innominate vein in 9 patients, 
and in 4 patients, there were accessory pulmonary veins that drained into the left 
innominate vein. Many of the patients had additional lung anomalies, including 
pneumonic infiltration (n = 12), atelectasis (n = 8), and lobar emphysema (n = 5),  
and some of these findings coexisted.
Conclusions: Anomalous pulmonary venous drains and associated cardiac and 
extra-cardiac anomalies can be detected reliably and quickly with high-pitch 
low-dose CT without sedation in paediatric patients. (Folia Morphol 2021; 80, 
2: 336–343)

Key words: anomalous pulmonary venous return, high-pitch, low-dose 
computed tomography, paediatric patients
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INTRODUCTION
Pulmonary venous return anomalies (PVRA) result 

from one or more pulmonary veins draining into the 
systemic circulation instead of the left atrium. PVRA 
constitutes 1.5–5% of all congenital heart diseas-
es and is divided into two main groups: total and 
partial. In total pulmonary venous return anomalies 
(TPVRA), all of the pulmonary veins drain into the 
systemic circulation rather than the left atrium. This 
condition causes left-to-right shunt and often cya-
nosis. Although it is usually isolated, it may also be 
a part of complex heart diseases, such as heterotaxis 
[8, 15, 17]. 

Total pulmonary venous return anomalies are 
divided into four groups depending on where it is 
drained: supracardiac, cardiac, infracardiac, and 
mixed. The supracardiac form is the most common 
type of TPVRA (45–49%). In this type, all pulmonary 
veins merge in a confluence and then drain through 
the vertical vein to the innominate vein, superior vena 
cava (SVC), or other veins above the heart. The vertical 
vein is often seen in front of the left pulmonary vein, 
but if it passes behind, it causes obstruction. In the 
cardiac type, commonly, the confluence is connected 
to the right atrium via the coronary sinus. In the infra-
cardiac type, which is a less common form of TPVRA 
(11%), the confluence drains into any vein below the 
diaphragm, the most common being the portal vein. 
This form is frequently associated with obstruction 

(> 90%), so patients have respiratory distress and  
a high mortality rate. The mixed type TPVRA comprises 
different combinations of the other three anomalies 
(Fig. 1A–E) [8, 18, 21].

Partial pulmonary venous return anomalies 
(PPVRA) involve the connection of one or more pul-
monary veins (but not all) to systemic veins. The 
prevalence of PPVRA is 0.4–0.7% in children and it 
is usually asymptomatic [5, 10]. Patients with PPVRA 
usually have the sinus venosus type of atrial septal 
defect (ASD) (42%), and up to 80–90% of patients 
with this ASD have PPVRA [3, 11]. PPVRA most com-
monly occurs on the right side, and the anomalous 
vein drains to the SVC in children [1]. Left-side PPVRA 
are seen more in adult patients, and they occasionally 
drain into the left brachiocephalic vein. Schimitiar 
syndrome is a less common type of PPVRA and occurs 
when the right inferior or right common pulmonary 
vein continues with the inferior vena cava [16]. The 
determination of venous return anomalies and es-
pecially concomitant cardiovascular and pulmonary 
anomalies is important to determine the course of 
patients.

Traditionally, echocardiography is the most com-
monly used diagnostic method, and catheter an-
giography is the gold standard. Cardiac magnetic 
resonance imaging also provides good structural and 
functional information. However, all these imaging 
modalities have various advantages, disadvantages, 

Figure 1. A–E. The types of total pulmo-
nary venous return anomaly. Normal (A),  
supracardiac type (B), cardiac type (C), 
infracardiac type (D) and mixed type (E);  
SVC — superior vena cava; PVs —  
pulmonary veins; RA — right atrium; LA —  
left atrium; RV — right ventricle; LV — 
left ventricle; IVC — inferior vena cava.
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and different limitations in paediatric patients [4, 17,  
19]. In recent years, multidetector computed to-
mography (CT) has been used more frequently in 
congenital heart disease to evaluate cardiac and 
extra-cardiac structures, but radiation is a known 
disadvantage. To overcome this drawback, a num-
ber of filtering and low-dose techniques have been 
developed. One of these is the high-pitch and low-
dose technique, which gives important information in  
a short time without utilising sedation. These features 
provide an important advantage, especially in very 
sick or uncooperative children [6, 7, 9, 12, 14]. 

In this study, we aimed to investigate the value 
of high-pitch low-dose CT in demonstrating cardiac 
anomalies, as well as associated vascular and pulmo-
nary pathologies in children with PVRA. To the best 
of our knowledge, this is one of the largest studies 
to show both TPVRA and PPVRA by high-pitch low-
-dose CT.

MATERIALS AND METHODS
In this study, we retrospectively examined the 

records of patients who were diagnosed with PVRA 
using CT angiography at our institution between 
May 2012 and June 2019. The mean age of the 41 
patients was 3 years (6 months to 15 years old), and 
24 of them were female. Catheter angiography was 
also performed in some patients (14 patients). Ethics 
committee approval was obtained in accordance with 
the ethical considerations set out in the Declaration 
of Helsinki. 

Patients underwent high-pitch low-dose CT for ex-
tra-cardiac, lung, or other pathologies with a three-di-
mensional configuration in preoperative preparation. 
All CT angiography examinations were performed 
using a dual-source CT system (Definition Flash, Sie-
mens Healthcare). All scans were performed with 
free breathing. The imaging parameters included  
a gantry time of 280 ms and sectional collimation of 
128 × 0.6 mm by the z-flying focal spot technique. 
The table speed was 411 mm/s, and the high pitch 
was 3.4 for the examinations. The tube current and 
voltage were adapted to the patient’s weight. The 
scan field was started under the neck and extended 
below the diaphragm.

The contrast agent (iopromide, 350 mg I/mL Ul-
travist, Bayer HealthCare) was administered at a rate 
of 1 mL/sn via the peripheral vein at a dose of 1.5 mL/ 
/kg. A chaser saline solution was injected at 1.0 mL/kg 
body weight after the contrast material. Vacuum-lock 

cushions were utilized to immobilise the patient. After 
the contrast and chaser saline solution were injected, 
the scan was started when the left ventricular cavity 
was clearly visualised. None of the patients required 
sedation or beta-blocker therapy. 

Image reconstructions were conducted with  
a slice thickness of 0.75 mm. All shots were completed 
without any complications. Images were processed 
on a Workstation (Syngo Via, Siemens HealthCare). 
Retrospectively, two radiologists and a paediatric car-
diologist who had more than 10 years of experience 
reviewed all of the images, and decisions were made 
together. Pulmonary venous return anomalies were 
compared with catheter angiography results.

RESULTS
Pulmonary venous return anomalies were deter-

mined in 41 patients. TPVRA occurred in 10 patients,  
6 (60%) patients had the supracardiac type, 2 (20%) 
of them had the cardiac type, and 2 (20%) of them 
had the mixed type. In the supracardiac cases, the 
right and left pulmonary veins were connected pos-
terior to the left ventricle, and this confluence was 
drained to the left innominate vein via a vertical vein 
in all patients (Fig. 2). One of these 6 patients also 
had right ventricular hypertrophy.  

In the cardiac TPVRA cases, all of pulmonary 
veins were connected to the right atrium directly by  
a confluence (Fig. 3). Large ASDs were found in all 
patients with the cardiac and supracardiac forms 
of TPVRA, and the SVC was dilated in supracardiac 
cases. In mixed-type patients, the right upper vein 
was drained to the SVC, and the other veins were 
drained to the left innominate vein through a vertical 
vein (Fig. 4). One of patients with mixed-type TPVRA 
had patent ductus arteriosus (PDA), and one of them 
also had ASD.

Forty cases of PPVRA were imaged in 31 patients, 
and 27 of them were right-sided (67%), while 13 
were left-sided (33%). Twenty-one patients had one 
anomalous pulmonary vein, and 10 patients had two. 
Of the 27 patients right-sided PPVRA, it drained into 
the SVC in in 19 patients (Fig. 5), the right atrium in 
5 patients, and the inferior vena cava in 3 patients 
(Fig. 6). Among the 13 left-sided cases, the anoma-
lous pulmonary vein drained into the left innominate 
vein in 9 patients (Fig. 7), and there were accessory 
pulmonary veins draining into the left innominate 
vein in 4 patients (Fig. 8). The anomalies found in 
CT correlated with the catheter angiography results. 
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Eleven patients had only PPVRA, while the other 
ones had additional cardiovascular anomalies. There 
was ASD in 12 patients, persistent SVC (PSVC) in  
4 patients, PDA in 3 patients, and aortic coarctation 
in 2 patients. Only 2 patients who were left-sided had 
additional cardiovascular anomalies.

Most of the patients with PVRA had different pul-
monary findings. Additional lung anomalies included 
pneumonic infiltration (n = 12), atelectasis (n = 8), 
and lobar emphysema (n = 5), and some of these 

findings coexisted. Lung findings were detected in 
4 of the patients with TPVRA and 11 of the patients 
with PPVRA (Table 1). The effective radiation dose 
was determined as 1.01 mSv (range: 0.12–4.06 mSv), 
but 0.55 mSv (range: 0.15–0.68 mSv) was used for 
patients under 1 year old.

DISCUSSION
The detection of PVRA and associated cardiovas-

cular and lung anomalies is very important in deter-

Figure 3. A, B. A 7-month-old male patient with cardiac type total pulmonary venous return anomaly. Axial computed tomography image (A)  
demonstrates right and left pulmonary veins drain into the right atrium. Posterior-lateral three-dimensional volume-rendered computed tomo-
graphy image (B) shows anomalous of pulmonary drainage; asterisks — pulmonary veins; PA — pulmonary artery; RA — right atrium;  
RV — right ventricle; LV — left ventricle; Ao — aorta.

Figure 2. A–D. A 6-month-old male patient with 
supracardiac type total pulmonary venous return 
anomaly. Coronal maximum intensity projections 
computed tomography image (A) shows conflu-
ence of pulmonary veins (CV), vertical vein (white 
arrows) and left innominate vein (black arrow). 
Lateral-posterior (B), anterolateral (C) and poste-
rior (D) three-dimensional volume-rendered com-
puted tomography image demonstrates vertical 
vein (white arrow) and confluence vein (CV);  
SVC — superior vena cava; asterisks — pulmo-
nary veins; Ao — aorta; LPA — left pulmonary 
artery; RPA — right pulmonary artery.
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Figure 4. A, B. A female patient with mixed type total pulmonary venous return anomaly. Coronal maximum intensity projections computed 
tomography image (A) and posterior three-dimensional volume rendered images (B) demonstrates right upper pulmonary vein (white arrow) 
directly drain to superior vena cava (SVC) and other pulmonary veins (asterisks) drained to left innominate vein (LIV) via a vertical vein (VV).

Figure 5. A–C. Right upper pulmonary vein directly drains into superior vena cava in 8-year-old male patient with partial pulmonary venous 
return anomaly. Coronal (A), axial (B) and anterior three-dimensional volume rendered images show anomalous pulmonary vein (white arrow; 
SVC — superior vena cava; RA — right atrium; PA — pulmonary artery.

Figure 6. A, B. A 9-year-old female patient with partial pulmonary venous return anomaly. Curved coronal and posterior-lateral three-dimensional 
volume rendered computed tomography images show anomalous right lower pulmonary vein (white arrow) drains into inferior vena cava (IVC).
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mining treatment plans for children. PPVRA should be 
examined because it changes the surgical treatment 
plan, especially in patients with ASD. Although plain 
X-ray images are notoriously typical in patients with 
TPVRA, further imaging is required to detect addition-
al anomalies and confirm the diagnosis. Echocardiog-
raphy is the first and most commonly used method to 

detect PVRA, but this method is inadequate due to the 
fact that the veins draining into the SVC are distant 
from the chest wall, as well as the method being 
user dependent and having a poor acoustic window. 

The use of catheter angiography, which is the 
gold standard in the diagnosis, is limited because 
it requires sedation and high radiation in paediatric 
patients. In addition, complications are important 
limitations as the procedure is invasive. Magnetic 
resonance imaging is highly advantageous in that 
it is non-invasive and is free of ionising radiation. 
It also provides accurate information about cardi-
ac and extra-cardiac structures and provides flow 
measurement. But the long duration of the shots and 
the necessity of sedation and breath holding create 
significant limitations.

Children are more susceptible to radiation than 
adults. Since radiation exposure is the most important 
problem in CT imaging, attempts have been made 
to minimise it with high-pitch low-dose screening. 
In recent years, the use of high-pitch low-dose CT 
has increased considerably in the demonstration of 
cardiac and extra-cardiac structures, especially in pae-
diatric patients. The most important advantage is 
that it provides more and more accurate information 
quickly and reliably. Due to the high spatial resolution 
and large imaging area, the drainage location of 
the abnormal veins can be determined easily, along 

Figure 7. Partial pulmonary venous return anomaly at left upper 
pulmonary vein in a 7-year-old female patient. Coronal computed 
tomography image shows anomalous pulmonary vein (white arrow);  
LIV — left innominate vein; SVC — superior vena cava.

Figure 8. A–C. In a 10-year-old female patient an accessory left pulmonary vein drains into left innominate vein. Sagittal maximum intensity 
projections computed tomography image (A), lateral (B) and posterior three-dimensional volume rendered images demonstrate accessories 
pulmonary vein (white arrows) drains into left innominate vein (LIV); PA — pulmonary artery; Ao — aorta.

Table 1. Additional cardiac and pulmonary findings in patients with total and pulmonary venous return anomalies

Patient number ASD PDA PSVC Aortic coarctation Pulmonary infiltration Atelectasis Lobar emphysema

TPVRA 10 10 1 – – 2 2 1

PPVRA 31 12 3 4 2 10 7 5

ASD — atrial septal defect; PDA — patent ductus arteriosus; PPVRA — partial pulmonary venous return anomaly; PSVC — persistent superior vena cava; TPVRA — total pulmonary 
venous return anomaly 

A B C
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with complex cardiac anomalies and lung disease. 
Furthermore, it is a non-invasive technique and does 
not require sedation like catheter angiography. 

In a study published by Huang et al. [12], the 
effective radiation dose was 1.6 + 0.3 mSv (range:  
1.1–2.5 mSv) in infants with congenital heart disease. 
Bonelli-Sica et al. [2] reported that the overall effective 
radiation dose was 1.01 mSv (range: 0.13–6.43 mSv) 
for older children and 0.78 mSv (range: 0.13–4.16 mSv)  
for patients younger than 1 year old. In another study 
performed by Turkvatan et al. [20], the effective radi-
ation dose was 1.12 mSv (range: 0.15–4.17 mSv) for 
older children and 0.58 mSv (range: 0.15–0.73 mSv) 
for patients younger than 1 year old among paediatric 
patients with PPVRA. In our study, the effective radi-
ation dose was slightly less than in previous studies.

All pulmonary veins are drained to the right cir-
culation in TPVRA, and the most common type is 
supracardiac. The presence of obstruction is very 
important in the diagnosis of patients with TPVRA. 
In this study, the rate of supracardiac TPVRA was 
most frequently correlated with previous studies [13]. 
However, the rates of the other types were found to 
be slightly higher since no cases of the infracardiac 
type were seen, which was probably because of the 
small number of patients. PPVRA occurs as a result of 
abnormal drainage of one or more pulmonary veins, 
but not all. An abnormal pulmonary vein can drain 
into any systemic vein from the SVC to the portal vein, 
and the most common on the right is the drainage 
into the SVC. The most common form on the left 
is one in which the left upper lobe drains into the 
innominate vein. 

The lobar distribution of pulmonary anomalies in 
our study was the most frequent right anomalous 
vein draining into SVC, similar to other studies [2, 7]. 
The findings were the same as CT findings in patients 
undergoing catheter angiography. This suggests that 
although catheter angiography is the gold standard, 
high-pitch CT angiography could assume the diagnos-
tic role of this invasive procedure. PPVRA is usually 
asymptomatic in children. According to the degree 
of anomaly, symptoms may develop in the following 
years due to the left-to-right shunt. 

Pulmonary venous return anomaly can be accom-
panied by many cardiac anomalies, and ASD is the 
most common. Although the presence of different 
anomalies has been shown, the most common was 
ASD, which was present in 39% of the cases in the 
present study, similar to the study by Turkvatan et 

al. [20]. In this study, we evaluated lung anomalies 
together with cardiac anomalies, in contrast to other 
studies. The detection of lung diseases was especially 
important for patients who would undergo surgery. 
In these patients, medical treatment was applied, and 
then surgery was performed.

Limitations of the study

There were some limitations in our study. Firstly, 
the technique involves radiation, albeit a reduced 
amount. Secondly, only CT scans were examined retro-
spectively in some patients. Therefore, false negatives 
in CT could not be determined. Third, the number of 
patients was low, although this is one of the largest 
studies to evaluate both TPVRA and PPVRA.

CONCLUSIONS
In conclusion, this study confirms that high-pitch 

low-dose CT is an easy, robust, and rapid diagnostic 
method for detecting abnormal venous return anom-
aly in paediatric patients. In addition, other types of 
cardiac and great vascular anomalies can be detected 
very quickly by the high-pitch low-dose CT. This im-
portant information may change treatment strategies 
for patients with suspected PVRA.
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Background: The cephalic vein is one of the most distinguished superficial veins 
of the upper limb. Its clinical value lies in venous access. There is little known 
about the variation of its formation in relation to the anatomical snuffbox. Hence, 
anatomical variants in the origin of the cephalic vein are important in clinical 
practice. Subsequently, this study was designed to examine the variation of the 
cephalic vein formation in relation to the anatomical snuffbox.
Materials and methods: A cross-sectional study of 438 subjects (722 hands), 
was prepared to study the cephalic vein among Jordanian students and staff 
of one of the major governmental Medical College in Jordan, by using infrared 
illumination system. The obtained data was analysed according to; gender, sid-
edness, and handedness. 
Results: Four sites for the formation of the cephalic vein in relation to the ana-
tomical snuffbox were found. There was a significant relation between gender 
and sidedness, and the sites of formation of the cephalic vein (p < 0.0001 and 
p = 0.048, respectively).
Conclusions: For the first time this study identified different sites for the formation 
of the cephalic vein in relation to the anatomical snuffbox. However, regardless 
of its sites of formation, the cephalic vein was running in 98% of the examined 
hands in the anatomical snuffbox. (Folia Morphol 2021; 80, 2: 344–351)

Key words: anatomic variation, cannulation, hand, veins, venous access

INTRODUCTION
The cephalic vein (CV) as a term originates from 

the Arabic word al-kefal, which means “outer” and 
was first used by Muslim physician Ibn Sina, when the 

term was translated to Latin, cephalic inaccurately was 
selected to replace the Arabic origin of the term [3].  
The CV is a superficial vein that originates from the 
radial aspect of the dorsal venous network of the 
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hand. It is formed when the dorsal digital vein from 
the radial side of the index finger and the two dorsal 
digital veins of the thumb join each other. It arises 
on the roof of the anatomical snuffbox (AS) then 
crosses the radial styloid process and courses upward 
on the anterolateral side over the forearm. Then it 
passes upwards over the antecubital region, where 
it may receives blood from the median cubital vein, 
and continues to ascend on the anterolateral side of 
arm lateral to the biceps muscle in the deltopectoral 
groove. Later on, the vein passes through the axilla, 
by piercing the clavipectoral fascia to drain and end 
into the axillary vein. Throughout its course, the CV 
has three clinical important regions; it’s origin on the 
hand in the AS, in the cubital fossa and its termina-
tion in the axillary vein. The latter two regions were 
studied and it has been concluded that the CV has 
different anatomical patterns in those regions [6, 8, 
13, 22]. However, the anatomical patterns of the CV 
in the AS seemed to be overlooked. 

The AS is a descriptive anatomical term for the 
triangular hollow on the radial part of the dorsum 
of the hand, which is formed by depressing skin of 
muscle contraction; the base is directed to the wrist 
while the apex is directed to the thumb. The impres-
sion is most apparent when the thumb is abducted 
and extended. It is limited on the ulnar (posterior) 
side by the extensor pollicis longus (EPL) tendon, 
whereas on the radial (anterior) side by tendons of 
the abductor pollicis longus (APL) and extensor pollicis 
brevis (EPB). The base is formed by the distal margin 
of the extensor retinaculum, while the apex is created 
by the attachment of EPL and EPB tendons [5]. The 
terminal part of the superficial branch of the radial 
nerve (SBRN) and the CV pass through the superficial 
fascia that forms in addition to the skin the roof of 
the AS. The floor is formed by the base of the first 
metacarpal bone, trapezium, scaphoid and the distal 
radius [5]. The radial artery (RA) and the extensor carpi 
radialis tendons are at the bottom of AS [2].

The relation between the CV and the AS has al-
ways been underestimated regardless of its clinical 
value. For example, clinical procedures such as venous 
cannulation of the CV in the AS is a well known site 
[12]. Placing an arteriovenous fistula which is ap-
plied surgically to obtain vascular access between the 
RA and CV in patients on haemodialysis is another 
procedure used in this area [10, 19, 25]. Also, it has 
been shown that, maintaining satisfactory venous 
drainage of the hand using neurovascular pedicles, 

which include the transferred digit or the reimplanted 
digit gives the CV another clinical importance [9, 14, 
21]. The large diameter of the distal part of the CV 
has been suggested for vein puncture, especially; 
because this part is easier to view and palpate [9]. 
Furthermore, it was reported that the vein puncture 
of CV adjacent to the AS is the ideal site beside the 
cubital fossa [9]. However, other studies have chal-
lenged the access of the CV in the AS and the distal 
part of the forearm, for example, Robson et al. [15] 
and Samarakoon et al. [18] stated that cannulation 
of the CV in the distal third of the forearm should be 
avoided; to prevent any possible injury of the SBRN. 
Besides, Vialle et al. [24] recommended that CV punc-
ture must be at least 12 cm above the styloid process 
of the radius to avoid injury to SBRN.

This valuable relationship between the CV and AS 
has been mentioned in some studies as findings but 
not as a full study about these two valuable anatom-
ical structures. For example, it has been reported that 
sometimes the origin of the CV from the dorsal venous 
network of the hand can be recognized in the roof of 
the AS. Another study has demonstrated that the SBRN 
was largely related to the CV in 80% of the studied 
forearms, which underlay the CV [14]. Furthermore, 
within the AS there were connections between the 
vena comitantes of the RA and the CV, and the CV was 
found considerably in the ulnar part of the AS [16, 20]. 
A case study for dissecting upper limbs of 2 months 
infant showed normal beginning of CV in the roof of 
the AS, no variation in the vein of the right upper limb, 
while the left upper limb showed abnormal running 
up and continuation of CV [15]. A cadaveric study of  
10 cadavers was carried out to demonstrate the vari-
ations in the tendons of the AS in a Malaysian, it was 
found that 2 hands of different specimens showed the 
CV in the AS [23]. Therefore, the present study aimed 
to study and describe in details the origin of the CV 
in relation to AS. Also, to characterize any possible 
anatomical patterns for CV in the AS.

MATERIALS AND METHODS
Subjects

A total number of 438 subjects were included in 
the study; 217 males and 221 females. A total number 
of 722 hands were examined. They were chosen ran-
domly from the Hashemite University. The age group 
considered was from 18–35 years. A total of 239 hands 
with injuries, scars, burns and hairy skin, were exclud-
ed (exclusion rate 33%). In females; 39 right hands 
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and 49 left hands were excluded, while in males;  
69 right hands and 84 left hands were excluded.

Subjects were informed in detail about the pro-
cedure and written consent was signed. The study 
was approved by the Institution Review Board of the 
Hashemite University (IRB#) P.0/222/1704841.

Instruments

The infrared (IR) vein illumination system (Sure 
vein ZD-JM-260-01) has been used to identify the 
formation of the CV. It utilises 750–980 nm wave-
length of infrared light, with an effective distance of 
projection by 29–31 cm. 

Study design

The procedure was conducted in a dark room with 
a temperature between 24–26°C. Subjects instructed 
to sit and rest their fisted hand in midprone position 
on the enhancer. Before exposing the hand to the IR 
beam, the targeted area was carefully identified. The 
targeted area was the AS includes the medial and 
lateral boundaries. It is limited on the medial side by 
EPL tendon, whereas on the lateral side by tendons 
of APL and EPB, the styloid process of the radial bone 
which was taken as the proximal boundary and the 
tendons of the AS they approximate to form the 
apex. The apex, which directed into the first meta-
carpophalangeal joint considered the distal boundary 
of the targeted area. 

The EPL and APL tendons were identified and were 
marked by putting a dot by a pen on both of them. 
The targeted area of the examined hand was then 
exposed to the IR beam. The CV was followed in the 
AS and at the proximal forearm on the lateral side to 
be assured that it was the CV.

The targeted area of the examined hand was then 
exposed to the IR beam. Each subject had two photos 
for the right and left hands; the CV was photographed 
by a mobile phone camera. Images were carefully 
analysed and grouped according to the formation 
of the CV in relation to the AS. 

statistical analysis

Data analysis was performed using IBM SPSS Sta-
tistics version 22 software. Chi-square test was used 
to test the association between gender, sidedness 
and handedness, and the sites of formation of the 
CV. Statistical comparisons were made by Student’s 
unpaired t-test. The association was considered sta-
tistically significant if p < 0.05.

RESULTS
The final population of the study consisted of 

438 subjects; 217 males and 221 females (Table 1). 
The total number of the hands was 722 hands. The 
number of the hands included in this study was 368 
in males and 354 in females (Table 1). The number 
of right hands included in this study was 368 and 
the number of left hands was 354. Two hundred 
and eighty three hands were excluded (exclusion 
rate of 33%).

It was found during the examination of the CV, 
the formation of the CV was variable in relation to the 
AS (Fig. 1). Thus, the CV was formed either inside the 
AS (type A) or outside it (type B), type A was found 
in 305 (63%) of the examined hands and type B  
was found in 178 (37%) of the examined hands. 
Further examination showed that the CV was not 
only formed in the AS (type A) but also was formed 
at different levels (Table 2). Type A1 was present in 
87 (18%) of the examined hands, where the CV was 
formed in the distal part of the AS (Fig. 2). Type A2 
was the most common being in 218 (45%) of the 
examined hands (the CV was formed in the proximal 
part of the AS (Fig. 3).

Also, there were two types of Bs (according to 
their location medial or lateral to the AS): type B1  
(n = 170, 35%) of the examined hands, where the CV 
was formed medially to the EPL tendon (Fig. 4), and 
type B2 (n = 8, 2%) of the examined hands, which 
was the least common, (the CV was formed lateral 
to the APL tendon) (Fig. 5).

Table 1. Demographic and experimental characteristics of the 
final population of the formation of the cephalic vein in relation 
to anatomical snuffbox

Characteristic Number  
of subjects

Total number 
of hands in 
the study

Hands excluded 
from the study

Gender:

Male 217 (49%) 368 (51%) 151 (63%)

Female 221 (51%) 354 (49%) 88 (37%)

Hand:

Right 368 (51%) 108 (45%)

Left 354 (49%) 131 (55%)

Symmetry:

Yes 196 (45%)

No 242 (55%)
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The most common site of formation of the CV 
was in the AS proximally in both males 98 (48%) and 
females 120 (43%), but not in both hands, where the 
formation of the CV in AS proximally was proportional-
ly greater in right hands 120 (46%) compared with left 
hands 98 (44%) (Table 3). While the formation of the 
CV outside the AS medially was greater in left hands 
100 (45%) (Table 3). In males, the most common site of 
formation of the CV was in the AS proximally in right 
and left hands 55 (50%) and 43 (46%), respectively, 
while in females, the most common site of formation 
of the CV was different in both hands; was in the AS 

proximally in right hands 65 (43%), but was outside 
the AS medially in left hands 64 (49%) (Table 4).  
Also, the formation of the CV in AS proximally was 
proportionally greater in left handed 98 (44%) 
compared with right handed 83 (41%) (Table 3).  
Moreover, it was noted that the symmetry of the site 
of formation of the CV between both hands in the 
same subject (in the total sample) was 107 (25%), the 
symmetry in females was 64 (15%), which is greater 
than the symmetry in males 43 (10%) (Table 5).

Statistical analysis using the chi-square test, there 
was a significant relation between both right and left 
hands, and site of the CV formation (p = 0.048). There 
was a significant relation between both females and 
males, and the site of the CV formation (p < 0.0001). 
Also, there was significant relation between sidedness 
and site of CV formation in males (p = 0.01), and in 
females (p = 0.009). There was not a significant rela-
tion between right handed and left handed subjects 
and the site of the CV formation (p = 0.081).

Figure 2. Right hand shows the presumed position of the tendon 
of extensor pollicis longus muscle (1), the presumed position of 
the tendons of abductor pollicis longus and extensor pollicis brevis 
muscles (2), the cephalic vein as it begins in the distal part of the 
anatomical snuffbox (3), continuation of the medial digital vein 
of the thumb (4) and continuation of the lateral digital vein of the 
thumb (5) where they resemble the origin of the cephalic vein.

Figure 1. Illustration shows the different sites of formation of the 
cephalic vein in relation to the anatomical snuffbox.

Table 2. Subtotal frequencies of the anatomic variants under 
study of the formation of cephalic vein (CV) in relation to the 
anatomical snuffbox (AS) (n = 483)

The formation of the CV in relation to the AS Subtotal (% total)

Inside the AS: 305 (63%)

Distally 87 (18%)

Proximally 218 (45%)

Outside the AS: 178 (37%)

Medially 170 (35%)

Laterally 8 (2%)

A1
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DISCUSSION
The main finding of the present study was the 

characterisation of the course of the CV in relation to 
the AS. Two main origins have been demonstrated; 
the first one was identified within the AS either in 
its proximal or in its distal parts. The second origin, 
however, was identified outside the AS either in its 
medial or lateral sides. However, despite these differ-
ent origins of the CV, it was running in the AS in 98% 
of the examined hands.

The IR illuminator has been used before in rec-
ognition of different veins in different areas, like the 
veins on the cubital fossa and the veins on the dorsum 
of the hand [4, 7, 17]. It should be noted that the 
present study did not examine the course of veins that 
formed the CV as it was not one of the aims of this 
study and because these veins cannot be imaged at 

the same time with CV due to the limited area that 
can be measured by IR illuminator. However, it has 
been reported that the origin of the CV is usually from 
the dorsal superficial venous network of the hand, 
specifically from the radial side, also the veins receive 
both dorsal digital veins from the thumb [24]. It is also 
worth mentioning that, in each examined hand the 
course of the CV was traced, separately, on the distal 
part of the lateral aspect of the forearm to confirm 
that the examined vein was the CV. The courses of the 
veins that formed the CV and its course proximal to 
the AS could be part of future projects as they need 
further examinations.

One of the most important findings in the present 
study is the demonstration of the relation of the CV 
and the AS. Despite the different sites of formation 
of the CV, it was running in the AS in 98% of the ex-
amined hands. These results are in agreement with 
another study in which the presence of the CV in the 

Figure 3. Left hand shows the presumed position of the tendon of 
extensor pollicis longus muscle (1), the presumed position of the 
tendons of abductor pollicis longus and extensor pollicis brevis 
muscles (2), and the cephalic vein (3) as it begins in the proximal 
part of the anatomical snuffbox, (4) continuation of the medial 
digital vein of the thumb (4) and continuation of the lateral digital 
vein of the index (5) where they resemble the origin of the cephalic 
vein. 

Figure 4. Right hand shows the presumed position of the tendon 
of extensor pollicis longus muscle (1), the presumed position of 
the tendons of abductor pollicis longus and extensor pollicis brevis 
muscles (2), and the cephalic vein (3) which begins outside the 
anatomical snuffbox, medial to the extensor pollicis longus tendon, 
continuation of the medial digital vein of the thumb (4) and continu-
ation of the lateral digital vein of the index (5) where they resemble 
the origin of the cephalic vein.

A2

B1
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AS has been identified during arteriovenous fistula 
procedures in all patients [10]. Another anatomical 
study that revisited the anatomy of the AS and its 
contents also found and described the CV and its 
communications in the AS [20]. The present study did 
not investigate the reasons behind this very well estab-
lished a relationship between the CV and AS. However, 
we may suggest that based on the anatomical course 
of the veins that participate in the formation of the CV, 
that they have no other options but to run through the 
AS or near to it. The dorsal digital vein from the radial 
side of the index finger which lies on the lateral side of 
the hand and the two dorsal digital veins of the thumb 
coming from the most lateral side of the hand (the 
thumb) find the nearest point to join each other in the 
AS to form the CV on the dorsum of the hand. In fact, 
this should not be surprising as it has been reported 
that superficial veins of the hand are running in radial 
and ulnar groups [4]. The radial group drains a much 

larger portion of the hand and forms the CV which 
is running on the lateral side of the forearm. There-
fore, the AS seems to be located right in the dorsum 

Table 3. Frequency and number of sites of formation of the 
cephalic vein (CV) in relation to the anatomical snuffbox (AS), 
according to gender (n = 483), sidedness (n = 483) and han-
dedness (laterality) (n = 228)

The formation 
of the CV in 
relation to  
the AS

Male Female Right 
hand

Left 
hand

Right 
handed

Left 
handed

Inside the AS 
distally

42 
(21%)

45 
(16%)

64 
(25%)

23 
(10%)

55 
(27%)

2  
(8%)

Inside the AS 
proximally

98 
(48%)

120 
(43%)

120 
(46%)

98 
(44%)

83 
(41%)

12 
(44%)

Outside the AS 
medially

58 
(29%)

112 
(40%)

70 
(27%)

100 
(45%)

60 
(30%)

13 
(48%)

Outside the AS 
laterally

5  
(3%)

3  
(1%)

6  
(2%)

2  
(1%)

3  
(2%)

0  
(0%)

Subtotal 203 
(42%)

280 
(58%)

260 
(54%)

223 
(46%)

201 
(88%)

27 
(12%)

Table 5. The possible symmetry of site of formation of the 
cephalic vein (CV) in relation to the anatomical snuffbox (AS) 
between both hands in the same subject

The formation of the CV 
in relation to the AS

Total  
hands  

frequency

Female 
hands 

frequency

Male  
hands  

frequency

Inside the AS distally 15 (3%) 8 (12.5%) 7 (16%)

Inside the AS proximally 51 (12%) 26 (40.5%) 25 (58%)

Outside the AS medially 41 (10%) 30 (47%) 11 (26%)

Outside the AS laterally 0 (0%) 0 (0%) 0 (0%)

Total 107 out of 
430 (25%)

64 out of 
430 (15%)

43 out of 
430 (10%)

Figure 5. Right hand shows the presumed position of the tendon 
of extensor pollicis longus muscle (1), the presumed position of 
the tendons of abductor pollicis longus and extensor pollicis brevis 
muscles (2), and the cephalic vein (3) which originates outside 
the anatomical snuffbox, lateral to the abductor pollicis longus 
tendon, continuation of the medial digital vein of the thumb (4) and 
continuation of the lateral digital vein of the thumb (5) where they 
resemble the origin of the cephalic vein.

B2

Table 4. Right and left hands frequency and number of sites of 
formation of the cephalic vein (CV) in relation to the anatomical 
snuffbox (AS) according to gender 

The formation of  
the CV in relation  
to the AS

Male Female

Right 
hand

Left 
hand

Right 
hand

Left 
hand

Inside the AS distally 30 (27%) 12 (13%) 34 (23%) 11 (9%)

Inside the AS  
proximally

55 (50%) 43 (46%) 65 (43%) 55 (42%)

Outside the AS  
medially

22 (20%) 36 (39%) 48 (32%) 64 (49%)

Outside the AS  
laterally

3 (3%) 2 (2%) 3 (2%) 0 (0%)

Subtotal 110 93 150 130
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between the hand and the forearm. In addition, we 
have demonstrated that only in 2% of the examined 
hands the CV was neither formed inside the AS nor 
ran in the AS which has also been demonstrated in  
a different study where the CV in some cases was not 
found in the AS but in the first web space beside the 
RA and its branches [1, 18].

The present study has also investigated any pos-
sible patterns for the origin of the CV in relation to 
the AS. We have identified two anatomical patterns; 
one inside the AS named, (pattern A) with 67% and 
another pattern outside the AS, named (pattern B) 
with 37%. Furthermore, pattern A was running either 
in the proximal or distal parts of the AS. Pattern B 
was outside the AS either medial or lateral to the AS. 
These patterns have not been described before to the 
best of our knowledge and it should be mentioned 
that they might have been taken as the CV rather than 
its origin especially, in the pattern A. Thus, while we 
indicate that the CV is almost in 98% of all examined 
hands was found in AS in the current study, it should 
be highlighted that both sides (the distal and proxi-
mal) of the AS have to be avoided when cannulating 
or operating the CV, because in these parts of the AS 
may run the origins of the CV but not the CV itself. 

An observational study of 200 hands (in 100 living 
subjects) using tourniquet to study the digital veins, 
metacarpal veins, dorsal venous arch, cephalic and 
basilic veins, CV has been observed in three different 
sites of formation; at first inter digital cleft (in our 
study it is B1), at AS (in our study it is A1 and A2), 
and at lateral end of wrist (in our study it is B2). 
We added a new description of CV location in AS 
whether it was proximally or distally. The findings of 
their study confirm ours in that, the most common 
site of CV formation according to sidedness was in 
AS, and least common site was outside AS laterally. 
They found that, in the right hands, 53 (53%) of the 
hands the CV site of formation was at first inter dig-
ital cleft, in 36 (36%) of the hands was at AS, in 11 
(11%) of the hands was at lateral end of wrist. While 
in the left hands, 51 (51%) of the hands CV site of 
formation was at first inter digital cleft, in 31 (31%) 
of the hands was at AS, in 18 (18%) of the hands was 
at lateral end of wrist [18]. The observation of the 
present study was unlike that of a study carried by 
Matsuo et al. [12]; a study of 32 hands and forearms 
from 18 cadavers, showed constant existence of the 
CV, which consistently derived from a collateral vein of 
the deep palmar arch [11]. The variation of the results 

between the present study and an aforementioned 
study could be due to the ethnic variation, as one of 
the studies confirmed the potential changeable role 
of ethnicity on the frequency distribution of certain 
patterns of the superficial veins on the hand [4].

CONCLUSIONS
The present study has fully examined whether the 

location of CV in relation to the AS is different in both 
sexes and both hands. Data obtained in the present 
study have indicated that the formation of the CV in 
the proximal part of the AS was the most common 
one for the CV in both sexes. However, when the 
course of CV in the AS was evaluated in both hands 
in the general population, it was also found that the 
formation of the CV in the proximal part of the AS 
is proportionally greater in the right hands. On the 
contrary, the formation of the CV outside and medial 
to the AS which was greater in left hands. 

The current study has for the first time scrutinized 
the origin of the CV and its relationship with the AS 
and demonstrated that the CV was running within 
the AS in almost 98% of the examined hands. In ad-
dition, the CV has shown two anatomical patterns in 
its origin; within or outside the AS. These data may 
help and guide medical personal to better understand 
the curse of the CV and its different patterns of origin 
which may help in better cannulation and setting up 
arteriovenous fistula.
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Hypothyroidism: morphological and metabolic 
changes in the testis of adult albino rat and the 
amelioration by alpha-lipoic acid
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Background: The objective of this study is to evaluate the influence of carbima-
zole-induced hypothyroidism on the testes of adult albino rats and the probable 
protective effect of alpha-lipoic acid (ALA). 
Materials and methods: The rats were divided into four groups; control group, 
ALA group, carbimazole, and carbimazole + ALA groups. Rats were exposed to 
ALA (60 mg/kg body weight) or carbimazole (1.35 mg/kg body weight), or both, 
administered via gavages for 30 days. 
Results: Morphometric analysis revealed a significant decrease in tubular diameter, 
germinal epithelium thickness, and interstitial space as compared to the controls. 
Also, rats exposed to carbimazole showed a significant decline in testicular weight, 
sperm motility, and count. Additionally, deterioration of the testicular architec-
ture was observed. ALA supplementation resulted in a significant improvement 
in the tubular diameter and germinal epithelium thickness, but no significant 
improvement regarding interstitial space was observed. Another observation was 
the significant decline in serum testosterone and follicle-stimulating hormone 
(FSH) in the carbimazole group, indicating reduced steroidogenesis. A significant 
reduction in reduced glutathione content was detected in the testes of the car-
bimazole group compared with the controls, while malonaldehyde concentration 
significantly increased. Conversely, ALA supplementation ameliorated the toxicity 
induced by hypothyroidism as illustrated by enhanced reproductive organ weights, 
testosterone, luteinizing hormone, and FSH levels, testicular steroidogenesis, and 
oxidative stress parameters. 
Conclusions: Hypothyroidism altered testicular antioxidant balance and nega-
tively affected spermatogenesis. On the other hand, ALA through its antioxidant 
properties alleviated testicular toxicity in carbimazole-exposed rats. (Folia Morphol 
2021; 80, 2: 352–362)

Key words: alpha-lipoic acid, carbimazole, hypothyroidism, testis, rat

mailto:amaboregela@zu.edu.eg
mailto:aaboregela@ub.edu.sa
https://orcid.org/0000-0002-0781-5363
https://orcid.org/0000-0002-1914-734X
https://orcid.org/0000-0002-3884-831X


353

A.A. Ibrahim et al., Hypothyroidism, alpha-lipoic acid and the testis

INTRODUCTION
In the past decades, clinical studies revealed that 

the thyroid hormone plays a mandatory role in sper-
matogenesis and steroidogenesis. It is now known 
that T3 regulates the testicular growth and matu-
ration, in different mammals [27]. The efficiency of 
spermatogenesis is directly correlated to the number 
of functional Sertoli cells entrenched during adult-
hood [40]. Thyroid hormones have a well-known 
physiological role in modulating the process of oxi-
dative stress caused by reactive oxygen species [28]. 
Its deficiency is known to induce hypothyroidism and 
oxidative stress and perhaps might lead to testicular 
dysfunction and infertility [20]. In males, hypothy-
roidism is accompanied by hypogonadism and other 
abnormalities, like a declined serum testosterone 
[24]. Furthermore, hypothyroidism can alter sperm 
morphology and motility [23]. Carbimazole mode 
of action is through its active form methimazole 
(1-methyl-2-mercaptoimidazole), which inhibits the 
iodination of tyrosine catalysed by thyroid peroxidase 
inducing lowering of circulating thyroid hormones 
[31]. In this regard, carbimazole has been used to 
induce experimental hypothyroidism [6]. Alpha-lipoic 
acid (ALA), is one of the cofactors for multi-enzyme 
complexes in mitochondria, enhances the uptake of 
glucose by the cells, and modulates the activity of 
various signalling molecules and transcription factors 
[41]. Moreover, ALA has a lipophilic character, it is can 
cross cell membranes, and, with dihydrolipoic acid 
(DHLA), it can overcome free radicals efficiently in 
both lipid and watery phases [16]. Various reports in 
the literature suggested that ALA can improve body 
resistance to free radicals [42]. Also, ALA can recycle 
other important antioxidants, including glutathione 
and vitamin C [21]. To date, less attention has been 
directed towards identifying the precise role of ALA 
in ameliorating the toxic effects caused by oxidative 
stress, especially in the hypothyroid state. From this 
perspective, we designed this study to determine 
the effects of carbimazole-induced hypothyroidism 
on testicular structure and function and the possible 
ameliorating role of ALA supplementation.

MATERIALS AND METHODS
Animal models and groups treatment

Forty healthy adult males (21 weeks old and 
weighing 200 to 250 g) albino rats of Wister strain 
were obtained from Zagazig Veterinary Medicine 
Animal House, Egypt. All rats were fed ad libitum 

and were grouped (n = 5 per cage) in standard spe-
cial cages made from plastic. Before experimenta-
tion, all animals were accommodated for 2 weeks 
at temperature: 24–26oC and in a 12 h light/12 h 
dark cycle. Then, rats were divided into four main 
groups (10/group). Group 1 (control) received 2 mL 
of distilled water with 2 mL of olive oil orally. Group 2  
(ALA group) was administered 2 mL of distilled wa-
ter plus ALA (60 mg/kg body weight) [11] dissolved 
in 2 mL of olive oil. Group 3 (carbimazole group) 
was administered 2 mL of olive oil plus carbimazole 
(1.35 mg/kg body weight) [32] dissolved in 2 mL  
of distilled water. Group 4 (carbimazole + ALA  
group) was administered ALA (60 mg/kg body weight) 
dissolved in 2 mL of olive oil and carbimazole (1.35 
mg/kg body weight) dissolved in 2 mL distilled wa-
ter. Each rat was administered daily a fresh single 
oral dose via gavages for 30 days. The Guide for 
the Care and Use of Laboratory Animals, 8th edition 
was our guide during all experimental processes [1]. 
The Institutional Animal Care and Use Committee at 
Zagazig University (ZU-IACUC/3/F/29/2018) approved 
the present study. All chemicals were purchased from 
Sigma Chemicals Company (St. Louis, MO).

Blood collection

The rats were sacrificed under ethyl ether an-
aesthesia after 24 hours of the last dose [13]. Blood 
samples were obtained by cardiac puncture and then 
centrifuged at 4000 rpm for a quarter of an hour 
after allowing the blood to clot for 2 hours at room 
temperature. The sera from all rats were kept at –20°C 
till the proceeding of the biochemical determinations. 
We take in mind, to avoid the repeated freezing and 
thawing of preserved samples.

Extraction and preparation of gonads

The testes were removed from all groups by lap-
arotomy and the epididymis was obtained, removed, 
and homogenised at 37°C in 2 mL of Hank’s buffer 
solution. Then caudal epididymis sperms numbers 
were detected by haemocytometry technique [37]. 

The right testes were weighed and washed in cold 
physiologic saline and dried with filter paper. The 
volume of the testes was estimated. Next, the testes 
were fixed in 10% buffered formaldehyde solution, 
and then processed and embedded in paraffin wax. 
The left testes from all animals were weighed and 
their volume was estimated and recorded. Testes of 
all groups were homogenised in 50 mM phosphate 
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buffer (pH 7) containing 0.1 mM EDTA to give 10% 
homogenate (w/v). The testicular homogenates were 
centrifuged for 10 min at 1000 rpm and the superna-
tant was separated and then after used for oxidative 
stress evaluation [37].

Light microscopic analysis

Sections from the testis at 4–5 µm thickness were 
obtained and stained with eosin and haematoxylin 
to assess general histological architecture [3]. Thirty 
different testicular sections from 10 different rats in 
each group were processed for immunohistochem-
istry [39]. In brief, 3% H2O2 in phosphate buffered 
saline was usd to block the endogenous peroxidase 
activity. Immersing the slides in citrate sodium solu-
tion (10 mM, pH 6.0) for 15 min at 95oC was done 
for antigenic retrieval. The sections were kept in di-
luted primary antibodies overnight at 4°C; (myoid cell 
marker) rabbit polyclonal anti-α-smooth muscle actin 
(SMA) (diluted 1:3000; Catalogue No. ab5694, Ab-
cam, Cambridge, UK), (androgen receptor antibody) 
mouse anti-“androgen receptor“ (N-20, sc-816; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) diluted 
1:100, and mice anti-Vimentin as (Sertoli cell marker, 
1:50, Santa Cruz, CA, USA). After addition of avidin-
biotin complex, Mayer’s haematoxylin was used as 
a counterstain. All sections were photographed and 
examined using a photomicroscope (Leica DM500, 
German). 

Morphometry

ImageJ software was used for image analysis and 
morphometry according to Wayne Rasband — Na-
tional Institute of Mental Health (Bethesda, Mary-
land, USA). Seminiferous tubule diameter, germinal 
epithelium thickness, and interstitial space thickness 
(µm) were measured in six sections per testis from 
ten different rats in each group at magnification 
power ×400. Numbers of Sertoli cells and Leydig cells 
were also counted in the same slides. In addition, the 
area percentages of androgen receptor, α-SMA, and 
vimentin expression were assessed.

Biochemical analysis

Blood samples from 10 different rats in each 
group were used to determine the hormone levels 
in the serum. Serum levels of triiodothyronine (T3) 
(mouse/rat ELISA Kit) (Abnova, Taiwan), and thyroxin  
(T4) (rat ELISA Kit) (MyBioSource, Inc. USA) were 
determined by colorimetric method according to the 

manufacturer instructions. rTSH kit — Biotrak Assay 
System was used to determine thyroid-stimulating 
hormone (TSH) levels. The sensitivity of the rTSH assay 
was 0.05 ng/tube, with cross-reactivity 100% with rat 
TSH and 15% non-specific binding. The procedures 
were performed following the specifications of the 
manufacturer’s manual. Follicle-stimulating hormone 
(FSH) level was estimated using rat FSH ELISA Kit, 
Novus Biologicals (KA2330) by colorimetric method 
[33]. Luteinizing hormone (LH) level was estimated 
using rat LH ELIZA kit, Novus Biologicals (NBP2-61257) 
by colorimetric method range from 1.2 to 280 mIU/m 
according to the manufacturer instructions. Testos-
terone level was estimated using rat testosterone 
ELISA Kit, Aviva Systems Biology (OKCA00179) by  
a colourimetric method (OD450 nm) [4]. Malondial-
dehyde (MDA) level was assessed by incubating the 
testis homogenate at 100°C in 1 mL of trichloroacetic 
acid (10%) and 1 mL of thiobarbituric acid (0.67%) for  
a half of an hour. The amount of MDA concentration 
was expressed by the coloured complex obtained at 
535 nm absorbance [30]. Reduced glutathione (GSH) 
content in the tissue homogenate was determined, 
where a mixture formed from 250 µL of testicular 
homogenate (10%), 250 µL distilled water, 50 µL of 
trichloroacetic acid (50%). The mixture was shacked 
for 15 min and centrifuged for 10 min at 3000 rpm. 
The 10 µL of supernatant was mixed with 400 µL Tris 
buffer (0.4 M) and (pH = 8.9) and 10 µL of 5,5-dith-
io-bis-2 nitrobenzoic acid (DTNB). The obtained colour 
complex was detected by a spectrophotometer at 
512 nm [38].

statistical analysis

The obtained data of our results were statistically 
analysed by Graph Pad Prism 5.01 (GraphPad Soft-
ware, San Diego, CA, USA). Quantitative data were 
tabulated as mean and standard deviation when 
normally distributed or median and interquartile 
range if not normally distributed. Analysis of vari-
ance (ANOVA) used to test mean values differences 
for all experimental groups and Bonferroni’s multiple 
comparison test was used as a post hoc test. The 
statistical significance of the results was considered 
at (p-value < 0.05).

RESULTS
Hypothyroidism was induced by administering car-

bimazole (1.35 mg/kg body weight). This resulted in  
a decrease in serum concentrations of total T3, and T4. 
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Also, this was accompanied by a significant increase in 
the serum TSH levels. Moreover, ALA supplementation 
did not affect the hypothyroid state in the carbimazole 
+ ALA group (Fig. 1A). A decrease in testicular weight 
and volume of hypothyroid rats was observed (Fig. 1B). 

Gross measurements and semen analysis

The average testicular sperm count was signifi-
cantly reduced in the carbimazole group when com-
pared to the control group. Supplementation of 
ALA significantly restored the sperm count in the 
testis of the carbimazole + ALA group (Fig. 1C). 
The mean sperm motility in the carbimazole group 
was significantly low when compared to the control 
group. However, a significant elevation was detected 
in the carbimazole + ALA group after ALA supple-
mentation. 

Light microscopic analysis

In the control group, the testicular sections ex-
pressed normal architecture with average sperm 
density (Fig. 2A, B). However, in the carbimazole 
group, there was a deposition of homogenous sub-
stance in the interstitial spaces, which was associat-
ed with congestion and disturbance in the tubular 
contour. Also, destruction in some tubular walls 
was noted. Besides, testicular sections expressed 
a remarkable detachment of germinal epithelium 
with decreased spermatocytes density. Furthermore, 
vacuolations in the interstitial space and in between 
spermatocytes, and scarce Sertoli cells with scat-
tering and stripping off spermatids were observed 
and Leydig cells nearly disappeared (Fig. 2C, D). 
Moreover, the tubular diameter, germinal epitheli-
um thickness, and interstitial space were decreased 
when compared to the control group. On the oth-
er hand, the supplementation of ALA resulted in  
a significant improvement in the tubular diameter 
and germinal epithelium thickness. However, no 
significant improvement regarding interstitial space 
was observed (Table 1). In the carbimazole + ALA 
group, the integrity of germinal epithelium was 
maintained with minute areas of detachment and 
Leydig cell clusters were preserved. Besides, refine-
ment in spermatocyte density was noted. However, 
any deposition of homogenous substance and the 
regularity and maintenance of the tubular contour 
were not observed. Also, spermatids appeared scat-
tered (Fig. 2E, F). Sertoli cell and Leydig cell num-
bers were significantly decreased in the carbimazole 
group when compared to the control. Moreover, 
their numbers were significantly higher in the group 
receiving combination of carbimazole and ALA than 
in the carbimazole group (Table 1). 
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Figure 1. A. Histogram showing thyroid function tests after differ-
ent treatment strategies confirming the hypothyroid state;  
B, C. Histograms representing the effects of carbimazole-induced 
hypothyroidism and alpha-lipoic acid (ALA) on gross measure-
ments and semen analysis, respectively. Data are presented as 
mean ± standard deviation; TSH — thyroid-stimulating hormone; 
T3 — thyroxine 3; T4 — thyroxine 4; NS — no significance;  
*p < 0.05; **p < 0.01; ***p < 0.001.
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Immunohistochemistry

In the testes of the control group, androgen re-
ceptor expression was prominent in interstitial cells of 
Leydig and the peritubular myoid cells, but it was weak 
in the Sertoli cells in all stages of spermatogenesis. In 
contrast, the androgen receptor expression was limited 
to certain interstitial cells with a decrease in the area 
per cent in the carbimazole group. The decrease in 
androgen receptor expression in Sertoli cells was prom-
inent in all stages of spermatogenesis especially stage  
IV–VIII. Interestingly, the group that received carbimazole  
+ ALA showed maintenance of the androgen receptor 
expression in Leydig cells and some peritubular myoid 

cells with improvement in the area percentage (Table 1,  
Fig. 3A–C). Regarding α-SMA expression, it was lim-
ited to the peritubular myoid cells and it appeared as 
a very thin bilaminar line with very potential space in 
between laminae, and in the wall of the interstitial 
blood vessels in the control group. In contrast, α-SMA 
expression in the carbimazole group showed areas of 
thickening and fusion between the laminae. Besides, it 
was associated with prominent thickening in the wall 
of blood vessels, which in turn increased the surface 
area percentage. However, the testes of the carbi-
mazole + ALA group displayed maintenance of the 
control expression pattern (Table 1, Fig. 3D–F). We also 

Figure 2. Representative microphotograph of the testis in different groups. A, B. Control group. The testis shows different types of cells;  
LC — Leydig cells; ST — Sertoli cells; SG — spermatogonia; SC — spermatocyte; S — spermatid; C, D. Hypothyroid group (carbima-
zole-treated) the testis represents homogenous substance in the interstitial space (straight arrow), congestion (arrowhead), vacuolation (V), 
scarce Sertoli cells (ST), stripped off spermatids (SS), scattered spermatids (*) and detached germinal epithelium (D); E, F. Carbimazole + 
+ alpha-lipoic acid group expressing few Sertoli cells (ST), Leydig cells (LC), spermatogonia (SG), spermatocyte (SC), spermatid (S) and  
detached germinal epithelium (D) (H&E, bars = 200 and 50 µm).
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Table 1. Effects of carbimazole-induced hypothyroidism and alpha-lipoic acid (ALA) on the histomorphometry and immunomorphometry  
of the testis in albino rats

Parameter Control ALA Carbimazole Carbimazole + ALA ANOVA

Seminiferous tubule diameter [µm] 241.80 ± 34.47 242.90 ± 29.80NS 181.40 ± 12.06*** 218.7 ± 5.554* < 0.0001***

Germinal epithelium thickness [µm] 52.42 ± 6.505 54.66 ± 5.685NS 29.26 ± 3.760*** 38.46 ± 3.068** < 0.0001***

Interstitial space [µm] 12.25 ± 2.639 13.13 ± 3.052NS 6.74 ± 1.346*** 7.15 ± 1.215NS < 0.0001***

Sertoli cell number/tubule 33.63 ± 2.973 34.25 ± 3.196NS 11.13 ± 2.232*** 21.5 ± 2.449*** < 0.0001***

Leydig cell number/cluster 14.75 ± 1.282 15.13 ± 1.885NS 2.38 ± 1.408*** 9.88 ± 1.458*** < 0.0001***

Androgen receptor area [%] 1.20 ± 0.345 1.13 ± 0.195NS 0.60 ± 0.119*** 0.93 ± 0.102* < 0.0001***

Alpha smooth muscle actin area [%] 2.03 ± 0.388 2.09 ± 0.234NS 4.76 ± 0.305*** 3.88 ± 0.678** < 0.0001***

Vimentin area [%] 14.63 ± 2.547 15.25 ± 1.949NS 7.74 ± 1.516*** 10.65 ± 0.611* < 0.0001***

Values are expressed in mean ± standard deviation. One-way ANOVA and post-hoc Bonferroni’s multiple comparison test (ALA and carbimazole vs. control, carbimazole + ALA vs. carbi-
mazole); *p < 0.05, **p < 0.01, ***p < 0.001; NS — no significance

Figure 3. Representative microphotograph of the immunohistochemical expression in the testis. The groups are arranged as control, carbima-
zole-treated and carbimazole + alpha-lipoic acid-treated group, respectively. A, B, C. Androgen receptor. The testis shows Leydig cells (LC), 
Sertoli cells (ST), and peritubular myoid cells (arrowhead); D, E, F. Alpha-smooth muscle actin. The testis represents bilaminar peritubular 
myoid cells expression (arrowhead), thickening and fusion of the two laminae (arrow), and thickening in the interstitial vessel wall (*).  
(Bars = 50 µm).
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analysed the immunocontent of vimentin expression. 
The results showed that vimentin was prominently 
expressed in the cytoplasm of the Sertoli cells with clear 
continuity between both apical and basal segments 
and the interstitial tissue in the control group. On the 
contrary, Sertoli cells’ destruction was elucidated by 
the pattern of vimentin expression in the carbimazole 
group. There was a destruction of the apical segment 
of Sertoli cells with the scarce appearance of the basal 
segment in most of the tubules. Besides, there was  

a lack of expression in certain areas of the interstitial 
tissue which appeared empty of cells. This resulted in 
a decrease in the area percentage of vimentin expres-
sion. On the other hand, limited conservation of the 
expression pattern of the control in some Sertoli cells 
was detected in the carbimazole + ALA group. Also, 
the interstitial tissue was partially protected showing 
fractional improvement in area percentage of vimentin 
expression (Table 1, Fig. 4A–C).

Biochemical analysis

Serum levels of testosterone were significantly 
decreased in the carbimazole group compared to 
the control group. Also, FSH concentrations showed 
a significant decline in the carbimazole group when 
compared to the control group. In contrast, the level 
of LH showed a significant increase in the carbimazole 
group compared to the control group. The results 
were improved after ALA administration in the car-
bimazole + ALA group, with a significant increase in 
testosterone and FSH levels (Fig. 5A). GSH contents 

Figure 4. Representative microphotograph of vimentin expression 
in the testis in different groups. A, B, C. Control, carbimazole-treated  
and carbimazole + alpha-lipoic acid-treated group, respectively. 
The testis shows different segments of Sertoli cells; a — apical 
segment; b — basal segment, destroyed detached apical segment 
of Sertoli cells (arrowhead), interstitial tissue (arrow) empty areas 
in the interstitial space (*). (Bars = 50 µm).

Figure 5. A, B. Histograms representing the effects of carbimazole- 
-induced hypothyroidism and alpha-lipoic acid (ALA) on reproduc-
tive hormones, reduced glutathione, and malondialdehyde (MDA). 
Data are presented as mean ± standard deviation; FSH — follicle- 
-stimulating hormone; LH — luteinizing hormone; NS — no signifi-
cance; *p < 0.05; **p < 0.01; ***p < 0.001.
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in the carbimazole group showed a significant de-
cline when compared to the control group (Fig. 5B).  
A comparison of the MDA contents of the testis 
showed a significant increase in the carbimazole group 
when compared to the control group. Interestingly, the 
results improved in the carbimazole + ALA group, and 
a significant decrease was observed in MDA (Fig. 5B).

DISCUSSION
The impact of thyroid diseases on male reproduc-

tion has been an area of controversy for many years 
ago, due to the reports of the inability of the testis 
to respond metabolically to thyroid hormones [15]. 
Yet, in the last decades, some clinical trials have con-
cluded that thyroid hormones have a great role in the 
process of testicular spermatogenesis even at and 
after puberty [14]. However, some authors suggested 
that hypothyroidism does not influence the functions 
or the size of the testis or seminiferous tubules [10]. 
Thyroid hormones are considered to be one of the 
main factors in cell metabolism regulation and thus 
play a significant role in oxidative stress [8]. The im-
petus of the present study is to determine the ame-
liorating role of ALA supplementation on the damage 
caused by carbimazole-induced hypothyroidism on 
testicular tissue of the experimental animal model. 
The obtained data of the present study confirmed 
that carbimazole can decrease the testicular volume 
and tubular diameter, germinal epithelium thickness, 
sperm count as compared to the control group. Be-
sides, congestion and disturbance in tubular contour 
with damage to some tubular wall and very limited 
expression of androgen receptor to certain interstitial 
cells were observed. Moreover, detachment of ger-
minal epithelium decreased spermatocytes density, 
and destruction in Sertoli cells was recorded. The 
above-obtained data came in accordance with  
Prathima et al. [32] who reported that rats exposed 
to carbimazole showed major histological deteriora-
tion such as congestion of blood vessels, haemor-
rhage, and destruction of interstitial cells with de-
generation of spermatogenic cells with the irregular 
cell membrane. The report of Yousofvand et al. [43] 
revealed that hypothyroidism induced by a chemical 
called propylthiouracil was able to induce a significant 
reduction in testicular weight [43]. In another study, 
administration of carbimazole at a dose of 1.35 mg/kg  
for 3 or 6 weeks resulted in the disorganisation of 
germinal cells, a decrease in thee diameters of the 
seminiferous tubules and the height of testicular 

tissue epithelium. This was associated with conges-
tion of interstitial blood vessels and oedema [35]. This 
may be related to the increased blood endotoxins 
and the state of oxidative stress that lead to capillary 
destruction, exudation and apoptosis. This is in ac-
cordance with Jalilvand et al.’s [19] observation that 
hypothyroidism increases TUNEL-positive cells in the 
testis. Examination of the testes of rats treated with 
carbimazole and ALA showed improvement in tubu-
lar diameter and germinal epithelium thickness, and 
no change was seen in interstitial space regularity. 
Also, maintenance of tubular contour with nearly 
normal expression of androgen receptors, vimentin, 
and α-SMA was observed. These data are consistent 
with a previous result [5] which revealed that ALA 
works at two levels intracellular and extracellular (at 
cell membrane level). Thus, giving double protection 
and improving the pathology of testicular tissue with 
normal expression of different immune markers. Gaw-
ish [11] concluded that the ALA has an ameliorative 
role against toxicity induced by hypothyroidism. Also, 
Prathima et al. [32] reported that ALA acts as a potent 
antioxidant and can reverse the histological changes 
in the testicular tissue of adult rats induced by carbi-
mazole. Androgen receptor expression in Sertoli cells 
was reduced due to the state of oxidative stress in-
duced by admission of ethanol [17]. This agreed with 
the finding of this experiment in which androgen 
receptor expression was limited to certain interstitial 
cells with a decrease in the area per cent in the car-
bimazole group. The decrease in androgen receptor 
expression in Sertoli cells was prominent in all stages 
of spermatogenesis, especially stage IV–VIII. As re-
ported by Horibe et al. [18], marked decrease in an-
drogen receptor expression was evident in all stages 
of the spermatogenic cycle in the testes of rats treat-
ed with ethanol. Reduction in androgen receptor 
expression can affect the pattern of α-SMA expression 
[29]. In the current study α-SMA expression showed 
prominent thickening in the wall of blood vessels, 
which in turn increased the surface area percentage 
after carbimazole supplementation. On the other hand 
O’Hara and Smith [29] showed reduction in α-SMA 
expression following androgen receptor expression 
in transgenic mice. Also Gosteli-Peter et al. [12] men-
tioned that T3 increased dramatically α-SMA mRNA 
and protein accumulation. Vimentin can be consid-
ered as Sertoli cell marker. It is dependent on sper-
matocytes renewal and attachment to Sertoli cells 
which is altered by oxidative stress induced by busul-
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phan [22]. This goes with the pattern noticed in this 
experiment regarding vimentin expression in the con-
trol group as well as the destruction in the apical 
segment of Sertoli cells with the scarce appearance 
of the basal segment in most of the tubule after 
carbimazole treatment. On the contrary, Zamoner et 
al. [44] mentioned that there was no change in vi-
mentin expression by real time-quantitative poly-
merase chain reaction in the testis of hypothyroid 
rats; however, increase in its phosphorylation and its 
content in the cytoskeleton of the testis was observed. 
In the present study, administration of carbimazole 
(1.35 mg/kg) for a month resulted in a significant 
decline in serum levels of free T3, T4, testosterone 
and FSH while there was a significant increase in TSH 
and LH levels. These findings are consistent with those 
of Yousofvand et al. [43] who reported a significant 
reduction in serum levels of testosterone hormone 
induced by hypothyroidism, with non-significant 
changes in LH and FSH serum levels. Similarly, anoth-
er study showed that rats with hypothyroidism pre-
sented with high serum levels of LH hormone. Also, 
there was a significant decline in total serum testos-
terone levels. These results highlighted the great role 
of thyroid hormones in the regulation of FSH biosyn-
thesis [34]. Moreover, in hypothyroidism, the serum 
level of the LH hormone was increased, while serum 
level of testosterone was decreased [25]. The authors 
correlated these findings to the decrease in liver syn-
thesis of sex hormone-binding globulin (SHBG) in  
a hypothyroid state. SHBG is accountable for the 
transfer of testosterone from the testis to brain tissue, 
where free testosterone is dissociated and crosses the 
blood-brain barrier, to induce negative feedback on 
LH biosynthesis and its secretion [26]. Propylthioura-
cil-induced hypothyroidism significantly decreased 
serum levels of both T3 and T4 while increasing TSH 
level [36]. To better understand the pathological ef-
fects of hypothyroidism on testicular tissues, the ox-
idant-antioxidant state was studied in the testicular 
tissues. It seems that hypothyroidism can induce  
a disruption in the thiol redox status of mitochondria, 
which resulted in testicular structural and functional 
abnormalities. Our data regarding these above-men-
tioned data showed a significant decrease in the GSH 
content in testicular tissue homogenate. There was 
also a decrease in sperm count and motility. Howev-
er, a significant improvement in the level of GSH was 
recorded after ALA supplementation. This may aid in 

confirmation of the antioxidant system failure in the 
testes of carbimazole-treated rats. The results also 
revealed that carbimazole-induced hypothyroidism 
was able to increase MDA contents in the testicular 
tissue. In contrast, a partial improvement was noted 
in the carbimazole + ALA group. The testes have  
a defence mechanism that is composed of the enzy-
matic and non-enzymatic antioxidant defence system, 
but its potential is limited. Furthermore, the testes 
contain a high amount of polyunsaturated fatty acids 
subjected to peroxidation by many oxidative radicals. 
In this regard, it has been proven that the production 
of high amounts of free radicals is harmful to sperm 
structure and function due to the bad effects on both 
the quality and quantity of DNA content of sperma-
tozoa [7]. Taking into consideration these above-men-
tioned facts, the oxidative damage of testes tissue 
may play a main role in the obtained results of this 
study. The results obtained from previous reports 
indicated the alterations in thyroid hormone concen-
trations impaired mitochondrial GSH regulation 
mechanism, antioxidant defence mechanism, and 
their ratio to the functions of testes of adult rats [2]. 
On the other hand, the administration of ALA with 
carbimazole (1.35 mg/kg body weight) resulted in  
a significant increase in GSH level, increase in sperm 
number and motility while a significant decrease in 
MDA testicular level was noted when compared with 
the carbimazole group. In agreement with our results, 
ALA proved to be a potent factor to restore the de-
teriorated antioxidants in testicular rats exposed to 
cadmium [9]. 

CONCLUSIONS
Based on the obtained data, we can conclude that 

ALA as an antioxidant, can ameliorate the toxic effects 
of hypothyroidism on spermatogenesis and improved 
the structural and physiological processes in the testes 
of hypothyroidism-induced rats. Furthermore, it can 
protect testicular tissues against oxidative damage. 
One of the limitations which we faced was the ina-
bility to add in situ hybridisation as a confirmatory 
tool for our data.  
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Background: The aim of this study was to investigate the anti-inflammatory and 
antioxidant effects of Coriandrum sativum extract on liver ischaemia reperfusion 
injury at light microscopic and biochemical levels. 
Materials and methods: Sham, ischaemia/reperfusion injury (IRI), IRI + Corian-
drum sativum extract and only Coriandrum sativum extract groups were formed. 
Sixty minutes of ischaemia and 60 minutes of reperfusion were performed. In 
the treatment group, 300 mg/kg/day Coriandrum sativum was given by gavage. 
Hepatic tissues were fixed in 4% paraformaldehyde. Serum alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP) 
enzymes were measured. Nuclear factor-kappa beta (NF-κB), tumour necrosis 
factor-alpha (TNF-α) and caspase-3 immunohistochemistry staining was per-
formed. Microscopic scoring was performed in terms of sinusoidal congestion, 
vacuolisation, and necrosis.
Results: Sinusoidal enlargement and diffuse congestion, Kupffer cell increase, 
neutrophil increase in necrotic areas, vacuolisation in hepatocytes, and bile duct 
proliferation in the portal triad were observed in ischaemia/reperfusion hepat-
ic tissue. Very rare, necrotic areas were observed in the Coriandrum sativum 
treatment group, while congestion and vacuolisation and bile duct proliferation 
were decreased compared to the ischaemic group. The AST and ALT levels were 
increased in the IRI and IRI + Coriandrum sativum groups. When compared to 
the IRI group, the AST and ALT levels of the Coriandrum sativum were consid-
erably decreased. The IRI and IRI + Coriandrum sativum groups had statistically 
significant differences in ALP compared to that of the Coriandrum sativum and 
Sham groups. There was no significant difference between the ALP levels of the 
IRI and IRI + Coriandrum sativum groups TNF-α, NF-κB and caspase-3 immune 
positive stained hepatocytes were numerous and widely observed in the injury 
group. There were positive TNF-α immunohistochemical staining Kupffer cells in 
the IRI group. In the group treated with Coriandrum sativum, Kupffer cells were 

mailto:akukner@hotmail.com
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INTRODUCTION
Liver ischaemia/reperfusion injury (IRI) is a clinical 

problem that increases morbidity and mortality after 
trauma, hepatectomy or liver transplantation [13, 14].  
The ischaemic period is described as a blockage of 
oxygen and nutrient transportations which, in turn, 
obstructs the cellular metabolism. Once the blood 
supply is restored by reperfusion, the sudden in-
crease in the blood flow to the tissue increases the 
concentration of the free oxygen radicals and results 
in inflammatory cell infiltration at the site of the 
damage [14, 22]. The acute phase of the reperfusion 
lasts between three to 6 hours. During this time, T-cell 
and Kupffer cell activation as well as the activation of 
adhesion molecules are increased. The late (subacute) 
phase is 18 to 24th h of reperfusion, and neutrophil 
infiltration reaches its peak level during this time. The 
activated Kupffer cells and other hepatic cells also 
initiate secretion of inflammatory mediators, such as 
tumour necrosis factor-alpha (TNF-α), interleukin 6  
(IL-6), increasing the expression levels of intercellular 
adhesion molecule (ICAM), vascular cell adhesion 
protein (VCAM) and P-selectins [10, 27]. TNF-α ex-
pression is regulated by nuclear factor kappa beta 
(NF-κB). NF-κB is a transcription factor that plays an 
important role in liver ischaemia reperfusion dam-
age, inflammation response, and the protection and 
regeneration of hepatocytes [33]. Hepatic apoptosis 
is directly proportional to the severity of IRI [5, 6]. 
Necrotic cell death in hepatic cells with apoptosis 
may also occur [35]. The pathophysiology of IRI has 
numerous determinative factors and it is essential 
to understand and identify these factors to develop 
new therapeutic strategies in preventive medicine 
[14]. Coriandrum sativum is an important medicinal 
plant that originated in the Eastern Mediterranean 
and subsequently spread to India, China and is now 
cultivated all over the world. Coriandrum sativum 

is frequently used in medicines, natural treatment, 
and the food preservative industry [16, 18, 26, 29]. 
To the best of the authors’ knowledge, this is the 
first study to extensively investigate the biochemical 
and anti-inflammation and antiapoptotic effects of 
Coriandrum sativum use on hepatic ischaemia rep-
erfusion in a rat model. The aim of this study was to 
investigate the biochemical and microscopic effects 
of methanol extract of Coriandrum sativum on liver 
ischaemic reperfusion injuries in rats. 

MATERIALS AND METHODS
Plant material and extraction 

Leaves of Coriandrum sativum were collected from 
the Alayköy region in North Cyprus and then dried. 
Dried leaves were extracted with methanol using the 
maceration method and the extract was evaporated. 
According to the HPLC analysis (realised using Agilent 
Technologies 1200 series HPLC and separated with 
Eclipse XDB-C18 column, 150 mm × 4.6 mm, 5 µm). 
As mobile phases, (A): water with 0.5% formic acid 
and (B): methanol were used at a flow rate of 1 mL/ 
/min. The gradient was initially 90–70% A for 18 min,  
then 55–80% A for 5 min and finally, 90% A for  
5 min. The detection wavelength was set at 254 nm. 
The injection volume was 10 µL for each sample and 
standard solutions, and according to the results of 
data validation, the percentage of isoquercitrin was 
found to contain 139.25 ppm (0.21%).

Animals and experimental design

All experimental protocols were performed ac-
cording to the Guide for Care and Use of Laboratory 
Animals and were approved by the Animal Care and 
Use Local Ethics Committee of Near East Universi-
ty (2019/01-57). Six–seven months female Wistar 
Albino rats (450–500 g weight) were housed at  
a constant room temperature (22 ± 2°C) under a 12-h 

not stained, while TNF-α, NF-κB and caspase-3 expressing hepatocytes were found 
to be decreased compared to the IRI group. When the expression values of the 
TNF-α, NF-κB and caspase-3 groups were evaluated statistically, it was seen that 
there was a significant decrease in the group treated with Coriandrum sativum.
Conclusions: It was found that Coriandrum sativum extract decreased proin-
flammatory cytokine TNF-α and apoptotic cell death and liver enzymes in liver 
ischaemia/reperfusion injury. (Folia Morphol 2021; 80, 2: 363–371)

Key words: liver ischaemia, Coriandrum sativum, nuclear factor-kappa 
beta, tumour necrosis factor-alpha, caspase-3
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light/dark cycle. They were fed standard rat chow  
(210 kcal/100 g/day) and drank tap water ad libitum. 
All surgical interventions were performed between 
9:00 am and 12:00 pm to minimise diurnal effects. 

Animals were randomly divided into four groups: 
 — Sham group (n = 10): A midline incision was 
made, and the hepatic pedicle (contains ductus 
hepaticus, hepatic portal vein and proper hepatic 
artery) was mobilised. No blood supply blocked;

 — Ischaemia/reperfusion injury (IRI) group (n = 10): 
Ischaemia was achieved by clamping the hepatic 
pedicle with a vascular clamp for 1 hour after 
the ischaemic period, the clamp was opened and  
1 hour reperfusion of the liver was provided;

 — IRI + Coriandrum sativum group (n = 10): Co-
riandrum sativum extract was given by gavage  
300 mg/kg/day for 3 days before ischaemia and 
1 hour before ischaemia [24];

 — Coriandrum sativum group (n = 10): Coriandrum 
sativum extract was given by gavage 300 mg/kg/ 
/day for 3 days.

Ischaemia/reperfusion

All animals were given ketamine HCl 90 mg/kg 
(Ketalar R, Pfizer Drug Company, Istanbul, Turkey)  
+ xylazine hydrochloride 10 mg/kg (Rompun R  
23.32 mg/mL, Bayer Drug Company, Istanbul, Turkey) 
after 15 hours fasting. The animals were placed on the 
operating table in the supine position, immobilised at 
four points, and a midline abdominal laparotomy was 
performed to expose the abdominal cavity. Hepatic IRI 
was performed by Pringle manoeuvre. After detach-
ing of liver from the ligaments and hepatic pedicle 
(ductus hepaticus, hepatic portal vein and proper 
hepatic artery) was clamped with an atraumatic mi-
crovascular clamp and hepatic ischaemia in the lobus 
hepatis mediana and lobus hepatis sinister. After  
60 minutes of ischaemia, the clamp was removed 
and 1 mL NaCl 0.9% was administered intraperito-
neally, then the abdomen was closed and we waited  
1 hour for reperfusion [2]. The other hepatic lobs had 
taken whole portal and arterial blood supply. Colour 
change appeared in the ischaemic lobes; however, 
the colour of the lobes returned to normal in rep-
erfusion. Rats were kept on heated tables during 
ischaemia and reperfusion. In IRI and IRI + Corian-
drum sativum groups, rats were under anaesthesia 
for 60 minutes with reperfusion duration and no 
substance was given. At the end of the reperfusion 

period, blood was taken from the hearts of the rats 
and euthanased with the exsanguination method. 
Tissue samples were taken from the reperfused lo-
bus hepatis sinister for histological examinations. 
Rats in Sham and Coriandrum sativum groups were 
euthanased by the same method and tissue samples 
were taken from lobus hepatis sinister. During the 
reperfusion period, 3 rats from the IRI group and  
2 rats from the IRI + Coriandrum sativum group died.

Blood sample analyses

Serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and alkaline phosphatase 
(ALP) measurements were made by using an Abbott 
Architect c8000 clinical chemistry analyser (Abbott 
Instruments–Abbott Diagnostics, Abbott Park, IL, 
A.B.D.).

Light microscopy

All rats were euthanased, and tissue samples 
were fixed in paraformaldehyde 4% for 48 hours, 
embedded in paraffin, and cut into 5 µm sections. 
Haematoxylin and eosin staining was carried out 
to assess the general structure of the liver. Tissue 
sections were examined, with 10 fields per section, 
and scored from 0 to 4 for vacuolisation, sinusoidal 
congestion, and hepatocyte necrosis, which were 
evaluated semi-quantitatively according to the mod-
ified Suzuki scoring system [32].

Immunohistochemical staining

Immunohistochemical evaluation of the hepat-
ic tissue samples were performed by the following 
stains: caspase-3 (anti-caspase-3 antibody, ab 2302, 
Abcam), TNF-α (anti-TNF-α antibody, ab183896, 
Abcam), NF-κB p65 (anti-NF-κB p65 antibody, ChIP 
Grade ab7970, Abcam). The cells stained positively 
with caspase-3, TNF-α and NF-κB were counted in  
a light microscope with a magnification of 40× in 
20 different areas.

statistical analyses

All the statistical analyses were performed with 
SPSS 17.0. Data obtained from the groups were 
compared using the non-parametric Kruskal-Wallis 
test within each group, whereas the groups were 
compared with each other using the Mann-Whitney 
U test. A value of p < 0.05 was considered to be 
statistically significant.
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RESULTS
Biochemical results

The AST and ALT levels were increased in the IRI and 
IRI + Coriandrum sativum groups. When compared 
to the IRI group, the AST and ALT levels of the Cori-
andrum sativum were considerably decreased. The IRI 
and IRI + Coriandrum sativum groups had statistically 
significant differences in ALP compared to that of the 
Coriandrum sativum and Sham groups. There was no 
significant difference between the ALP levels of the 
IRI and IRI + Coriandrum sativum groups (Table 1).

Light microscopic results

Congestion, vacuolisation, and necrosis were 
observed to be considerably higher in the IRI group 
when compared with the results of the Sham and 
Coriandrum sativum groups. The IRI + Coriandrum 
sativum group showed decreased congestion, vacu-
olisation, and necrosis. Nevertheless, the levels were 
still higher than those of the Sham and IRI groups 
(Table 2). Compared to the Sham group (Fig. 1A), 
dilatation and congestion of sinusoids (Fig. 1B), in-
creased number of Kupffer cells (Fig. 1C), necrotic 
areas with hepatocyte degeneration and increased 
number of neutrophils (Fig. 1D), vacuolisation of he-
patocytes especially around the portal triads (Fig. 1E),  
and proliferation of the bile ducts (Fig. 1F) were con-
firmed in the IRI group. The IRI + Coriandrum sa-

tivum group showed decreased congestion (Fig. 1G),  
decreased Kupffer cell activation and, although less-
ened, a still discernible proliferation of the bile ducts 
(Fig. 1H). TNF-α, NF-κB and caspase-3 expressions 
were very common and there was strong expression 
in hepatocytes in the IRI group compared to the sham 
groups. It was observed that there was no TNF-α, NF-κB  
and caspase-3 immunohistochemical staining in the 
liver sham group (Fig. 2A), but there were positive 
TNF-α immunohistochemical staining Kupffer cells  
(Fig. 2B) and hepatocytes (Fig. 2C) in the IRI group. In 
the group treated with Coriandrum sativum, Kupffer 
cells were not stained, while TNF-α expressing hepato-
cytes were found to be decreased compared to the 
IRI group (Fig. 2D). It was found that there was NF-κB 
staining in the IRI group (Fig. 2E). The severity of immu-
nohistochemical staining and number of stained cells 
decreased in the group treated with Coriandrum sa-
tivum (Fig. 2F). It was observed that many hepatocytes 
were expressed caspase-3 in the IRI group (Fig. 2G),  
and the caspase-3 expression was very low in the Cori-
andrum sativum treatment group (Fig. 2H). When the 
expression values of the TNF-α, NF-κB and caspase-3 
groups were evaluated statistically, it was seen that 
there was a significant decrease in the group treated 
with Coriandrum sativum, in which the expressions 
increased in the IRI group. These results were positive 
correlated with the microscopic findings (Table 3). 

Table 1. The mean values of liver enzymes in groups

ALT AST ALP

Sham 36.33 ± 10.19a 74.00 ± 14.93a 46.50 ± 10.21

Coriandrum sativum 39.33 ± 3.77b 73.17 ± 17.75b 54.50 ± 9.57

IRI 1297.50 ± 357.30c 1127.83 ± 177.09c 71.67 ± 22.38a

IRI + Coriandrum sativum 801.83 ± 241.86c 765.17 ± 242.87c 66.33 ± 14.71a

P value 0.000* 0.000* 0.048*

*Kruskal-Wallis test significant value p < 0.05; abcSignificance according to Mann-Whitney U test (p < 0.05); aSignificance between Sham group and IRI, IRI + Coriandrum sativum;  
bSignificance between Coriandrum sativum group and IRI, IRI + Coriandrum sativum; cSignificance between IRI group and IRI + Coriandrum sativum; IRI — ischaemia/reperfusion injury; 
ALT — alanine aminotransferase; AST — aspartate aminotransferase; ALP — alkaline phosphatase

Table 2. Injury scoring in groups

Congestion Vacuolisation Necrosis

Sham 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Coriandrum sativum 0.17 ± 0.41b 0.00 ± 0.00b 0.00 ± 0.00b

IRI 2.33 ± 0.82abc 1.50 ± 0.55abc 0.67 ± 0.52abc

IRI + Coriandrum sativum 0.83 ± 0.75c 0.33 ± 0.52c 0.17 ± 0.41c

P value 0.001* 0.000* 0.000*

*Kruskal-Wallis test significant value p < 0.05; abcSignificance according to Mann-Whitney U test (p < 0.05); aSignificance between Sham group and IRI group; bSignificance between 
Coriandrum sativum group and IRI group; cSignificance between IRI + Coriandrum sativum and IRI group; IRI — ischaemia/reperfusion injury
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DISCUSSION
The results obtained throughout this study indi-

cate that Coriandrum sativum has therapeutic effects 
on the histological and biochemical outcomes of liver 
IRI during the acute phase. During liver transplan-
tations or surgeries, IRI can have a negative impact 
on regeneration. Many different factors can trigger 
this, and one of them is the duration of the ischae-
mic period [3]. The preventive or therapeutic effects 
of various plant extracts or components in IRI have 
been studied. The blockage of endothelial adhesion 
molecules, reduction of cytokines is released from 
cells, free oxygen radicals and hepatocyte apoptosis 
have been discussed [1]. The Coriandrum sativum 
plant has antioxidant and anti-inflammatory effects 
and the protective effect of Coriandrum sativum on 
liver damage caused by various hepatotoxic sub-
stances has been reported [20, 21, 24, 30]. Studies 
have shown that Coriandrum sativum extract dosage 

is not toxic up to 3000 mg/kg [25]. In our study, we 
have identified the anti-inflammatory effect of Co-
riandrum sativum sourced from the Cyprus-Nicosia 
region at low doses in rats treated with 300 mg/kg. 
It has been determined that Coriandrum savitum ex-
tract obtained from this region contains 139.25 ppm  
isoquercitrin as the active substance. Isoquercitrin 
(quercetin-3-O-β-d-glucopyranoside) is a one of the 
major glycosidic form of quercetin and founds com-
monly in many medicinal plants. It has antioxidant, 
anti-inflammatory, antiapoptotic effects [17]. It is the 
major bioactive component of the Coriander (Corian-
drum sativum L.) and it is commonly found in cori-
ander leaves and roots. In recent years, isoquercitrin 
has a great potential due to the discovery of new 
biological activities and its ability to be obtained by 
enzymatic modification of rutin [34].

Upon reperfusion injury during the first few hours, 
Kupffer cells are activated and they release cytokines. 

Figure 1. Liver tissue in experimental groups. A. Sham group. Dilatation of sinusoids, congestion (B), increased Kupffer cells (C), necrotic 
area and increased neutrophil number (D), vacuolisation in hepatocytes around the portal triads (E) and bile duct proliferation are observed in 
ischaemia/reperfusion injury (IRI) group (F). Congestion is less common than IRI group, when vacuolisation is not common (G), and bile duct 
proliferation continues to exist in portal triads as decreased (H) in Coriandrum sativum treated IRI group. Haematoxylin and eosin ×40. 
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There is a positive correlation between Kupffer cell 
activation and liver IRI [9, 11]. On the other hand, 
neutrophils play the main role in the stimulation 
process of the inflammatory cascade mechanisms [7].  
During reperfusion, selectin receptors on the en-
dothelial cells increase in number; leukocytes adhere 

to the endothelial cells and then migrate to the site 
of the injury [9, 22]. Nuclear pyknosis of hepatocytes, 
scattering of the hepatic cords and hepatic sinusoid 
dilation can be observed. It was observed that diffuse 
local necrosis in reperfusion, vacuolisation in hepato-
cytes and inflammatory cell increase were significantly 

Table 3. Nuclear factor-kappa beta (NF-κB), tumour necrosis factor-alpha (TNF-α) and caspase-3 expression in groups

TNF-α NF-κB Caspase-3

Sham 0.05 ± 0.21ab 0.00 ± 0.00 ab 0.00 ± 0.00ab

Coriandrum sativum 0.10 ± 0.31cd 0.10 ± 0.31cd 0.05 ± 0.22cd

IRI 11.05 ± 2.82ac 10.45 ± 3.35ac 5.30 ± 2.60ac

IRI + Coriandrum sativum 2.65 ± 1.76bde 5.20 ± 2.59bde 1.35 ± 0.49bde

P value 0.000* 0.000* 0.000*

*Kruskal-Wallis test significant value p < 0.05. abcdeSignificance according to Mann-Whitney U test (p < 0.05); aSignificance between Sham group and IRI group; bSignificance between 
Sham group and IRI + Coriandrum sativum group; cSignificance between Coriandrum sativum group and IRI group; dSignificance between Coriandrum sativum group and IRI + Coriandrum 
sativum group; eSignificance between IRI group and IRI + Coriandrum sativum group; IRI — ischaemia/reperfusion injury

Figure 2. Tumour necrosis factor-alpha (TNF-α), nuclear factor-kappa beta (NF-κB) and caspase-3 were negative in the immunohistochemical 
stained liver tissue belonging to Sham group (A). It appears to be TNF-α positive in Kupffer cells (B) and hepatocytes (C) in the ischaemia/reper-
fusion injury (IRI) group. In the Coriandrum sativum treated IRI group, there is no staining in Kupffer cells and it is observed that hepatocytes ex-
pressing TNF-α are decreased compared to IRI group (D). Commonly in hepatocytes NF-κB expression appears to be positive in the IRI group (E). 
The severity of NF-κB immunohistochemical staining and the number of stained cells decreased in the Coriandrum sativum treated IRI group (F). 
Caspase-3 is expressed in a large number of hepatocytes in the IRI group (G), it is seen that the number of immune positive hepatocytes decreased 
in the Coriandrum sativum treated IRI group (H). TNF-α, NF-κB and caspase-3 immunohistochemistry staining ×40. 
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increased; these findings decreased on the 3rd day 
and decreased to the minimal level on the 7th day [9].  
Although the cause of hepatocyte fats due to IRI is not 
fully understood, may be multifactorial and involve 
both parenchymal and nonparenchymal dysfunc-
tion, a large amount of lipid accumulation occurs in 
hepatocytes due to metabolic changes in ischaemia 
during the reperfusion stage. Intracellular triglycer-
ides accumulate due to deterioration of hepatocyte 
metabolism and vacuolisation is observed on a light 
microscope [28]. The presence of steatosis is associat-
ed with an increased mortality risk between 2% and 
14%, following liver resection surgery [19]. 

In our study, congestion of sinusoids was very 
prominent and widespread in the IRI group. Areas of 
necrosis were not common but numerous necrotic 
hepatocytes and vacuolisation were detected. Bile 
duct proliferation in portal areas was detected as  
a result of ligation of the bile duct in the hepatic pedi-
cle. In the IRI + Coriandrum sativum group, there were  
a few mitotic hepatocytes around the portal area. 
Kupffer cell activation was observed in fewer areas. 
Decrease in the Kupffer cells affected metabolic chang-
es and the necrotic hepatocyte count. In addition, the 
decreased vacuolisation due to lipid accumulation in 
the hepatocytes in the treatment group depends on 
the hypolipidaemic effect of Coriandrum sativum.  

Tumour necrosis factor-alpha is the primary in-
flammatory cytokine secreted from Kupffer cells in 
ischaemia/reperfusion injuries. TNF-α and NF-κB levels 
increase significantly in the reperfusion stage after is-
chaemia. Excessive increase of TNF-α activity in ischae-
mia and reperfusion injuries stimulates cell death or 
apoptosis by direct toxic effects on the mitochondria 
[8, 36]. NF-κB is thought to act as a proinflammatory. 
Therefore, inhibition of NF-κB is expected to suppress 
the inflammatory response [15, 27]. The expression 
of NF-κB was seen in the hepatocyte cytoplasm after 
warm ischaemia (35–37ºC); there was no nuclear 
staining [15]. Our study results are compatible with 
the literature. A positive correlation was observed 
between increased TNF-α expression and increased 
NF-κB expression in the IRI group. In IRI group, the 
increase in neutrophils is very evident. It was deter-
mined that inflammation markers and inflammation 
decreased in the group treated with Coriandrum 
sativum. In the Coriandrum sativum group, NF-κB re-
duction was significantly detected in hepatocytes and 
Kupffer cells due to decreased TNF-α expression. As 
our experimental model is a warm ischaemia model, 

NF-κB staining was seen in hepatocyte cytoplasm. In 
addition to inflammation in liver ischaemia reperfu-
sion injuries, apoptotic cell death and necrosis are 
observed in hepatocytes [4, 12]. In our study, both 
necrotic and apoptotic cell death were observed. It 
was determined that the number of apoptotic and 
necrotic cells decreased in the Coriandrum sativum 
treatment group, and this was due to decreased 
neutrophil caused by the anti-inflammatory effect of 
Coriandrum sativum.

In ischaemia/reperfusion studies, AST and ALT 
values increased in IRI [23, 24, 31]. AST and ALT 
levels were significantly increased in the ischaemic 
group and decreased in the Coriandrum sativum 
treated group but did not reach the control level in 
our study. In the ALP level, no significant difference 
was observed between IRI and IRI + Coriandrum 
sativum groups. One of the main causes of the ALP in-
crease is bile duct obstruction and proliferation. While 
bile duct proliferation was common in portal triads 
in IRI, proliferation was found to be less in the IRI  
+ Coriandrum sativum group. This result explained 
the high ALP level. 

There is a complex series of complicated events in-
volving parenchymal and non-parenchymal cells in he-
patic IR injuries resulting from trauma, cancer surgery, 
and transplantation. The levels of TNF-α and NF-κB,  
inflammatory factors, increase and NF-κB causes an 
increase in inflammation-associated cell adhesion 
molecules, cytokines, anti-apoptotic and pro-apoptot-
ic proteins. Therefore, it is very important to prevent 
inflammation to prevent and/or reduce ischaemia 
reperfusion damage. Our aim, in this study, was to in-
vestigate the possible protective effect of Coriandrum 
sativum against hepatic IRI-induced inflammation, 
oxidative stress, apoptosis, and hyperlipidaemia in 
the hepatic tissue. In the acute phase, 300 mg/kg 
Coriandrum sativum was used to reduce the damage, 
decrease liver enzymes, inflammation, and apoptosis. 
The hepatoprotective effect of Coriandrum sativum 
could be partly due to inhibition of the expression 
of pro-inflammatory cytokines. Anti-inflammatory 
and anti-apoptotic effect of Coriandrum sativum was 
demonstrated immunohistochemically. In addition, 
lipid accumulation in the hepatocytes of the group 
treated with Coriandrum sativum, vacuolisation de-
creased. This finding was an indication of the anti- 
-lipidaemic effect of Coriandrum sativum. Isoquerce-
tin, the active ingredient in Coriandrum sativum ex-
tract, is thought to play an important role. According 
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to the literature review, no previous study has used 
Coriandrum sativum against liver ischaemia reperfu-
sion injuries. To the best of the authors’ knowledge, 
this is the first time such data has been provided. 

Limitations of the study

The limitation of the study is the absence of oxi-
dative stress data. Also, showing protein expressions 
with Western blotting method will strengthen our 
study results. Increasing the dose used and prolonged 
use before ischaemia, prolonging the reperfusion 
period and continuing Coriandrum sativum use will 
provide more effective results. Study of the effects of 
Coriandrum sativum on other cytokines at a molecu-
lar level will increase the knowledge on this subject. 
These study results will be the source of the studies to 
be done with Coriandrum sativum. In particular, the 
antioxidant effect of a certain amount of Coriandrum 
sativum consumed in daily life will prevent or delay 
the emergence of some diseases. 

CONCLUSIONS
It was found that Coriandrum sativum extract 

decreased proinflammatory cytokine TNF-α, apop-
totic cell death and liver enzymes in liver ischaemia/ 
/reperfusion injury.
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Background: The aim of this study was to analyse the histological structure 
(cross-sectional area [CSA] and number of nerve bundles) of the distal part of the 
tibial nerve and its terminal branches (medial plantar nerve, lateral plantar nerve) 
using computer-assisted image analysis. 
Materials and methods: The tibial nerve and its distal branches (medial and 
lateral plantar nerves) were dissected from the fresh cadavers. Each nerve was 
harvested 5 mm proximally and respectively 5 mm distally from the tibial nerve 
bifurcation, marked, dehydrated, embedded in paraffin, sectioned at 2 µm slices 
and stained with haematoxylin and eosin. Then photographed and analysed using 
Olympus cellSens software.
Results: The studied group comprised 28 female and 32 male feet (mean age 68.1 ±  
± 15.2 years). The mean CSA and the number of nerve bundles were respectively 
17.86 ± 4.57 mm2, 33.88 ± 6.31 for the tibial nerve, 9.58 ± 1.95 mm2, 23.41 ±  
± 7.37 for the medial plantar nerve and 7.17 ± 2.36 mm2, 15.06 ± 5.81 for the 
lateral plantar nerve in males and 12.27 ± 2.45 mm2, 26.32 ± 8.87 for the tibial nerve, 
7.81 ± 1.41 mm2, 17.71 ± 5.28 for the medial plantar nerve and 5.83 ± 1.25 mm2, 
11.50 ± 3.72 for the lateral plantar nerve in females. Both CSA and number of nerve 
bundles of the tibial, medial plantar and lateral plantar nerves revealed no statistical 
differences when comparing foot side of the individual. The statistical difference was 
related to the gender, showing significantly bigger CSA and number of nerve bun-
dles in males (CSA: p = 0.000, p = 0.000, p = 0.016; number of nerve bundles:  
p = 0.01, p = 0.003, p = 0.004, respectively). A positive correlation was found 
between the donor age and the tibial nerve CSA (r = 0.44, p = 0.000). A significant 
statistical difference was found between the medial and lateral plantar nerves both 
in CSA and number of nerve bundles (p < 0.001, p < 0.001, respectively).
Conclusions: The CSA and the number of nerve bundles in the distal part of the 
tibial nerve and its branches are significantly larger in males with no differences 
between right and left foot of the individual. The tibial nerve shows increasing 
CSA with advanced age. The medial plantar nerve has larger CSA and more nerve 
bundles than the lateral plantar nerve. (Folia Morphol 2021; 80, 2: 372–379)

Key words: tibial nerve, cross-sectional area, nerve bundles, medial and 
lateral plantar nerves, computer-assisted image analysis, histology
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INTRODUCTION
The tibial nerve is a peripheral sensorimotor nerve 

which is derived from the L4, L5 and S1–S3 spinal 
nerve roots [32]. It is the larger of the two terminal 
branches of the sciatic nerve arising in the popliteal 
fossa. It runs vertically on the tibialis posterior muscle 
together with the posterior tibial vessels. Postero-in-
feriorly to the medial malleolus it terminates emitting 
medial plantar nerve and lateral plantar nerve [26]. 
The tibial nerve bifurcation level shows a great varia-
bility with the most common occurrence below the tip 
of the medial malleolus, inside the tarsal tunnel [33].

Through its course the tibial nerve emits motor 
branches to the muscles of the posterior lower leg 
as well as sensory branches: medial sural cutaneous 
nerve and medial calcaneal nerve(s) innervating the 
skin of the posterolateral inferior third of the leg to-
gether with the lateral side of the foot and the skin of 
the heel, accordingly [10]. Medial calcaneal branches 
show diversity in terms of number (range from 1 to 4),  
location and nerve of origin [9, 17]. Both plantar 
nerves enter the sole of the foot supplying its muscles 
and skin. The medial plantar nerve innervates the skin 
medial to the line splitting fourth digit whilst the 
lateral plantar nerve the skin lateral to the line [20].

Tarsal tunnel syndrome is one of the entrapment 
conditions affecting the tibial nerve and its terminal 
branches in the medial ankle. It causes heel and sole 
burning pain and paraesthesia [2]. Such disorders to-
gether with other peripheral nerve pathologies may be 
examined by the ultrasound [24]. The cross-sectional 
area (CSA) is a parameter measured by the ultrasound 
which increasing value confirms the diagnosis [7].

The aim of this study was to assess the histologi-
cal structure of the tibial nerve, medial plantar nerve 
and lateral plantar nerve as well as to determine the 
distribution of the nerve bundles of the distal tibial 
nerve to its terminal branches.

MATERIALS AND METHODS
The study was conducted on 60 lower limbs of 

the fresh cadavers in the Department of Anatomy of 
the Jagiellonian University Medical College between 
December 2016 and December 2019. The exclusion 
criteria were any deformation of the lower limb or 
the lower limb trauma, surgical or radiotherapeutic 
procedures of the lower limb, chronic disease of the 
lower limb in the medical record of the donor. 

The research protocol was approved by the local 
Ethics Committee (registry no. 122.6120.315.2016). 

The study has been performed in accordance with the 
ethical standards established in the 1964 Declaration 
of Helsinki and its later amendments.

Dissection technique

The incision was made in the midline between the 
tip of the medial malleolus and the Achilles tendon. It 
was continued 10 cm proximally along the Achilles ten-
don and 10 cm distally curving anteriorly 2 cm below 
the tip of the medial malleolus. Upon dissecting the 
skin and the subcutaneous tissue, the tibial nerve was 
visualised together with the posterior tibial artery and 
two posterior tibial veins. After meticulous dissection, 
the tibial nerve, its bifurcation and lateral and medial 
plantar nerves were exposed. The plantar nerves were 
marked 2 cm distally from the tibial nerve bifurcation 
point with the following pattern: blue thread — lateral 
plantar nerve, white thread — medial plantar nerve. 
The tibial nerve was left without any marking. Then  
3 cm proximally to the bifurcation the tibial nerve was 
cut out from the main nerve trunk. Accordingly, 3 cm 
distally the medial and lateral plantar nerves were cut 
out. The excised tibial nerve and its terminal branches 
were removed en bloc from the cadaver. The incision 
was closed with the running subcuticular suture. The 
harvesting was carried out by the same surgeon.

Preparation of histological slide

The excised block of nerves was fixed in a 10% 
solution of the formaldehyde (pH 7.4). After 2–5 days 
it was removed from the formaldehyde. The tibial 
nerve was cut transverse to the nerve axis 5 mm and 
10 mm proximally to the tibial nerve bifurcation point 
as were the medial and lateral plantar nerves 5 mm 
and 10 mm distally to the tibial nerve bifurcation 
point. Obtained 5 mm long nerve fragments were 
dehydrated separately and embedded in paraffin ac-
cording to its initial marking. Each paraffin cube was 
transverse sectioned with the microtome providing 
one 2 µm thick slice. Subsequently each slice was 
stained with haematoxylin and eosin (Fig. 1).

Micromorphometry

The CSA and the number of nerve bundles of the 
tibial nerve, the medial plantar nerve and the lateral 
plantar nerve were assessed using a light microscope 
(Olympus BX53, 20 × magnification). Each cross-section 
was photographed (20 × magnification). Afterwards, 
the CSA was measured semi-automatically using Olym-
pus cellSens Standard 2.3 software with the producer’s 
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precision of 10 µm, whilst the number of nerve bundles 
was calculated manually. Each slice was assessed once 
by the same pathologist. Then the values of the CSA and 
the number of nerve bundles were tabulated.

statistics

Obtained data were statistically processed using 
descriptive statistics such as percentage, mean, me-
dian, standard deviation, upper and lower quartiles. 
A p-value of < 0.05 was considered as statistically 
significant. Two groups were compared using the 
Mann-Whitney test and t-test for non-normally and 
normally distributed data, accordingly. Levene’s test 
was used to check for homogeneity of variance. Two-
-way analysis of variance and possible interactions 

between the sex and age (> 70/< 70 years old) were 
checked in selected nerve parameters. Post-hoc anal-
ysis was performed using HSD test. To compare the 
nerve features between the left and right foot, the 
paired t-test or Wilcoxon rang test was used depend-
ing on whether data were normally or non-normally 
distributed. Correlation coefficients were calculated 
to establish any statistical dependence between pa-
rameters. All analyses were performed using MedCalc 
version 16.8.

RESULTS
There were 30 fresh cadavers dissected (n = 60 

lower limbs) with a mean age of 68.1 ± 15.2 (range 
from 27 to 91 years). 28 (46.7%) feet were female and 

Figure 1. Cross-section of the tibial nerves (TN), the medial plantar nerves (MPN) and the lateral plantar nerves (LPN). Haematoxylin and  
eosin staining. 20 × magnification; A. 58-year-old male, right food — cross-sectional area (CSA): TN — 12.76 mm2, MPN — 6.79 mm2,  
LPN — 4.37 mm2; number of nerve bundles: TN — 35, MPN — 18, LPN — 12; B. 58-year-old male (same individual as in panel A), left food 
CSA: TN — 12.83 mm2, MPN — 9.92 mm2, LPN — 5.47 mm2; number of nerve bundles: TN — 29, MPN — 26, LPN — 8; C. 63-year-old 
male, right foot — CSA: TN — 13.92 mm2, MPN — 5.63 mm2, LPN — 5.05 mm2; number of nerve bundles: TN — 34, MPN — 14,  
LPN — 12; D. 84-year-old male, left food — CSA: TN — 18.39 mm2, MPN — 10.32 mm2, LPN — 7.09 mm2; number of nerve bundles:  
TN — 44, MPN — 34, LPN — 13.

Table 1. The tibial nerve and its terminal branches measurements

Measurement N Mean  
± standard deviation

Median Minimum Maximum Lower  
quartile (Q1)

Upper  
quartile (Q3)

Cross-sectional 
area [mm2]

Tibial nerve 60 15.25 ± 4.65 14.66 7.22 30.82 11.77 17.29

Medial plantar nerve 60 8.76 ± 1.93 8.45 5.53 14.22 7.19 9.90

Lateral plantar nerve 60 6.54 ± 2.02 6.44 3.90 16.06 5.12 7.41

Number of nerve 
bundles

Tibial nerve 60 30.35 ± 8.45 31.00 7.00 50.00 25.00 35.25

Medial plantar nerve 60 20.75 ± 7.04 20.00 5.00 38.00 16.00 25.00

Lateral plantar nerve 60 13.40 ± 5.22 14.00 3.00 38.00 10.75 15.00

B C DA

TIBIAL  
NERVE

MEDIAL 
PLANTAR 
NERVE

LATERAL 
PLANTAR 
NERVE
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32 (53.3%) were male. The mean CSA and number of 
nerve bundles of the tibial nerve, the medial plantar 
nerve and the lateral plantar nerve are presented in 
Table 1. Differences between the gender and foot 
side are shown in Tables 2 and 3, respectively. Males 
showed larger CSA and more nerve bundles than 
females. No statistically significant differences be-
tween the right and left foot of the individual were 
found (p > 0.05). There was a statistically significant 

difference between medial and lateral plantar nerve 
both in CSA and number of nerve bundles (p < 0.001,  
p < 0.001, respectively). The medial plantar nerve 
was confirmed to have 1.3 times larger CSA and 1.5 
times more nerve bundles than the lateral plantar 
nerve. A positive correlation was noted between the 
age of donors and CSA of the tibial nerve (r = 0.44,  
p = 0.000) (Fig. 2). No statistically significant correla-
tion was found between the age of donors and CSA 

Figure 2. A. A scatter plot of donors age correlation with tibial nerve cross-sectional area (CSA). Triangles represent males (r = 0.69,  
p = 0.000), dots represent females (r = 0.60, p = 0.001); B. A scatter plot of donors age correlation with number of tibial nerve bundles. 
Triangles represent males (r = –0.04, p = 0.846), dots represent females (r = 0.31, p = 0.110). The continuous line represents progression. 
The dash lines represent the 95% confidence intervals of the progression. The dash-dot lines represent the 95% prediction intervals.

Table 2. The tibial nerve and its terminal branches measurements — comparison by gender

Measurement Women Men P

N Mean ± SD Median Q1 Q3 N Mean ± SD Median Q1 Q3

Cross-sec-
tional area 
[mm2]

Tibial nerve 28 12.27 ± 2.45 11.85 10.35 14.31 32 17.86 ± 4.57 17.10 15.02 19.90 0.000

Medial plantar nerve 28 7.81 ± 1.41 7.37 6.70 9.10 32 9.58 ± 1.95 9.16 8.40 10.66 0.000

Lateral plantar nerve 28 5.83 ± 1.25 5.77 4.61 6.86 32 7.17 ± 2.36 7.08 5.18 8.35 0.016

Number 
of nerve 
bundles

Tibial nerve 28 26.32 ± 8.87 25.00 19.50 34.00 32 33.88 ± 6.31 34.00 28.50 38.00 0.001

Medial plantar nerve 28 17.71 ± 5.28 18.00 14.50 20.50 32 23.41 ± 7.37 23.00 17.50 29.50 0.003

Lateral plantar nerve 28 11.50 ± 3.72 12.00 9.00 14.00 32 15.06 ± 5.81 15.00 12.50 16.50 0.004

Numbers in bold indicate statistically significant differences between males and females (p < 0.05); SD — standard deviation; Q1 — lower quartile; Q3 — upper quartile

Table 3. The tibial nerve and its terminal branches measurements — comparison by foot side

Measurement Left foot Right foot P

N Mean ± SD Median Q1 Q3 N Mean ± SD Median Q1 Q3

Cross-sec-
tional area 
[mm2]

Tibial nerve 30 15.82 ± 5.08 15.64 11.73 17.79 30 14.67 ± 4.19 14.14 11.91 16.64 0.229

Medial plantar nerve 30 8.80 ± 1.98 8.32 7.21 9.88 30 8.71 ± 1.90 8.78 7.08 9.92 0.805

Lateral plantar nerve 30 7.05 ± 2.48 6.99 5.05 8.30 30 6.03 ± 1.28 5.91 5.12 7.08 0.075

Number 
of nerve 
bundles

Tibial nerve 30 30.43 ± 8.36 31.00 25.00 35.00 30 30.27 ± 8.67 32.00 24.00 37.00 0.989

Medial plantar nerve 30 20.37 ± 6.77 20.00 17.00 23.00 30 21.13 ± 7.39 21.00 15.00 26.00 0.412

Lateral plantar nerve 30 14.20 ± 6.37 14.00 11.00 16.00 30 12.60 ± 3.68 13.00 10.00 15.00 0.296

Statistically significant differences between left and right foot when p < 0.05; SD — standard deviation; Q1 — lower quartile; Q3 — upper quartile

A B
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of medial or lateral plantar nerves as well as number 
of nerve bundles. In the two-way analysis of variance, 
the mean CSA of the tibial nerve in males below 70 
years of age was 15.37 ± 0.80 mm2 and 20.35 ± 
± 0.80 mm2 for those above 70 years old, whilst in 
females 10.83 ± 0.92 mm2 and 13.35 ± 0.80 mm2, 
respectively. There was no statistically significant sex 
and age interactions with the CSA of the tibial nerve 
(p = 0.14). Post-hoc analysis revealed significant dif-
ferences between younger and older males as well 
as between younger males and younger females  
(p < 0.05). Older males’ CSA was significantly higher 
when compared to the younger and older females 
(p < 0.05).

DISCUSSION 
The present study reveals data obtained using 

computer-assisted analysis of the histological struc-
ture of the distal tibial nerve and its terminal branch-
es: medial and lateral plantar nerves. Literature anal-
ysis shows that the previous studies focused mostly 
on the variations of the topographic anatomy of the 
tibial nerve, its bifurcation, branching pattern and 
the cross-sectional area measured by the ultrasound 
imaging [33]. A limited number of studies concen-
trated on the histological structure of the tibial nerve 

and its distal branches. To the best of the authors’ 
knowledge this is the first publication analysing his-
tological structure of the medial and lateral plantar 
nerves as well as tibial nerve bundles distribution to 
its terminal branches. As the previous publications of 
the cross-sectional area were based on the ultrasound 
or magnetic resonance imagining, the present study 
is the first to reveal the CSA measured directly on 
the nerves harvested from the fresh cadavers, which 
shows greater accuracy.

In the present study, 60 lower limbs of the fresh 
cadavers were dissected. The majority of donors pre-
sented advanced age (mean age 68.1 years) and 
relatively equal gender distribution (53% males). The 
mean CSA of the tibial nerve measured with the com-
puter-assisted image analysis is 15.25 mm2, which is 
comparable with the results obtained in the previous 
studies collected in Table 4. Nonetheless, it needs 
to be noticed that majority of those measurements 
are slightly below 15.25 mm2 as well as the mean 
age is lower than 68.1 years. It confirms the positive 
correlation between the age of the donors and the 
CSA observed in the present study. Despite different 
methodology (micromorphometry vs. ultrasound vs. 
magnetic resonance imaging) the obtained results 
showed insignificant differences in CSA of the tibial 

Table 4. Studies of the tibial nerve cross-sectional area (CSA) measured at the level of medial malleolus

Group  
(n)

Mean age 
[years]

CSA of the tibial nerve at the level 
of medial malleolus [mm2]

Reference range  
[mm2]

Type of study

He et al., 2019 [13] 40 55.2 11.6 ± 1.6 – US 4–15 MHz

Lothet et al., 2019 [24] 15 21.7 12.3 – US 18 MHz

Singh et al., 2019 [30] 45 30–68 6.0 ± 1.8 – US 5–18 MHz

Bedewi et al., 2018 [3] 138 38.3 12.7 ± 4.5 2.0–30.0 US 18.5 MHz

Grimm et al., 2018 [12] 100 51.2 10.2 ± 2.0 – US 14 MHz

Kronlage et al., 2017 [21] 60 30.5 8.1 ± 2.0* 4.0–12.1 MRI

Singh et al., 2017 [29] 75 39.5 12.4 ± 1.1 10.0–14.0 US 7–18 MHz

Kang et al., 2016 [18] 20 65.0 12.4 ± 2.9 – US 7–12 MHz

Yiu et al., 2015 [35] 29 11.3 6.3 ± 1.9 8.6–14.1 US 7–13 MHz

Boehm et al., 2014 [5] 56 50.2 9.6 ± 2.2 9.0–10.2 US 12–15 MHz

Seok et al., 2014 [28] 94 43.9 12.1 ± 3.1 8.5–22.8 US 5–12 MHz

Kerasnoudis et al., 2013 [19] 75 53.5 6.3 ± 1.5 3.5–9.3 US 18 MHz

Riazi et al., 2012 [27] 43 46.8 17.7 ± 6.5 – US 6–13 MHz

Tagliafico et al., 2012 [31] 58 47.0 9.6 ± 4.0 7.2–13.7 US 17.5 MHz

Cartwright et al., 2008 [7] 60 45.9 13.7 ± 4.3 5.1–22.3 US 15 MHz

Ito et al., 2007 [16] 35 52.8 7.9 ± 1.5 5.0–10.7 US 7.5 MHz

Lee et al., 2005 [22] 24 57.4 12.0 – US 10–12 MHz

*Measured at the proximal third of the calf; US — ultrasonography; MRI — magnetic resonance imaging
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nerve. Thus, it proves the reliability and usefulness of 
those imagining methods.

Analysing the results summarised in Table 4, the 
authors found that the average cross-sectional area 
of the tibial nerve (15.25 mm2) is almost identical 
with Riazi et al. [27] — 17.7 mm2 and Cartwright et 
al. [6] — 13.7 mm2. At the same time it is more than 
two times larger than the values provided by Singh 
et al. [30] — 6.0 mm2, Yiu et al. [35] — 6.3 mm2 and 
Kerasnoudis et al. [19] — 6.3 mm2. The differences 
may be the result of the average age of the examined 
patients. Namely, Yiu et al. [35] examined children 
with the mean age of 11.3 mm2, which probably 
is the reason for the small CSA. The other cause of 
slight variation may be related to a different level of 
measurements. Lothet et al. [24] together with Kang 
et al. [18], Kerasnoudis et al. [19], Cartwright et al. [7],  
Bedewi et al. [3], Boehm et al. [5] and Grimm et 
al. [12] performed the examination at the level of 
the ankle whilst He et al. [13] and Singh et al. [30] 
measured the CSA 3 cm above the medial malleolus 
and Riazi et al. [27] 1 cm, 3 cm and 5 cm above the 
medial malleolus. As the tibial nerve bifurcation level 
shows great topographic variability, such inaccuracy 
may bring different results. Its location was subject of 
many studies and frequently referred to the medial or 
lower located lateral malleolus [23, 34]. For the sake 
of comparison in the present study, all publications 
mentioned in Table 4 were qualified as if the meas-
urements were at the level of medial malleolus. The 
other sources of the differences may be the reliability 
and accuracy of the researchers as well as the ultra-
sound resolution or the ethnical groups which was 
not comprised in the study.

To the best of the authors’ knowledge, no previous 
studies of the cross-sectional area of the tibial, medial 
and lateral plantar nerves harvested from the fresh 
cadavers have been reported. The first report of the 
tibial nerve measurements dates back to 1938 when 
Horwitz [15] performed a dissection on 100 cadavers 
reporting the average diameter of tibial nerve to be 
between 6 and 10 mm. Unfortunately, there is no 
information about the level of assessment. In 2006 
Joshi and Joshi [17] examined 112 cadavers describing 
an average width of the tibial nerve above its bifur-
cation to be 8.23 mm. The authors also measured 
the width of the medial plantar nerve to be 5.32 mm 
and the lateral plantar nerve to be 4.61 mm. Since 
the tibial nerve shows clear flattening at the level of 
its bifurcation it would be wrong to assess the CSA 

using the circle area formula (π × r2). These are the 
only measurements of the medial and lateral plantar 
nerves found in the literature. Complementing the 
available data with the mean CSA of 8.76 mm2 and 
the average number of nerve bundles to be 20.75 in 
the medial plantar nerve and 6.54 mm2 and 13.40 
in the lateral plantar respectively should serve as  
a starting point for future researchers.

According to Alshami et al. [1], one of the causes 
of the foot pain is the tarsal tunnel syndrome. As the 
tibial nerve and its divisional branches pass through 
tarsal tunnel it may be entrapped or compressed. 
Joshi and Joshi [17] together with Bilge et al. [4] 
state that in the majority of cases the tibial nerve 
bifurcation is located inside the tarsal tunnel. As 
Heimkes et al. [14] point out, it is a tight, stretch 
resistant osteofibrous canal between talus, calcaneus 
and flexor retinaculum. It may be suggested that the 
larger the size (CSA) of the nerves (tibial, medial and 
lateral plantar), the higher the risk of its entrapment. 
Therefore the prevalence of the foot pain and paraes-
thesia among older people is higher.

Lothet et al. [24] together with Cartwright et 
al. [7] proved that in the medial ankle ultrasound 
examination the tibial nerve CSA remains uninflu-
enced by the patient’s height and weight. In the 
present study the authors confirm that CSA of the 
tibial nerve increases with the advanced age, which is 
consistent with the findings of Grimm et al. [12] and 
Cartwright et al. [6]. It needs to be mentioned that 
according to Kerasnoudis et al. [19] and Mizia et al. 
[25] other peripheral nerves such as median nerve, 
radial nerve or sural nerve present an age-related 
decrease in the CSA values. This exceptional finding 
was explained by Ceballos et al. [8] in 1999 on the 
mouse model. The authors observed the age-related 
increase in mastocytes and macrophages depositing 
in the endoneurium as well as collagen accumula-
tion in the perineurium, causing the enlargement 
of the cross-sectional area. Tibial nerve age-related 
thickening was also described by Grimm et al. [12] as  
a higher fibrous tissue deposition in the nerve.

In the present study, the number of nerve bun-
dles in the tibial, medial plantar and lateral plantar 
nerves was also counted, finding respectively 30.35 ±  
± 8.45, 20.75 ± 7.04, 13.40 ± 5.22 nerve bundles. 
Interestingly the number of nerve bundles of the tibial 
nerve is lower than the summative number of its two 
terminal branches (medial and lateral plantar nerves). 
The similar finding was reported by Delgado-Martinez 
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et al. [11] who counted the number of nerve bundles 
of the median nerve. Despite the muscle and cutane-
ous branches sprouting from the main trunk of the 
median nerve along its course, the authors found the 
increasing number of nerve bundles in distal part of 
the forearm (11.81 ± 0.32 in the proximal upper arm, 
12.81 ± 0.73 in the distal upper arm, 21.87 ± 0.58 in 
the forearm). Although there is no study explaining 
this finding available in the literature, the authors 
suggest that the increased summative number of 
nerve bundles in the medial and lateral plantar nerves 
might result from the split of (some) nerve bundles 
of the tibial nerve at the bifurcation level. Therefore, 
finding out the branching pattern of the tibial nerve 
bundles and its distribution to the medial and lateral 
plantar nerves (by measuring the CSA of each nerve 
bundle or by counting the number of axons) at the 
bifurcation level might be an interesting subject for 
the future studies.

Limitations of the study

The fact that the cross-sectional area and number 
of nerve bundles were assessed on the nerves har-
vested from the fresh cadavers donated to the De-
partment of the Anatomy results in the high average 
age of the examined group. Because of the technical 
difficulties no weight and height of the donors were 
obtained which might have been beneficial for this 
study. The other limitation of the present study is the 
fact that only one slice of each nerve was prepared for 
the micromorphometric assessment. Single pathol-
ogist, performing all measurements only once also 
biased the possibility to ascertain the inter-observer 
and intra-observer variabilities. Another restriction is 
a diverse level of the tibial nerve CSA measurements 
presented in available studies as well as lack of medial 
and lateral plantar nerve assessments which handi-
capped the comparison possibility. 

CONCLUSIONS
To conclude, the authors of the present study 

proved that CSA and number of nerve bundles of the 
tibial nerve, medial plantar nerve and lateral plantar 
nerve are larger among males whilst shows no dif-
ferences comparing to the side of the lower limb. 
This study also confirms that the CSA and number of 
nerve bundles of the medial plantar nerve is higher 
than the lateral plantar nerve. The authors proved 
the increasing CSA and number of nerve bundles 
among older donors. This work also contributes to 

the establishment of reference values for the medial 
and lateral plantar nerves.
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Background: Genistein, a naturally occurring soy isoflavone, attracts interest as 
an effective and safe alternative to hormone replacement therapy for menopausal 
problems. The aim of the current study was to compare between the effect of 
genistein and oestradiol on the adrenal cortex of the ovariectomised adult female 
albino rats. 
Materials and methods: Twenty rats were used in the current study and divided 
into four groups, 5 rats in each group; group 1 (control non-ovariectomised), 
group 2 (ovariectomised), group 3 (ovariectomised + genistein) and group 4 
(ovariectomised + oestradiol). The rats were sacrificed after 4 weeks. Both adrenal 
glands were removed for light microscope using haematoxylin and eosin stain, 
ultrastructural study and immunohistochemical examination using proliferating 
cell nuclear antigen, caspase-3, and oestrogen receptor-b. 
Results: Ovariectomised rats showed signs of degeneration in all zones of adrenal 
cortex. On the other hand, treatment with genistein showed restoration of the 
adrenal cortex with less proliferative effect than oestradiol. 
Conclusions: So, genistein can be used as effective therapy to decrease the 
symptoms of menopause without fear of cancer development. (Folia Morphol 
2021; 80, 2: 380–391)

Key words: adrenal, menopause, genistein, oestradiol, rat

INTRODUCTION
The adrenal glands are paired organs lying near the 

superior poles of both kidneys. They are embedded in 
the perirenal adipose tissue and their weight and size 
vary with the age and physiological conditions [20]. 
Each gland has two distinct components: a yellowish 
peripheral cortex (80% to 90% of the gland) and a red-
dish brown central medulla [6, 32]. The adrenal cortex 

is uniquely formed of three major layers organised into 
concentric zones. The cells of the different zones are 
generally distinguished by their characteristic cellular 
arrangement, their ultrastructure as well as their posi-
tion within the gland. The three zones of the adrenal 
cortex are the outermost zona glomerulosa (ZG), the 
middle zona fasciculata (ZF) and the innermost zona 
reticularis (ZR). These zones are named according to 
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the arrangement of their secretory cells. In human, the 
limits of these cortical zones are usually not sharply 
defined [8]. The adrenal cortical hormones play vital 
roles in different physiological processes, including: 
fluid and electrolyte balance, cardiovascular homeo-
stasis, carbohydrate, lipid and protein metabolism, 
immune and inflammatory reactions, reproductive 
function and sexual development [10].

Menopause is the period in a woman’s life when 
hormonal alterations cause menstruation to stop per-
manently and may be followed by psychological and 
physical symptoms. This is due to ovarian failure and 
oestrogen deficiency which will influence the quality 
of life. Thus, although menopause appears to be  
a natural process, it is a period that must be followed 
and treated. The menopause experiences vary greatly 
from one female to another [22]. Menopause can 
occur spontaneously on average around 51 years 
of age or may be induced by medical intervention 
(surgery, pelvic radiation therapy or chemotherapy) 
[18]. It has been reported that bilateral ovariectomy 
can result in a decrease in the adrenal cortical activity, 
and oestradiol is used for treatment of this condi-
tion [25]. Gaete et al. [9] reported that hormonal 
therapy with oestrogen was related to the induction 
of proliferation in the uterus and mammary gland 
cells, increasing the hazard of cancer development. 
To prevent these adverse effects, isoflavones are being 
investigated as alternatives to hormone replacement 
therapy for menopausal women [19].

Isoflavones are a type of isoflavonoids, which 
act as phyto-oestrogens in mammals. Genistein,  
a phyto-oestrogen that belongs to isoflavones, is 
structurally similar to 17β-oestradiol, and selective 
oestrogen receptor modulator. On that account, there 
has been intense interest in the isoflavones as substi-
tutes for oestrogen for postmenopausal women and 
as preventive therapy for premenopausal women [19].

MATERIALS AND METHODS
animals and experimental protocols

Twenty adult female albino rats (Sprague-Dawley) 
weighing 180–200 g were used in the present work. 
Rats were provided by Faculty of Veterinary Medicine, 
Beni-Suef University Animal House and bred in specific 
pathogen free condition. Rats were housed and main-
tained in an air-conditioned animal house under stand-
ard laboratory and environmental conditions, and were 
subjected to a 12:12 hours daylight/darkness and al-
lowed free access to food and water. Before carrying 

out the drug administration, rats were acclimatised in 
the laboratory for 2 weeks. All the ethical protocols 
and guidelines for animal handling and treatment 
were followed and supervised by the animal facilities, 
Faculty of Veterinary Medicine, Beni-Suef University in 
compliance with the national standards published in 
the Guide for the Care and Use of Laboratory Animals. 

Rats were divided into four groups; 5 rats each; 
group 1 — the control group received standard diet 
only; group 2 — the ovariectomised group (OVX), rats 
were subjected to ovariectomy operation; group 3  
— ovariectomised and treated with genistein group 
(OVX + genistein); group 4 — ovariectomised and 
treated with oestradiol group (OVX + oestradiol). 

ovariectomy operation

Rats were anaesthetised with intraperitoneal in-
jection of ketamine (15 mg/kg body weight). The 
lower abdomen of the rats was shaved and incised to 
identify the Fallopian tubes and ovaries. The Fallopian 
tubes below the ovaries were tied using absorbable 
vicryl sutures. Then, the ovaries were removed [26].

Drugs

Genistein: was obtained from Sigma Chemical 
Company (St. Louis, Missouri, USA). Each 100 mg 
of genistein was dissolved in 10 mL distilled water  
(10 mg/mL) and given orally by gastric tube. The dose 
was adjusted on the basis of a previous work [31].

Oestradiol: Cyclo-Progynova (oestradiol valerate  
2 mg, Bayer Weimar Pharma, AG, Germany), 1 mg/kg/ 
/day, orally [29].

Drugs were daily ingested by gastric intubation 
and by the end of application; the gavage tube was 
left for seconds to avoid regurgitation and to assure 
supplying the calculated dose completely. All the 
medications were supplied at a fixed time for the 
whole period of the experiment.

By the end of the experimental period after  
4 weeks, rats were sacrificed by CO2 narcosis. Both 
adrenal glands of each rat were collected and used for 
the following methods. One was used for haematox-
ylin and eosin (H&E) stain and immunohistochemistry 
study. The other gland was fixed in glutaraldehyde 
solution for electron microscopic examination.

haematoxylin and eosin [7]

Specimens were fixed in 10% neutral buffered 
formalin for 48 h and were processed to prepare  
5 µm thick paraffin sections.
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Immunohistochemical stains using

Proliferating cell nuclear antigen (PCNA) [24]: 
using PCNA antibody (Clone PC-10). It is a mouse 
anti-rat monoclonal antibody (Santa Cruz Biotech-
nology, catalogue number sc-56). It was supplied as 
(7.0 mL) of antibody (200 µg/mL) prediluted 1:2000 
using phosphate buffered saline (PBS) based antibody 
diluent, PH: 7.4 to reduce background and unspecific 
staining. It was stored at 2–8°C. No special pretreat-
ment was required for immunohistochemical staining 
of formalin-fixed tissues

Caspase-3 [2]: using caspase-3 (CPP 32) Ab-4. It is 
a rabbit polyclonal antibody (Lab Vision Corporation 
Laboratories, USA, RB-1197-R7). It was supplied as 
prediluted ready-to-use antibody for staining forma-
lin fixed paraffin-embedded tissues. It was stored at 
2–8°C.

Oestrogen receptors (ER-β) [3]: it is a rabbit 
polyclonal antibody; catalogue number RB-10658-R7 
(ready to use for immunohistochemical staining). This 
antibody labels oestrogen which is detected in human 
thymus, spleen, ovary and testis and in rat ovary and 
prostate. It reacts in human and rat and is character-
ised by nuclear cellular localisation. It was supplied 
as antibody fraction purified from rabbit anti-serum. 
Prepared as prediluted antibody which is ready to use 
for staining of formalin-fixed and paraffin embedded 
tissues. It’s stored at 4oC. When stored at 2–8oC, this 
antibody is stable for 24 months. Staining of forma-
lin-fixed tissues requires boiling tissue sections in  
10 mM citrate buffer, pH 6.0 for 10–20 min followed 
by cooling at room temperature for 20 min.

Electron microscopy [4]

After dissecting the rats, 5–10 small pieces 1 × 1 mm  
in size were taken from each specimen and then 
fixed in 5% cold glutaraldehyde for 24–48 h. Then, 
the specimens were washed in cacodylate buffer (pH 
7.2) 3–4 times for 20 min every time and post fixed 
in 1% osmium tetroxide (O4S4) for 2 hours. After 
that, specimens were washed in the same buffer four 
times. Ascending grades of alcohol (30–50–70–90 
and 100%) were used dehydrate the sections (2 h 
each) and then they were embedded in epon-araldite 
mixture according to the protocol of E.M. unit, Assiut 
University. Semi thin sections by LKB ultramicrotome 
in thickness of 0.5–1 micron were prepared from the 
embedded blocks for orientation of the tissue and 
photographed by sc30 Olympus camera. Ultrathin 
section in thickness of 500–700 A were made using 

Leica AG ultramicrotome and contrasted in uranyl 
acetate and lead citrate, as usual. Examination was 
performed by JEM 100 CXII electron microscope at  
80 KV and photographed by CCD digital camera  
Model XR-41.

Morphometric study

Measurements of the width of the 3 cortical 
zones in all groups were performed using image J 
programme at the Faculty of Medicine, Beni-Suef 
University.

statistical analysis

Analysis of variance (ANOVA) was used to com-
pare between the different groups in morphometric 
results and followed by post hoc Tukey test. The 
results were expressed as means ± standard devi-
ation. The differences were considered statistically 
significant when p-value was < 0.05.

RESULTS

Light microscopy with H&E stain

The control group showed the normal histolog-
ical architecture. The adrenal cortex is covered with 
thin capsule and an outer layer of adipose connec-
tive tissue. It consists of three main zones; the first, 
ZG is a narrow zone just under the capsule formed 
of columnar cells with vacuolated cytoplasm and 
rounded vesicular nuclei. The cells are arranged in 
arched groups (Fig. 1A). The second, ZF is the wid-
est zone formed of polyhedral cells having clear cell 
membranes, vacuolated cytoplasm with lipid droplets 
and large rounded nuclei. The cells are arranged in 
narrow straight cords (fascicles) separated by straight 
capillaries (Fig. 2A). The last one, ZR is the deepest 
zone and is formed of polyhedral cells in branching 
and anastomosing cords separated by blood sinu-
soids (Fig. 3A).

In the OVX group, most of the cells in ZG are 
comparable to control with vesicular nuclei and vac-
uolated cytoplasm. Few cells have hypochromatic 
or ghost nuclei (Fig. 1B). The nuclei of the affected 
cells in both ZF and ZR showed different degrees of 
pathologic lesions, pyknotic with shrunken and darkly 
stained nuclei, hypochromatic or had ghost figures. 
The blood capillaries and sinusoids in between the 
cortical cells were dilated (Figs. 2B, 3B). 

In the OVX + genistein group, a marked ame-
lioration of the degenerative effects were seen in 
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Figure 1. Haematoxylin and eosin-stained sections of zona glomerulosa (ZG) of different studied groups; A. Control group; B. Ovariectomised 
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The ZG is covered by capsule (C) and the cells are columnar with  
vesicular nuclei (arrows) and vacuolated cytoplasm (arrow heads); B. Glomerulosa cells have vesicular nuclei (arrows) and vacuolated  
cytoplasm (arrow head) and some cells have hypochromatic (h) or ghost (g) nuclei; C. The cells became comparable to control with vesicular 
nuclei (arrows) and vacuolated cytoplasm (arrow heads); D. Glomerulosa cells have vesicular nuclei (arrow) and vacuolated cytoplasm (arrow 
head) and some cells are pyknotic (p) and others are binucleated (bi). Scale bar = 20 µm.

Figure 2. Haematoxylin and eosin-stained sections of zona fasciculata (ZF) of different studied groups; A. Control group; B. Ovariectomised 
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The cells in this zone are polyhedral with vesicular nuclei (arrows)  
and the cytoplasm has few vacuolations (arrow heads). The cells are separated by blood capillaries (B); B. The cells have vesicular nuclei  
(arrows) and vacuolated cytoplasm (arrow heads) and some cells have pyknotic (p), hypochromatic (h) or ghost (g) nuclei. Fasciculata cells 
are separated by dilated blood capillaries (B); C. Fasciculata cells became comparable to control with vesicular nuclei (arrows) and few cells 
have hypochromatic nuclei (h). The blood capillaries between the cells are mildly congested (arrow heads); D. Fasciculata cells are pleomor-
phic having vacuolated cytoplasm (arrow head). Some cells have ghost figures (g) and others are binucleated (bi). Scale bar = 20 μm.
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the majority of rats in the three zones with only few 
degenerated cells having hypochromatic nuclei and 
few congested blood capillaries were detected (Figs. 
1C, 2C, 3C). 

In the OVX + oestradiol group, there was gener-
alised hyperplasia. The cells were pleomorphic with 
high mitotic activity. Numerous cells were binucleated 
and others had pyknotic or ghost nuclei. The blood 
sinusoids in between the cortical cells were dilated 
and congested (Figs. 1D, 2D, 3D).

Immunohistochemical staining with PCNA

Proliferating cell nuclear antigen stained sections 
of group 1 (control) and group 2 (OVX) revealed 
negative immunoreaction (Fig. 4A, B). While, group 3 
(OVX + genistein) revealed positive immunoreaction 
(Fig. 4C). Group 4 (OVX + oestradiol) revealed strong 
positive immunoreaction (Fig. 4D).

Immunohistochemical staining with caspase-3

Caspase-3 stained sections of group 1 (con-
trol), group 3 (OVX + genistein) and group 4 (OVX  
+ oestradiol) revealed negative immunoreaction  
(Fig. 5A, C, D), while group 2 (OVX) revealed positive 
immunoreaction (Fig. 5B). 

Immunohistochemical staining with ER-β

Oestrogen receptor-β stained sections of group 1  
(control), group 3 (OVX + genistein) and group 4 
(OVX + oestradiol) revealed positive immunoreaction 
(Fig. 6A, C, D), while group 2 (OVX) revealed negative 
immunoreaction (Fig. 6B).

Ultrastructural study of the adrenal cortex

In the control group, ZG cells had rounded or 
oval nuclei with finely dispersed euchromatin and 
the nuclear envelope and nuclear pores were easily 
discerned. The cytoplasm had variable sized nu-
merous lipid globules, medium-sized, rounded or 
oval mitochondria (Fig. 7A). The fasciculata cells 
appeared with rounded or oval euchromatic nuclei 
with clear nuclear envelop rounded mitochondria 
and variable amount of lipid globules (Fig. 8A). Cells 
of ZR had vesicular nucleus and abundant cytoplasm 
which contains few lipid globules and mitochondria 
(Fig. 9A).

In the OVX group, the adrenal cortical cells showed 
signs of degeneration. The ZG cells contained vesic-
ular nucleus and the cytoplasm showed few lipid 
globules which vary in size and electron density. The 
cytoplasm of the cells also revealed numerous vacu-

Figure 3. Haematoxylin and eosin-stained sections of zona reticularis (ZR) of different studied groups; A. Control group; B. Ovariectomised 
group (OVX); C. OVX + genistein group; D. OVX + oestradiol group; A. The cells in this zone are polyhedral with vesicular nuclei (arrows) 
and the cytoplasm has few vacuolations (arrow heads); B. The cells have vesicular nuclei (arrow) and vacuolated cytoplasm (arrow head) 
and some cells have hypochromatic (h) or ghost (g) nuclei. Reticularis sells are separated by dilated blood sinusoids (S); C. The cells became 
comparable to control with vesicular nuclei (arrows) and the blood sinusoids between the cells are mildly congested (S); D. Reticularis cells 
are pleomorphic and binucleated (arrows). They are separated by congested blood sinusoids. Scale bar = 20 µm.



385

H.D. Yassa et al., Effect of genistein and oestradiol on the adrenal cortex of the ovariectomised adult female albino rats

oles and small electron dens lysosomes (Fig. 7B). The 
ZF cells showed irregular nucleus with thick and irreg-
ular nuclear envelope and indistinguishable pores and 
the cytoplasm contained numerous vacuoles (Fig. 8B).  
The ZR cells showed irregular nucleus with thick and 
irregular nuclear envelope and indistinguishable pores 
and the cytoplasm contained vacuoles and lipofuscin 
granules (Fig. 9B). 

The OVX + genistein group almost regained the 
normal ultrastructure of cells. The ZG cells showed 
large amount of electron dens lipid globules, mi-
tochondria, less vacuoles and the nucleus showed 
normal and regular nuclear membrane, well discerned 
nuclear pores and finely dispersed euchromatin. Few 
nuclei became small and condensed (Fig. 7C). The ZF 
cells showed rounded or oval euchromatic nucleus 

Figure 4. Proliferating cell nuclear antigen-stained sections of different studied groups; A. Control group; B. Ovariectomised group (OVX) are 
showing negative immunoreaction; C. OVX + genistein group is revealing positive immune reaction; D. OVX + oestradiol group showing 
strong positive immune reaction (arrow). Scale bar = 100 µm.

Figure 5. Caspase-3-stained sections of different studied groups; A. Control group; B. Ovariectomised (OVX) group showing strong positive im-
mune reaction; C. OVX + genistein group; D. OVX + oestradiol group showing negative immunoreaction. Scale bar = 100 µm.
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and the cytoplasm contained variable amount of lipid 
globules, mitochondria and few lysosomes (Fig. 8C). 
The cells of ZR appeared of normal structure con-
taining euchromatic nucleus and few lipid globules. 
Apoptotic cell was seen with loss of its architecture. 

Some cells showed condensation of the nucleus chro-
matin (Fig. 9C). 

In the OVX + oestradiol group, the cells forming 
the ZG had condensed nuclei and the cytoplasm 
contained large amount of vacuoles with dispersion 

Figure 6. Oestrogen receptor-β-stained sections of different studied groups; A. Control group; B. Ovariectomised (OVX) group is showing 
negative immune reaction; C. OVX + genistein group; D. OVX + oestradiol group showing positive immunoreaction (arrows).  
Scale bar = 100 µm.

Figure 7. Electron micrographs of the zona glomerulosa 
(ZG) of the adrenal cortex of different studied groups;  
A. Control group; B. Ovariectomised (OVX) group; C. OVX  
+ genistein group; D. OVX + oestradiol group; A. Glomer-
ulosa cells have rounded or oval nuclei (N) with finely dis-
persed euchromatin and the nuclear envelope and nuclear 
pores are easily discerned (arrow) and the cytoplasm con-
tains spherical or rounded mitochondria (m) and lipid glob-
ules (L). The cells are separated by blood capillaries (B);  
B. The nuclei of the glomerulosa cells are rounded or oval 
(N) and the cytoplasm contains rounded mitochondria 
(m), less lipid globules compared to the control group (L), 
numerous vacuoles (V) and small electron dens lysosomes 
(arrow); C. The nuclei (N), lipid globules (L) and mitochon-
dria (m) are comparable to control. Few vacuoles (V) are 
detected and few nuclei became small and condensed (X); 
D. Glomerulosa cells have condensed nuclei (N) and the 
cytoplasm contains vacuoles (V) with dispersion of the 
cell organelles (X). Scale bars: E = 2 µm. 
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of the cell organelles (Fig. 7D). The ZF cells had 
large amount of vacuoles communicating with each 
other and their nuclei were condensed (Fig. 8D).  

The ZR cells showed dispersion of the cytoplas-
mic organelles. The nuclei of the cells were small  
and electron dens. Also, electron dens apoptotic  

Figure 8. Electron micrographs of the zona fasciculata  
(ZF) of the adrenal cortex of different studied groups;  
A. Control group; B. Ovariectomised (OVX) group; C. OVX  
+ genistein group; D. OVX + oestradiol group; A. Fas-
ciculata cells have rounded or oval euchromatic nuclei 
(N) with regular nuclear envelope and nuclear pores are 
easily discerned (arrow head) and the cytoplasm contains 
spherical or rounded mitochondria (m) and lipid globules 
(L). The cells are separated by blood capillaries (B); B. The 
cells contain irregular nucleus (N (with thick and irregular 
nuclear envelope and indistinguishable pores (arrow head) 
and the cytoplasm contains vacuoles (V); C. The cells 
show rounded or oval euchromatic nuclei (N) and the cy-
toplasm contains variable amount of lipid globules (L) and 
rounded mitochondria (m); D. The nuclei of the fasciculata 
cells (N) are condensed with thick and irregular nuclear 
envelope and indistinguishable pores (arrow head) and 
the cytoplasm has large amount vacuoles communicating 
with each other (V). Scale bars: E = 2 µm. 

Figure 9. Electron micrographs of the zona reticularis  
(ZR) of the adrenal cortex of different studied groups;  
A. Control group; B. Ovariectomised (OVX) group; C. OVX 
+ genistein group; D. OVX + oestradiol group; A. The ZR 
cells have rounded or oval euchromatic nuclei (N) with 
regular nuclear envelope and nuclear pores are easily 
discerned (arrow head) and the cytoplasm contains few 
lipid globules (L); B. Reticularis cells contain irregular 
nucleus (N (with thick and irregular nuclear envelope and 
indistinguishable pores (arrow head) and the cytoplasm 
of the cells contains vacuoles (V), lysosomes (arrow) and 
lipofuscin granules (Lf). The cells are separated by blood 
sinusoids (S); C. In this zone, the cells contain variable 
amount of lipid globules (L) and euchromatic nuclei (N). 
Some cells show condensation of the nucleus chromatin 
(X) Apoptotic cell (A) is seen with loss of its architecture; 
D. The cells show dispersion of the cytoplasmic cell orga-
nelles (X).The nuclei of the cells (N) are small and electron 
dens. Apoptotic cell appear electron dens and compressed 
in between the cells (XX). Scale bars: A = 10 µm; B, C, 
D = 2 µm. 
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cells were seen compressed between the cells  
(Fig. 9D).

Morphometric results

The ZG thickness was significantly decreased after 
ovariectomy operation (p < 0.05) and became com-
parable to control after treatment with both genistein 
and oestradiol (Table 1). The thicknesses of ZF (Table 2)  
as well as ZR (Table 3) were significantly decreased af-
ter ovariectomy operation and they were comparable 
to control after treatment with genistein. In contrast, 
oestradiol treatment significantly increased ZF and ZR 
thicknesses compared to group 1, 2 and 3. 

DISCUSSION
In the present study, we examined the effect of 

ovariectomy on the adult rat adrenal cortex. Ad-
ditionally, the therapeutic effects of genistein and 

oestradiol on the adrenal cortex of ovariectomised 
adult female albino rats were compared. In this exper-
imental study, adult female albino rats aged 3 months 
old were chosen to be in the reproductive period of 
life. According to Suckow et al. [27], female rats reach 
sexual maturity at 2 months of age, their reproductive 
system is fully functioning and their maximum fertility 
is reached between 3 and 10 months of age.

In the present study, specimens taken from rats 
subjected to ovariectomy operation and stained with 
H&E showed signs of degeneration in the form of 
irregular ZF cells and degenerated cortical cells in the 
form of pyknotic, hypochromatic and ghost nuclei. 
These findings were in agreement with the findings of 
Saruhan and Ozdemir [25]. The dilated blood capillar-
ies and sinusoids were also detected. These findings 
usually accompany the vacuolated cells as reported 
by Laast et al. [15].

Table 1. Morphometric data of zona glomerulosa thickness in all groups

Groups Mean ± standard deviation Pairwise comparison between groups

This group Other groups P-value (significance)

Group 1 104.45 ± 12.68 1 2
3
4

0.0083 
0.4344 
0.528  

Group 2 83.80 ± 3.86 2 1
3
4

0.0083 
0.0144 
0.006  

Group 3 98.53 ± 9.86 3 1
2
4

0.4344 
0.0144 
0.192  

Group 4 110.45 ± 15.91 4 1
2
3

0.528  
0.006   
0.192  

P < 0.05 is considered significant

Table 2. Morphometric data of zona fasciculata thickness in all groups

Groups Mean ± standard deviation Pairwise comparison between groups

This group Other groups P-value (significance)

Group 1 685.09 ± 41.52 1 2
3
4

0.0001 
0.0886 
0.0001 

Group 2 371.69 ± 28.30 2 1
3
4

0.0001 
0.0001 
0.0001 

Group 3 752.15 ± 65.27 3 1
2
4

0.0886 
0.0001 
0.0003 

Group 4 959.52 ± 39.61 4 1
2
3

0.0001 
0.0001 
0.0003 

P < 0.05 is considered significant
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Marked improvement was noticed after treatment 
with genistein in the degeneration of the cortical 
cells as they were comparable to control with only 
few degenerated cells having pyknotic nuclei. On 
the other hand, treatment with oestradiol showed 
trophic changes in the form of marked increase in 
the thickness of the cortical adrenal gland layers 
with proliferation of the cells compared to ovariecto-
mised rats and rats treated with genistein. This was 
in agreement with previous findings in the uterus 
[5, 16]. Saruhan and Ozdemir [25] determined that 
ovariectomy resulted in a decrease in the activity of 
the adrenal cortex. In contrast, they found that oes-
trogen supplementation caused a significant increase 
in the activity of the adrenal cortex and medulla. Lo 
et al. [17] indicated that oestrogens may enhance 
corticosterone feedback by stimulating corticoster-
one production at the adrenal gland or by reducing 
corticosterone metabolism.

In the current study, immunohistochemistry using 
PCNA revealed moderate proliferation in group 3, 
while group 4 showed marked +ve immunoreaction. 
These findings were in agreement with Marinho et 
al. [19] who used vascular endothelial growth factor 
(VEGF) and Ki67 gene expression in the adrenal tissue 
as proliferative markers and stated that oestrogen 
induced an increase in the expression of both the 
VEGF and the Ki67 in rat adrenal glands. On the 
other hand, the results of the current study showed 
that treatment with genistein was less effective than 
with 17β-oestradiol. They emphasized that genistein 
has an antagonistic effect, thus supporting the de-
creased gene expression of VEGF and Ki67 and of 

proliferation-related genes. VEGF is an important 
regulated angiogenic molecule and is considered  
a prognostic factor for various tumours. Thus, these 
results indicate that genistein may cause less stim-
ulation of VEGF expression than does oestrogen. In 
fact, some authors have shown that isoflavone may 
have a weaker effect on tumour induction compared 
to oestrogen [12, 13, 21].

In the present study, there was a significant de-
crease in the thickness of the three adrenal cortical 
zones in group 2 compared to the control group. 
These changes may be explained by decreased ad-
renal cortical activity as reported by Saruhan and 
Ozdemir [25]. In contrast, non-significant changes 
were observed in group 3 compared to the control 
group. This could be explained by the improvement 
noticed in the adrenal cortical cells after treatment 
with genistein. Moreover, treatment with oestradiol 
caused significant increase in the thickness of the 
adrenal cortical zones compared to group 1, 2 and 3.  
These findings were going well with the results 
obtained by Marinho et al. [19] who reported that 
treatment with soy isoflavone extract induces fewer 
changes in the thickness of all zones of the adrenal 
cortex than treatment with oestrogen compared to 
ovariectomised rats.

In the current work, immunohistochemistry using 
caspase-3 revealed that +ve reaction appeared only 
with the group 2 but were –ve in group 3 and 4.  
Marinho et al. [19] analysed the expression of 
caspase-3 gene in order to verify the protective poten-
tial of isoflavones. Animals treated with isoflavones 
showed an expression of caspase-3 more than the 

Table 3. Morphometric data of zona reticularis thickness in all groups

Groups Mean ± standard deviation Pairwise comparison between groups

This group Other groups P-value (significance)

Group 1 317.98 ± 24.97 1 2
3
4

0.0001 
0.0510 
0.0001 

Group 2 178.15 ± 13.74 2 1
3
4

0.0001 
0.0001 
0.0001 

Group 3 366.14 ± 39.76 3 1
2
4

0.0510 
0.0001 
0.0022 

Group 4 481.50 ± 42.55 4 1
2
3

0.0001 
0.0001 
0.0022 

P < 0.05 is considered significant
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group treated with oestradiol. This may be related 
to the proliferative potential of oestradiol, which 
to some extent can prevent cell death by apoptosis.

Data from many experiments indicate that gonad-
al hormones have a direct effect on the physiology of 
the adrenal tissue. ER expression had been demon-
strated in the adrenal glands of several species such 
as rodents [14] and monkeys [11]. In the present 
study, group 1 exhibited +ve ER-β immuno-staining. 
On the other hand, group 2 showed down-regulation 
of ER-β expression, with –ve ER-β immuno-reactivity. 
After treatment with genistein and oestradiol, many 
cells exhibited strong +ve ER-β immuno-reactivity. 
Such down regulation of ER-β in group 2 probably 
explains the degenerative changes induced in the 
cortical cells. Then, the up-regulation of ER-β in the 
groups treated with genistein and oestradiol clearly 
indicates that ER-β expressed by the adrenal cortical 
cells mediate oestrogen-induced cell proliferation in 
these cells. These findings postulate that ER-β iso-
form plays an essential role in modifying the effect 
of oestrogen and thus, further improvement of the 
adrenal cortex. This was matching with Teng et al. [28] 
who suggested that ER-β isoform plays an important 
role in modulating the urinary bladder urothelial 
proliferation.

In the reviewed literature there were no electron 
microscopic studies observing the ultrastructure of 
the adrenal cortex in OVX rats and their treatment 
with either genistein or oestradiol.

Comparable to L.M. examination, the E.M. ex-
amination of the adrenal cortex of group 2 showed 
marked signs of degeneration. The lipofuscin pig-
ments were the most obvious finding in ZR. These 
results were in agreement with the demonstration 
carried by Rebuffat et al. [23] and Almeida et al. [1] 
who observed these findings in aged rats. 

Lipofuscin pigments are common structures found 
in aged ZF and ZR cells and are frequently observed as 
a classic marker of ageing. Ward and Reznik-Schuller 
[30] stated that lipofuscin pigments may have origi-
nated from degradation of lipid droplets of epithelial 
cells. Almeida et al. [1] demonstrated that lipofuscin 
does not exert any noticeable damaging effect on 
cells but it is possible that, at a certain moment, this 
accumulation may interfere with cellular function.

The genistein treated group almost regained the 
normal ultrastructure. While, the oestradiol treated 
group showed dispersion of the cytoplasmic orga-

nelles and apoptotic cells were detected. Similar data 
have not been reported in the reviewed literature.

CONCLUSIONS
It could be concluded that ovariectomy decreases 

the adrenal gland activity due to decreased oestrogen 
levels in blood. On the other hand, administration of 
genistein ameliorates the adrenal gland injury with-
out producing trophic effect. Moreover, oestradiol 
treatment induces an intense cell proliferation as 
proved histologically, immunohistochemically and 
ultrastructurally. So, genistein found naturally in soy 
may have less effect on cell proliferation and cancer 
risk than oestradiol.
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Background: The intention of the present study was to assess the structural 
affection of the lung following methotrexate (MTX) overdose. The proposed 
underlying mechanisms involved in lung affection were studied. The possible 
modulation role of febuxostat over such affection was studied.  
Materials and methods: Twenty-four rats were divided into three groups: control, 
MTX-treated, febuxostat-treated. The study was continued for 2 weeks. Lung 
was processed for histological and immunohistochemical (inducible nitric oxide 
synthase [iNOS] and cyclooxygenase [COX]-2) studies. Inflammatory markers (tu-
mour necrosis factor alpha [TNF-a], interleukin 1 [IL-1]), Western blot evaluation 
of nuclear factor kappa B (NF-kB) and oxidative/antioxidative markers were done. 
Results: Methotrexate-treated group exhibited inflammatory cellular infiltrations, 
thickened interalveolar septa, dilated congested blood vessels, extravasated blood, 
and apoptosis. The collagen fibres content increased 3-fold. MTX induced lung 
affection through oxidative stress (increase MDA/decrease GSH, SOD) and apop-
tosis. It induced sterile inflammation through an increase of NF-kB (2-fold), IL-1 
(3-fold) and TNF-a (3-fold), COX-2 cells (2.5-fold) and iNOS (6-fold). With the use 
of febuxostat, the normal lung architecture was observed with a bit thickened 
interalveolar septum and extravasated blood. The collagen fibres content was 
minimal. Decrement of oxidative stress and sterile inflammation (COX-2 cells and 
iNOS were comparable to the control group. NF-kB, IL-1 and TNF-a became higher 
by 34%, 64% and 100%).
Conclusions: The overdose of MTX displays inflammatory lung affection with 
residual fibrosis. It induces lung affection through oxidative stress, apoptosis and 
sterile inflammation. With the use of febuxostat, the normal lung architecture was 
preserved with a little structural affection or fibrotic residue. Febuxostat exerts 
its lung protection through its anti-inflammatory and antioxidant features. (Folia 
Morphol 2021; 80, 2: 392–402)

Key words: febuxostat, methotrexate, lung

INTRODUCTION
Methotrexate (MTX) has displayed effectiveness 

in treating several diseases, including rheumatoid 

arthritis, psoriatic arthritis, systemic lupus erythe-
matosus, inflammatory bowel disease, psoriasis, and 
small-vessel vasculitis [11, 32]. It is commonly used 
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as a treatment for some types of cancer, including 
breast, ovaries, brain, and leukaemia [26]. It is used 
as an alternative to surgical management of ectopic 
pregnancy in selected patients with small, unruptured 
tubal pregnancies [34]. In addition, it is recommend-
ed for induction and maintenance of remission in 
Crohn’s disease [13].  

The therapeutic application of MTX is usually lim-
ited by its severe toxicity [38]. It is involved as a caus-
ative agent in lung toxicity [9, 33]. The prevalence of 
MTX-related lung disease and MTX-related interstitial 
lung disease (in rheumatoid arthritis) are 7.6% and 
11.6%, respectively [4, 9]. 

Several mechanisms have been studied to recognise 
the mechanism of MTX-induced lung damage. One of 
these mechanisms is oxidative stress [2]. MTX inter-
feres with the antioxidant defence enzymes, depletes 
glutathione content, and causes lipid peroxidation [2].  
Diminution of antioxidant defences enhances the pro-
duction of reactive oxygen species (ROS) that result in 
parenchymal lung injury and interstitial, alveolar fibrosis 
[24]. Other possible mechanism of MTX-induced lung 
damage is inflammatory reaction of MTX. MTX increas-
es the levels of interleukin 1beta (IL-1β), and tumour 
necrosis factor alpha (TNF-α), which are indicators of 
inflammatory response [1]. Adding, overdose of MTX 
can lead to proinflammatory cytokine release [19].

Febuxostat is a selective xanthine oxidase inhibitor 
that is used to reduce urate levels in diseases that 
involve hyperuricemia such as gout and tumour lysis 
syndrome [28, 31]. The focus on xanthine oxidase in-
hibitors has increased due to their anti-inflammatory, 
antioxidant and immune-modulatory features which 
might be beneficial in the treatment of different au-
to-inflammatory diseases [27]. Febuxostat showed 
anti-inflammatory effects in different experimental 
models [15]. It has an antioxidative stress effect and 
suppressed ROS production in the rat model of renal 
ischemia-reperfusion injury [36]. 

The intention of the present study was to assess 
the structural affection of the lung following MTX 
overdose. The proposed underlying mechanisms in-
volved in lung affection were studied. The possible 
modulation role of febuxostat over such affection 
was studied. 

MATERIALS AND METHODS
animals

Twenty-four Sprague-Dawley adult albino rats 
were used. The sample size was based according to 

resource equation method [10, 16]. The rats were 
housed in a temperature of 22 ± 2°C, relative hu-
midity of 55 ± 5%, and 12/12 h light/dark cycle. The 
study was conducted in Experimental Animal Centre, 
Cairo University. The experiment was carried out in 
accordance to ARRIVE guidelines (Animal Research: 
Reporting of In-Vivo Experiments) with the approval 
of the local IACUC Research Ethics Committee and 
according to ethical standards of National Institutes 
of Health guide for care and use of Laboratory Ani-
mals (8th edition, revised in 2011). 

Experimental design

The rats were divided into three groups. Each 
group consisted of 8 rats: 

 — Control group: 100 mg/kg physiological saline/ 
/intraperitoneally;

 — MTX-treated group;
 — Febuxostat-treated group (concomitant MTX + 
febuxostat).

test materials

Methotrexate was obtained from Pfizer Pharma-
ceutical Company and Chemical industries (Egypt) and 
given as a single dose of 20 mg/kg, intraperitoneally [2].  
The used dose of MTX was a high dose to evaluate the 
role of ROS formation and apoptosis [21]. 

Febuxostat was obtained from Hikma Pharmaceu-
tical Co. (Egypt). It was dissolved in 0.9% saline and 
given at a dose of 15 mg/kg, orally: 2 drops of Tween 
80 [15] for 14 successive days.

General toxicological profile

The general toxicological data were recorded in-
cluding food and water consumption, health status, 
body weight and behavioural measures. 

Behavioural measures (anxiety-like behaviour)

Two days before the end of the experiment, the 
rats were subjected to behavioural observation to 
measure anxiety-like behaviour using two behavioural 
tests. The rats were accustomed to the presence of the 
experimenter before the behavioural observation. The 
tests were carried out between 9 a.m. and 12 p.m.  
for 2 days. 

Light/dark box. This test based on the innate fear 
of the rat to bright spaces. It is composed of a box 
divided into equal compartment, bright and dark 
compartments separated by a partition with a door. 
The rat was placed at the bright compartment and 
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allowed to explore for 5 min. Frequency of entry into 
dark and light compartments and the time spent in 
these compartments were measured [7]. 

Elevated plus maze [37]. This test is based on 
the rat’s conflict between exploring novel places, 
and avoiding heights and dangerous places. It is 
composed of wooden two open and enclosed arms 
connected by central platform. The apparatus ele-
vated 60 cm above the ground. The rats were placed 
in the open arm and allowed to explore for 5 min. 
Frequency of entry to the open and closed arms as 
well as the time spent in each arm were measured. 

Tissue sampling

The lung was dissected and fixed immediately in 
10% formalin saline. To randomise selection, the en-
tire lung was cut starting at the superior border; every 
10th section (5 µm thick) was put aside for staining.

Preparation of tissue extracts

A portion of lungs was homogenised in 10 vol-
umes (1:10; w/v) of ice-cold 10 mM phosphate buff-
ered saline (PBS, pH 7.4) in an Ultra Turrax tissue 
homogenizer for 30 s. Homogenates were centrifuged 
at 10,000 rpm for 10 min at 4°C. The supernatant 
was pipetted into clean centrifuge tubes and stored 
in aliquots (–80°C) until analysis [12]. 

Light microscopic study

Haematoxylin and eosin stain

The technique of haematoxylin and eosin stain 
was done according to Suvarna et al. [35].

Masson’s trichrome stain [35] 

The paraffin sections were dewaxed, rehydrated 
then stained in acid fuchsin solution for 5 min, rinsed 
in distilled water, placed in phosphomolybdic acid 
solution for 3 min, washed in distilled water, stained 
with methyl blue solution for 2–5 min, rinsed in dis-
tilled water, and treated in acetic acid for 2 min. Final-
ly, the sections were dehydrated in absolute alcohol, 
cleared in xylol, and mounted in Canada balsam. The 
nuclei appeared dark red, the cytoplasm appeared 
pale red and, the collagen fibres appeared blue. 

Immunohistochemistry [30] 

Immunohistochemical staining using the streptavi-
din-biotin-peroxidase technique for inducible nitric 
oxide synthase (iNOS), and cyclooxygenase (COX)-2 
(markers of inflammation). Briefly, 10 sections/group 

were deparaffinised, rehydrated, and rinsed in tap 
water, treated with 3% hydrogen peroxide for 10 min 
then, immersed in antigen retrieval solution. Non-spe-
cific protein binding was blocked by incubating the 
sections in10% normal goat serum in phosphate buff-
er solution (PBS). Then, the sections were incubated 
in a humid chamber at 4oC with primary anti-iNOS 
antibody (rabbit polyclonal antibody,1:100 dilution, 
ab15323, Abcam, Cambridge, Massachusetts, USA), 
anti-nuclear factor kappa B (NF-κB) antibody (rabbit 
polyclonal anti-rat antibody against P65 subunit of 
NF-κB; 1:20 dilution, ab86299, Abcam, Cambridge, 
Massachusetts, USA) and anti-COX-2 (rabbit polyclon-
al antibody, 1:100 dilution, ab15191, Abcam, Cam-
bridge, Massachusetts, USA) overnight. After wash-
ing in PBS, the corresponding biotinylated secondary 
antibody was added to lung sections for 1 h at room 
temperature. Streptavidin peroxidase was added for 
10 min and then washed in PBS. Finally, the sections 
were counterstained by Mayer’s haematoxylin. For 
negative control sections, the primary antibodies were 
excluded. All the slides were assessed in triplicates to 
confirm the accuracy of the obtained results.

oxidative/antioxidative markers

Lung lipid peroxidation. Malondialdehyde 
(MDA), a marker for lipid peroxidation, was meas-
ured by monitoring thiobarbituric reactive substances 
formation. Briefly, 500 mL of lung homogenate was 
added to 200 mL of PBS (10 Mm, pH 7.4) and 500 µL 
of heat trichloroacetic acid-butylated hydroxytoluene 
(20% TCA, 1% BHT) solution. The resultant was mixed 
and centrifuged at 3000 rpm for 10 min at 4°C. To  
800 mL of supernatant, 160 µL of 0.6 M HCL and  
640 µL of 1.73% thiobarbituric acid were added. This 
suspension was mixed and heated in a boiling water 
bath for 15 min. After cooling, the thiobarbituric re-
active substances were measured in the supernatant 
at 530 nm against a blank containing all reagents 
except the tissue homogenate. The concentration of 
MDA was calculated and expressed in Nano-moles per 
milligram of protein.

Lung SOD activity. Superoxide dismutase activity 
(SOD) was determined at room temperature (RT) ac-
cording to the modified Misra and Fridovich’s method 
[23]. 5 µL of 10% lung homogenate was added to 
1965 µL of sodium carbonate buffer and to 10 µL of 
bovine catalase. 20 µL of 30 mM epinephrine (dis-
solved in 0.05% acetic acid) was added to the mix-
ture. Superoxide dismutase activity was measured at  
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480 nm for 5 min on a spectrophotometer. The activ-
ity was expressed as the amount of the enzyme that 
inhibits the oxidation of epinephrine by 50%, which 
is equal to 1 U/mg of protein.

Lung glutathione (GSH). Glutathione was mea-
sured spectrophotometrically in the bronchoalveolar 
lavage fluid (BALF) and lung tissue [29]. GSH was 
measured by adding the standard or sample to 100 µL  
of a 1:1 mixture of 3 U/mL glutathione reductase 
with 0.67 mg/mL 5,5’-dithiobis2-nitro benzoic acid 
(DTNB). The reaction was initiated by the addition 
of 20 µL of 0.67 mg/mL nicotinamide adenine di-
nucleotide phosphate (NADPH) and the increase 
in absorbance at 412 nm was monitored by using  
a commercial kit (Biodiagnostic, Cairo, Egypt). Values 
measured in BALF were normalised to urea, values 
in lung tissue were normalised to protein content. 
For in vitro samples both the media and lysate were 
normalised to the lysate protein. The limit of detection 
for GSH was 0.2 µM. The concentration of the lung 
GSH was calculated using the standard curve and 
expressed per mg of protein. The level of epithelial 
lining fluid GSH (ELF GSH) was expressed in µM.

Western blot assay 

Nuclear factor kappa B was estimated by the en-
zyme-linked immunosorbent assays (ELISA), accord-
ing to the manufacturer’s guide (R&D System Inc.). 
Lung tissue was standardised (1:10) in saline and 
stockpiled at –80°C. Models were preserved with cell 
lysis buffer, adjusted with PMSF and PIC former to the 
measures. Samples were extra watered down in assay 
buffer. After pipetting 100 µL assay buffer, 100 µL  
of sample/standard were supplemented to the pits. 

The plate was incubated at RT for 1 h. The wells 
were splashed 5 times with rinse buffer. After 1 h in-
cubation, the plate was splashed 5 times with shower 
buffer and 100 µL of conjugate were supplemented 
to all wells. The plate was vacuum-packed and incu-
bated for 30 min at RT. Well matters were let down 
and rinsed 5 times in buffer. 100 µL of substrate was 
auxiliary to all wells and colour endorsed to progress. 
30 min later, halt solution was substituted. The plate 
was delivered on an ELISA Plate Reader (OD 450 nm). 
Rectilinear average curves were created in assay buffer 
to estimate the values of NF-κB.  

Image analysis and morphometric measurements

The area per cent of collagen fibres and immune 
expression of iNOS, and COX-2 were done using Leica 

LAS V3.8 image analyser computer system (Swit-
zerland). The measurements were obtained by an 
independent blinded observer. The data was obtained 
in ten non-overlapping microscopic fields taken ran-
domly from each slide and were examined within the 
standard measuring frame.

Biochemical assay

The serum level of the inflammatory markers 
TNF-α, and IL-1 were assayed by the commercially 
ELISA kits supplied by Biopsies, China according to 
manufacturer instructions.

Protein assay  

The protein concentration in the lung homogenate 
was measured by Bradford’s method using bovine 
serum albumin as standard [8].

statistical analysis

Statistical analysis was performed using statis-
tical package for the social sciences (SPSS) version 
21.0 (IBM Corporation, Somers, NY, USA) statistical 
software. Data were expressed as means ± standard 
deviation (SD). Statistical evaluation was done using 
one-way analysis of variance (ANOVA) followed by 
Bonferroni pairwise comparisons. Significance was 
considered when the p-value was less than 0.05.

The percentage of increase or decrease (differ-
ence) of all study parameters were calculated with 
the following formula: Percentage of difference =  
= (Mean difference value between two groups)/(Val-
ue of the compared group) × 100.

RESULTS 
The general toxicological data

No mortalities were noticed in the studied groups. 
The food and water intake and health status were 
relatively excellent. 

At the beginning of study, the body weight was 
150 ± 3.6 g. By the end of study, the body weight of 
MTX-treated group decreased by 22% compared to the 
control group. With use of febuxostat, the body weight 
became 12% less than the control group (Table 1). 

Behavioural measures (anxiety-like behaviour)

Light/dark box. There was non-significant differ-
ence among the different groups concerning time spent 
in the dark or light compartments. A significant increase 
(130%) in the number of entries of the MXT-treated rats 
into the dark compartment as compared to the control 
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rats. Non-significant entry difference was detected in 
febuxostat-treated group into dark and light compart-
ments as compared to the control group (Fig. 1). 

Elevated plus maze. As comparted to the other 
groups, MXT-treated rats entered the open arm of the 
elevated plus maze less frequent and spent less time. 
They entered more frequent the closed arm of the 
elevated plus maze and spent more time (Fig. 2A, B).

Febuxostat-treated rats entered more frequent 
and spent more time in the open arm (Fig. 2C, D).

Structure of lung as revealed by haematoxylin 
and eosin staining 

The control group presented normal lung mor-
phology. MTX-treated rats exhibited inflammatory 
cellular infiltrations, thickened interalveolar septa 
(with oedema), dilated congested blood vessels, ex-
travasated blood, and apoptotic pneumocytes. With 
the use of febuxostat, normal lung architecture was 
observed with a bit thickened interalveolar septum 
and extravasated blood (Figs. 3, 4).

The content of collagen fibres 

The collagen fibres were minimum in the control 
group. The fibres content increased three-fold in 
MTX-treated group when compared to the control 
group. Much improvement was noticed in febux-

Table 1. Body weight in the different groups at the end of study 

Group Body weight [g] Versus group

Control 185 ± 5

MTX-treated 145 ± 5 Control*

Febuxostat-treated* 

Febuxostat-treated 162.6 ± 2.5 Control*

MTX-treated*

*P-value significant. Data are shown as mean ± standard deviation. The body weight at 
the beginning of the study was 150 ± 3.6 g. MTX — methotrexate
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Figure 1. Anxiety-like behaviour in the light/dark box test; A. Frequency of entry into the light compartment; B. Time spent in the light compart-
ment; C. Frequency of entry into the dark compartment; D. Time spent in the dark compartment; *Significant from control group; p = 0.006.
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Figure 2. Anxiety-like behaviour in the elevated plus maze teat; A. Open arm entry; B. Open arm duration; C. Close arm entry; D. Close arm 
duration; *Significant from control group; p = 0.000.

Figure 3. Lung morphology of the different studied 
groups. Note respiratory bronchiole (rb), terminal 
bronchiole (b), alveolar sac (s), alveoli (v), interal-
veolar septa (sp) and blood vessels (bv);  
A, B. Normal lung architecture of the control rats; 
C, D. Inflammatory cellular infiltrations (arrows), 
thickened interalveolar septa, dilated congested 
blood vessels and extravasated blood of metho-
trexate-treated rats; E, F. Normal lung architecture 
with a pit thickened interalveolar septum and 
extravasated blood of febuxostat-treated rats. 
Haematoxylin and eosin, scale bar, 200 µm (A–F).

Groups

Fr
eq

ue
nc

y
10.00

8.00

6.00

4.00

2.00

0.00
Control             MTX-treated    Febuxostat-treated

6.33

4.33

8.33

*

A

Groups

Du
ra

tio
n 

[s
]

250.00

200.00

150.00

100.00

50.00

0.00
Control               MTX-treated     Febuxostat-treated

203.67

90.33

182.33

*

B

Groups
Control             MTX-treated    Febuxostat-treated

Du
ra

tio
n 

[s
]

250.00

200.00

150.00

100.00

50.00

0.00

120.67

209.67

117.67

*
D

Groups

Fr
eq

ue
nc

y

10.00

8.00

6.00

4.00

2.00

0.00
Control              MTX-treated     Febuxostat-treated

4.33

8.33

6.67

*
C

FE

DC

BA



398

Folia Morphol., 2021, Vol. 80, No. 2

ostat-treated group as its fibres contents were com-
parable to the control group (Fig. 5, Table 2).

Immunohistochemical evaluation

The COX-2 (cells/mm2) in the control and febux-
ostat-treated groups were comparable. The immu-
nostained COX-2 cells increased in MTX-treated rats 
by > 2.5-fold (275%) compared to the control group 
(Fig. 6, Table 2). 

The immunohistochemical reaction of iNOS was 
poor in both control and febuxostat-treated groups. 
With use of MXT, the reaction in MXT-treated group 
became 6-fold higher than in the control group (Fig. 7,  
Table 2). 

Western blot assay

Nuclear factor kappa B was 2-fold higher than in 
the control group. With use of febuxostat, NF-κB be-

Figure 4. A. Normal lung architecture of the control rats; B. Inflammatory cellular infiltration, extravasated blood (arrowheads), oedema (ed), 
macrophages (thick arrows) and apoptotic pneumocytes (thin arrows) of methotrexate-treated rats; C. Normal lung architecture with a slight 
congestion (arrowheads), macrophages (thick arrows) and apoptotic pneumocytes (thin arrows) of febuxostat-treated rats. Haematoxylin and 
eosin, scale bar, 50 µm (A–C).

Figure 5. A. The collagen fibres (arrows) in the control rats; B. Increased collagen fibres (arrows) in methotrexate-treated rats; C. Minimal 
collagen fibres (arrows) in febuxostat-treated rats. Masson’s trichrome, scale bar, 200 μm (A–C).

Table 2. Area per cent (%) of collagen fibres, inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) 

Group Area % of collagen fibres COX-2 [cells/mm2] iNOS

Control Mean ± SD 1.47 ± 0.54 40 ± 5 3.1 ± 0.8

MTX-treated Mean ± SD 6.0 ± 0.55 150 ± 30 18.0 ± 2.0

Versus control * * *

Versus febuxostat-treated * * *

Febuxostat-treated Mean ± SD 2.5 ± 0.38 55 ± 8 5.1 ± 1.7

Versus control NS NS *

Versus MTX-treated * * *

*P-value significant. MTX — methotrexate; NS — not significant; SD — standard deviation

CA B

A B C
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Figure 6. A. Minimal immunostaining of cyclooxygenase-2 (COX-2) (arrows) in the control rats; B, C. Increased staining (arrows) in methotrex-
ate-treated rats; D. Minimal immunostaining of COX-2 (arrows) in febuxostat-treated rats. COX-2 immunostaining, scale bar, 200 µm (A–D).

Figure 7. A. Poor immunohistochemically reaction of inducible nitric oxide synthase (iNOS) (arrows) in the control rats; B, C. Increase immu-
nohistochemically reaction of iNOS (arrows) in methotrexate-treated rats; D. Immunohistochemically reaction (arrows) in febuxostat-treated 
rats. iNOS immunostaining, scale bar, 50 µm (A–D).

came 34% higher than in the control group (Table 3,  
Fig. 8).

Inflammatory and oxidative/antioxidative markers 
evaluation (Table 3)

Interleukin 1 and TNF-α were three-fold higher 
in MTX-treated group than in the control group. 

Improvement was noticed with use of febuxostat as 
IL-1 and TNF-α were 64% and 100% higher than in 
the control group. 

Malondialdehyde was two and half-fold higher 
than in the control group. With use of febuxostat, 
MDA became half fold higher than in the control 
group. 

A B

C D

A B

C
D
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Superoxide dismutase activity and GSH and de-
creased by 60% compared to the control group. Both 
markers in the control and febuxostat-treated groups 
were alike.

DISCUSSION
Body weight of MTX-treated rats decreased by 

22%. The loss of weight in rats’ model of MTX is due 
anorexia, cachexia, intestinal mucositis, impairment 
of absorption and digestive functions, alteration of 
the gut barrier, and diarrhoea [6, 22].

Methotrexate-treated rats showed a significant 
increase in the anxiety-like behaviour, expressed by 
an increase in the number of entries to the dark com-
partments of the light/dark box, and an increase in 
the frequency and duration of closed arm entries in 
the elevated plus maze. The anxiety-like behaviour is 
explained in mice by the association of MTX with acute 
brain toxicity and by its ability to induce folate depletion 
[17]. The anxiety-like behaviour was reported with MTX 
administration in cancer patients [14]. Much improve-
ment was in febuxostat-treated group which attributed 
to the antidepressant activity of the febuxostat [20].

Methotrexate-treated rats exhibited an acute 
inflammatory process (cellular infiltrations, dilated 
congested blood vessels, thickened interalveolar septa 
with alveolar oedema). Because of severe conges-
tion, blood extravasation occurred. Adding, apoptotic 
pneumocytes were detected.

The cause of lung affection in MTX-treated group 
is multifactorial. The major cause of is the oxidative 
stress [21]. Oxidative stress is defined as the shift in 
the balance between oxidants and antioxidants in 
favour of oxidants [5]. The oxidant marker (MDA) 
was higher, while the antioxidant markers (SOD and 
GSH) were lower in MTX-treated rats. It is used for 
measuring oxidative damage to lipids resulting from 
free radicals [3]. Analysis of MDA is sufficient to proof 
and assess the oxidative stress [21]. The elevated MDA 
is a consequence of the higher level of IL-1 and the 
toxic dose of MTX [21].

The sterile inflammation in MTX-treated group 
was caused by an increase of NF-κB (2-fold), IL-1 
(3-fold) and TNF-α (3-fold), COX-2 cells (2.5-fold) 
and iNOS (6-fold). The present neutrophils results in 
ROS formation and tissue damage through release 
of chemical mediators [21]. The higher level of IL-1 
and higher dose of MTX increase the secretion of 
proinflammatory cytokines TNF-α [21]. TNF-α is cru-
cially responsible for the pathogenesis of oxidative 
stress and increases ROS [21]. It regulates growth, 
proliferation, differentiation, and viability of activated 
leukocytes [25]. TNF-α also provokes the cellular re-
lease of other cytokines, chemokines, or inflammatory 
mediators [25]. So, excessive TNF-α secretion leads to 
lung damage by inducing oxidative stress and directly 
inducing apoptosis.

Fibrosis was observed in MTX-treated group (the 
collagen fibres content increased 3-fold) as a conse-
quence of oxidative stress and sterile inflammation.

Table 3. Inflammatory and oxidative/antioxidative markers

Group NF-κB IL-1 [pg/mg 
protein]

TNF-α [pg/mg 
protein]

MDA [nmoL/mg 
protein]

GSH [µg/mg 
protein]

SOD [nmoL/mg 
protein]

Control Mean ± SD 1.17 ± 0.05 149.0 ± 22.8 123.3 ± 43.1 1.48 ± 0.17 1.65 ± 0.07 8.02 ± 0.39

MTX-treated Mean ± SD 3.80 ± 0.06 604.0 ± 17.6 506.6 ± 28.4 5.22 ± 0.38 0.66 ± 0.10 3.07 ± 0.24

Versus control * * * * * *

Versus febuxostat-treated  * * * * * *

Febuxostat-treated  Mean ± SD 1.57 ± 0.15 245.0 ± 21.7 256.6 ± 19.0 2.22 ± 0.07 1.69 ± 0.13 7.10 ± 0.72

Versus control * * * * NS NS

Versus MTX-treated * * * * * *

*P-value significant. NF-κB — nuclear factor kappa B; IL-1 — interleukin 1; TNF-α — tumour necrosis factor alpha; MDA — malondialdehyde; GSH — glutathione; SOD — superoxide 
dismutase activity; MTX — methotrexate; NS — not significant; SD — standard deviation

Figure 8. Western blot assay of nuclear factor kappa B (NF-κB)  
in the different groups. NF-κB was higher in methotrexate (MTX)- 
-treated group than the control group. NF-κB was a pit higher in 
febuxostat-treated rats than the control rats. Beta-actin was used 
as internal control to measure the relative quantitation of the ex-
pression of the target gene.

MTX Febuxostat
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The third major cause of lung damage in the over-
dose MTX-treated group is apoptosis. Apoptosis is mul-
tifactorial. It is induced by higher level of TNF-α which 
activates the caspase enzyme system [21]. Apoptosis 
is also induced by lipid peroxidation (higher MDA) 
as MDA is the end product of the lipid peroxidation 
process [5]. Lipid peroxidation results in organ and cell 
damage [21]. The increased observed apoptosis results 
in excessive release of cytokines and enhanced ROS 
which finally damage the lung tissue [21].  

Another possible cause of lung injury in MXT-treat-
ed group is the elevation of iNOS. The nitric oxide-de-
rived from iNOS appears to induce inflammatory 
infiltration and oxidative stress. These events create 
a deleterious environment that ultimately leads to 
cellular damages. It seems that disruption of COX-2 
activity aggravates the resultant lung damage [18]. 

With the use of febuxostat, the normal lung ar-
chitecture was observed with a bit thickened interal-
veolar septum and extravasated blood. The collagen 
fibres content was minimal. Decrement of oxidative 
stress and sterile inflammation (COX-2 cells and iNOS 
were comparable to the control group. NF-κB, IL-1 
and TNF-α became higher by 34%, 64% and 100%). 
The protective role of febuxostat is due to its anti-in-
flammatory and antioxidant features [27]. Febuxostat 
showed anti-inflammatory effects in different experi-
mental models [15]. Its antioxidative stress effect was 
proved in in the rat model of renal ischaemia-reper-
fusion injury [36]. 

CONCLUSIONS
In conclusion, the overdose of MTX displays in-

flammatory lung affection with residual fibrosis. It 
induces lung affection through oxidative stress, apop-
tosis and sterile inflammation. With the use of febux-
ostat, the normal lung architecture was preserved 
with a little structural affection or fibrotic residue. 
Febuxostat exerts its lung protection through its an-
ti-inflammatory and antioxidant features.

Acknowledgements

Acknowledgements to all my colleagues who sup-
port me during this work.

REFERENCES 
1. Alamir I, Boukhettala N, Aziz M, et al. Beneficial effects 

of cathepsin inhibition to prevent chemotherapy-induced 
intestinal mucositis. Clin Exp Immunol. 2010; 162(2): 
298–305, doi: 10.1111/j.1365-2249.2010.04220.x, in-
dexed in Pubmed: 20731673.

2. Arpag H, Gül M, Aydemir Y, et al. Protective effects of 
alpha-lipoic acid on methotrexate-induced oxidative lung 
injury in rats. J Invest Surg. 2018; 31(2): 107–113, doi: 
10.1080/08941939.2017.1296513, indexed in Pubmed: 
28340320.

3. Atuğ Özcan SS, Ceylan I, Ozcan E, et al. Evaluation of 
oxidative stress biomarkers in patients with fixed ortho-
dontic appliances. Dis Markers. 2014; 2014: 597892, doi: 
10.1155/2014/597892, indexed in Pubmed: 24864131.

4. Barrera P, Laan RF, van Riel PL, et al. Methotrexate-re-
lated pulmonary complications in rheumatoid arthritis. 
Ann Rheum Dis. 1994; 53(7): 434–439, doi: 10.1136/
ard.53.7.434, indexed in Pubmed: 7944614.

5. Birben E, Sahiner UM, Sackesen C, et al. Oxidative stress 
and antioxidant defense. World Allergy Organ J. 2012; 
5(1): 9–19, doi: 10.1097/WOX.0b013e3182439613, in-
dexed in Pubmed: 23268465.

6. Boukhettala N, Leblond J, Claeyssens S, et al. Methotrex-
ate induces intestinal mucositis and alters gut protein 
metabolism independently of reduced food intake. Am 
J Physiol Endocrinol Metab. 2009; 296(1): E182–E190, 
doi: 10.1152/ajpendo.90459.2008, indexed in Pubmed: 
18984853.

7. Bourin M, Hascoët M. The mouse light/dark box test. Eur 
J Pharmacol. 2003; 463(1-3): 55–65, doi: 10.1016/s0014-
2999(03)01274-3.

8. Bradford M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Anal Biochem. 1976; 
72(1-2): 248–254, doi: 10.1016/0003-2697(76)90527-3.

9. Carson C, Cannon G, Egger M, et al. Pulmonary disease 
during the treatment of rheumatoid arthritis with low 
dose pulse methotrexate. Semin Arthritis Rheum. 1987; 
16(3): 186–195, doi: 10.1016/0049-0172(87)90021-7.

10. Charan J, Biswas T. How to calculate sample size for 
different study designs in medical research? Indian  
J Psychol Med. 2013; 35(2): 121–126, doi: 10.4103/0253-
7176.116232, indexed in Pubmed: 24049221.

11. Conway R, Low C, Coughlan RJ, et al. Methotrexate use 
and risk of lung disease in psoriasis, psoriatic arthritis, and 
inflammatory bowel disease: systematic literature review 
and meta-analysis of randomised controlled trials. BMJ. 
2015; 350: h1269, doi: 10.1136/bmj.h1269, indexed in 
Pubmed: 25770113.

12. Dhouib H, Jallouli M, Draief M, et al. Oxidative damage 
and histopathological changes in lung of rat chronically 
exposed to nicotine alone or associated to ethanol. Pathol 
Biol (Paris). 2015; 63(6): 258–267, doi: 10.1016/j.pat-
bio.2015.10.001, indexed in Pubmed: 26586280.

13. Dignass A, Van Assche G, Lindsay JO, et al. The second 
European evidence-based Consensus on the diagnosis 
and management of Crohn’s disease: Current manage-
ment. J Crohns Colitis. 2010; 4(1): 28–62, doi: 10.1016/j.
crohns.2009.12.002, indexed in Pubmed: 21122489.

14. Elens I, Dekeyster E, Moons L. Methotrexate affects 
cerebrospinal fluid folate and tau levels and induces 
late cognitive deficits in mice. Neuroscience. 2019; 404: 
62–70, doi: 10.1016/j.neuroscience.2019.01.024, indexed 
in Pubmed: 30703509.

15. Fahmi AN, Shehatou GS, Shebl AM. Febuxostat protects 
rats against lipopolysaccharide-induced lung inflammation 

http://dx.doi.org/10.1111/j.1365-2249.2010.04220.x
https://www.ncbi.nlm.nih.gov/pubmed/20731673
http://dx.doi.org/10.1080/08941939.2017.1296513
https://www.ncbi.nlm.nih.gov/pubmed/28340320
http://dx.doi.org/10.1155/2014/597892
https://www.ncbi.nlm.nih.gov/pubmed/24864131
http://dx.doi.org/10.1136/ard.53.7.434
http://dx.doi.org/10.1136/ard.53.7.434
https://www.ncbi.nlm.nih.gov/pubmed/7944614
http://dx.doi.org/10.1097/WOX.0b013e3182439613
https://www.ncbi.nlm.nih.gov/pubmed/23268465
http://dx.doi.org/10.1152/ajpendo.90459.2008
https://www.ncbi.nlm.nih.gov/pubmed/18984853
http://dx.doi.org/10.1016/s0014-2999(03)01274-3
http://dx.doi.org/10.1016/s0014-2999(03)01274-3
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/0049-0172(87)90021-7
http://dx.doi.org/10.4103/0253-7176.116232
http://dx.doi.org/10.4103/0253-7176.116232
https://www.ncbi.nlm.nih.gov/pubmed/24049221
http://dx.doi.org/10.1136/bmj.h1269
https://www.ncbi.nlm.nih.gov/pubmed/25770113
http://dx.doi.org/10.1016/j.patbio.2015.10.001
http://dx.doi.org/10.1016/j.patbio.2015.10.001
https://www.ncbi.nlm.nih.gov/pubmed/26586280
http://dx.doi.org/10.1016/j.crohns.2009.12.002
http://dx.doi.org/10.1016/j.crohns.2009.12.002
https://www.ncbi.nlm.nih.gov/pubmed/21122489
http://dx.doi.org/10.1016/j.neuroscience.2019.01.024
https://www.ncbi.nlm.nih.gov/pubmed/30703509


402

Folia Morphol., 2021, Vol. 80, No. 2

in a dose-dependent manner, Naunyn Schmiedebergs. 
Arch Pharmacol, 389(3), pp. 2016; 389(3): 269–278, 
doi: 10.1007/s00210-015-1202-6, indexed in Pubmed: 
26713331.

16. Festing MF, Altman DG. Guidelines for the design and sta-
tistical analysis of experiments using laboratory animals. 
ILAR J, 43(4), pp. 2002; 43(4): 244–258, doi: 10.1093/
ilar.43.4.244, indexed in Pubmed: 12391400.

17. François M, Takagi K, Legrand R, et al. Increased ghrelin 
but low ghrelin-reactive immunoglobulins in a rat model 
of methotrexate chemotherapy-induced anorexia. Front 
Nutr. 2016; 3: 23, doi: 10.3389/fnut.2016.00023, indexed 
in Pubmed: 27508207.

18. Fukunaga K, Kohli P, Bonnans C, et al. Cyclooxygenase 2 
plays a pivotal role in the resolution of acute lung injury. 
J Immunol. 2005; 174(8): 5033–5039, doi: 10.4049/
jimmunol.174.8.5033, indexed in Pubmed: 15814734.

19. Huang C, Hsu P, Hung Y, et al. Ornithine decarboxylase 
prevents methotrexate-induced apoptosis by reducing in-
tracellular reactive oxygen species production. Apoptosis, 
2005; 10(4): 895–907, doi: 10.1007/s10495-005-2947-z, 
indexed in Pubmed: 16133879.

20. Karve AV, Jagtiani S, Chitnis KSA. Evaluation of effect of 
allopurinol and febuxostat in behavioral model of depres-
sion in mice. Indian J Pharmacol. 2013; 45(3): 244–247, 
doi: 10.4103/0253-7613.111922, indexed in Pubmed: 
23833366.

21. Kurt A, Tumkaya L, Turut H, et al. Protective effects of 
infliximab on lung injury induced by methotrexate. Arch 
Bronconeumol. 2015; 51(11): 551–557, doi: 10.1016/j.
arbr.2015.05.012.

22. Leblond J, Le Pessot F, Hubert-Buron A, et al. Chemo-
therapy-induced mucositis is associated with changes in 
proteolytic pathways. Exp Biol Med (Maywood). 2008; 
233(2): 219–228, doi: 10.3181/0702-RM-49, indexed in 
Pubmed: 18222977.

23. Misra H, Fridovich I. The role of superoxide anion in the 
autoxidation of epinephrine and a simple assay for super-
oxide dismutase. J Biol Chem. 1972; 247(10): 3170–3175, 
doi: 10.1016/s0021-9258(19)45228-9.

24. Mohamed DI, Khairy E, Tawfek SS, et al. Coenzyme Q10 
attenuates lung and liver fibrosis via modulation of auto-
phagy in methotrexate treated rat. Biomed Pharmacother. 
2019; 109: 892–901, doi: 10.1016/j.biopha.2018.10.133, 
indexed in Pubmed: 30551543.

25. Nair MP, Mahajan S, Reynolds JL, et al. The flavonoid 
quercetin inhibits proinflammatory cytokine (tumor ne-
crosis factor alpha) gene expression in normal peripheral 
blood mononuclear cells via modulation of the NF-kappa 
beta system. Clin Vaccine Immunol. 2006; 13(3): 319–328, 
doi: 10.1128/CVI.13.3.319-328.2006, indexed in Pubmed: 
16522772.

26. Ohbayashi M, Kubota S, Kawase A, et al. Involvement of 
epithelial-mesenchymal transition in methotrexate-in-
duced pulmonary fibrosis. J Toxicol Sci. 2014; 39(2): 

319–330, doi: 10.2131/jts.39.319, indexed in Pubmed: 
24646714.

27. Pacher P, Nivorozhkin A, Szabó C. Therapeutic effects of 
xanthine oxidase inhibitors: renaissance half a century 
after the discovery of allopurinol. Pharmacol Rev. 2006; 
58(1): 87–114, doi: 10.1124/pr.58.1.6, indexed in Pubmed: 
16507884.

28. Pui CH, Pei D, Pappo AS, et al. Treatment outcomes in black 
and white children with cancer: results from the SEER 
database and St Jude Children’s Research Hospital, 1992 
through 2007. J Clin Oncol. 2012; 30(16): 2005–2012, doi: 
10.1200/JCO.2011.40.8617, indexed in Pubmed: 22547602.

29. Rahman I, Kode A, Biswas SK. Assay for quantitative 
determination of glutathione and glutathione disulfide 
levels using enzymatic recycling method. Nat Protoc. 2006; 
1(6): 3159–3165, doi: 10.1038/nprot.2006.378, indexed 
in Pubmed: 17406579.

30. Ramos-Vara JA, Kiupel M, Baszler T. Suggested guide-
lines for immunohistochemical techniques in veterinary 
diagnostic laboratories. J Vet Diagn Invest. 2008; 20(4): 
393–413, doi: 10.1177/104063870802000401, indexed 
in Pubmed: 18599844.

31. Robinson PC, Dalbeth N. Febuxostat for the treatment of 
hyperuricaemia in gout. Expert Opin Pharmacother. 2018; 
19(11): 1289–1299.

32. Sakthiswary R, Suresh E. Methotrexate in systemic lupus 
erythematosus: a systematic review of its efficacy. Lupus. 
2014; 23(3): 225–235, doi: 10.1177/0961203313519159, 
indexed in Pubmed: 24399812.

33. Sathi N, Chikura B, Kaushik VV, et al. How common is 
methotrexate pneumonitis? A large prospective study 
investigates. Clin Rheumatol. 2012; 31(1): 79–83, doi: 
10.1007/s10067-011-1758-6, indexed in Pubmed: 
21638023.

34. Sivalingam VN, Duncan WC, Kirk E, et al. Diagnosis and 
management of ectopic pregnancy. J Fam Plann Reprod 
Health Care. 2011; 37(4): 231–240, doi: 10.1136/jf-
prhc-2011-0073, indexed in Pubmed: 21727242.

35. Suvarna SK, Layton C, Bancroft JD. Bancroft’s theory and 
practice of histological techniques. Eighth edition. Oxford, 
Elsevier 2019.

36. Tsuda H, Kawada N, Kaimori Jy, et al. Febuxostat sup-
pressed renal ischemia-reperfusion injury via reduced 
oxidative stress. Biochem Biophys Res Commun. 2012; 
427(2): 266–272, doi: 10.1016/j.bbrc.2012.09.032, in-
dexed in Pubmed: 22995295.

37. Walf AA, Frye CA. The use of the elevated plus maze as an 
assay of anxiety-related behavior in rodents. Nat Protoc. 
2007; 2(2): 322–328, doi: 10.1038/nprot.2007.44, indexed 
in Pubmed: 17406592.

38. Zhu H, Deng FY, Mo XB, et al. Pharmacogenetics and phar-
macogenomics for rheumatoid arthritis responsiveness to 
methotrexate treatment: the 2013 update. Pharmacog-
enomics. 2014; 15(4): 551–566, doi: 10.2217/pgs.14.25, 
indexed in Pubmed: 24624921.

http://dx.doi.org/10.1007/s00210-015-1202-6
https://www.ncbi.nlm.nih.gov/pubmed/26713331
http://dx.doi.org/10.1093/ilar.43.4.244
http://dx.doi.org/10.1093/ilar.43.4.244
https://www.ncbi.nlm.nih.gov/pubmed/12391400
http://dx.doi.org/10.3389/fnut.2016.00023
https://www.ncbi.nlm.nih.gov/pubmed/27508207
http://dx.doi.org/10.4049/jimmunol.174.8.5033
http://dx.doi.org/10.4049/jimmunol.174.8.5033
https://www.ncbi.nlm.nih.gov/pubmed/15814734
http://dx.doi.org/10.1007/s10495-005-2947-z
https://www.ncbi.nlm.nih.gov/pubmed/16133879
http://dx.doi.org/10.4103/0253-7613.111922
https://www.ncbi.nlm.nih.gov/pubmed/23833366
http://dx.doi.org/10.1016/j.arbr.2015.05.012
http://dx.doi.org/10.1016/j.arbr.2015.05.012
http://dx.doi.org/10.3181/0702-RM-49
https://www.ncbi.nlm.nih.gov/pubmed/18222977
http://dx.doi.org/10.1016/s0021-9258(19)45228-9
http://dx.doi.org/10.1016/j.biopha.2018.10.133
https://www.ncbi.nlm.nih.gov/pubmed/30551543
http://dx.doi.org/10.1128/CVI.13.3.319-328.2006
https://www.ncbi.nlm.nih.gov/pubmed/16522772
http://dx.doi.org/10.2131/jts.39.319
https://www.ncbi.nlm.nih.gov/pubmed/24646714
http://dx.doi.org/10.1124/pr.58.1.6
https://www.ncbi.nlm.nih.gov/pubmed/16507884
http://dx.doi.org/10.1200/JCO.2011.40.8617
https://www.ncbi.nlm.nih.gov/pubmed/22547602
http://dx.doi.org/10.1038/nprot.2006.378
https://www.ncbi.nlm.nih.gov/pubmed/17406579
http://dx.doi.org/10.1177/104063870802000401
https://www.ncbi.nlm.nih.gov/pubmed/18599844
http://dx.doi.org/10.1177/0961203313519159
https://www.ncbi.nlm.nih.gov/pubmed/24399812
http://dx.doi.org/10.1007/s10067-011-1758-6
https://www.ncbi.nlm.nih.gov/pubmed/21638023
http://dx.doi.org/10.1136/jfprhc-2011-0073
http://dx.doi.org/10.1136/jfprhc-2011-0073
https://www.ncbi.nlm.nih.gov/pubmed/21727242
http://dx.doi.org/10.1016/j.bbrc.2012.09.032
https://www.ncbi.nlm.nih.gov/pubmed/22995295
http://dx.doi.org/10.1038/nprot.2007.44
https://www.ncbi.nlm.nih.gov/pubmed/17406592
http://dx.doi.org/10.2217/pgs.14.25
https://www.ncbi.nlm.nih.gov/pubmed/24624921


Folia Morphol. 
Vol. 80, No. 2, pp. 403–409

DOI: 10.5603/FM.a2020.0074
Copyright © 2021 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

403

Address for correspondence: M.P. Bondioni, MD, Department of Medical and Surgical Specialties, Radiological Sciences and Public Health,  
University of Brescia, Piazzale Spedali Civili Brescia, 25123 Brescia, Italy, tel: 0039 0303996291, fax: 0039 0303996034,  
e-mail: mariapiabondioni@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to down-
load articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Normal and five-fingered hand: comparative 
X-ray morphometry in the post-natal age
M.P. Bondioni1 , L. Casati2 , A.G. Salvi3, A. Minini3, E. Zini1, U.E. Pazzaglia3

1Department of Radiology, Department of Medical and Surgical Specialties, Radiological Sciences and Public Health, 
University of Brescia, Italy 
2Department of Medical Biotechnology and Translational Medicine, University of Milano, Italy 
3Orthopaedic Clinic, Department of Medical and Surgical Specialties, Radiological Sciences and Public Health,  
University of Brescia, Italy

[Received: 18 June 2020; Accepted: 1 July 2020]

Background: Five-fingered hand (5-FH) with completely developed phalanges 
is a rare phenotype observed so far only in humans and characterised by three 
phalanges of the 1st ray. A long-lasting, debated question is if the missing element 
of the normal hand 1st ray is the metacarpal or the phalanx. In this study, compar-
ative X-rays morphometry of long bones in normal and 5-FH is carried out with 
the aim to face this question through homology analysis of long bone segments 
in the transverse and longitudinal line of normal hand and 5-FH.
Materials and methods: In the normal hand X-rays (n =20) and in a 5-FH X-rays 
series (n = 9) the relative length of each segment on the ray total length and the 
index of growth rate (IGR) were assessed. The calculation of the first parameter 
in normal hand bi-phalangeal thumb was carried out on the 3rd ray total length 
in the same hand.
Results: The parameters of relative length and the proximal/distal growth rate 
asymmetry in the post-natal period (assessed through the IGR) confirmed in 5-FH 
the homology of all the five segment on the transverse line. In the normal control 
hand, the relative length assessment methodology was biased by the missing 
segment of the thumb, therefore, the reference to the 3rd ray total length in 
the same hand (instead of the 1st), allowed the homology analysis of the thumb 
metacarpal and 1st phalanx with the lateral segments (2nd–5th ray) of the same 
hand. The 5-FH analysis was used to choose the more appropriate reference ray 
for the normal hand group.
Conclusions: The comparative analysis of relative lengths and IGRs in the two 
groups suggested homology of the (anatomical) 1st metacarpal with the 2nd–5th 
proximal phalanges in the same hand and that of the (anatomical) 1st proximal 
phalanx with the 2nd–5th mid phalanges. These data suggest that the missing 
segment of the normal hand thumb is the metacarpal. (Folia Morphol 2021; 80, 
2: 403–409)

Key words: five-fingered hand, triphalangeal thumb, hand post-natal 
ossification pattern, hand segments morphometry homology
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INTRODUCTION
In the foetal period and after the formation of the 

primary ossification centres, it is possible to document 
that the length increment of the long bone cartilage 
anlagen in the hand occurs with a symmetric proximal 
and distal growth of the meta-epiphyses [12, 13]. This 
process is controlled by the chondrocyte proliferation 
rate and orientation in the transition zones between 
the primary ossification centre of the diaphysis and 
the epiphyses [12]. In a more advanced develop-
mental stage (late foetal and post-natal period),  
a distinct ossification centre is formed transforming 
the interposed cartilage layer between the ossified 
diaphysis and the epiphyseal ossification centre into 
the metaphyseal growth plate cartilage. This provides 
the longitudinal growth until the skeletal maturity 
is reached. The opposite epiphyseal end undergoes  
a different type of ossification indicated with the term 
of “pseudo-epiphysis” [5]. Therefore the pattern of 
longitudinal growth changes becoming asymmet-
ric, with a higher distal growth rate in the 2nd–5th 
metacarpals and an inverted proximal growth in the  
1st metacarpal and in all the phalanges.

Five-fingered hand (5-FH) with completely devel-
oped phalanges (excluding delta or severely underde-
veloped phalanges) is a rare phenotype. To the best 
of our knowledge, it has been observed only in the 
human species. X-ray morphometry of this phenotype 
has been used to compare length, shape and index of 
growth rate (IGR) of each ray bone element without 
the bias of the missing segment of the thumb. The 
result of this study are considered in the context of the 
long lasting question if the missing 1st ray segment of 
the normal, human hands a metacarpal or a phalanx 
[10, 15]. No morphometric analysis of this type has 

been so far carried out on 5-FH phenotype because 
its uncommon occurrence prevented the collection 
of a sufficient number of X-rays for the analysis. The 
aim of this paper is to document through published 
X-ray images of 5-FH reported cases [6, 14, 20–22] 
the length homology of the hand segments in the 
transverse line, the length proportions along the ray 
longitudinal line, and the pattern of growth which 
determine the overall shape of each segment class. 
These data were compared with the normal hand 
population. In this context, the 5-FH phenotype de-
serves a remarkable interest because it can be related 
to the evolution of the opposable thumb in hominids 
and some anthropoid species.

MATERIALS AND METHODS
The search of published articles on the topic was 

carried out on PubMed data base using the terms 
“triphalangeal thumb” or “five-fingered hands”. 
Five papers provided X-ray of image quality, which 
should allow reliable measurements: in all 9 hands 
in 8 reported cases were analysed (Table 1). The low 
number of studied cases was due to the rarity of 
this mutation (basically a normal hand with three 
phalanges associated to a variable limitation of the 
opposition). A further limit was represented by the 
quality of the printed X-ray images, which required 
a further selection for a reliable morphometry. The 
selected X-ray images were digitalized in JPEG for-
mat with a scanner (when no PDF was available). 
Elaboration with Adobe Photoshop was carried out 
using only the brightness/contrast or the “relief” 
function of the program. Twenty normal hand X-rays 
of children between 8 and 15 years old was selected 
from the Paediatric Radiology archives (ASST Spedali 

Table 1. Selected case reports of five-fingered hand and data available from the articles (columns 1st–3rd), total number of subjects 
(column 4th), total number of scanned hand X-rays where measurements and calculation of relative length and growth rate index  
assessment were carried out (column 5th)

Selected case reports Subject age Parentage Number of cases Number of analysed X-rays

Heiss (1957) Adult Mother 1 1

New-born Son 1 0

Qazi and Kassner (1988) Adult 1 2

Child 1 1

Zuidam et al. (2006) Adult 1 1

Zuidam et al. (2010) Adult 1 1

Zguricas et al. (1997) Adult 1 2

Adult 1 1

Total 8 9
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Civili di Brescia). The radiographic survey had been 
carried out for trauma of wrist/finger because of  
a dubious fracture, which was not confirmed by 
X-rays; otherwise, for assessment of the skeletal 
age. X-rays were taken in anterior-posterior hand 
projection at the standard distance of 50 cm from 
the radiogenic tube. The research was approved by 
University of Brescia DSMC Council.

Length analysis

The length assessment of each hand segment 
(metacarpals and phalanges) was carried out on 
digitalised images measuring the distance from the 
proximal to the distal end along the longitudinal mid 
axis with the programme “Cell” (Soft Imaging System 
GmbH, Munster, Germany). The epiphyseal ossifica-
tion centres were included in the measurement: most 
of the selected X-rays were of adolescents or young 
adults, therefore with the full developed series of 
epiphyseal nuclei. The total ray length was calculated 
as the sum of the metacarpal and of the same ray 
phalanges. The relative length of each segment in the 
same 5-FH was calculated on the total length of its 
own ray. In the normal hand population, the relative 
length of the thumb segments was calculated on the 
3rd ray total length in the same hand, those of the oth-
er fingers on the total length of the corresponding ray.

Longitudinal fingers’ growth rate index (IGR)

In metacarpals’ and phalanges’ X-rays, the nar-
rower circumpherence of the diaphysis (deduced 
from the narrower A-P diameter in 2D view) did not 
correspond to mid-point of the segment length. In 
the early foetal period, the primary ossification centre 
develops at the mid-point of the cartilage anlage and 
only later in the ensuing developmental stage become 
manifest the different longitudinal growth rate of 
the bone proximal and distal end. This specific char-
acter of long bone anlagen development was used 
to assess the longitudinal growth index of each hand 
segment: the narrower, transverse diameter of the 
diaphysis was traced on the digitalised X-ray image 
and the distance between this line and the proximal 
and distal ends was measured. When the definition of 
the narrower transverse diameter was uncertain, the 
proximal and distal boundaries of the narrow, central 
segment were traced: the mid-point of the central 
segment was assumed as the level of the narrower 
diameter (Fig. 1). The ratio between the distance 
of the mid-point and the proximal/distal ends (IGR) 

expressed the differential growth after cessation of 
the bidirectional growth pattern which characterises 
the growth phase of the post-natal age.

statistical analysis

Repeated measurements of 20 normal hand X-ray 
images and of 9 5-FH X-rays were obtained inde-
pendently by two investigators (A.G.S. and A.M.). 
Each data set was measured twice at interval of  
1 month in two series of paired measurements. The dif-
ference of each paired measurements (intra-observer 
and inter-observer) was plotted against difference in 
individual segments and total ray length. By analysing 
the differences between the paired measurements, 
the variation in the differences for both the two series  
of measurements was wider in the inter-observed 
paired data set than in the corresponding intra-ob-
server set; however, with a degree of agreement 
above 95% of confidence interval for both [11]. The 
finger segments relative length and the IGR was ex-
pressed as mean ± standard error of mean (SEM). 

Figure 1. Method for the index of growth rate (IGR) measurement 
in long bones of post-natal hand X-rays. The narrower, transverse 
diameter of the diaphysis was traced in on the digitalised X-ray 
image and its distance from the distal and proximal end epiphyseal 
ends measured: AB/AC = IGR. When the definition of the narrower 
diameter was uncertain, the proximal and distal boundaries of the 
narrower central segment were traced: the mid-point of the latter 
was assumed as the narrower diameter (examples of measure-
ment in metacarpal, mid and distal phalanx).
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Statistical analysis was performed with a statistical 
package (Graph Pad prism 5, Graph Pad Software, San 
Diego, CA, USA). Non parametric data were analysed 
by a Kruskall-Wallis test followed by Dunn’s test or 
Mann-Withney test when appropriate.

RESULTS
The genetic transmission of 5-FH phenotype has 

been documented by the study of gene mutations in 
several cases with a large genealogical tree [1, 3, 7, 
18, 19]; one of these hands X-ray image entered into 
the criteria of this study and could be analysed with 
morphometry. A further case reported by Heiss [6]  
documented bilateral 5-FH either in the mother (Fig. 2)  
and her new-born, confirming the genetic trans-
mission. The relative length measurements of the  
5-FH segments showed along each ray longitudinal 
axis same progression with MC > Php > Phm > Phd 
(metacarpal; proximal phalanx; mid phalanx; distal 
phalanx). The comparison between the corresponding 
segment relative lengths in the transverse line (from 
ray 1 to ray 5) was variable, but with no-significant 

differences (Table 2, relative length). The IGR variance 
was wider among the distal phalanges, not significant 
among mid/proximal phalanges and metacarpals. 
The index of all metacarpals was > 1 in contrast with 
that of all the phalanges which resulted < 1 (Table 2,  
IGR). Comparing 5-FH and normal hand segments, 
the 2nd–5th ray showed no significant difference of 
relative length and IGR between corresponding seg-
ments (Table 3, relative length). The normal hand 
thumb ray (with the missing segment) was obviously 
much shorter than the 5-FH 1st ray. Correction of the 
“missing element bias” of the normal hand 1st ray 
segments with calculation of the relative length on 
the 3rd of the same hand (instead of the 1st), homology 
resulted between the normal hand thumb metacarpal 
(anatomical) and the lateral proximal phalanges as 
well as between the thumb proximal phalanx (an-
atomical) and the lateral mid-phalanges (Table 3, 
relative length).

The IGR of normal hand 2nd–5th metacarpals was 
> 1, that of the 1st < 1, such as all the phalanges 
(Table 3, IGR). Both relative length and IGR of the 
thumb parameters were significantly different in the 
normal hand and in 5-FH series. In the latter (n = 9), 
three cases were reported as not-opposable thumb, 
in the remaining 6 hands this character was not 
reported. In the Heiss [6] case report the hands of 
the mother showed a synostosis of the right hand 
trapezius-metacarpal joint; however, also the flat and 
enlarged joint between the trapezius and the 1st–2nd 
left hand proximal metacarpals (Fig. 3) indicated  
a not-opposable thumb.

DISCUSSION
The concept of homology and its application in 

developmental biology is a cornerstone in the study 
of organismic diversity and evolution [16]. The issue 
of the limb bone segment development in the ver-
tebrates offers an ideal field for the application of 
X-ray morphometry, in particular for what concerns 
the most distal limb sector, (the autopod) and the 
evolution of primates and the hominin family.

The measurement of the hand segment relative 
lengths on the total ray length was an unavoidable 
methodology to apply morphometry to published 
X-ray images of 5-FH because of the rare observa-
tion of this human phenotype and the consequent 
difficulty to collect the original documentation of 
old cases. Moreover, the morphometric comparison 
with the normal-hand population was complicated 

Figure 2. Five-fingered hand of the right and left hand of the 
mother (A) and of her new-born (B) reported by Heiss (1957) (re-
produced from Zeitschrift fur Anatomieund Entwicklungsgeschichte 
with permission of Springer Nature; license n. 4334811065195).

A

B
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Table 2. Morphometric analysis of the hand segment relative lengths in the five-fingered hand (5-FH) series (n = 9 hands). The seg-
ment mean relative lengths along the ray longitudinal axis decreased from the metacarpal to the distal phalanx (MC): proximal pha-
lanx (Php), mid phalanx (Phm), distal phalanx (Phd). Only statistical comparison of the mean relative lengths between corresponding 
segments in the transverse line was carried out and resulting not significant. Analysis of the hand segments’ index of growth rate 
(IGR) in the 5-FH series (n = 9 hands). All metacarpals (1th–5th) have IGR > 1, all phalanges IGR  < 1. This observation is relevant in 
the comparison with the normal human hand, whose thumb metacarpal (anatomical) has always IGR < 1, like that of all the phalan-
ges. It corresponds to the asymmetrical growth pattern of the human autopod segments, which is characterised by the development 
of a unique, epiphyseal ossification centre (see text). No other index inversions in the transversal line

MC P Php P Phm P Phd P

Relative length

R1 0.42 ± 0.05 NS 0.32 ± 0.05 NS 0.14 ± 0.02 NS 0.12 ± 0.01 NS

R2 0.49 ± 0.04 0.27 ± 0.02 0.17 ± 0.01 0.07 ± 0.02

R3 0.44 ± 0.01 0.28 ± 0.02 0.18 ± 0.01 0.10 ± 0.02

R4 0.42 ± 0.02 0.30 ± 0.02 0.18 ± 0.02 0.11 ± 0.03

R5 0.46 ± 0.02 0.29 ± 0.01 0.17 ± 0.01 0.15 ± 0.03

IGR 

R1 0.92 ± 0.06 0.84 ± 0.05 0.63 ± 0.03 0.33 ± 0.04

R2 1.28 ± 0.10 0.82 ± 0.06 0.61 ± 0.04 0.32 ± 0.07 

R3 1.31 ± 0.08 0.83 ± 0.05 0.62 ± 0.06 0.32 ± 0.07

R4 1.32 ± 0.08 0.78 ± 0.08 0.61 ± 0.04 0.31 ± 0.05

R5 1.35 ± 0.08 0.82 ± 0.05 0.62 ± 0.05 0.32 ± 0.05

Data are show as mean ± standard deviation; NS — not significant

Table 3. Relative length comparison in five-fingered hand (5-FH) (TPT; n = 9) and normal hand series (NH; n = 20). The relative 
length of the 1st ray segments normal hands was calculated on the total length of the 3rd ray in the same hand. Comparison of index 
of growth rate (IGR) in normal hand and in 5-FH series. In the first series the thumb metacarpal is < 1, the 2nd–5th > 1, in the second 
all metatarsals IGR is > 1. All phalanges have IGR < 1 with an index gradient corresponding to metacarpal (MC) ≈ proximal phalanx 
(Php) ≈ middle phalanx (Phm) ≈ distal phalanx (Phd)

R1 R2 R3 R4 R5

TPT NH P TPT NH P TPT NH P TPT NH P TPT NH P

Relative length

MC 0.42 ± 
0.05

0.28 ± 
0.1 

NS 0.49 ± 
0.04

0.48 ± 
0.05

NS 0.44 ± 
0.01

0.43 ± 
0.01

NS 0.42 ± 
0.02

0.4 ± 
0.01

NS 0.46 ± 
0.02

0.44 ± 
0.02

NS

Php 0.32 ± 
0.05

0.19 
± 0

*** 0.27 ± 
0.02

0.25 ± 
0.08

NS 0.28 ± 
0.02

0.29 ± 
0.01

NS 0.3 ± 
0.02

0.29 ± 
0.01

NS 0.29 ± 
0.01

0.27 ± 
0.01

NS

Phm 0.14 ± 
0.02

0.17 ± 
0.01

0.16 ± 
0.02

NS 0.18 ± 
0.01

0.18 ± 
0.01

NS 0.18 ± 
0.02

0.18 ± 
0.01

NS 0.17 ± 
0.01

0.15 ± 
0.01

NS

Phd 0.12 ± 
0.01

0.14 
± 0

0.07 ± 
0.02

0.11 ± 
0.02

* 0.1 ± 
0.02

0.11 ± 
0.01

NS 0.11 ± 
0.03

0.13 ± 
0.01

NS 0.15 ± 
0.03

0.14 ± 
0.01

NS

IGR 

MC 0.92 ± 
0.06

0.91 ± 
0.1

NS 1.28 ± 
0.1

1.18 ± 
0.06

** 1.31 ± 
0.08

1.11 ± 
0.07

** 1.32 ± 
0.08

1.15 ± 
0.12

NS 1.35 ± 
0.08

0.99 ± 
0.04 

***

Php 0.84 ± 
0.05

0.87 ± 
0.1

NS 0.82 ± 
0.06

0.87 ± 
0.06

NS 0.83 ± 
0.05

0.85 ± 
0.11

NS 0.78 ± 
0.08

0.83 ± 
0.1

NS 0.82 ± 
0.05

0.87 ± 
0.07

NS

Phm 0.63 ± 
0.03

0.61 ± 
0.04

0.86 ± 
0.09

*** 0.62 ± 
0.06

0.83 ± 
0.11

** 0.61 ± 
0.04

0.92 ± 
0.15

*** 0.62 ± 
0.05

0.84 ± 
0.1

***

Phd 0.33 ± 
0.04

0.84 ± 
0.2

*** 0.32 ± 
0.07

0.35 ± 
0.1

NS 0.32 ± 
0.07

0.74 ± 
0.19

*** 0.31 ± 
0.05

0.4 ± 
0.06

** 0.32 ± 
0.05

0.32 ± 
0.13

NS

Data are show as mean ± standard deviation; NS — not significant; *p < 0.05; **p < 0.01; ***p < 0.001
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by the “thumb missing segment bias” of the latter 
population which reduced the total length of the  
1st ray (thus increasing the relative lengths of the ray 
segments). Therefore, a correction factor was intro-
duced in the normal-hands population calculating 
the relative length of the thumb segments on the  
3rd ray of the same hand total length. The choice of the 
3rd ray was based on the observation that in the 5-FH 
series the 3rd ray total length gave the best approxima-
tion to that of the thumb without a missing element.

Shape and topology were the currently used crite-
ria to recognise the individuality of the hand segments 
as the metacarpals and respectively the proximal, mid 
and distal phalanges. The morphometric analysis of 
5-FH confirmed with the parameters of relative length 
and IGR the homology of the segments at the same 
level in the transverse line of metacarpals and pha-
langes. In the human hand evolution, the loss of one 
segment of the 1st ray and the acquired ability of the 
thumb opposition has raised a long lasting discussion 
on the thumb segments homology with that of the 
lateral four metacarpals and phalanges [4, 15]. 

The unanswered question in this discussion was if 
the proximal segment of the thumb should be con-
sidered as a true metapodial or a phalanx and if the 
missing segment was the metacarpal or alternatively 
the proximal or the mid phalanx.

The 5-FH phenotype has been considered the re-
sult of a repeated, occasional gene mutation in the 

chromosomal region 7q36 [2, 7] and it was suggested 
that it could be an ancestral phenotype in the evo-
lution of anthropoids and hominids [8, 9, 11, 17]. 
However, to the best of our knowledge no observa-
tions of this autopod pattern have been reported in 
palaeontology or in the phylogenesis of vertebrates. 
These considerations were used to support the theory 
that the proximal thumb segment in the modern hu-
mans was a modified metapodial [4], but it does not 
give an explanation of the thumb missing segment 
(accordingly to this theory the proximal or the mid 
phalanx).

The comparative relative length analysis between 
the 1st ray segments of normal-hand and that of 
the 5-FH series suggested homology between met-
acarpal ≠ proximal-phalanx and proximal-phalanx  
≠ mid-phalanx.

In this context, the IGR (which can be easily deter-
mined in the human hands post-natal X-rays) offered 
further insights in this discussion. The development 
of the human autopod was characterised by two 
different growth patterns. The first with a symmetric 
proximal and distal length growth of the cartilage 
anlage and the formation of the primary ossifica-
tion centre in the embryonic and early foetal phase.  
The second with the appearance of the epiphyseal 
ossification centre in the late foetal and post-natal 
age [12, 13]. The narrower mid-transverse section of 
the primary ossification centre corresponded to the 
mid-point of the cartilage anlage characterised by 
the symmetric length growth of both ends during the 
whole foetal phase and until the epiphyseal centres 
development. Therefore, the post-natal X-rays of both 
5-FH and normal hands after the formation of the 
single epiphyseal centre (and of the related growth 
plate cartilage) can be used to measure the distal and 
proximal segmental growth. It is worth to underscore 
that this parameter is independent from the relative 
length measurement.

Since IGR > 1 in 5-FH was the typical pattern of 
metacarpals, opposed to IGR < 1 of all the phalanges, 
the observation of the ratio < 1 in the normal-hand 
series 1st ray proximal segment (a metacarpal ac-
cordingly to the current anatomical nomenclature), 
further reinforced the homology suggested by the 
thumb relative length measurement, that is a corre-
spondence metacarpal ≈ proximal phalanx and prox-
imal phalanx ≈ mid phalanx.

This study presents some limitations, as frequent-
ly observed in comparative meta-analysis. First of 

Figure 3. Detail of Figure 2, elaborated with the “relief” function 
to enhance the relationship between trapezius-1st and 2nd proximal 
metacarpals: synostosis trapezius-1st metacarpal in the right hand 
and a flat/enlarged trapezius joint surface with the 1st and 2nd me-
tacarpals in the left hand. Both correspond to a not-opposable 
thumb.
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all, and since the topic refers to a rather infrequent 
condition, some papers included in this analysis are 
not very recent and thus include older elaboration 
techniques for X-ray images which may influence the 
included data. Secondly, we opted for the measure-
ment of the 3rd ray together with a correction factor 
in order to achieve the most accurate approximation 
measurement.

CONCLUSIONS
The comparative analysis of relative lengths and 

IGRs in the two groups suggested homology of the 
(anatomical) thumb metacarpal with the 2nd–5th ray 
proximal phalanges in the same hand and that of 
the (anatomical) thumb proximal phalanx with the 
2nd–5th ray mid-phalanges. These data suggest that in 
the human hand the missing segment of the thumb 
is the metacarpal.
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Background: The sesamoid bones are small, usually oval bone structures often 
found in joints and under the tendons. Although their precise function is not fully 
understood, it is agreed upon that they protect the joints and make movements 
faster and less energy consuming. Sesamoid bones are found in hands, especially 
around first, second and fifth metacarpophalangeal joint and the interphalangeal 
joint of the thumb. 
Materials and methods: This study compares a group of 32 young musicians 
to 30 non-musicians of similar age and posture. The hands of the subjects were 
examined by ultrasound imaging for the presence of sesamoid bones. The results 
were noted and observed sesamoids were measured.
Results: The results seem to prove that although there are no difference in the 
amount or the location of the sesamoid bones between the musicians and the 
non-musicians, there is statistically significant tendency for the musicians to have big-
ger sum of the sesamoid’s volume per hand (Fisher’s test p-value = 0.034 < 0.05). 
Conclusions: There was also observed an unusually shaped “Bactrian” sesamoid 
bone at the interphalangeal joint of the thumb in 8 cases in the musicians’ group 
and 1 case in the control group. All participants with the aforementioned structure 
were female. (Folia Morphol 2021; 80, 2: 410–414)

Key words: sesamoid, wrist, hand, musician, morphology, adaptation

INTRODUCTION
First known descriptions of the Sesamoid bones 

come from Galen’s works on Old World monkeys, 
most likely macaques, in the late second centu-
ry. More reliable account comes from Versalis’ De 
Humani Corporis Fabrica Libri Septem of 1542. Both 
authors, however, describe the Sesamoid bones as 
small, oval, bony structures forming in close vicinity 
of joints — either within the joint capsule walls or 
under or within tendons of nearby muscles, most 
noticeably on palmar side of a hand and plantar side 

of a foot. Their name comes from resemblance in size 
and shape to sesamoid seeds, although they are also 
being compared to halves of peas or grains of rice 
[2, 9, 12, 22, 23, 25].

The prevalence of Sesamoid bones seems to vary 
greatly depending on ethnicity, it is safe to say, how-
ever, that in over 99% of cases there are two bones 
present in the first metacarpophalangeal joint, vast 
majority of population possesses Sesamoid bones 
in the fifth metacarpophalangeal joint and first in-
terphalangeal joint and approximately 50% of peo-

http://www.frontiersin.org/people/u/511702
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ple have a sesamoid bone in the second metacar-
pophalangeal joint. They can also occur in other joints 
of the hand and fingers, but that remains very rare 
[1, 2, 9, 10, 12, 13, 17, 19, 25].

The precise function of Sesamoid bones remains  
a subject of discussions. It is generally agreed that 
they play part in protecting the joint, reducing pres-
sure and friction of the tendon and modifying the 
vector of the muscular pull [1, 5, 8, 9, 12, 18, 25].

MATERIALS AND METHODS
The study was performed on the group of 62 

healthy adults: a study group of 32 students of key-
board instruments and a control group of 30 students 
without any extended musical training. 

The study group included 16 females and 16 ma-
les between the ages of 18 and 38, with a mean 
age of 23.7 years, mean height of 172.8 cm and 
mean weight of 67.3 kg. Five of them were noted 
as left-handed. All of the participants were healthy 
and had no history of serious trauma or surgical pro-
cedures in the area of the hand. All the participants 
underwent multiple years of instrumental training.

The control group included 17 females and 13 ma- 
les between the ages of 20 and 33, with a mean age 
of 22.8 years, mean height of 174.3 cm and mean 
weight of 69.2 kg. Four of them noted as left-handed. 
All of the participants were healthy and had no history 
of serious trauma or surgical procedures in the area 
of the hand. None of the participants underwent any 
form of prolonged, systematic musical education. 

All of the examined signed the form of informed 
consent. All participants were interviewed and had the 
anthropological measurements of their upper extrem-
ities taken. Afterwards all of the participants’ hands 
were examined by an ultrasound imaging (LOGIQ F8 
GE with L6–12, 6–13 MHz probe) for presence of the 
sesamoid bones. Found bones were described regard-
ing their amount, location and three-dimensional 
measurements (anterior-posterior, radial-ulnar and 
proximal-distal in relation to anatomical position). 
To facilitate comparison, the formula of the volume 
of the sesamoid bones was rounded to the product 
of the measurements. All the measurements and 
calculations were performed by the same team. All 
the findings were examined with the use of Fisher’s 
exact test and t-Student’s test.

The examination was completely non-invasive and 
the research does have the approval of the Ethics 
Committee. 

RESULTS
The amount of sesamoid bones found in one hand 

varied from 2 to 6 with no significant differences be-
tween sides and groups (Fisher’s test p-value for con-
trol group sides, study group sides, left hands of both 
groups and right hands of both groups, respectively: 
0.654, 0.683, 0.398, and 0.926) with 26 out of 32 mu-
sicians showing symmetry in the pattern, and 23 out 
of 30 non-musicians showing symmetry in the pattern. 
There was also no noticeable difference between the 
groups in the location of the sesamoid bones.

The mean of the sum of the sesamoid bones’ 
volume in one hand for musicians was 83.2351 mm3 
(78.3774 mm3 for the left hand and 88.0928 mm3  
for the right hand) and for non-musicians was 
74.8420 mm3 (73.5829 mm3 for the left hand and 
76.1010 mm3 for the right hand). Fisher’s test p-value 
for the mean volumes from both hands was: p-value 
= 0.033618274 (p-value = 0.168077962 for only 
left hands and p-value = 0.024897613 for only right 
hands) which does reach the threshold of statistical 
significance (α = 0.05).

In case of 27 musicians it was possible to acquire 
information regarding the length of their musical 
education and the starting age. The mean age of the 
beginning of the musical education was 7.7 years 
and the mean length of education to the point of 
examination was 15.4 years. Both of those variables, 
when tested against mean sum of the volumes of the 
sesamoids in one hand with paired t-Student’s test 
has returned p-value < 0.0001 which would suggest 
a strong correlation.

Sexual dimorphism proved to be statistically 
significant (p-value < 0.05) in musicians (Fisher’s 
test p-value for mean, left hands and right hands 
respectively 0.003094, 0.025887, and 0.001637), 
with males having greater volume sum of sesamoid 
bones, and non-significant in control group (Fisher’s 
test p-value for mean, left hands and right hands, 
respectively 0.636599, 0.668857, 0.110638).

An unusually shaped, “Bactrian” sesamoid bone 
was observed in the first interphalangeal joint in 
musician’s hand in 8 cases (5 females), 6 of which 
(3 females) occurred symmetrically. Only 1 case (left 
hand of a 23-year-old left handed female) was ob-
served in the control group (Figs. 1, 2).

DISCUSSION
The features of a “perfect musician’s hand” remain 

a subject of discussion. Most authors seem to focus 

http://www.frontiersin.org/people/u/511702
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primarily on the hand’s size and the hand’s span, with 
assumption that the bigger the hand and the hand 
span, the better. Wristen claims that throughout his-
tory small-handed musicians remained rather devoted 
amateurs than professionals [24]. Some authors point 
out that the group most commonly suffering from 
trauma and performance related misuse of the hands 
are women [16] who statistically have 15% smaller 
hand than the men [4]. However, there seems to be  
a lot of research putting this seemingly obvious mat-
ter in question. The results of Sang-Hie Lee’s research 
suggests that the size of the hand is not as important 
as it’s mobility and hand’s span, which seems to be 
less important of the two. She quotes Kentner saying 

that there were just as many famous pianists with 
big hands (like Sauer, Richter, Rachmaninoff) as those 
whose hands were considered small (Patchmann, 
Hoffmann, d’Albert). Both Sang-Hie [15, 16] and 
Sakai [14] bring up Wagner’s analysis — that hands 
of the male pianists are on average bigger but less 
mobile than female, both when it comes to active 
and passive range of motion, and that left hand has 
statistically greater hand’s span than the right one. 
Interestingly enough there is research suggesting that 
more sesamoid bones occur both in females than 
males and in the left hand compared to the right 
hand [3, 14–16, 20]. 

This research focused on the sesamoid bones, 
due to them being one of the most morphologically 
variable structures of the human hand as well as 
sesamoid bones starting to ossify at the beginning 
of the puberty, which would be between 11 and  
13 years of age for females and between 13 and 15 age  
for males [21], which seem to overlap with the typical 
beginning of the intense musical training for future 
students of the musical universities.

There was no significant difference between the 
groups of musicians and non-musicians regarding 
the amount of the sesamoid bones in the hand, as 
well as there was only approximately 12% difference 
between the groups in the symmetry which lines 
up with Miller’s opinion [11] that there are no mor-
phological differences in the structures of the hand. 
However, upon a closer inspection, there appears to 
be a tendency in the sesamoids’ volume. It seems 
that musicians tend to have bigger sesamoid bones 
on average than non-musicians. The mean sum of 
all the sesamoid bones in one hand was 83.2351 
mm3 in the study group compared to 74.8420 mm3 

in the control group, which does meet the crite-
ria of statistical significance (p-value of the Fisher’s  
test = 0.034 < 0.05). When, in order to remove 
the potential confounding variable, the results were 
accounted for body type by dividing by body mass 
index of each participant, the p-value only decreased, 
further underlining the results. 

There also seems to be a noticeable tendency 
regarding sexual dimorphism. Despite general ten-
dency for women to have more sesamoid bones than 
men [3, 9, 20, 25], the men in the musicians’ group 
proved to have statistically significantly (p-value  
= 0.003094) bigger sum of the volume of the sesa-
moid bones in one hand than women. Such dimor-
phism did not occur in the group of non-musicians 

Figure 1. A sesamoid bone over the 5th metacarpophalangeal joint 
(A) of the left hand of the female pianist — sagittal view. Estimated 
volume based on the measurements for this sesamoid bone was 
19.2 mm3.

Figure 2. A sesamoid bone over the 5th metacarpophalangeal joint 
(A) of the left hand of the female non-pianist of similar age, built 
and height as the aforementioned female pianist — sagittal view. 
Estimated volume based on the measurements for this sesamoid 
bone was 10.9 mm3.
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was no proof that such “Bactrian” sesamoid occurred 
due to damage, or conjunction of two smaller bones, 
moreover similar sesamoid bones were observed by 
Jones [7] in smaller mammals, such as rabbits. Since 
there were 8 cases of such sesamoid found in the study 
group (25% of cases), most of which symmetrical 
(6 cases), and only 1 case in the control group (3% 
of cases) it could be speculated that this variability 
is also a form of adaptation to the musical training 
on the keyboard instrument, especially since there is 
evidence that the sesamoid bones are being shaped 
by the action of the tendons above them (Fig. 3) [6].

Interestingly, all of the cases of “Bactrian” ses-
amoid occurred in female hands only. It might be 
related to the fact that the pattern of sesamoids’ 
development in females seems to be tied to menarche 
[21]. Unfortunately, this concept is unverifiable based 
on this particular research.

CONCLUSIONS
There were no significant differences in the 

amount or localisation of the sesamoid bones of the 
hand between the musicians and the non-musicians.

The trained keyboard musicians tend to have sig-
nificantly bigger sesamoid bones than non-musicians. 
It may be related to the fact that both sesamoid 
ossification and typical beginning of musical training 
intensification happens at the early stages of puberty.

There seems to be a strong correlation (p <  
< 0.0001) between the age of the beginning of the 
musical education or length of the musical education 
and volume of the sesamoid bones.

The male musicians proved to have significantly 
bigger sesamoid bones than the female musicians. 
Such tendency did not occur in the control group.

Figure 3. A “Bactrian” sesamoid bone found in the interphalangeal 
joint of the thumb of a female musician — horizontal view. There 
are two distinctive elevations (A, B) and a sulcus between them 
(arrow).

(p-value = 0.636599). The participants were ques-
tioned regarding their history of past regular physical 
activity, and the suspected reason for such phenom-
enon could not be found, therefore it needs to be 
assumed that the primary reason for aforementioned 
dimorphism was the musical training. 

Considering that both groups consisted of people 
in similar age (mean: 23.7 years for the study group 
and 22.8 years for the control group), and similar 
built (mean height: 172.8 cm for the study group and 
174.3 cm for the control group, mean weight: 67.3 kg  
for the study group and 69.2 kg for the control group) 
with very small differences that could only possibly 
favour the control group (statistically bigger body 
mass should translate for the bigger mass of the 
skeletal structures), and that the sexual make-up 
of the control group was proven not to influence 
the outcome (no significant sexual dimorphism in 
the control group), it could be speculated that the 
main reason for the differences in the mean sum of 
the volume of the sesamoid bones was the musical 
training during the age of sesamoids’ ossification. It 
would agree with the assumption that the sesamoid 
bones function as a pulley for the muscular tendons, 
therefore making the movement faster, stronger and 
safer for the joint underneath [2, 3, 8, 9, 12, 22, 25]. 
It could be speculated that the time when the hand 
undergoes most significant morphological adaptation 
to the task of playing the keyboard instrument, and 
therefore possibly most important time for regular 
musical training is the time of sesamoids’ ossification 
which starts during early stages of puberty. 

This idea seems to be supported by the results of 
the Student’s t-test between the age of the beginning 
of the musical education or length of the musical 
education and volume of the sesamoid bones. This 
was tested on 27 out of 32 musicians due to limited 
availability of the information. However, this should 
not have an impact on the results since the sexual pro-
portion remained the same. The length of education 
varied from 7 to 29 years with a mean of 15.4 years. 
The beginning age varied from 4 to 13 years of age 
with a mode of 6 mean of 7.7 years of age. In both 
cases the p-value of the test showed to be p < 0.0001 
which would suggest a very strong correlation. 

Another interesting outcome of this research was 
finding of the unusually shaped sesamoid bone in the 
interphalangeal joint of the pollex. This bone, instead 
of typical oval shape, displayed two slight elevations 
on the palmar site, with a furrow between them. There 

http://www.frontiersin.org/people/u/511702
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Unusually shaped “Bactrian” sesamoid bone on 
the interphalangeal joint of the pollex was observed 
8 times in the musicians’ group and only once in the 
control group. All the cases occurred in the female’s 
hand. 
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Background: Length of flexor hallucis longus (FHL), localisation of master knot 
of Henry (MKH) and relationship between MKH and neurovascular bundle are 
essential for the achievement of FHL tendon transfer. The purpose of this study 
is to define the localisation of MKH in reference to bony landmarks of the foot, 
its relationship to plantar neurovascular bundle and to investigate in situ and 
ex vivo length of FHL tendon in single incision, double incision and minimally 
invasive techniques.
Materials and methods: Foot length was examined in 62 feet of 31 soft cadavers 
(9 males, 22 females). Various parameters including the relationship between MKH 
and neurovascular bundle, the distances from MKH to medial malleolus (MM), 
navicular tuberosity (NT) and the first interphalangeal joint of great toe (IP) were 
measured. Surface localisation of MKH in relation to a line joining the medial end 
of plantar flexion crease at the base of great toes (MC) to NT (MC-NT line) was 
determined. Lengths of FHL tendon graft from three surgical techniques were 
examined. In situ length was measured in the plantar surface of foot and ex vivo 
length was measured after tendon was cut from its insertion.
Results: The mean length of foot was 230.98 ± 15.35 mm with a statistically 
significant difference between genders in both sides (p < 0.05). No distance was 
found between medial plantar neurovascular bundle (MPNVB) and MKH. Mean dis-
tance of 17.13 ± 3.55 mm was found between lateral plantar neurovascular bun-
dle (LPNVB) and MKH. MKH was located at a mean distance of 117.11 ± 1.00 mm  
proximal to IP, 26.28 ± 4.75 mm under NT and 59.58 ± 7.51 mm distal to MM 
with a statistically significant difference of MKH-IP distance between genders in 
both sides and MKH-NT in right side. MKH was located anterior to NT (66.1%), at 
NT (27.4%) and posterior to NT (6.5%) on the MC-NT line. Surface localisation of 
MKH was 94.75 ± 8.43% of MC-NT line from MC with a perpendicular distance of 
25.11 ± 5.37 mm below MC-NT line. The in situ and ex vivo tendon lengths from 
MTJ to ST, to MKH and to IP were 39.05 ± 10.88 mm and 34.43 ± 10.23 mm,  
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INTRODUCTION
Flexor hallucis longus (FHL) tendon transfer is 

a widely used technique for reconstruction of the 
Achilles tendinopathies [17, 20]. This technique pro-
poses to repair the length, to strengthen the injured 
tendon with additional tendon, and to corporate 
more muscle force to the plantar flexor [6]. FHL is 
appropriate for transfer because of its strength, axis 
and amplitude of contraction, and its concomitant 
action with triceps surae muscles [32]. Moreover, 
FHL transfer can also reduce the pain by normalising 
vascularity [1, 6]. FHL transfer is also used for the 
treatment of posterior tibial insufficiency with a good 
to excellent clinical outcome [8, 19].

There are many techniques for harvesting FHL 
tendon grafts including single incision, double in-
cision, and minimally invasive techniques [13]. The 
differences among these techniques are the indi-
cation and sites of incision. Importantly, the length 
of harvested tendon from each technique is vastly 
different [13]. The single incision approach is used to 
harvest the FHL within the tarsal tunnel. Although, 
this technique yields a shorter graft but it is long 
enough to be inserted on the calcaneus. When the 
additional length is required, the double incision 
technique at the medial aspect of foot near master 
knot of Henry (MKH) is considered. The added 3 cm of 
tendon length is obtained from this technique if the 
FHL is cut at MKH [4, 27, 29]. The minimally invasive 
technique provides the longest length [17]. Although, 
previous reports revealed good results following FHL 
transfer, complications such as serious injury of the 
distal branches of the posterior tibial artery and nerve, 
cock-up deformity, and functional loss of toe have 
been reported [1, 7, 13, 26]. 

Anatomically, medial and lateral plantar neurovas-
cular bundles (MPNVB, LPNVB) reside near the incision 

line. In consequence, they might be at risk during 
harvesting. The other structure which affects tendon 
harvesting is MKH. MKH is where the tendon of flexor 
digitorum longus (FDL) crosses over the tendon of 
FHL. It has been used as a surgical landmark for the 
tendon graft harvesting [2, 17]. Therefore, the precise 
location of the MKH is crucial for better results [2].

Knowledge of the length of FHL tendon available 
for harvesting, the relationship between tendon and 
neurovascular bundle, and the anatomical locations 
of MKH are essential for guiding the surgeon during 
operation and decreasing potential morbidity [13]. 
The length of FHL tendon after cutting for harvesting, 
which might be different from the length of attached 
tendon, should be elucidated. This anatomical study 
aims to clarify these issues in soft cadavers. 

MATERIALS AND METHODS
This study was performed in 62 legs from 31 Thai 

soft cadavers (9 male and 22 female) supported by 
the Chula Soft Cadaver Surgical Training Centre, 
Faculty of Medicine, Chulalongkorn University. The 
average age of the cadavers was 78.39 ± 10.60 years 
(age range 53–100). All cadaveric ankles and feet 
had no deformities, damage and history of previous 
surgery.

Foot length measurement and surface marking

The foot was aligned to neutral position by fix-
ing with a supporting frame. The foot length was 
measured from the most posterior portion of the 
calcaneus to the end of the longest toe [30]. The line 
joining the medial end of plantar flexion crease at the 
base of the great toes (MC) and the most prominent 
point of navicular tuberosity (NT) by palpation was 
created to be a reference line for locating the MKH 
surface landmark (Fig. 1A).

73.45 ± 9.91 mm and 68.63 ± 9.43 mm, 197.98 ± 13.89 and 191.79 ± 14.00 mm,  
respectively. A statistically significant difference between genders was found  
in MTJ-IP of in situ and ex vivo length of both sides (p < 0.05). The mean length 
of tendon between in situ and ex vivo was significantly different in all techniques 
(p < 0.05). A moderate positive correlation between foot length and tendon 
length was found in MTJ-IP of both in situ and ex vivo tendon length. 
Conclusions: A statistically significant difference between in situ and ex vivo 
tendon length was shown in all harvesting techniques. Surface location of MKH 
was approximately at 95% of MC-NT line from MC with a perpendicular distance 
of 25 mm from MC-NT line. (Folia Morphol 2021; 80, 2: 415–424)

Key words: flexor hallucis longus, master knot of Henry, tendon transfer
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Cadaveric dissection

The skin incision along the dotted line as shown 
in Figure 1A was performed. The skin was dissected. 
Subcutaneous fatty tissue, flexor digitorum brevis and 
abductor hallucis muscle were removed to expose 
FHL tendon, FDL tendon and MKH in the plantar 
surface of foot (Fig. 1B). FHL was dissected further to 
its musculotendinous junction (MTJ) proximally and 
its insertion distally. The skin flab was turned down 
to cover the plantar surface of the foot and the lo-
cation of MKH was marked on the skin surface. The 
perpendicular line from MKH to MC-NT line (MKH-A) 
was created (Fig. 1A). Point A might be located at 
NT, anterior to NT or posterior to NT on MC-NT line 
(Fig. 2). The most prominent point of medial malle-
olus (MM), sustentaculum tali (ST) and the midpoint 
of first interphalangeal joint of great toe (IP) were 
marked (Figs. 1B, 4A).

Observations and measurements

Surface landmark and location of MKH, its rela-
tionship to the neurovascular bundle. The surface 
landmark of MKH was determined by measuring the 
length of MC-NT, MKH-A and MC-A lines (Fig. 1A). 
The MC-A length was calculated into percentage of 
MC-NT length. To determine the location of MKH in 
the dissected specimen, the distances from MKH to 
MM, to NT and to IP was measured (Fig. 1B). The 
anatomical relationship between MKH and neuro-
vascular bundle, including MPNVB and LPNVB were 
evaluated and the distance between their midpoints 
were recorded (Fig. 3). All distances were measured 
by standardised digital Vernier calliper (Mitutoyo® 
0–150 mm; range 150 mm, resolution 0.01 mm).

In situ and ex vivo lengths of FHL tendon. To de-
termine the in situ length of FHL tendon, the lengths 
from MTJ to ST, MTJ to MKH and MTJ to IP represent 
the length harvested through a single incision, dou-

Figure 1. Plantar surface of right foot showing the skin incision 
and surface landmark of master knot of Henry (MKH); A. Skin 
incision line (dot line), the line joining between the medial end of 
plantar flexion crease at the base of the great toes (MC) and the 
most prominent point of navicular tuberosity (NT) (MC-NT line), 
the surface location of MKH on MC-NT line; B. The distance from 
MKH to the most prominent point of medial malleolus (MM), na-
vicular tuberosity (NT) and first interphalangeal joint (IP); A — the 
perpendicular point of MKH on MC-NT line; FDL — flexor digitorum 
longus; FHL — flexor hallucis longus.

Figure 2. Plantar surface of left feet showing the surface location 
of master knot of Henry (MKH) on MC-NT line (point A); A. Posteri-
or to NT; B. At NT; C. Anterior to NT; A — the perpendicular point 
of MKH on MC-NT line; MC — medial end of plantar flexor crease 
at the base of great toe; NT — navicular tuberosity.
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ble-incision and the minimally invasive technique, 
respectively (Fig. 4A).

To define the ex vivo length of FHL tendon, three 
points were marked on the FHL tendon at the level of ST, 

MKH and IP. FHL tendon was cut at its insertion. Ex vivo 
length was measured from MTJ to those three points 
on FHL tendon by using a measuring tape (Butterfly® 
0–150 cm; range 150 cm, resolution 1 mm) (Fig. 4B). 

Each parameter was measured twice. The same 
digital Vernier calliper and measuring tape were used 
to ensure the consistency. All measurements were 
done by the same investigator. 

statistical analysis

Statistical analysis was performed by SPSS soft-
ware version 22.0. All data from measurements were 
statistically analysed to demonstrate range, mean and 
standard deviation. To compare between genders, 
unpaired t-test (for parametric test) or Mann-Whitney 
U test (for nonparametric test) was used. The differ-
ence between in situ and ex vivo tendon length was 
examined with paired t-test (for parametric test) or 
Wilcoxon signed-rank test (for nonparametric test). 
A p-value of less than 0.05 was statistically signifi-
cant. Pearson correlation test was used to assess the 
associative relationship between the foot length and 
the tendon length. 

Ethical consideration

This cadaveric study has been approved by the 
Institutional Review Board (IRB) of the Faculty of 
Medicine, Chulalongkorn University (IRB No. 636/62).

RESULTS
Foot length

Results and analyses of the foot length are illus-
trated in Table 1. The mean length of foot in male 
and female was 246.50 ± 12.02 mm and 224.64 ± 
± 11.63 mm, respectively. A statistically significant 
difference was found between genders in both sides.

Surface landmark and location of MKH

Master knot of Henry location and surface land-
mark results and analyses are shown on Tables 2 and 3.  
The location of MKH was identified at 117.11 ±  
± 1.00 mm proximal to IP, 26.28 ± 4.75 mm under 
NT and 59.58 ± 7.51 mm distal to MM. A statistically 
significant difference between genders was observed 
in MKH-IP of both sides and MKH-NT on right side.

Point A could be resided anterior to NT (66.1%), at 
NT (27.4%) and posterior to NT (6.5%) (Table 3).The 
mean length of MC-NT and MC-A line were 107.36 ± 
± 8.60 and 101.72 ± 12.01 mm, respectively. Point 
A was located at 94.75 ± 8.43% of MC-NT line from 

Figure 3. Plantar surface right foot showing the distance between 
master knot of Henry (MKH) and the midpoint of lateral plantar 
neurovascular bundle (LPNVB); MNVB — medial plantar neurovas-
cular bundle; FDL — flexor digitorum longus; FHL — flexor hallucis 
longus.

Figure 4. Plantar surface right foot showing the distances between 
musculotendinous junction (MTJ) of flexor hallucis longus (FHL) 
and first interphalangeal joint (IP), master knot of Henry (MKH), 
sustentaculum tali (ST); A. In situ tendon length; B. Ex vivo tendon 
length.
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MC (Table 2). The mean perpendicular length from 
MKH to A (MKH-A) was 25.11 ± 5.37 mm (Table 2). 
A statistically significant difference between genders 
was present in MC-A on both sides and MKH-A on 
right side.

Relationship between MKH and plantar 
neurovascular bundle

The MPNVB lied very closely to MKH in all cases; 
therefore, no distance could be measured. In contrast, 

a mean distance of 17.13 ± 3.55 mm was observed 
between LPNVB and MKH without a statistically sig-
nificant difference between genders (Table 2).

Length of FHL tendon

The mean in situ and ex vivo length of FHL tendon 
graft, harvested by three different incision techniques, 
are shown on Table 4. A statistically significant dif-
ference was found between genders in MTJ-IP of in 
situ and ex vivo length of both sides (p < 0.05). The 

Table 1. The mean foot length in male and female

Gender Foot length [mm] — mean ± standard deviation (minimum-maximum) P

Left Right Total

Male N = 9
246.44 ± 12.22 (225.00–268.00)

N = 9
246.56 ± 12.54 (228.00–270.00)

N = 18
246.50 ± 12.02 (225.00–270.00)

0.937

Female N = 22
223.77 ± 12.18 (200.00–250.00)

N = 22
225.50 ± 11.27 (203.00–248.00)

N = 44
224.64 ± 11.63 (200.00–250.00)

0.026

Total N = 31
230.35 ± 15.91 (20.00–26.80)

N = 31
231.61 ± 15.01 (203.00–270.00)

N = 62
230.98 ± 15.35 (200.00–270.00)

–

P 0.00 0.00 –

Table 2. Location of MKH from IP, NT and MM, surface landmark of MKH, distances between MKH and NVB, location of MKH in term 
of percentage of the length of MC-NT line

Parameters Male — mean ± standard deviation  
(minimum–maximum)

Female — mean ± standard deviation  
(minimum–maximum)

Total

Left Right Total Left Right Total

Location of MKH [mm]:

MKH-IP 124.69 ± 9.04
(106.56–137.88)

126.39 ± 12.39
(110.24–151.27)

125.54 ± 10.55
(106.56–151.27)

113.30 ± 8.11
(93.14–129.50)

114.03 ± 6.95
(100.27–128.20)

113.66 ± 7.47
(93.14–129.50)

117.11 ± 1.00
(93.14–151.27)

MKH-NT 29.45 ± 7.06
(21.38–40.91)

27.88 ± 4.15
(19.53–33.16)

28.67 ± 5.68
(19.53–40.91)

26.21 ± 3.51
(17.93–33.73)

24.40 ± 4.32
(18.30–35.87)

25.31 ± 3.99
(17.93–35.87)

26.28 ± 4.75
(17.93–40.91)

MKH-MM 63.32 ± 9.80
(47.02–78.71)

60.02 ± 11.02
(34.59–75.27)

61.67 ± 10.26
(34.59–78.71)

60.36 ± 6.49
(48.91–78.07)

57.10 ± 5.06
(44.43–67.05)

58.72 ± 5.98
(44.43–78.07)

59.58 ± 7.51
(34.59–78.71)

Surface landmark of MKH [mm]:

MC-NT 113.11 ± 10.21
(91.75–124.12)

113.13 ± 7.44
(101.49–122.19)

113.12 ± 8.67
(91.75–123.37)

102.57 ± 8.09
(87.18–116.74)

107.45 ± 6.01
(97.26–117.65)

105.01 ± 7.46
(87.18–117.65)

107.36 ± 8.60
(87.18–124.12)

MKH-A 29.10 ± 8.83
(19.39–41.85)

27.89 ± 4.86
(25.11–35.53)

28.49 ± 6.94
(19.39–41.85)

24.18 ± 3.33
(17.26–32.27)

23.26 ± 4.39
(16.89–34.15)

23.72 ± 3.88
(16.89–34.15)

25.11 ± 5.37
(16.89–41.85)

MC-A 111.59 ± 11.01
(90.62–126.71)

110.87 ± 15.39
(87.26–139.77)

111.23 ± 12.99
(87.26–139.77)

95.92 ± 10.55
(76.05–116.74)

99.75 ± 7.40
(86.91–115.63)

97.83 ± 9.21
(76.05–116.74)

101.72 ± 12.01
(76.05–139.77)

Distance between MKH and NVB [mm]:

MKH-LPNVB 17.98 ± 6.09
(9.59–30.29)

19.91 ± 5.32
(13.05–28.85)

18.94 ± 5.64
(9.59–30.29)

15.17 ± 3.84
(8.44–22.05)

17.61 ± 3.56
(7.11–24.38)

16.39 ± 3.86
(7.11–24.38)

17.13 ± 3.55
(7.11–30.29)

MKH-MPNVB 0 0 0 0 0 0 0

Location of MKH 
in term of per-
centage of MC-NT  
length (%)

98.84 ± 7.77
(87.77–110.28)

98.34 ± 15.90
(82.21–137.72)

98.56 ± 11.98 
(82.21–137.72)

93.47 ± 6.36
(75.83–107.16)

92.89 ± 5.65
(79.82–100.00)

93.18 ± 5.95
(75.83–107.16)

94.75 ± 8.43
(75.83–137.72)

A — perpendicular point of MKH on MC-NT line; IP — first interphalangeal joint of great toe; LPNVB — lateral plantar neurovascular bundles; MC — medial end of plantar flexion crease at 
the base of great toes; MKH — master knot of Henry; MM — medial malleolus; MPNVB — medial plantar neurovascular bundles; NT — navicular tuberosity
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Table 5. Length of harvested flexor hallucis longus tendon in term of percentage of the foot length

Techniques Genders Total (n = 62)

Male — mean ± standard deviation  
(minimum–maximum)

Female — mean ± standard deviation  
(minimum–maximum)

Left (n = 9) Right (n = 9) Total (n = 18) Left (n = 22) Right (n = 22) Total (n = 44)

In situ length:

MTJ-ST 17.45 ± 4.64
(9.33–24.29)

16.84 ± 3.27
(12.24–22.82)

17.14 ± 3.90
(9.33–24.29)

16.84 ± 4.72
(6.38–28.84)

16.92 ± 5.77
(8.19–33.81)

16.88 ± 5.21
(6.38–33.81)

16.96 ± 4.84
(6.38–33.81)

MTJ-MKH 31.18 ± 3.69
(27.31–35.56)

30.76 ± 2.91
(26.15–36.93)

30.97 ± 3.79
(26.15–36.93)

31.81 ± 3.89
(25.11–39.07)

32.70 ± 5.36
(23.40–45.24)

32.26 ± 4.65
(23.40–45.24)

31.88 ± 4.43
(23.40–45.24)

MTJ-IP 84.89 ± 3.89
(74.58–88.06)

84.97 ± 3.90
(80.77–93.36)

84.93 ± 3.78
(78.75–93.36)

86.02 ± 3.91
(75.74–92.09)

85.83 ± 3.51
(79.91–93.75)

85.92 ± 3.67
(75.74–93.75)

85.63 ± 3.70
(75.74–93.75)

Ex vivo length:

MTJ-ST 15.47 ± 3.85
(8.44–20.24)

14.87 ± 2.91
(12.24–18.67)

15.17 ± 3.33
(8.44–20.24)

14.83 ± 4.91
(4.78–26.51)

14.91 ± 5.15
(6.47–27.62)

14.87 ± 4.97
(4.78–27.62)

14.96 ± 4.53
(4.78–27.62)

MTJ-MKH 29.09 ± 3.31
(25.77–33.58)

28.59 ± 3.70
(24.23–34.80)

28.84 ± 3.41
(24.23–34.80)

29.77 ± 4.07
(23.20–37.21)

30.57 ± 4.78
(23.18–40.00)

32.26 ± 4.65
(23.18–40.00)

29.79 ± 4.16
(23.18–40.00)

MTJ-IP 82.48 ± 4.49
(74.58–88.06)

82.61 ± 3.34
(79.62–89.21)

82.55 ± 3.84
(74.58–89.21)

83.38 ± 3.71
(74.89–90.23)

83.38 ± 3.71
(74.89–90.23)

83.31 ± 3.95
(74.89–94.76)

83.09 ± 3.90
(74.58–94.76)

IP — first interphalangeal joint of great toe; MKH — master knot of Henry; MTJ — musculotendinous junction; NT — navicular tuberosity; ST — sustentaculum tali 

Table 3. Prevalence of master knot of Henry (MKH) location on MC-NT line

Location of MKH Male Female Total
(n = 62)Left (n = 9) Right (n = 9) Total (n = 18) Left (n = 22) Right (n = 22) Total (n = 44)

At NT 4 (44.4%) 3 (33.3%) 7 (38.9%) 4 (18.2%) 6 (27.3%) 10 (22.7%) 17 (27.4%)

Anterior to NT 3 (33.33%) 5 (55.6%) 8 (44.4%) 17 (77.3%) 16 (72.7%) 33 (75.0%) 41 (66.1%)

Posterior to NT 2 (22.22%) 1 (11.1%) 3 (16.7%) 1 (4.5%) 0 (0%) 1 (2.3%) 4 (6.5%)

MC — medial end of plantar flexion crease at the base of great toes; MM — medial malleolus; NT — navicular tuberosity

Table 4. In situ and ex vivo length of harvested flexor hallucis longus tendon from single incision (MTJ-ST), double incision (MTJ-MKH)  
and minimally invasive techniques (MTJ-IP)

Techniques Genders Total (n = 62)

Male — mean ± standard deviation  
(minimum–maximum)

Female — mean ± standard deviation  
(minimum–maximum)

Left (n = 9) Right (n = 9) Total (n = 18) Left (n = 22) Right (n = 22) Total (n = 44)

In situ length:

MTJ-ST 43.22 ± 12.14
(21.00–60.00)

41.56 ± 8.35
(30.00–55.00)

42.39 ± 10.15
(21.00–60.00)

37.50 ± 10.15
(15.00–62.00)

37.86 ± 12.01
(19.00–71.00)

37.68 ± 11.00
(15.00–71.00)

39.05 ± 10.88
(15.00–71.00)

MTJ-MKH 76.78 ± 9.55
(67.00–95.00)

75.78 ± 10.19
(60.00–91.00)

76.28 ± 9.60
(60.00–95.00)

71.00 ± 8.09
(59.00–92.00)

73.59 ± 11.51
(54.00–95.00)

72.29 ± 9.92
(54.00–95.00)

73.45 ± 9.91
(54.00–95.00)

MTJ-IP 209.44 ± 17.67
(181.00–240.00)

209.56 ± 15.32
(188.00–240.00)

209.50 ± 16.00
(181.00–240.00)

192.22 ± 9.12
(174.00–215.00)

194.32 ± 10.33
(179.00–215.00)

193.27 ± 9.68
(174.00–215.00)

197.98 ± 13.89
(174.00–240.00)

Ex vivo length:

MTJ-ST 38.33 ± 10.22
(19.00–50.00)

36.67 ± 7.36
(25.00–46.00)

37.50 ± 8.68
(19.00–50.00)

33.00 ± 10.64
(11.00–57.00)

33.36 ± 10.88
(15.00–58.00)

33.18 ± 10.63
(11.00–58.00)

34.43 ± 10.23
(11.00–58.00)

MTJ-MKH 71.67 ± 8.90
(64.00–90.00)

70.44 ± 9.36
(57.00–87.00)

71.06 ± 8.88
(57.00–90.00)

66.45 ± 8.73
(54.00–89.00)

68.82 ± 10.40
(51.00–84.00)

67.64 ± 9.56
(51.00–89.00)

68.63 ± 9.43
(51.00–90.00)

MTJ-IP 203.56 ± 18.77
(174.00–236.00)

203.78 ± 14.94
(184.00–235.00)

203.67 ± 16.46
(174.00–236.00)

186.36 ± 9.21
(167.00–209.00)

187.50 ± 9.69
(173.00–205.00)

186.93 ± 9.36
(167.00–209.00)

191.79 ± 14.00
(167.00–236.00)

IP — first interphalangeal joint of great toe; MKH — master knot of Henry; MTJ — musculotendinous junction; NT — navicular tuberosity; ST — sustentaculum tali
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mean length of tendon between in situ and ex vivo 
was significantly different in all techniques (p < 0.05). 
Moreover, a moderate positive correlation between 
foot length and tendon length was found in MTJ-IP 
of both in situ and ex vivo tendon length (r = 0.52 
and 0.56, respectively).

The length of FHL tendon was calculated in term of 
percentage of foot length as shown in Table 5. In situ 
and ex vivo tendon lengths were 16.96 ± 4.84 and 
14.96 ± 4.53%, 31.88 ± 4.43 and 29.79 ± 4.16%, 
85.63 ± 3.70 and 83.09 ± 3.90% of foot length in 
single incision, double incision, and minimally invasive 
techniques, respectively.

DISCUSSION
Achilles tendinopathy is a painful condition that 

can occur in both active and inactive people [11]. 
Despite of noninvasive treatments such as physical 
therapy, orthotics and drugs, surgical intervention 
might be necessary when clinical outcome remained 
disappointing [6, 12]. FHL tendon is a common ten-
don used in the augmentation of the Achilles tendon 
because it is easy to harvest and provides good to ex-
cellent functional outcomes and pain relief regardless 
of the technique used to harvest the tendon [4, 6, 29].

The shape and morphology of the foot vary among 
ethnicities, genders, and individuals [10, 15, 21, 24, 
31]. Foot length was used in this study to anticipate 
anatomical data which is significant for FHL tendon 
transfer. Asian foot length is shorter than that of 
North American and European. In Asians, the most 
frequent length was 255 mm for male and 235 mm 
for female [9]. In this study, the mean foot lengths 
were 246 mm and 225 mm in male and female re-
spectively. A significant difference between genders 
was found similar to the previous reports [3, 22].

Master knot of Henry has been widely utilized as  
a surgical landmark for the FHL tendon graft har-
vesting especially in double incision technique [2]. 
The first IP joint and NT were used to localize MKH 
by Mao et al. [13], in Asian embalmed cadavers. 
Moreover, Beger et al. [2] and Vasudha et al. [28] 
further investigated the precise location of the MKH 
from MM, NT and first IP joint in Turkish and Indian 
formalin fixed cadavers, respectively. According to 
the results of this study, the location of MKH resided 
proximal to the first IP joint, inferior to NT and distal 
to MM which resembled findings of previous reports 
(Table 6) [2, 28].

Although there were several reports about the 
location of the MKH, they did not take surface land-
marks for localizing MKH into account. Medial end 
of plantar flexion crease at the base of great toe 
(MC) and navicular tuberosity (NT), which could be 
clearly identified and palpated, were used to deter-
mine the surface localization of MKH in this study. 
For accuracy and easy application in clinical practice, 
MC-NT line and A which is the perpendicular point 
of MKH on MC-NT line were defined. Approximately, 
MKH located at 95% of MC-NT line from MC with  
a perpendicular distance of 25 mm from MC-NT line. 
However, our results revealed that point A could be 
located anterior, posterior and at the NT on MC-NT 
line. Nevertheless, MKH was located posterior to NT 
in only 6.5% of cases.

Medial and lateral plantar nerves (MPN and LPN) 
are the branches of posterior tibial nerve which supply 
skin and intrinsic muscle of the sole. Anatomically, 
MPN travels along the plantar surface of FDL tendon 
and passes through MKH [16]. LPN passes obliquely 
between flexor digitorum brevis and quadratus plan-
tae to the lateral side of the foot. The anatomical 
relationship between plantar nerves and MKH was 
reported by Mao et al. [14] in embalmed cadavers. 
They found a mean distance of 5.26 mm between 
MPN and MKH, and 15.50 mm between LPN and MKH 
which was different from the result of this study. In 
all specimens of this study, there was no distance 
between MPNVB and MKH and a longer distance of 
17.13 ± 3.55 mm was observed between LPNVB and 
MKH. This might be due to the different methods 
of cadaveric fixation. In embalmed cadaver, most 
tissues are rigid and joints cannot be moved freely 
which may affect the location of anatomical struc-
tures [23]. The proximity of MKH and MPNVB might 
lead to neurovascular bundle injury. The injuries of 
the distal branches of the posterior tibial nerve and 
artery were reported previously [7, 13, 14, 18]. The 
transection of tendon that was performed near MKH 
in double incision technique may cause MPN or LPN 
injury [13]. In the literature, it was hypothesized that 
difficult harvesting might be the cause of nerve injury 
[16]. Nerve injury might be partial but not significant 
enough to cause clinical symptoms and long periods 
of casting after surgery could prohibit the detection 
of symptoms [16]. Nevertheless, caution is required 
to preserve this neurovascular bundle especially when 
distal transection is performed blindly [25, 27]. More-
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over, tendon disease in the region of MKH may lead 
to the entrapment of MPN [5]. 

In this study, the length of tendon graft with 
three different incision techniques (single incision, 
double incision and minimally invasive technique) was 
quantified. Previous researches reported that the in 
situ length of harvested FHL tendon were different 
between techniques (Table 6) [2, 13, 27]. The length 
of tendon graft from single incision technique in 
this study was shorter than previous studies. In dou-
ble incision technique, our result was longer when 
compared to those of Mao et al. [13] and Beger et 
al. [2], but shorter than that of Tashjian et al. [27]. 
Furthermore, the length of tendon graft from mini-
mally invasive technique was found to be longer when 
compares with Mao et al. [13]. Nevertheless, it was 
shorter than the mean length from Beger et al. [2]. 
These differences might be caused by the different 
ethnic backgrounds, cadaveric preservation technique 
and position of foot and ankle during measurement.

Ex vivo length of tendon graft has never been re-
ported previously. Ex vivo length refers to the length 
of tendon after it is cut from the insertion point, 

which may be more similar to the length of harvested 
tendon for transfer. Our results revealed significant 
differences between in situ and ex vivo length of ten-
don from all techniques. Ex vivo tendon length was 
shorter than in situ tendon length by about 4.5 mm 
in single incision and double incision techniques and 
6.0 mm in minimally invasive technique. The shorter 
tendon might result from loss of tension after it was 
cut from the insertion site in the foot. The correlation 
between tendon length and foot length was analysed 
for clinical benefit. Our results showed a moderate 
positive correlation between them. The lengths of 
harvested tendon from single incision, double incision 
and minimally invasive technique were about 15%, 
30%, and 85% of foot length, respectively. Thus, it 
might be possible to estimate the length of harvested 
tendon from the foot length.

This study offers some benefits as it identifies the 
precise surface location of MKH which will make it 
easier to identify the incision site and improve the 
clinical efficacy of the surgery. Understanding the 
relation between MKH and neurovascular bundle can 
assist the clinician to avoid iatrogenic injury. The in 

Table 6. Comparison of the distances from master knot of Henry (MKH) to anatomical landmarks and in situ flexor hallucis longus 
tendon length

This study, 2020 Vasudha et al., 2019 [28] Beger et al., 2018 [2] Mao et al., 2015 [13] Tashjian et al., 2003 [27]

Ethnic Thai Indian Turkish Asian United States

Cadaveric type Soft Formalin fixed Formalin fixed Embalmed Fresh frozen

Number of specimen 62 L: 36; R: 36 20 64 14

Distances from MKH to landmarks [cm]:

MM 5.96 ± 0.75
(3.46–7.87)

L: 6.07 ± 1.25
(4.03–9.00)

R: 6.10 ± 1.17
(4.26–8.50)

5.93± 0.74
(4.72–7.35)

– –

NT 2.63 ± 0.48
(1.79–4.09)

L: 2.99 ± 0.96
(1.50-5.50)

R: 3.24 ± 0.93
(1.64–5.00)

1.75 ± 0.39
(1.11–2.44)

2.21± 0.34
(1.59–3.04)

–

IP 11.71 ± 1.00
(9.31–15.13)

L: 11.97 ± 1.11 
(9.32–14.2)

R: 12.50 ± 0.89 
(9.77–14.46)

12.61 ± 1.11
(10.33–14.09)

10.89 ±1.08
(13.04–9.22)

–

Tendon length [cm]:

Single incision  
technique

3.90 ± 1.09
(1.50–7.10)

– 5.75 ± 0.63
(4.52–6.86)

5.08 ± 1.09
(3.32–10.35)

5.16 ± 1.29
(3.4–6.9)

Double incision  
technique

7.34 ± 0.99
(5.40–9.50)

– 7.03 ± 0.86
(5.77–8.80)

6.72 ± 1.02
(4.69–12.09)

8.09 ± 1.63
(5.1–11.1)

Minimally invasive 
technique

19.80 ± 1.39
(17.40–24.00)

– 20.22 ± 1.32
(16.82–21.97)

17.49 ± 1.80
(13.51–20.52)

–

IP — first interphalangeal joint of great toe; L — left; MM — medial malleolus; NT — navicular tuberosity; R — right
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situ and ex vivo length of FHL tendon could guide sur-
geons to designs personalized operation techniques 
that are appropriate for each patient. Therefore, the 
knowledge of this investigation can enhance the 
clinical efficacy of foot and ankle surgery and help 
minimize potential complications.

CONCLUSIONS 
Master knot of Henry resides distal to MM, under 

NT and proximal to IP with MPNVB residing closely 
to MKH. Surface localisation of MKH can be located 
at 95% of MC-NT line from MC with a perpendicular 
distance of 25 mm from MC-NT line. The ex vivo 
lengths of tendon graft in all techniques were signifi-
cantly shorter than in situ length. Foot length, MKH-IP,  
MKH-NT, MC-A, MKH-A and the lengths of FHL ten-
don graft from minimally invasive technique had 
statistically significant differences between genders.
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Background: The aim of this study is to evaluate the relationship between the 
third molars which are determined to be closely related to pterygomaxillary fissure 
(PTM) in cephalometric radiographs.
Materials and methods: The material of this study was panoramic from 200 
individuals (101 male, 99 female, mean age 19.02 ± 1.62) with three different 
skeletal malocclusion in the sagittal direction (class I: 109; class II: 66; class III: 25)  
and lateral cephalometric radiographs. It was observed that 151 of the pa-
tients included in this study had unilateral, 49 bilateral impacted maxillary 
third molars teeth. Angular and millimetric measurements (SNA°, SNB°, ANB°,  
PTM [Height-x], PTM [Width-y]) were made in accordance with the parameters 
determined on the lateral cephalometric radiographs of individuals. In this retro-
spective study, the relation of impaction with PTM evaluated on cephalometric 
radiographs, whether the impaction was unilateral or bilateral, was investigated 
in terms of skeletal anomaly. Chi-square test was used for the analysis.
Results: Of the 200 individuals with impacted maxillary third molar, 99 were female 
and 101 were male. There is no statistical difference between them in terms of 
unilateral and bilateral impacted third molars (p > 0.05). Of the 200 patients, 
109 patients were class I, 66 patients were class II, and 25 patients were class III. 
There is no statistical difference between unilateral and bilateral impacted cases 
in facial skeletal classification (p > 0.05). According to chi-square test results, 
the relationship between genders and PTM variable width and height (PTM-x and 
PTM-y) measurements were not statistically significant (p > 0.05).
Conclusions: The fact that the third molar teeth are impacted bilaterally or uni-
laterally is not affected by PTM change. (Folia Morphol 2021; 80, 2: 425–431)

Key words: cephalometric radiography, maxillary third molar, 
pterygomaxillary fissure, panoramic radiograph 
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INTRODUCTION
Maxillary complex is affected by not only face 

components but also skull base and neurocranium [4].  
The functional matrix hypothesis tries to explain the 
adaptation of skeletal tissues and organs during mod-
ification of craniofacial growth. According to this hy-
pothesis, the two main units are skeletal structure and 
functional elements. Therefore, in the development 
of craniofacial skeletal structures, some adaptive 
responses can be influenced by functional compo-
nents [16–18]. Functional components refer to soft 
tissues surrounding skeletal units, organs, and oper-
ational volumes that perform a given function [4, 7].  
The interaction between the skeletal unit and func-
tional matrices may also have an effect on the spaces 
between skeletal units such as the pterygopalatine 
fossa [11]. The pterygopalatine fossa is a space be-
tween the maxilla, palatine, and sphenoid bones  
[3, 25]. The pterygomaxillary fissure (PTM), on the 
other hand, forms the lateral boundary of the ptery-
gopalatine fossa. In clinical terms, the PTM is in an 
important landmark for orthognathic surgical pro-
cedures such as Le Fort I osteotomy, and extraoral 
and intraoral maxillary nerve blockage [3, 11]. Fur-
thermore, during surgically assisted rapid maxillary 
expansion, the PTM and the remaining posterior con-
nection of the maxilla with the pterygoid process 
region can improve blood circulation and also provide 
symmetrical openings of the maxillary shelves [26].

With the influence of the development of the 
maxillary complex, differences in anatomical forma-
tions and structures can be observed in the maxillary 
complex. Especially with the maxillary deficiency, the 
progression of third molar teeth can also be affected.

The third molars are the teeth to become most 
frequently impacted. The most common reason for 
the third molar teeth to become impacted is the 
fact that they the last teeth to erupt, which leaves 
them with insufficient space for eruption. Impacted 
teeth can cause pathologies such as tooth decay, 
root resorption, pericoronitis, pains of unknown ori-
gin, orthodontic and prosthetic problems, infections, 
odontogenic cysts and tumours [13, 14]. In cases of 
inadequate space on the dental arch, tooth eruption 
can be obstructed by the gingiva, bone or other 
adjacent teeth.

The relationship between the cranium and various 
anomalies has been previously studied [8, 10, 19]. 
The PTM seems to have an effect on both growth and 

developmental stages of the face. In addition to this 
knowledge of the PTM morphology also seems to be 
essential during surgical procedures. Therefore, the 
aim of this study was to investigate the PTM length 
and possible correlation between maxillary third mo-
lars existence using cephalometric radiographs.

MATERIALS AND METHODS
The study conducted on the patients who were ad-

mitted to Istanbul Aydin University Faculty of Dentistry 
Department of Orthodontic to undergo orthodontic 
treatment. Ethical approval was obtained from Istan-
bul Aydin University Faculty of Dentistry “Ethics Com-
mittee on Non-Interventional Clinical Research-Re-
search Not Involving Pharmaceutics and Medical De-
vices” (Number: B.30.2AYD.0.00.00-50.06.04/67). The 
present study included 200 patients, 101 males and 
99 females, between the ages of 19 and 39 (mean age 
24.9), with the indications of impacted third molar 
dental surgery who were admitted to Istanbul Aydin 
University Faculty of Dentistry Department of Ortho-
dontics from 2015–2018. The sample size was calcu-
lated based on a power analysis and 90% strength 
using G * Power Software version 3.1.9.2 (Universität 
Düsseldorf, Germany) for the sella turcica classifica-
tion with an alpha error probability of 0.05. Power 
analysis showed that 134 samples were absolutely 
necessary. During the acquisition of lateral cephalo-
metric radiographs, the patient’s head was fixed on 
the cephalostat, and the Frankfort horizontal plane 
was adjusted parallel to the ground. Radiographs 
were taken with the central beam perpendicular to 
the patient’s mid-axial plane and the teeth in centric 
occlusion. It was paid attention to see clearly the PTM. 
The individuals in the study were classified according 
to the ANB angle determined on the lateral cepha-
lometric radiograph as class I, class II and class III in 
the sagittal direction, with the unilateral or bilateral 
impaction of the maxillary third molar teeth (Table 1).  
Skeleton classification was done according to ANB 
angle as shown in Table 1. It was paid attention to 
see clearly the PTM in lateral cephalometric films 
(Fig. 1). The width (W), depth (D) and interclenoid (I)  
determined by Costa et al. [6] with respect to the 
dimensions of sella turcica on each radiograph are 
shown in Figure 2. Patients with unilaterally and/or 
bilaterally impacted teeth, completed bone retention, 
with no local factors that would cause impaction, and 
with no missing teeth. The data from the patients 
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under 18 years of age who had suffered a trauma 
or accident in the head and neck region, undergone 
previous surgery on the sinus or skull base, and suffer 
from any syndromes or congenital anomalies (cranio-
cytosis, hemi-facial microstomy) were excluded from 
the study (Fig. 1). A clear visualisation of the PTM 
was ensured in lateral cephalometric images. All ra-
diographs were taken using the same cephalometry 
device (Morita Veraviewpocs Dental X-ray 2D [Type: 
J. Morita, Kyoto, Japan]) with the Frankfort plane 
parallel to the ground, teeth in centric occlusion, and 
lips in resting position. Cephalometric radiographs 
were evaluated by the same researcher using the 
NemoCeph NX 9.0 software program (Nemotech, 
Imaging and Management Solutions, Chatsworth, 
Madrid, Spain) (Fig. 2). To evaluate the method er-
ror, 50 films were redrawn and measured again by 
the same researcher 2 weeks later. Paired t test was 
applied between the first and second measurements 
and no statistically significant difference was found 
between the two measurements. These results show 
that our drawings and measurements are repeatable.

Figure 1. Class III and class C groups according to Archer (1975) 
classification. In panoramic images, it is seen that two lines inter-
sect at 90 degrees, parallel to the long axis and occlusal plane of 
the third molar tooth impacted in the maxillary.

statistical analysis

The data were evaluated in SPSS 21.0 (Statistical 
Package for Social Sciences, Chicago, Illinois, USA)  
statistical package programme. The analysis of the 
data was evaluated using the χ2 test. The signifi-
cance level was considered statistically significant for  
p < 0.05.

RESULTS
This study was performed on 249 maxillary third 

molar teeth in a total of 200 patients, 99 (49.5%) 
women and 101 (50.5%) men. Of the 200 patients 
included in the study, 49 had bilateral and 151 were 

Figure 2. Cephalometric angular measurements used in the re-
search; SNA — the angle between the anterior skull base (S-N 
plane) and point A; SNB — it is the angle between the front head 
base (S-N plane) and point B; ANB — angle between NA and NB 
lines. Determines the relation of the apical bases of the lower and 
upper jaw relative to each other. According to Steiner analysis, its 
normal value is between 0 and 4 degrees; PTM-x [mm] — height 
of pterygomaxillary fissure; PTM-y [mm] — width of the pterygo-
maxillary fissure.

Table 1. Relationship of impacted molar with gender and facial skeletal classification

Maxillary third molar teeth P

Unilateral impacted Bilateral impacted Total

Gender Female 80 (53.3%) 19 (38.7%) 99 (46.2%) 0.172; NS

Male 71 (46.6%) 30 (61.2%) 101 (53.8%)

Facial skeletal classification Class I 81 (46.6%) 28 (50.1%) 109 (47.7%) 0.356; NS

Class II 50 (41.6%) 16 (43.7%) 66 (42.8%)

Class III 20 (12.0%) 5 (6.2%) 25 (9.5%)

Total 151 (100.0%) 49 (100.0%) 200 (100.0%)

NS — not significant
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unilateral maxillary third molar teeth. According to 
the results of χ2 analysis, the relationship between 
gender and molar variable was not statistically sig-
nificant (p > 0.05). 53.3% of female had unilateral 
(unilateral) molar, 38.7% of female had bilateral (bi-
lateral) maxillary molars. 46.6% of male had unilateral 
molar and 61.2% of male had bilateral molar. In both 
gender categories, unilateral molar status was found 
higher than bilateral molar status, so gender has no 
relation with molar status (Tables 1–3).

Since the variables are not normally distributed, 
the non-parametric test used in the comparison of 
two independent groups was used in the χ2 test. 
According to the χ2 test results, no variables were 
found statistically significant according to the molar 
status (Table 4). In the comparison of skeletal sub-
groups in facial skeletal classification, there was no 
statistically significant difference in the vertical and 
width distance (PTM-x, PTM-y) between the peak 
and the lower point of the PTM (p > 0.05) (Table 5). 
According to this test result, PTM variables did not 
differ by gender (Table 6).

DISCUSSION 
The third molars are the most frequently impacted 

teeth. The most common reason of impaction of the 
third molars is to be last teeth and not enough space 
to continue. The hard placement of these teeth on 
the back of the tooth depends on the fact that the 
conditions of dentition and eruption as well as the 
distance and direction travelled during riding differ 
from other teeth. With the increasing need for ortho-
dontic treatment, especially the need for orthodontic 
surgery, consensus is needed for the relationship of 
third molar with anatomical structures. This study 
was performed on lateral cephalographs from un-
treated patients. Again, in order to reduce errors in 
anatomical point definition, anatomical points were 
checked again by the same researcher. Anatomical 
points used in steiner analysis were marked on the 
lateral cephalographs obtained and related measure-
ments were made. This analysis includes measure-
ments that define dental and skeletal relationships 
that are important for orthodontists, and partially for 
oral and maxillofacial surgeons. The maxillary third 
molars are not included in the scope of orthodon-
tic theory and complete the process of riding with  
a completely opposite movement. Impacted teeth; It 
is a common problem with a prevalence of 18–32%, 
affecting a large population in the world. In order 

Table 2. Relationship of unilateral impacted molar with gender 
and facial skeletal classification

Facial 
skeletal 
classifi-
cation

Unilateral impacted molar P

Female 
n (%)

Male 
n (%)

Total 
n (%)

Class I 28 (35.0%) 30 (42.2%) 58 (38.4%)

0.451; NS
Class II 33 (41.2%) 24 (33.8%) 57 (37.7%)

Class III 19 (23.7%) 17 (23.7%) 36 (23.8%)

Total 80 (100.0%) 71 (100.0%) 129 (100.0%)

n — number of individuals; NS — not significant

Table 3. Relationship of bilateral impacted molar with gender 
and facial skeletal classification

Facial 
skeletal 
classifi- 
cation

Bilateral impacted molar P

Female 
n (%)

Male 
n (%)

Total 
n (%)

Class I 10 (52.6%) 15 (50.0%) 25 (51.0%)

0.448; NS
Class II 9 (47.3%) 12 (40.0%) 21 (42.8%)

Class III 0 (0.0%) 3 (10.0%) 3 (6.8%)

Total 19 (100.0%) 30 (100.0%) 71 (100.0%)

n — number of individuals; NS — not significant

Table 4. Relationship of impacted molar and pterygomaxillary 
fissure

Unilateral impacted 
molar — mean ± SD

Bilateral impacted 
molar — mean ± SD 

P

PTM-x 25.18 ± 3.24 25.2 ± 3.2 0.420; NS

PTM-y 5.22 ± 1.2 5.15 ± 1.18 0.445; NS

PTM-x [mm] — height of pterygomaxillary fissure; PTM-y [mm] — width of the pterygo-
maxillary fissure; SD — standard deviation; NS — not significant

Table 5. Relationship of pterygomaxillary fissure and facial 
skeletal classification

PTM-x  
— mean ± SD

PTM-y  
— mean ± SD

P

Class I 25.64 ± 3.24 5.18 ± 1.14 0.420; NS

Class II 25.55 ± 3.2 5.1 ± 1.1 0.330; NS

Class III 25.42 ± 3.04 5.22 ± 1.02 0.433; NS

PTM-x [mm] — height of pterygomaxillary fissure; PTM-y [mm] — width of the pterygo-
maxillary fissure; SD — standard deviation; NS — not significant

Table 6. Relationship of gender and pterygomaxillary fissure

Female (n = 101)  
— mean ± SD

Male (n = 99)  
— mean ± SD

P

PTM-x 25.68 ± 3.16 25.79 ± 3.09 0.576; NS

PTM-y 5.19 ± 1.03 5.21 ± 1.02 0.258; NS

PTM-x [mm] — height of pterygomaxillary fissure; PTM-y [mm] — width of the pterygo-
maxillary fissure; SD — standard deviation; NS — not significant
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to determine the appropriate treatment method of 
impacted teeth, to prevent complications that may 
occur during or after treatment, the positions of the 
impacted teeth in the jaw should be evaluated in 
detail with their adjacent anatomical structures. 

Radiological evaluation plays an important role 
on the treatment plan [28]. Impacted teeth can 
cause pathologies such as pericoronitis, cystic le-
sions, tumours, periapical lesions and resorption 
in the adjacent tooth. For this reason, third molars 
must be removed when they are associated with 
pathological findings or for prophylactic reasons 
[2, 15, 20, 21]. For this reason, it is planned that 
the maxillary third molars will remain bilaterally or 
unilaterally, and the relationship between the base 
length of the maxilla and the anatomical structures 
will be examined. Therefore, the present study is  
a unique study that will bring a different perspective 
to the impaction pattern of the maxillary third molars. 
Since the known average impaction age of the third 
molars is 17 to 21, we set an age limit of 18 and found 
the mean age to be 24.9 for our study. There was no 
difference between the genders in our study. Tuğsel 
et al. [27] did not mention a difference in the distri-
bution of impacted third molars between the genders 
in parallel with other information in the literature [13, 
24]. In the study of Dural et al. [9], the incidence of 
impacted teeth was found to be higher in female than 
in male and it was statistically confirmed. According 
to the results of the χ2 test used in comparing the two 
independent groups, age and PTM variables did not 
differ by gender. In the present study, it was observed 
that in the majority of the impacted maxillary third 
molars, the teeth were on the border of the PTM and 
no bone septa were observed between the PTM and 
third molars. According to this result, the vast major-
ity of these teeth may be related to the development 
of the base length of the maxilla and it is likely that 
any complications occur during tooth extraction. As  
a result of cephalometric analysis in the present study, 
it is thought that the increase in anterior face height 
and PTM length measurement in female is character-
ised by an increase in the maxilla skeletal unit. In their 
three-dimensional cone-beam computed tomography 
studies, Costa et al. [6] recorded findings indicating 
no correlation between the anterior face height and 
maxillary posterior vertical alveoli, and thereby, PTM, 
which is in contradiction with our findings.

On the other hand, Rothstein and Yoon-Tarlie [23] 
found a statistically positive relationship between 
the anterior facial heights and the maxilla posterior 
heights of individuals in the age group of 10 and 12,  
similar to the results, in their longitudinal study. The 
reason for this is thought to be population differ-
ences. In the retrospective evaluation performed in 
our study, the relationship between the variables 
was determined by considering the differences in 
the lateral projection with anatomical structures in 
PTM, which was not previously evaluated in English 
or foreign literature. In the present study, no statis-
tical difference was found in the evaluation of PTM 
variable according to gender, localisation and the 
condition of the third molars (p > 0.05). Rothstein 
and Yoon-Tarlie [23] determined the length of the 
PTM by measuring the distance from the deepest 
point of the buccal sulcus to the peak of the fissure. 
To know the difference in measurements between 
PTM lengths; in anaesthesia to be performed in the 
region, it is thought that paying attention to the pen-
etration depth of the needle according to localisation 
is important in terms of ophthalmic or intracranial 
complications that may occur due to providing suffi-
cient anaesthesia and advancing deeper than neces-
sary. In the present study, a negative correlation was 
found between age and PTM variable. There was no 
statistically significant difference in terms of PTM var-
iable in patients according to age groups (p > 0.05).  
Although the age progression causes changes in the 
fissure area, it suggests that the fissure does not cause 
macro changes in the overall morphology. Consider-
ing the results obtained by Albert et al. [1] in their 
studies, it was observed that the growth in both soft 
and hard tissues continued after adolescence. As  
a result of the reshaping of the alveolar bone in the 
craniofacial complex, PTM, which is located behind 
the tuber region, is also thought to be affected by 
these changes. However, as mentioned earlier, it is 
thought that it will not be appropriate to use this 
point orthodontically as a fixed reference [5, 12, 22].

CONCLUSIONS
In groups formed according to unilaterally or bi-

laterally impacted maxillary third molars, anatomical 
structures were found not to affect the impacted 
teeth rather than the significant differences. Re-
garding PTM in both genders, unilateral and bilat-
eral impacted third molars were not found to differ 
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significantly between groups. It was also found that 
there were no significant differences between the 
groups of skeletal anomalies and embedded upper 
third molars with respect to PTM. It is thought that 
further studies should be supported by a larger num-
ber of patients.
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Background: We aimed to use the “SomnoMed MAS” device, which brings 
the mandible forward in obstructive sleep apnoea syndrome patients due to 
mandibular retrognathia, and to examine its effects on facial soft tissues by ste-
reophotogrammetry (3dMD) method. 
Materials and methods: Thirty-one patients with a mean age of 44 years and  
6 months were included in the study. SomnoMed MAS, one of the splint appliances 
that position the mandible in front, was applied to all patients and the changes 
in facial soft tissues were examined by overlapping the images taken at different 
times with the 3dMD face system. The obtained data were analysed statistically 
and the level of statistical significance was determined as p ≤ 0.05.
Results: Mouth width decreased statistically during T0–T1 period. In T0–T2 period, 
while crista philtri and labiale inferius points moved backwards, Mouth width, nose 
width decreased and nasal base width increased. In the T0–T3 period, nasal base 
width increased statistically, the philtrum width and the mouth width decreased, 
and the soft tissue nasion point came to the fore.
Conclusions: Splint treatment, which positions the mandible in front in adult 
obstructive sleep apnoea syndrome patients, affected the middle and lower facial 
soft tissues with the forward and downward translational movement of the lower 
jaw. (Folia Morphol 2021; 80, 2: 432–441)

Key words: appliances, obstructive sleep apnoea syndrome, 
stereophotogrammetry, snoring

INTRODUCTION
Obstructive sleep apnoea syndrome (OSAS) is de-

fined as the involuntary blockage of breathing that 
lasts at least 10 seconds or more with a decrease in 
oxygen saturation in the blood due to collapse of 
the upper respiratory tract at varying degrees while 
breathing during sleep [13]. One of the most promi-
nent features of OSAS is snoring. However, not every 

snoring patient should be diagnosed with OSAS. 
Snoring increases due to fat accumulation in obese 
patients with OSAS. Sleeping position affects the 
severity of these symptoms [19]. OSAS characterised 
by recurrent partial or complete upper airway ob-
structions that develop during sleep in patients. More 
than 75% of OSAS patients have airway collapse in 
the velopharyngeal/retropalatal region [8, 21].
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The traditional important diagnostic method of 
OSAS is the overnight polysomnography (PSG) test 
performed in sleep laboratories [14, 30]. In addition 
to sleep stages, many physiological parameters, func-
tions of different organs, and their interactions during 
sleep and wakefulness are examined with PSG [3]. If 
the number of apnoeas observed in an hour of sleep 
is less than 5, simple snoring is mentioned, if 5–15 
is mild, 15–30 is moderate, and if it is 30 or more, it 
is mentioned that there is severe sleep apnoea syn-
drome [23, 30]. The third edition of the International 
Classification of Sleep Disorders defines obstructive 
sleep apnoea (OSA) as a PSG-determined obstructive 
respiratory disturbance index (RDI) ≥ 5 events per 
hour associated with the typical symptoms of OSA 
(e.g., unrefreshing sleep, daytime sleepiness, fatigue 
or insomnia, awakening with a gasping or choking 
sensation, loud snoring, or witnessed apnoeas), or an 
obstructive RDI more than 15 events per hour (even 
in the absence of symptoms) [15].

The most commonly used method for the treat-
ment of OSAS disease is the use of a continuous 
positive nasal airway pressure (nCPAP) device. It is 
thought that the positive changes achieved with 
the use of this device are the result of a decrease 
in upper airway oedema [28]. Continuous positive 
airway pressure provides a stable positive pressure 
across inspiration and expiration [30]. Tracheostomy, 
nasal septal surgery, hyoid bone suspension, partial 
tongue resection, mandibular surgery, maxilloman-
dibular advancement osteotomy, inferior mandib-
ular osteotomy, lingualplasty, hyoid myotomy and 
suspension combined with genioglossal advance-
ment, laser uvuloplasty, uvulopalatopharingoplasty 
methods are surgical treatment approaches of OSAS  
[7, 18]. Some authors recommend that sleep phy-
sicians can consider prescription of oral appliances, 
rather than no treatment, for adult patients with OSA 
who are intolerant of CPAP therapy or prefer alternate 
therapy [24]. Oral devices are used in patients who 
cannot tolerate nCPAP therapy, who cannot undergo 
surgery due to their systemic condition and who are 
diagnosed with mild and mild-moderate sleep apnoea 
as a result of the PSG test. With these devices, only 
OSA can be treated, but central and mixed apnoeas 
cannot be treated [13].

The appliances that position the mandible in front 
and the devices which have tongue retainer feature 

prevent retroglossal collapse. The importance of mi-
nor tooth movements and small changes in occlusion 
during the use of these appliances is controversial 
[32]. Most important advantages of the intraoral 
devices are easily tolerated, non-invasive, reversible 
method, cheap, less patient time in the clinic, avail-
able for patients with or without teeth, are easy to 
carry, the use of the appliance does not affect daily 
life, is physiologically harmless, does not dissolve in 
water and is odourless [5].

Although there are studies investigating the ef-
fects of intraoral appliances used by sleep apnoea 
patients on the teeth and skeletal system, we have 
not come across a study that investigates the effect 
on facial soft tissues in a comprehensive way. In order 
to shed light on the unknowns in this field, we aimed 
to use the “SomnoMed MAS” device, which brings 
the lower jaw forward in OSAS patients due to man-
dibular retrognathia [4], and to examine its effects on 
facial soft tissues by stereophotogrammetry method 
including anatomical landmarks. This appliance is cus-
tom-made two-piece MAS (SomnoDent MAS, Somno-
Med, Crows Nest, Australia) device. This appliance 
positions the lower jaw at the front as a result of the 
wings in the lower part sitting on the front of the 
upper part with the logic of the functional appliance 
[20]. Three-dimensional (3D) stereophotogrammetry 
method is safe, noninvasive and able to capture su-
perior quality ‘external surface’ 3D photographs in 
less than 10 ms [20].

MATERIALS AND METHODS
Patient follow-up

This study was conducted on patients diagnosed 
with OSAS in sleep clinics, in the Department of Or-
thodontics, Faculty of Dentistry of Izmir Katip Celebi 
University. In this study, G * Power 3.1 software pro-
gramme (Franz Foul, Universität Kiel, Germany) was 
used to determine the sample size. It was seen that 
30 patients would be sufficient for this study, and  
a total of 31 individuals, 20 men and 11 women, with 
an average age of 44 years and 6 months (19 years 
10 months–60 years) were included in the study. 
SomnoMed MAS (SomnoDent MAS, SomnoMed Ltd, 
Australia), one of the types of mandibular repositioner 
apparatus for therapeutic purposes, was applied to 
these patients. The approval of the ethics committee 
dated 07.06.2018 and numbered 68 was obtained 
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from Izmir Katip Celebi University Interventional Clin-
ical Research Ethics Committee.

Inclusion criteria of the individuals were as follows:
 — patients between the ages of 19–60, with man-
dibular retrognathia and sleep apnoea syndrome;

 — having enough teeth and retention areas to apply 
the apparatus;

 — good oral hygiene;
 — absence of temporomandibular joint problems;
 — absence of severe skeletal malocclusion, systemic 
disease and no history of operation in the head 
and neck region;

 — not having orthodontic or orthognathic treat-
ment.
The exclusion criteria of the individuals are as 

follows:
 — patients not complying with the treatment pro-
tocol;

 — not paying attention to oral hygiene.
Upper and lower impressions were taken from 

individuals. For the standardisation of the forward 
activation of the lower jaw in the sagittal direction, 
a wax was used to register a protrusive bite by 75% 
of the maximum amount of protrusion [9].

Facial soft tissues of patients was performed im-
mediately before the appliance is applied (T0), after 
1 hour of use (T1), 3 days (T2), and after 8 hours of 
use while sleeping at night for 7 days (T3) with the 
3D imaging system (3dMD, Atlanta, Ga, USA). In the 
study, an in-group evaluation was made and the T0 
group was used as the control group.

The analysis of the images obtained by the stere-
ophotogrammetry method was made with the 3dMD 
Vultus analysis programme (3dMD, Atlanta, Ga, USA). 
Images were overlapped in order to measure point and 
volumetric changes in the records (Figs. 1–3). As stated 
Maal et al. [20], the forehead, nasal dorsum and temple 
areas were used to overlap. The registration process has 
been applied in such a way that the root mean square 
(RMS) value reaches the lowest possible value [29].

statistical analysis  

The data were evaluated in the IBM SPSS Statistics 
Standard Concurrent User V 25 (IBM Corp., Armonk, 
New York, USA) statistical package program. Descrip-
tive statistics are given as unit number (n), percentage 
(%), mean ± standard deviation (x ± SD) values. 
Normality of measurement difference was evaluated 

by Shapiro-Wilk normality test and Q-Q charts. Before 
and after treatment measurement differences were 
compared with paired t test. A value of p < 0.05 was 
considered statistically significant.

Ethical committee approval and informed consent

The study protocol was approved by the Health 
Research Ethics Board of İzmir Katip Çelebi University, 
School of Medicine, a report of ethics committee deci-
sion numbered 68 and dated June, 7, 2018. The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki. In this research, cone-
beam computed tomography (CT) images, which was 
previously recorded for diagnostic and therapeutic 
purposes, was used from the archives of İzmir Katip 
Çelebi University Faculty of Dentistry Department of 
Radiology.

A written informed consent was obtained from 
each participant.

RESULTS
Images were taken from the individuals included 

in the study at the T0, T1, T2 and T3 periods and the 
differences were determined by overlapping them. 
Looking at the point values in Table 1, alare right 
and cheilion left points came to the fore statistically 
significantly in the T0–T1 period. In the T0–T2 period, 
crista philtri right, crista philtri left and labiale inferi-
us points moved back statistically significantly. Soft 
tissue nasion and alare right points came to the fore 
significantly in the T0–T3 period (p < 0.05).

Looking at the linear measurements, a statistically 
significant decrease was observed in the mouth width 
in all three periods. In the T0–T2 period, while the 
nose width decreased, the nasal base width increased. 
In the T0–T3 period, while the philtrum width de-
creased, the nasal base width increased statistically 
(p < 0.05) (Table 2).

When the volumetric, proportional and angular 
parameters are examined, no statistically significant 
change was observed in any of the T0–T1, T0–T2 and 
T0–T3 periods (p > 0.05). The changes in the total 
face volume values, the upper facial volume and 
lower facial volume were not statistically significant 
at the T0–T1, T0–T2 and T0–T3 periods. In addition, 
we evaluated the ratio of the results obtained from 
the measurements we made in our study. There was 
no statistically significant difference in the ratio of 
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Figure 1. Points used in the analysis of three-dimensional face scan image data. 1) Glabella point (G’): It is the most anterior midpoint of the 
fronto-orbital soft tissue contour; 2) Soft tissue nasion point (N’): It is the most posterior point of the nasal root in the soft tissue contour; 
3) Exocanthion (exr, exl): It is the outer edge point of both eyeballs; 4) Pronasale point (Prn’): It is the most anterior point of the tip of the 
nose. If there is a bifid nasal structure, the most anterior point should be chosen; 5) Subnasale point (Sn’): It is the point on the nasolabial 
soft tissue contour of the junction of columella and upper lip; 6) Alare points (Alr, All): The outermost points of both alar curvatures; 7) Alar 
curvature points (Acr, Acl): The junction points of both alar bases with the facial structure; 8) Columella point (C’): It is the midpoint of Col-
umella at the nostril top point level; 9) Soft tissue A point (A’): It is the deepest point of philtrum; 10) Labiale superius point (Ls): It is the 
midpoint of the upper lip on the vermillion line; 11) Crista philtri points (Cphr, Cphl): They are the junction points of the vermillion line and 
the upward edges of the philtrum; 12) Stomion point (Sto): It is the horizontal midpoint of the joint of the two lips when the lips are closed. 
If the lips do not close when the patient is in the resting position, it is the point in the middle of the gap between the lips; 13) Cheilion points 
(Chr, Chl): They are the edge joints of the lips; 14) Labiale inferius point (Li): It is the midpoint of the lower lip on the vermillion line; 15) Soft 
tissue B point (B’): It is the deepest point of the labiomental soft tissue contour between the lower lip and the tip of the chin; 16) Soft tissue 
pogonion point (Pog’): It is the outermost point of the chin tip; 17) Soft tissue menton point (Me’): It is the lowest point of the soft tissue 
contour of the chin tip. It corresponds to the projection of the skeletal menton point.

philtrum length to mouth width, the ratio of mouth 
width/total vermillion length, upper lip length/lower 
lip length, the ratio of upper lip vermillion length/
lower lip vermillion length, and the ratio of anterior 
facial height/lower facial height at the T0–T1, T0–T2, 
and T0–T3 periods. 

Some important angular measurements were also 
made on soft tissues in our study. Interlabial an-
gle, the lower lip angle, and upper lip angle did not 
change statistically significant at the T0–T1, T0–T2, 
and T0–T3 stages. Similarly, we found that the nas-
omental angle, labiomental angle, nasolabial angle 
and nasofrontal angle did not show statistically signif-
icant changes in the T0–T1, T0–T2 and T0–T3 stages. 

There were no statistically significant differences in 
the soft tissue convexity angle at the T0–T1, T0–T2, 
and T0–T3 periods. 

DISCUSSION
There are various mandibular advancement appli-

ances used in the treatment of OSAS patients [12]. 
Among the reasons we prefer the SomnoMed MAS 
device, which positions the mandible for 8 hours at 
night for all patients with OSAS, the sagittal screws 
placed in the upper part can be activated in the sag-
ittal direction when necessary, the outer part of the 
apparatus is made of rigid acrylic that wraps all teeth 
rigidly and increases stabilisation, Since the inner 
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part covering the teeth is made of soft material, it 
causes less discomfort to the patients, patients can 
use this device without the need of a physician and 
also allows jaw movements because the upper and 
lower parts are separate.

Arnett et al. [1] stated that the changes in facial 
soft tissues were completed at the age of 12 in girls, 
and that growth continued until the age of 17 in 
boys. In our study, individuals with an average age 

of 44 years and 6 months were included in the study. 
Due to the disadvantages of two-dimensional (2D) 
imaging methods, 3D CT method, which is a more 
sensitive method, has been widely used [27]. There 
are a number of limitations of CT systems. The im-
ages captured on the detector screens are made up 
of multiple slices that are ‘stacked’ to obtain a final 
complete image. Furthermore, the radiation expo-
sure to the patient has limited its usage to complex 

Figure 2. Linear, proportional and angular measurements used on three-dimensional face scan images. Linear measurements: 1) Nasal 
width (Alr-All): It is the distance between the outermost points of the right and left nasal wings; 2) Nasal base width (Acr-Acl): It is the 
distance between the right and left alar base; 3) Philtrum width (Cphr-Cphl): It is the distance between right and left crista philtri points; 
4) Mouth width (Chr-Chl): It is the distance between the right and left angles of the mouth; 5) Upper lip length (Sn’-Sto): It is the distance 
between the subnasale and stomion points; 6) Upper lip vermillion length (Ls-Sto): It is the distance between labiale superius and stomion 
points; 7) Lower lip length (Sto-Me’): The distance between the stomion and soft tissue menton points; 8) Lower lip vermillion length 
(Sto-Li): It is the distance between stomion and labiale inferius points; 9) Anterior face height (N’-Me’): It is the distance between soft 
tissue nasion and soft tissue menton points; 10) Lower face height (Sn’-Me’): The distance between the subnasale and soft tissue menton 
points; Proportional measurements: 1) N’-Me’/Sn’-Me’: It is the ratio of the height of the anterior face to the height of the lower face;  
2) Ls-Sto/Sto-Li: It is the ratio of the vermillion length of the upper lip to the vermillion length of the lower lip; 3) Sn’-Sto/Sto-Me’: It is the 
ratio of the length of the upper lip to the length of the lower lip; 4) Chr-Chl/Ls-Li: It is the ratio of mouth width to total vermillion length;  
5) Cphr-Cphl/Chr-Chl: It is the ratio of the philtrum width to the mouth width; Angular measurements: 1) Nasofrontal angle (G’-N’-Prn’): 
It is the angle between the soft tissue glabella, nasion and pronasale points; 2) Nasolabial angle (C’-Sn’-Ls): It is the angle between the soft 
tissue columella, subnasale and labiale superius points; 3) Labiomental angle (Li-B’-Pog’): It is the angle between the labiale inferius, soft tis-
sue B and soft tissue pogonion points; 4) Soft tissue convexity angle (N’-Sn’-Pog’): It is the angle between the soft tissue nasion, subnasale 
and soft tissue pogonion points; 5) Nasomental angle (N’-Prn’-Pog’): It is the angle between the soft tissue nasion, pronasale and soft tissue 
pogonion points; 6) Upper lip angle (Chr-Ls-Chl): It is the angle between the right cheilion, labiale superius and left cheilion points;  
7) Lower lip angle (Chr-Li-Chl): It is the angle between the right cheilion, labiale inferius and left cheilion points; 8) Interlabial angle  
(Ls-Sto-Li): It is the angle between labiale superius, stomion and labiale inferius points.
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craniofacial problems and for specialised diagnostic 
information only. Magnetic resonance imaging has 
been shown to be useful in a variety of head and 
neck applications and is a relatively safe but costly 
procedure. It has been applied to the analysis of tem-

poro-mandibular joints, preoperative planning of 
tumour resection and maxillary sinus evaluation [16]. 
Magnetic resonance imaging can assess soft tissue 
size but this method is expensive and has relatively 
poor resolution for surface changes. Ideally, the 

Figure 3. Calculation of volumetric measurements; 1) Total facial volume: It covers the area from the soft tissue nasion (N’) point on the top 
to the soft tissue pogonion (Pog’) point at the bottom; 2) Upper face volume: It covers the area from the upper soft tissue nasion (N’) point to 
the lower subnasale (Sn) point; 3) Lower face volume: It covers the region from the subnasale (Sn) point at the top to the soft tissue pogo-
nion (Pog’) point at the bottom.

Table 1. Point changes obtained from image registration and statistical evaluation results

Parameters T0–T1 T0–T2 T0–T3

X diff. [mm] SD P X diff. [mm] SD P X diff. [mm] SD P

Soft tissue nasion (N’) –0.0729 0.49013 0.414 0.1019 0.39049 0.156 0.1916 0.45360 0.025*

Alare right (Alr) 0.1668 0.37818 0.020* 0.0916 0.34294 0.147 0.1448 0.33430 0.022*

Crista philtri right (Cphr) –0.1623 0.84917 0.296 -0.3929 0.97084 0.032* –0.1210 0.83410 0.426

Crista philtri left (Cphl) –0.2119 0.81224 0.157 –0.3368 0.84081 0.033* –0.0665 0.81022 0.651

Cheilion left (Chl) 0.3910 0.98621 0.035* 0.0426 0.95294 0.805 0.0481 1.02750 0.796

Labiale inferius (Li) –0.2197 1.02785 0.243 –0.5761 1.11018 0.007* –0.3145 1.15843 0.141

*Statistically significant (p < 0.05), standard deviation (SD), mean (x)
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quantitative assessment of the main characteristics 
of the human face should be a 3D evaluation. One 
such objective and quantitative method for analys-
ing facial dimensions is 3D stereophotogrammetry 
system. This system uses two digital camera pods 
to create a 3D facial image [26]. The development 
of the stereophotogrammetry method has made 
a breakthrough in the examination of facial soft 
tissues. Lin et al. [17] compared these methods 
by taking CT, 3dMD, and 2D photograph from 38 
patients diagnosed with OSA. They found that the 
records obtained by 3dMD and CT methods were 
compatible with OSA severity.

Maal et al. [20] determined variations in the face 
at rest; 100 3dMD photographs of the same individual 
were acquired at different times. Initially, 50 3dMD 
photographs were obtained; 25 using a wax bite to 
ensure similar occlusion between subsequent photo-
graphs and 25 without wax bite. This procedure was 
repeated 6 weeks later. Variation of the face at rest 
was computed. The mean error of the system (RMS) 
of all four groups ranged from 0.21 mm to 0.27 mm. 
The standard deviation ranged from 0.20 mm to  
0.26 mm. The results for the different anatomical re-
gions are illustrated in Table 2. The RMS error ranged 
from 0.16 mm to 0.37 mm. The 90th percentile error 
ranged from 0.33 mm to 0.78 mm and the 95th per-
centile error ranged from 0.40 mm to 1.01 mm. The 
values in our study were also compatible with this 
study. This shows the reliability of the method used.

The methodology used by Maal et al. [20] for the 
forehead, nose and temple areas was also applied 
in this study. The points, planes, angular and volu-
metric parameters selected in the measurements are 
compatible with the parameters on soft tissues in 
3D of other studies [6, 10, 22, 31]. Hammond et al. 
[11] used the splint, which positions the mandible 
anteriorly in 64 patients with OSA, for 25.1 months 
in a study they conducted in 2007, and examined the 
dental and skeletal changes; they found no significant 
difference in mandibular length. There was a decrease 
in overbite and overjet. A statistically significant, clin-
ically insignificant forward movement was observed 
in the mandibular incisors.

Bondemark [2] in 1999, applied splint therapy that 
positions the mandible in front (by 70% of its max-
imum protrusion; mean 5–8 mm and increased an-
terior vertical height by 5 mm) on 30 patients with 
OSA with the average age of 55.3 (between 46.5 and 
79.8) and measured by overlapping lateral cephalo-
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metric images taken at the start of treatment and  
2 years later. It was observed that the lower jaw of 
the patients moved 0.4 mm anteriorly and rotated  
0.3 mm clockwise. Despite these changes, there was no 
complaint in the patients. The researcher stated that this 
change may be due to remodelling or condylar position 
change in the condyle and/or glenoid fossa. Skeletal pa-
rameters were examined in this study. In our study, facial 
soft tissues were evaluated and the clockwise rotation 
of the lower jaw was found to be compatible with this 
study; contrary to this study, there was no difference 
in the sagittal position of the soft tissue pogonion and 
menton points before and after the treatment.

Robertson [25] applied splint therapy that posi-
tioned the mandible anteriorly to 100 patients with 
OSA and an average age of 49, and followed it up 
for 30 months. The sagittal activation amount of 
the mandible was 75% of the maximum protrusion; 
observed changes in the vertical position of the con-
dyle, total anterior and posterior face height in the 
first 6 months. He reported changes in the vertical 
position of the condyle in the total and lower face 
height at the 18th month and found that the changes 
were stable at 24th month. He emphasized that the 
decrease in overbite in the 30th month was due to 
lower incisor proclination.

In 2009, Chan et al. [4] examined the lateral ceph-
alometry images before and after treatment (6–8 
weeks) by applying SomnoMed MAS to 69 patients 
with OSA, which positioned the mandible anterior-
ly, and reported an increase in lower anterior face 
height. In our study, our result of the increase in 
lower face height at a degree close to statistically 
significant is consistent with the results of the re-
searchers [2, 4, 25].

Considering the linear measurements made 
on the T0–T1 images, it was found that there was  
a statistically significant decrease in the mouth width  
1 hour after the appliance was applied. When the T0–T2  
and T0–T3 measurements are compared, it is seen 
that the decrease in the mouth width continues in  
a similar way, and a statistically significant difference 
was found when the two measurement differences 
are compared. The reason for the occurrence of this 
situation is the shrinkage in the width of the mouth 
with the movement of the soft tissues forward as  
a result of the lower jaw being brought forward with 
the device.

It was observed that the lower labiale point and 
crista philtri points were positioned statistically more 
anteriorly in the T0–T2 time interval. The difference 
occurred as a result of the lower jaw positioned 
in front. Considering the linear measurements be-
tween T0–T2, in contrast to the T0–T1 measurements,  
a decrease in nose width and an increase in nasal base 
width in addition to the change in mouth width were 
found to be statistically significant. In T0–T3 meas-
urements, changes in nose width were found to be 
reversible; it was found that the change in the nasal 
base width continued. In this situation, as a result 
of the lower jaw moving forward as a result of the 
soft tissues associated with the lower jaw dragging 
the soft tissues in the upper anterior region relatively 
forward, the nose width decreased as a result of the 
stretching of the upper anterior region, while the 
nasal base expanded.

When looking at the results of the comparison 
of T0 and T3 values, it was seen that the changes 
in labiale inferius point and crista philtri points in 
the T0–T2 time interval were found to be reversible.  
A statistically significant difference was found at the 
soft tissue nasion point in the measurements in the 
T0–T3 period. This change made us think that it may 
have been caused by the adaptive movement of the 
soft tissue nasion point. When the linear measure-
ments were examined, it was observed that there 
was a statistically significant decrease in the philtrum 
width between the T0 and T3 periods. No statistically 
significant change was found in any of the propor-
tional and angular measurements, the changes mostly 
occurred in the mid and lower face region as a result 
of the lower jaw positioned in front and below.

CONCLUSIONS
Splint (SomnoMed MAS) treatment that posi-

tioned the mandible anteriorly did not make any 
difference in volumetric, proportional and angular 
measurements in the soft tissues of the face; It was 
observed that the changes in the lower and upper 
lip were reversible. It was thought that the decrease 
in mouth width and the increase in the base of the 
nose were caused by the stretching of the soft tissues 
as a result of the device that brought the lower jaw 
forward. The use of a device that positions the man-
dible anteriorly in patients who have completed their 
growth and development has created adaptive and 
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compensatory changes in the lower facial soft tissues 
in the short term. We think that it will be beneficial 
to carry out new studies by keeping the follow-up 
period long in the future.
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Background: Transsexuality is explained and defined as a gender-identity disorder, 
characterised by very strong conviction of belonging to the opposite sex and has 
been associated with a distinct neuroanatomical pattern. 
Materials and methods: We performed a structural analysis in search of possible 
differences in grey matter structures based on magnetic resonance imaging scans 
of the brains of 26 individuals between 19 and 38 years of age. The participants 
were divided into two groups of 15 controls and 11 transgender individuals. 
The segmentation of subcortical grey matter was performed using FIRST model  
a model-based segmentation/registration tool, from FSL software package.
Results: The results showed that the volume of the brain region called nucleus 
accumbens on the left side was significantly smaller in the group of transgender 
individuals compared to the control. It was the most important parameter which 
was shown to make distinction between two examined groups.
Conclusions: The results also showed decreased volumes of the left thalamus, right 
hippocampus and right caudate nucleus. (Folia Morphol 2021; 80, 2: 442–447)

Key words: transsexuals, magnetic resonance imaging, FSL, subcortical 
brain structures

INTRODUCTION
Transsexualism is defined as a gender identity in-

consistency with their biologically assigned sex with 
a great desire for a sex reassignment therapy. It is no 
longer classified as a mental disorder in the Interna-
tional Statistical Classification of Diseases and Related 
Health Problems (ICD 11), but as a sexual health 
condition [11]. Exact and defined aetiology is still 
unknown, and sexual brain differentiation through 
embryonic development deviates from the sexual 
differentiation of the rest of the body. Neuroanatomy 
plays a crucial, highly important role in determining 
gender identity and therefore the investigation and 

defining the anatomical substrates and correlates can 
help us in identifying underlying mechanisms of trans-
sexualism. Although public awareness is dramatically 
increased in past few decades, our scientific under-
standing and explanation of transsexualism is still very 
poor and pretty limited, as within every psychiatric 
condition where morphological substrate is not de-
fined. It has been implicated that both environmen-
tal events and innate differences can influence and 
tribute to this condition. Sexual brain differentiation 
through embryonic development deviates from the 
sexual differentiation of the rest of the body [21]. This 
statement implicates to the fact that neuroanatomy 
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plays a critical role in determining gender identity and 
therefore the investigation and defying the anatomi-
cal substrates and correlates can help us in identifying 
underlying mechanisms of transsexualism.

There were a number of studies that had examined 
brain structures in male to female (MtF) and female 
to male (FtM) transsexuals and some of them are 
postmortem studies. They gave a great tribute to the 
already claimed fact that brain anatomy is associated 
with transsexualism. Some of them did not show any 
significant result but two post mortem studies re-
vealed a lot: MtF transsexuals had a female like central 
subdivision of the bed nucleus of the stria terminalis 
with respect to its size [21] and number of neurons 
[12]. Other post mortem study showed that MtF 
transsexuals had female like volumes and neuronal 
densities of the interstitial nucleus of the anterior 
hypothalamus [8]. All this findings were very crucial 
in defining in which direction further investigation 
will proceed because scientists are pretty limited by 
inherent pitfalls of postmortem studies and by small 
number of transsexual patients generally. In a voxel 
based morphometric study, a grey and white matter 
brain structures volumes were investigated in treat-
ment naïve or hormone treated transgender women, 
and investigators concluded that differences existed 
in grey matter volumes in posterior superior frontal 
cortex in the cisgender women group [20]. Another 
magnetic resonance imaging (MRI) study showed 
regional grey matter structure differences in transsex-
uals compared to controls, independent from their 
biological gender in cerebellum, left angular gyrus, 
and in the left inferior parietal lobule [19].

In order of expanding the area of research, we 
investigated MRI neuroanatomy analysis and applied 
a very sophisticated computational image analysis ap-
proach to compare regional total volumes of different 
subcortical grey matter structures, caudate nucleus, 
putamen, globus pallidus, thalamus, hippocampus, 
amygdala, and nucleus accumbens.

MATERIALS AND METHODS
Participants

This research was conducted in accordance with 
the latest version of Declaration of Helsinki and ap-
proved by the local ethics committee and all included 
individuals provided written informed consent. All 
individuals arriving from the transgender outpatient 
service of the psychiatry department Clinical Centre 

Dragisa Misovic in Belgrade, Serbia, diagnosed with 
gender identity disorder (GID) based on DSM-IV TR 
diagnostic criteria, were approached to enter a neu-
roimaging study. Both MtF and FtM individuals were 
eligible for the research. Healthy volunteers were 
recruited to serve as controls from among medical 
students, colleagues and friends of the research team 
who were free from any symptoms of GID or any psy-
chiatric disorders. The presence of symptoms of GID 
was evaluated based on a free clinical interview asking 
simple questions targeting the symptoms of GID listed 
in DSM-IV TR, while the presence of psychiatric symp-
toms was assessed by SCL-90 [3]. Control subjects 
were selected to represent a population matched in 
age and gender identity to the patient group. 

Only data from the structural imaging findings 
are presented in this paper, results of the functional 
imaging findings will be reported in upcoming pub-
lications. 

Diagnosis of GID

All GID individuals underwent a detailed diagnos-
tic interview with an expert psychiatrist in the field 
and also filled out a test battery assessing transgender 
identity disorder symptoms and associated behav-
iours and psychiatric comorbidity in order to confirm 
the diagnosis and exclude the presence of other men-
tal disorder behind the symptoms of gender identi-
ty disorder. Sexual orientation of the patients was 
assessed by self-report. During the clinical interview 
basic demographic data, family history, psychiatric 
history and psychiatric status were also assessed. 

MRI acquisition

Magnetic resonance examination of both trans-
sexual and control subjects was performed using 
Siemens Avanto 1.5 T MRI device (Siemens, Erlan-
gen., Germany) and 8-channel head coil. The imaging 
protocol consisted of T2 weighted spin echo (T2W,  
TR = 4800 ms, TE = 94 ms) and magnetisation prepared 
rapid acquisition gradient echo T1 weighted sequence 
(MPRAGE, TR = 1850 ms, TE = 5 ms, flip angle = 12o,  
matrix: 512 × 512, isovoxel). T2W images were used to 
exclude presence of gross brain pathology in subjects. 
T1W images were transferred to PC workstation (Intel 
i5, 8GB ram, OS Ubuntu 14.04LTS) and converted to 
NifTI-1 (Neuroimaging Informatics Technology Initia-
tive) using dcm2nii software. Orientation of images 
was checked/corrected using fslreorient2std script. 
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The segmentation of subcortical grey matter was per-
formed using the FIRST, the model based segmen-
tation/registration tool, from FSL software package  
(Fig. 1) [17, 18]. The tool utilises the principles of the 
Active Shape and Appearance Models placed within 
a Bayesian framework. The models are trained for 15 
different subcortical structures using 336 manually 
segmented and labelled T1-weighted MRI and statis-
tical analysis was performed by R software [6]. 

RESULTS
We performed a structural analysis and searched 

for possible differences in grey matter structures 
based on MRI scans of the brains of 26 participants 
between 19 and 38 years of age, 15 controls and 
11 transgender individuals. For statistical analysis, 
Kolmogorov-Smirnov test was used to test normal 
distribution of examined parameters. All parameters 
had a normal distribution (p > 0.05). To test average 
values of the parameters Student t-test and Levene’s 
test for equality of variances were done. Binomial 
logistic regression was used to apostrophe important 
parameters for group prediction. Receiver operating 
characteristic (ROC) analysis was done for important 
parameters to emphasise sensitivity and specificity of 
each parameter and to remark cut-off values (points). 
All analyses were done on a level of significate  
p < 0.05. Analyses were done in SPSS 24 software 
package. The results showed that the volume of the 
brain region called nucleus accumbens on the left 
side was significantly smaller in the group of trans-
gender people compared to the control. It was the 

Table 1. Comparison of the groups for each examined subcor-
tical structure 

Group 
statistics

Group N Mean Standard 
deviation

Standard 
error 
mean

P

Age Trans
Control

11
15

26.91
29.07

7.503
8.259

2.262
2.132

0.501

Thalamus 
Vol L

Trans
Control

11
15

8212.13
7673.41

623.92
838.33

188.12
216.46

0.085

Thalamus 
Vol R

Trans
Control

11
15

7992.21
7370.11

587.19
702.82

177.05
181.47

0.025

Caudatus 
Vol L

Trans
Control

11
15

3695.84
3279.72

544.84
302.52

164.27
78.11

0.020

Caudatus 
Vol R

Trans
Control

11
15

3653.07
3419.11

574.97
290.17

173.36
74.92

0.185

Putamen 
Vol L

Trans
Control

11
15

4924.09
4821.70

363.45
423.46

109.58
109.34

0.525

Putamen 
Vol R

Trans
Control

11
15

3921.13
4726.78

859.81
456.64

259.24
117.90

0.005

Pallidum 
Vol L

Trans
Control

11
15

1764.45
1711.09

192.83
259.64

58.14
67.04

0.571

Pallidum 
Vol R

Trans
Control

11
15

1817.34
1783.14

185.10
306.78

55.81
79.21

0.746

Hippocam-
pus Vol L

Trans
Control

11
15

3562.27
3825.74

461.83
445.38

139.25
115.00

0.155

Hippocam-
pus Vol R

Trans
Control

11
15

3611.82
3973.05

342.21
313.83

103.18
81.03

0.010

Amygdala 
Vol L

Trans
Control

11
15

1248.97
1185.74

225.57
198.32

68.01
51.20

0.456

Amygdala 
Vol R

Trans
Control

11
15

1338.66
1239.34

402.57
249.81

121.38
64.50

0.445

Accum-
bens Vol L

Trans
Control

11
15

514.07
605.47

68.60
105.74

20.68
27.30

0.020

Accum-
bens Vol R

Trans
Control

11
15

382.42
439.62

70.86
77.46

21.37
20.00

0.066

Figure 1. Example of segmentation of inner grey matter structures performed on single subject using FIRST (model based segmentation/reg-
istration tool, FSL software package).
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Table 2. Binomial multivariate logistics regression analysis, 
method stepwise forward conditional

B Standard error Hazard ratio

Thalamus Vol L –0.097 13.623 0.908

Caudatus Vol R 0.067 13.337 1.070

Hippocampus Vol R 0.054 24.948 1.055

Accumbens Vol L 0.387 60.312 1.473

most important parameter which was shown to make 
distinction between two examined groups. The results 
also showed decreased volumes of the left thalamus, 
right hippocampus and right caudate nucleus.

The Student’s T test was used for the group com-
parison, and the results are shown in Table 1.

The groups were equal to the age structure  
(p = 0.501). Differences in the values in the values of thal-
amus Vol R (p = 0.025) and caudatus Vol R (p = 0.020)  
where the values “Trans” groups were statistical-
ly significantly higher. With the viewed parameters 
of putamen Vol R (p = 0.005), hippocampus Vol R  

(p = 0.010) and accumbens Vol L (p = 0.020) the values 
of “Trans” groups were statistically significantly reduced.

In order to discover the parameters of importance 
that diversify the observed groups, binomial multivar-
iate logistics regression was used, method stepwise, 
from the point of view of joint action. At the start, 
the overall prediction was 57.5%, after four steps 
using forward conditional method, overall predic-
tion showed 100%. The results of binomial logistics 
regression are shown in Table 2.

To confirm binomial multivariate logistic re-
gression, for each important variable ROC analysis 
were done. The results confirmed the obtained 
logistic regression solution. In order to find break-
down values that will indicate the observed Trans 
group was done (Table 3), and a method P/N ratio 
was used to determine the cut off points. The 
table shows significance, value cut off and the 
degree of sensitivity and specificity for the giv-
en value presenting left nucleus accumbens as 
most important parameter (area under the curve  
[AUC] = 0.824) (Figs. 2, 3).

Table 3. Results of area under the curve (AUC) and cut-off point with sensitivity and specificity were calculated for each given parameter

Parameter AUC P 95% CI L 95% CI U Cut-off Sensitivity Specificity Values* 

Thalamus Vol L 0.76 0.024 0.57 0.95 7729 0.818 0.733 Bigger

Caudatus Vol R 0.74 0.040 0.53 0.95 3533 0.636 0.667 Bigger

Hippocampus Vol R 0.79 0.012 0.61 0.98 3798 0.818 0.800 Smaller

Accumbens Vol L 0.82 0.005 0.66 0.99 561 0.818 0.733 Smaller

*To the “Trans” group compared to cut off point; CI — confidence interval; L — lower; U — upper

Figure 2. Receiver operating characteristic curve for left thalamus 
and right caudatus.

Figure 3. Receiver operating characteristic curve for left accum-
bens and right hippocampus.
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DISCUSSION
Nucleus accumbens is, anatomically spoken, 

round and dorsally flattened structure located ante-
riorly to the anterior commissure, its posterior part, 
and dorsomedially into the caudate nucleus [10]. 
Strict delineation between these two structures is 
previously thought to be almost impossible, especially 
with MRI, but more recent studies have suggested 
that discerning the nucleus accumbens limits with 
the caudate nucleus is easier by T2-weighted MRIs 
due to the more intense signalling showing of nucle-
us accumbens than the caudate nucleus. Our study 
showed decreased left nucleus accumbens volume 
which is correlated with previous explanation [13, 15].

Many morphometric studies showed increased 
volume of nucleus accumbens on the left and right in 
males with or without gender or cerebral differences 
[1, 4, 13–15]. Another parameter that was included 
as very important was age, which was mentioned as 
a very important parameter when referring a decrease 
in specific brain structure volume correlated with age, 
while other structures do not pinpoint to age-relat-
ed volume decrease [4, 13, 14]. Our results showed 
decreased volume on the left side predominantly in 
FtM subjects and in one MtF, and they were in their 
ages of 21 years, 23 years, and 39 years, which we 
cannot consider as age related atrophy.

The results showed that the volume of the left 
nucleus accumbens was smaller in transgender group 
consisted of both FtM and MtF than in healthy ones. 
Beside nucleus accumbens, we found decreased vol-
umes of left thalamus and right hippocampus and 
caudate nucleus, but statistically it was shown that 
left nucleus accumbens was the most significant pa-
rameter. Nucleus accumbens is very important struc-
ture of ventral striatum and one of the major subcorti-
cal structures involved in emotional processes, anxiety 
disorders, bipolar disorder, many other neurological 
and psychiatric disorders as well as in addictions. It 
was known to be one of the key structures in addic-
tion and drug reward circle. It would be easy to direct-
ly connect to the transgender individuals, but we can 
say that verification of a different volume or simply 
a difference in left nucleus accumbens is relevant 
since transgender individuals have many problems 
related to be accepted from their family and society, 
they have that strong feeling of being trapped into 
their own body and consequently their perception 
is different. Due to the fact mentioned previously, 
transgender people go through discrimination and 

persecution and often suffer from different anxiety 
problems, depression, addiction issues, bipolar dis-
order and many others.

It is worth mentioning that an important diag-
nostic criterion for gender dysphoria is the distress 
that accompanies the incongruity between the body 
and gender identity, as the secondary sexual charac-
teristics do not belong to the gender with which one 
identifies [7].

As for the decreased volumes of right thalamic 
and caudate structures, Nota et al. [16] showed that 
within the right working memory network, cisgender 
males showed significantly greater functional con-
nectivity in the right caudate nucleus than cisgender 
females.

Moreover, later research has shown very similar 
delay of active neurons also in the posterior parietal 
cortex, the thalamus, the caudate, and the globus 
pallidus [2].

In addition to the reported regional volumetric 
characteristics, it is very significant to take into ac-
count human brain network connectome and mor-
phological substrates included, which enables an 
investigation of interactions across brain regions and 
hence have provided valuable insights in fundamental 
human brain function. In a study investigating struc-
tural connectome of FtM and MtF, transsexuals before 
hormonal treatment showed differences specifically 
for connections between subcortical, limbic and cor-
tical regions [5, 9]. Subcortical brain segmentation 
and volumetry findings put on complementary infor-
mation as the evaluation on a network level between 
subcortical structures and cortex revealed specific 
characteristics for transsexuals [9].

CONCLUSIONS
Our findings support the theory that structural 

differences exist between transsexual individuals and 
controls from the same biological gender. We found 
that that the volume of the brain region called nucleus 
accumbens on the left side was significantly smaller 
in the group of transgender patients compared to 
the control. It was the most important parameter 
which was shown to make distinction between two 
examined groups. The results also showed decreased 
volumes of the left thalamus, right hippocampus and 
right caudate nucleus.

Disadvantage of this investigation is the fact of 
sample sizes which is modest and results are therefore 
yet inconclusive in details, but still significant struc-
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tural differences were found between transsexuals 
and controls. These initial results, the results of our 
study, need to be further replicated and refined in 
future studies on larger samples, as well as followed 
by functional imaging studies that might clarify how 
these structural differences impact the process of 
the evolution of gender identity and its affection on 
specific brain structures as well as their emotional 
regulation, cognitive ability and brain lateralisation. 
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There is an infrequent disposition of the first metacarpal artery which results in an 
anastomosis with the common palmar digital artery of the second space, forming 
an anastomotic system between the deep radial system and the superficial ulnar 
system. The radial system in turn, through the first dorsal interosseous artery, 
anastomoses with a collateral of the common palmar digital artery of the second 
space, ending as the ulnar palmar digital artery of the thumb and establishing 
a second anastomotic system. A third anastomosis is established in one case, 
between the common palmar digital artery of the fourth space and the fourth 
metacarpal artery. To this may be added the classic anastomosis between the 
superficial branch of the ulnar artery and the deep branch of the radial artery, 
i.e. the deep palmar arch. (Folia Morphol 2021; 80, 2: 448–454)

Key words: first metacarpal artery, superficial palmar arch, deep palmar 
arch, anastomosis

INTRODUCTION
In the course of an investigation into the morphol-

ogy of the superficial palmar arch (SPA), we found an 
infrequent disposition of the first palmar metacarpal 
artery (1PMA), which is considered primordial in the 
circulation of the thumb to the point that it is called the 
princeps pollicis artery. We believe that surgeons must 
be familiar with the arterial disposition of this finger for 
the purposes of surgery and reconstruction procedures.

MATERIALS AND METHODS
The specimens were 28 fresh upper limbs undis-

tinguished by sex, mean age 65 years. The specimens 
were injected manually, through axillary artery, with 

elastomeric material (natural latex) (Meister©), using 
10 mL syringes. Chemically, this elastomeric material is 
defined as a polymer of methylbutadiene or isoprene 
(C5H8), whose degree of polymerisation is 2500 to 4500. 
It is white in colour, and was coloured red with an acrylic 
paint (chemically, vinyl acetate) (Arcel©). Subsequently, 
the specimens were immersed in a 10% formalin fixa-
tive liquid container for 30 days, at room temperature. 
The upper limbs were dissected using appropriate in-
struments and stereoscopic microscopes 2×. 

RESULTS
The findings reported were found in 3 cases, i.e. 

10.7%, of the total sample.

https://orcid.org/0000-0002-3056-9703
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Common characteristics were observed between 
cases 1 and 2. The SPAs of cases 1 and 2 may be 
considered of the incomplete type (Figs. 1A, 2A): the 
1PMA originates in the deep palmar arch (DPA), close 
to the passage of the radial artery (RA) through the 
first dorsal interosseous muscle (1DIOM) (Figs. 1C, 
2C). From this origin, the artery lies between the first 
dorsal interosseous muscle (1DIOM) and the adductor 
pollicis (AdP), emerging below its distal border, hidden 
by the flexor tendons of the index finger. At the point 
of emergence, it emits the radial artery of the index 
(Figs. 1A, B; 2A, B), which is seen emerging outside the 
flexor tendons of this finger. Located at first outside 
the flexor tendons, the 1PMA passes below them close 
to the metacarpophalangeal joint, and subsequently 
courses inside the flexor tendons (Figs. 1A, B; 2A, B) 
in the second interdigital space, where it anastomo-
ses with the common palmar digital artery (CPDA) 
of the second space (CPDA2S) (Figs. 1A, B; 2A, B).  
It courses posterior of the palmar digital nerves of 
the index finger. Before it passes through the 1DIOM 
ring, the RA emits the first dorsal interosseous ar-
tery (1DIOA) (Figs. 1C, 2C), which anastomoses with  
a branch of the SPA at the edge of the first commis-
sure. It continues its course parallel to the medial bor-
der of the thumb to become the ulnar palmar artery 
of the thumb (UPAT) (Figs. 1C, 2C). In case 1, shortly 
after its origin, the CPDA2S emits a branch which 
courses to proximal and divides into two branches 
(Fig. 1A): one distal, parallel to the medial border 
of the thumb, which anastomoses with the 1DIOA 
when it reaches the border of the first joint; and one 
proximal which ends up as the radial palmar artery 
of the thumb. Case 2 is similar (Fig. 2A), but it is the 
branch that anastomoses with the dorsal system that 
emits the radial palmar artery of the thumb. In case 1  
(Fig. 1A), other arterial variations were observed: 
the origin of a common trunk for the CPDA of the 
fifth finger and the common palmar digital artery of 
the fourth space (CPDA4S), which has to pass below 
the extensor tendons and the common palmar dig-
ital nerve of this space, to arrive at the same point, 
receiving a fourth palmar metacarpal artery (4PMA) 
with which it anastomoses; and the presence of  
a highly developed second dorsal interosseous artery 
(2DIOA) located over the second dorsal interosseous 
muscle, which passes under the extensor tendons 
of the index and the junctura tendinum between 
this and the middle finger, and ends by joining the 
CPDA2S at the point where it divides into the medial 

and radial proper palmar digital artery of the index 
and middle fingers (Fig. 1D).

Case 3 presents a complete SPA (Fig. 3A), with the 
thumb receiving blood supply from the ulnar proper 
palmar digital artery of the thumb and from radial 
proper palmar digital artery of the thumb, originating 
in the CPDA of the first space. The RA does not give 
origin to a 1DIOA. The 1PMA originates from the 
DPA and presents the same course and disposition 
as in the above cases (Fig. 3B, C). It also presents 
an arterial variation in the form of a DPA between 
the RA and a distal deep ulnar artery (Fig. 2C). The 
proximal deep ulnar artery turns over the DPA and  
a small anastomosis can be seen between the first 
and second metacarpal arteries (Fig. 3C).

DISCUSSION
Although our purpose is not to discuss the origins 

of the arteries of the thumb, in order to compare our 
findings we will say that the 1PMA has been consid-
ered the principal source of irrigation of the thumb, 
which is why it has been called princeps pollicis [15, 
21]. Other authors argue that it should not be so 
called, as its contribution to the vascularisation of the 
thumb is inconstant [10, 15, 16, 18], or because its 
contribution is provided from other sources: 1DIOA 
[1–3, 9, 13, 15, 16, 18]; or SPA [1, 11, 15, 17]. Other 
authors again consider that the 1PMA and the prin-
ceps pollicis are different [8, 19]. A similar disposition 
to our findings appears in illustration by Dujarier [9], 
who calls the 1PMA as the arterial trunk of the index 
and — citing Farabeuf — considers this a habitual 
disposition, an opinion shared by Delorme [8]. Patil  
et al. [13] refers to a case, which we understand to be 
the same as those described here, in which a 1PMA is 
located in the second palmar space with termination 
as in our findings, but with the RA of the index passing 
under the tendons and nerves destined for the index, 
because the 1PMA is located in a medial position 
relative to these structures, while in our specimens it 
passes to radial. A similar disposition to ours is men-
tioned by Hashem et al. [12], without indicating which 
metacarpal artery is substituted. Occasionally a second 
palmar metacarpal artery (2PMA) can supply a CPDA 
of the second space [2], forming another anastomo-
sis between elements of the DPA and the SPA [3, 4]. 
Coleman and Anson [7] say that the most developed 
artery destined for thumb should be called 1PMA.

Our cases confirm that it is not correct to call 
1PMA as “princeps pollicis”, because it does not con-
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Figure 1. A. View of the palmar side of the hand; 1 — ulnar artery; 2 — common trunk for the common palmar digital artery of the fifth finger 
and the common palmar digital artery of the fourth space; 3 — common palmar digital artery of the third space; 4 — common palmar digital 
artery of the second space; 5 — branch of the common palmar digital artery of the second space; 6 — distal anastomotic branch of the first 
dorsal interosseous artery; 7 — proximal branch of the first dorsal interosseous artery; 8 — ulnar proper palmar digital artery of the index;  
9 — radial artery of the index; 10 — anastomotic branch between first palmar metacarpal artery and common palmar digital artery of the sec-
ond space (white arrow); 11 — common palmar digital artery of the fourth space (black arrow); FT — flexor tendons; L — lumbrical muscle;  
AdP — adductor pollicis muscle; B. Enlarged visualization of palmar side of the hand on the first and second interosseous space; white arrow 
— first palmar metacarpal artery; black arrow: anastomosis between second dorsal interosseous artery and common palmar digital artery of 
the second space; 3 — common palmar digital artery of the third space; 4 — common palmar digital artery of the second space; 5 — branch 
of the common palmar digital artery of the second space; 6 — distal anastomotic branch of the first dorsal interosseous artery; 7 — proximal 
branch of the first dorsal interosseous artery; 8 — ulnar proper palmar digital artery of the index; 9 — radial artery of the index; 10 — anas-
tomotic branch between first palmar metacarpal artery and common palmar digital artery of the second space (white arrow); FT — flexor 
tendons; AdP — adductor pollicis muscle; C. View of the dorsal side of the hand; 12 — radial artery; 13 — first dorsal interosseous artery 
(white arrow: anastomosis with medial branch of common palmar digital artery of the second space); 8 — ulnar proper palmar digital artery 
of the index; 14 — first palmar metacarpal artery; 1DIOM — first dorsal interosseous muscle (reclined and sectioned at the level of the inter-
osseous ring); AdP — m. adductor pollicis; EPB — m. extensor pollicis brevis; EPL — m. extensor pollicis longus; D. View of the dorsal side 
of the hand, from the first interosseous space, with recline of the first dorsal interosseous muscle; 15 — second dorsal interosseous artery; 
16 — proper palmar digital arteries; IET — index extensor tendons; JT — juncturae tendineum.

A B D
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Figure 2. A. View of the palmar side of the hand; 1 — ulnar artery; 4 — common palmar digital artery of the second space; 5 — branch of 
the common palmar digital artery of the second space; 6 — distal anastomotic branch of the first dorsal interosseous artery; 8 — ulnar prop-
er palmar digital artery of the thumb; 9 — radial artery of the index; 14 — first palmar metacarpal artery; 17 — radial proper palmar digital 
artery of the thumb; AdP — m. adductor pollicis; IFT — index flexor tendons; B. Enlarged visualization of palmar side of the hand; 4 — com-
mon palmar digital artery of the second space; 9 — radial artery of the index; 14 — first palmar metacarpal artery; 18 — superficial palmar 
arch; AdP — m. adductor pollicis; dbUN — deep branch of the ulnar nerve; IFT — index flexor tendons; C. View of the dorsal and palmar 
side of the hand, from the first interosseous space, with recline of the first dorsal interosseous muscle; 8 — ulnar proper palmar digital artery 
of the thumb; 9 — radial artery of the index; 13 — first dorsal interosseous artery; 14 — first palmar metacarpal artery; 19 — deep palmar 
arch; AdP — m. adductor pollicis; EPB — m. extensor pollicis brevis; EPL — m. extensor pollicis longus; 1DIOM — first dorsal interosseous 
muscle; white arrow — anastomosis between distal branch of the common palmar digital artery of the second space with the first dorsal 
interosseous artery.

A B
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Figure 3. A. View of the palmar side of the hand; 1 — ulnar artery; 2 — common trunk for the common palmar digital artery of the fifth finger 
and the common palmar digital artery of the fourth space; 3 — common palmar digital artery of the third space; 4 — common palmar digital 
artery of the second space; 5 — branch of the common palmar digital artery of the second space; 8 — ulnar proper palmar digital artery of 
the thumb; 17 — radial proper palmar digital artery of the thumb; 20 — common palmar digital artery of the first space; B. Enlarged visualisa-
tion of palmar side of the hand, with recline of the index flexor tendon, and visualisation of m. adductor pollicis; 1 — ulnar artery; 4 — com-
mon palmar digital artery of the second space; 5 — branch of the common palmar digital artery of the second space; 7 — proximal branch of 
the first dorsal interosseous artery; 9 — radial artery of the index; 14 — first palmar metacarpal artery; 20 — common palmar digital artery 
of the first space; AdP — m. adductor pollicis; IFT — index flexor tendons; black arrow — anastomosis with common palmar digital artery 
of the second space; C. View of the palmar side of the hand, with recline of the thumb; 1 — ulnar artery; 2 — common trunk for the common 
palmar digital artery of the fifth finger and the common palmar digital artery of the fourth space; 3 — common palmar digital artery of the 
third space; 4 — common palmar digital artery of the second space; 5 — branch of the common palmar digital artery of the second space;  
9 — radial artery of the index; 12 — radial artery; 14 — first palmar metacarpal artery; 19 — deep palmar arch; 20 — common palmar digital  
artery of the first space; white arrow — anastomosis between first palmar metacarpal artery and second palmar metacarpal artery; green 
arrow — anastomosis between deep branch of ulnar artery and deep palmar arch; ppDN5 — proper palmar digital nerve of fifth digit;  
dbUN — deep branch of the ulnar nerve; FT — flexor tendons; AdP — m. adductor pollicis; 1DIOM — first dorsal interosseous muscle.
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tribute to the vascularisation of the thumb in any of 
them: in two cases this is provided by 1DIOA which 
ends up as ulnar proper palmar digital artery of the 
thumb. In case 1 the radial proper palmar digital ar-
tery of the thumb originates from the branch which 
has originated in the CPDA2S, and in case 2 from the 
distal branch from the same origin, anastomosing 
with the dorsal system. In case 3, both radial proper 
palmar digital artery of the index come from the SPA.

In all cases, the 1PMA (Fig. 1A) presents an anas-
tomosis which differs from the classic configuration 
between the deep radial and the superficial ulnar 
systems via an indirect anastomosis between two 
collateral branches of those systems, the CPDA2S 
and the 1PMA, in the second digital space, although 
it originates in the first space. The same occurs in 
other cases of anastomosis between the radial and 
ulnar systems, most frequently originating in the SPA 
and the 1DIOA [1, 2, 15, 18]. Anastomoses between 
the SPA and the 1PMA or princeps pollicis were men-
tioned by Browning and Morton [6], but none of 
these cases are similar to our findings. In all the cases 
investigated, the 1PMA supplies the radial artery of 
the index [15, 16, 18]. We do not think it appropri-
ate, even in cases like this, to call it the arterial trunk 
of the index as Dujarier does [9], although it could 
be justified in case 2, since the volume of the 1PMA 
is greater than that of the CPDA, which appears to 
be anastomosed with the 1PMA and not the other 
way round. The volume of the ulnar proper palmar 
digital artery of the thumb supplied by the 1DIOA is 
dominant, coinciding with other findings [15, 18]; 
this justifies preference for its use in implants and 
revascularisation [19]. In 2 of our findings, the RA was 
the principal source of irrigation of the thumb [1]. 

In specimen 1, simultaneous arterial variations 
were observed, such as presence of the common 
trunk of origin of the CPDAs for the fifth and fourth 
spaces, similar to that reported by Singh et al. [14] 
and Hasham [12]; however, these authors identified 
a different course of the common trunk, as well as 
an anastomosis of the CPDA of the fourth finger with  
a 4PMA, and a 2DIOA. This anastomosis reinforced 
the circulation of the second interdigital space instead 
of supplying it [3], giving rise to another indirect 
anastomosis between the SPA and DPA.

We agree with Rodríguez-Niedenführ et al. [20], 
who considered that the arteries develop from shoots, 
initially capillary plexuses, and that they become dif-
ferentiated from proximal to distal. In this process, 

some become definitive blood vessels, while others 
disappear or present incomplete development.

Although the incidence of modifications in arterial 
disposition is low, occlusions of the RA due to cannula-
tion or trauma (Mozersky cited by Parks [18]) may have 
consequences such as ischaemia or acute vascular in-
sufficiency of the thumb. We believe that caution must 
be exercised in surgical approaches to the radial side of 
the hand, where arterial variations are more frequent 
[4, 5], for example in aponeurotic retractions, lesions 
of the flexor tendons of the index, and in primary or 
secondary repairs. There is also a risk in the pollicisa-
tion of the index finger [12]. In some cases, the use of  
a Doppler ultrasound scan or angiography needs to be 
considered to ensure that the surgery is well planned. 

CONCLUSIONS
We confirm the presence of anastomotic circuits 

between the superficial and deep systems of the 
hand, apart from the classic anastomosis between 
the SPA and DPA, occurring between their collateral 
arteries: 1PMA and CPDA2S, 1DIOA and SPA, 4PMA 
with CDPA4S, 2DIOA and proper palmar digital artery 
of the second interdigital space, in addition to those 
reported between the 2PMA and the CPDA. Their 
presence may explain why many serious hand injuries 
have a favourable evolution, including injuries to 
the thumb where the circulation is not restricted to 
a single artery. Considering the frequency of arterial 
modifications in the radial side of the hand, their 
possible presence must be taken in mind when car-
rying out both invasive and non-invasive procedures.

Ethical considerations
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ments established by the Government of the City of 
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Stroke is a common morbidity and a frequent cause of disability and even death. 
The impact of cerebrovascular events is dictated by the brain region involved and 
can be complicated by anatomical variations. One of the most common variations 
impacting the cerebral vasculature is the presence of a foetal posterior cerebral 
artery. This vessel arises from the internal carotid artery instead of the basilar ar-
tery and is often associated with more extensive injury in cerebrovascular events. 
Herein, we report the case of a 60-year-old male who had numerous arterial 
abnormalities, including a kink and a coil of the left internal carotid, two posterior 
communicating arteries on the right and two posterior cerebral arteries (PCA) 
on the left, one arising from the internal carotid (foetal PCA) and one from the 
basilar. The foetal PCA supplied the thalamus, splenium of the corpus callosum 
and primary visual cortex. The basilar PCA supplied the midbrain and parts of 
the occipital lobe. These PCA were connected to each other by a vascular bridge 
and the foetal PCA was connected to the middle cerebral artery by an additional 
vascular bridge. This vascular pattern would appear to provide collateral support 
around blockages in the internal carotid and main stem middle and PCA. (Folia 
Morphol 2021; 80, 2: 455–459)

Key words: variation, cerebral, vasculature, foetal

INTRODUCTION
Stroke is a leading cause of death and a major 

cause of disability [6]. Stroke, its treatment and sub-
sequent mortality can be complicated by variations in 
arterial patterns. One of the most common intracra-
nial arterial variations is persistence of the foetal pos-
terior communicating artery (PCOM), which occurs in 
approximately 20% of subjects [5, 7, 8, 10]. Therefore, 
clinical knowledge of both normal and variant cere-
brovascular patterns is important in predicting vascu-
lar risk, recognising common and atypical stroke syn-
dromes and planning neurointerventions [2, 10, 11].  

Herein, we report a rare case of a subject with two 
posterior cerebral arteries (PCA) on the left and two 
PCOMs on the right side. Additionally, this subject 
had two abnormalities involving his left internal 
carotid artery [1, 4]. We discuss the embryological 
origin of these vessels and their potential impacts/ 
/consequences.

CASE REPORT
Case presentation

A 60-year-old male presented to the emergen-
cy department with the chief complaints of seeing 
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flashing lights in his right eye and left arm weakness. 
His neurological exam was non-focal. He underwent 
computed tomography (CT) and computed tomogra-
phy angiography (CTA) imaging to rule out possible 
stroke. The CT series was imported into Amira (Ver-
sion 6.7.0) and a slice by slice approach was taken 
to create a three-dimensional (3D) rendering of both 
his carotid and vertebral circulations.

Imaging findings

Examination of the 3D model (Fig. 1A, B) of this 
subject’s cerebral vasculature revealed multiple vari-
ations. On the left internal carotid artery (ICA) there 
was a cervical kink (Fig. 1, white arrowhead) and  

a cavernous coil (Fig. 1, yellow arrowhead) [2]. On the 
left side there was a PCA that arose at the basilar bifur-
cation (“basilar PCA” [bPCA]; Fig. 1, blue arrowheads) 
and a foetal PCA (fPCA; Fig. 1, green arrowheads) 
that continued directly from the ICA. The CT and 3D 
reconstruction clearly showed both of these arteries 
wrapping around the midbrain and distributing within 
the occipital lobe. The fPCA had a vascular bridge to 
the middle cerebral artery (MCA; Fig. 1, black arrow-
head) and bPCA (Fig. 1, light blue arrowhead). On 
the right side there were two PCOMs (Fig. 1, orange 
arrowheads). A video of the 3D reconstruction can be 
found here: https://drive.google.com/file/d/1AfJl9W-
wRe4LNhH2gNECcjPqQa75hRtiY/view?usp=sharing.

Figure 1. Images of three-dimensional reconstruction (A–F) and computed tomography angiography (G) of this patient’s arterial pattern. 
The views in panels A and B show the carotid and vertebral arteries (V) from their origin in the neck. The formation of the basilar artery (B) 
appeared normal. In the neck, the left internal carotid (IC) artery (ICA) had both a coil (yellow arrowhead; observed also in panel D) and a kink 
(white arrowhead). The ICAs were found to give rise to the middle (MC) and anterior (AC) cerebral arteries. In panels C, E and F the abnormal 
posterior cerebral arteries (PCA) and posterior communicating artery (PCOM) are identified. Panel C shows a top-down view. The blue arrow-
heads indicate the basilar PCA [bPCA], and the orange arrowhead indicates the PCOM. On the patient’s right side there were two PCOMs. 
On the patients left, there were two PCAs: one from the ICA (foetal PCA [fPCA]) and one from the basilar (bPCA). There were two vascular 
bridges on the left: one from the fPCA to the middle cerebral artery (black arrowhead) and one from the fPCA to the bPCA. Panel E shows the 
two PCAs from the patients left side. Panel F shows the double PCOM from the patient’s right side. Panel G shows a slice from the computed 
tomography angiography study. The fPCA is indicated by the green arrowhead and the bPCA is indicated by the blue arrowhead. 

A B C

D E F G

https://drive.google.com/file/d/1AfJl9WwRe4LNhH2gNECcjPqQa75hRtiY/view?usp=sharing
https://drive.google.com/file/d/1AfJl9WwRe4LNhH2gNECcjPqQa75hRtiY/view?usp=sharing
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Correlative anatomy

Developmentally, the arterial supply of the brain is 
derived from vertebral and ICAs and the PCOM initially 
connects these two circulations (Fig. 2A). The PCA is 
normally derived from the PCOM and supplies the 
midbrain, diencephalon and caudal telencephalon. 
We propose that the arterial variations identified in 
this subject arose from the altered embryonic vascular 
pattern shown schematically in Figure 2B. Careful 
study of the 3D reconstruction and CTA series allowed 
us to develop a vascular map (Fig. 2C, D). In the CTA, 
we carefully traced branches from both the bPCA and 
fPCA and constructed maps of their vascular territo-
ries. In this subject, the bPCA supplied the central 
aspect of the midbrain and the lateral aspect of the 

PCA territory (Fig. 3). The fPCA supplied the lateral 
aspect of the midbrain, the entire thalamus, splenium 
of the corpus callosum and the medial aspect of the 
occipital lobe including the calcarine sulcus.

DISCUSSION
The PCA normally develops as a direct continua-

tion of the embryonic PCOM and supplies the mid-
brain, thalamus and occipital lobe. The most common 
variant of the PCOM/PCA is an fPCA where this vessel 
forms as a direct branch from the ICA [5, 7, 8, 10]. 
When an fPCA is present, the ICA provides arterial 
supply to the entire cerebral hemisphere, thalamus 
and midbrain via anterior, middle and posterior cer-
ebral arteries. Accordingly, if a subject with an fPCA 

Figure 2. Proposed arterial patterns. Shown in panel A is the typical embryologic pattern that forms the posterior communicating artery 
(PCOM) and posterior cerebral arteries (PCA) and the pattern we propose developed in this subject in panel B. Shown in panel C is the typical 
arterial pattern and in panel D is the arterial pattern discovered in this case study. Key to arrowheads: green — foetal PCA, blue — basilar 
PCA, orange — PCOM, black — foetal PCA to middle cerebral artery vascular bridge, light blue — foetal PCA to basilar PCA vascular bridge; 
AC — anterior cerebral arteries; ACh — anterior choroidal; B — basilar artery; IC — internal carotid; MC — middle cerebral arteries; PC — 
posterior cerebral arteries; V — vertebral arteries.
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has a blockage of the ICA, this can impair blood flow 
to the entire thalamus and cerebral hemisphere with 
often catastrophic results [5, 9]. However, the pres-
ence of an fPCA is not considered an additional risk 
factor for stroke [3].

The subject of this case presentation has both 
a bPCA and an fPCA and these vessels made major 
connections to other vessels in the left hemisphere 
through vascular bridges. In our 3D reconstruction 
and study of the CTA series, we found the fPCA and 
bPCA were connected by a small vascular bridge 
near their origin [8], but there were no additional 
connections between the two PCAs. Further, we 
found an additional vascular bridge connecting 
the fPCA and MCA. Together, we believe this arte-
rial architecture may provide a protective support 
pattern. Specifically, if the subject of this case pres-
entation were to have a thrombus in the ICA or in 
the main stem of fPCA, bPCA or MCA on the left, 
the bridging vessels could provide collateral support 
and potentially prevent ischaemia or infarct in PCA  
or MCA territories.

CONCLUSIONS
The fPCA is a fairly common anatomical variation 

involving arterial support of the midbrain, thalamus 
and occipital lobe. Vascular compromise involving 
the anterior circulation in a subject with an fPCA is 
often associated with extensive ischaemia and poor 
outcomes. However, the presence of vascular bridges 

connecting the fPCA to surrounding main-stem ves-
sels may provide protective anastomoses.
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Many variations of the coeliac trunk and hepatic or gallbladder arterial supply 
have been reported before in many cadaveric and radiologic studies. In this case 
we present combined anomalies observed in dissected cadaver of a 73-year-old 
female. The left gastric artery arises directly from the abdominal aorta and gives 
two branches: the right inferior phrenic artery in the proximal part and the acces-
sory left hepatic artery in the distal part. The coeliac trunk is bifurcated into the 
common hepatic artery and the splenic artery. The right gastric artery emerges 
from the left hepatic artery. The right hepatic artery gives two cystic arteries and 
the accessory right hepatic artery is noticed arising from the posterior superior 
pancreaticoduodenal artery. The deep cystic artery and the right inferior phrenic 
artery give hepatic branches. Also, we noticed small accessory biliary duct going 
to the cystic duct. This complexity of the arterial supply with anomaly of the 
biliary ducts has many surgical implications which will be herein discussed. (Folia 
Morphol 2021; 80, 2: 460–466)

Key words: anatomical variations, accessory hepatic artery, gastric 
artery, double cystic arteries, right inferior phrenic artery 

INTRODUCTION
The importance of the arterial supply of the liver, 

gallbladder and upper gastrointestinal tract has been 
noticed in plenty of surgical procedures. Calot (1891) 
[7] was the first, who emphasized the position of the 
cystic artery during cholecystectomy. Adachi (1928) 
[1] elaborated the classification of variations of the 
coeliac trunk, which is also used currently, and Michels 
[23] was one of the first researches who described and 
classified the variability of the hepatic arterial supply. 
According to recent reviews, the most common vari-
ation in types of the incomplete coeliac trunk was the 
hepatosplenic trunk present in 3.88% of cases with 
the left gastric artery (LGA) originating from the ab-

dominal aorta in 99.87% [35]. The right gastric artery 
(RGA) most frequently goes from the proper hepatic 
artery — in 53% of cases [11]. Accessory or replaced 
hepatic arteries are observed in 30.8%. The accessory 
left hepatic artery (LHA), which occurs in 8.2%, mostly 
arises from the LGA (7.9%) and the accessory right 
hepatic artery (RHA) described in 5.6% of cases with 
the most often origin from the superior mesenteric 
artery (SMA) in 5.4% [17]. Double cystic arteries (or 
multiple cystic arteries) are observed in 8.9% [3]. The 
right inferior phrenic artery most frequently originates 
from the abdominal aorta [32]. Our case comprises 
more or less frequent variations of all mentioned ar-
teries with accessory branches to liver, which makes 

mailto:artur.pasternak@uj.edu.pl
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it unique and allows us to show the significance of 
them in clinical practice for example in transplantol-
ogy, cholecystectomy or surgical oncology.

CASE REPORT
During a routine dissection for teaching purpose 

of the 73-year-old female 10% formalin-fixed cadav-
er many multiple anomalies were observed. In the 
abdominal cavity any previous surgical interventions 
were not noted. At the level of Th12-L1 the LGA  
(4.74 mm in diameter) arose separately from the 
abdominal aorta (18.15 mm in diameter) curving  
a geniculate flexure and branched off the right inferi-
or phrenic artery (RIPA; 2.75 mm in width) at 8.51 mm  
from the origin and heading up gave the second 
branch, i.e. the accessory left hepatic artery (aLHA; 
2.89 mm in diameter) after 25.15 mm in length 
course from the proximal branching. The small he-
patic branch (1.17 mm in diameter) arose from the 
RIPA at 18.18 mm distal from the beginning. The 
aLHA gave small oesophageal branch only 1.30 mm  
in diameter (Fig. 1). The hepatosplenic trunk  
(5.33 mm in width) originated from the abdominal 
aorta 4.39 mm below the LGA and divided into the 
common hepatic artery (CHA) and the splenic artery 
(SA). The CHA (4.67 mm in width) coursed along the 
upper margin of the pancreas and branched into the 

proper hepatic artery (PHA) and the gastroduodenal 
artery (GDA) at 27.41 mm from the beginning. The 
PHA (3.68 mm in diameter and 9.07 mm in length) 
ended up with bifurcating into the RHA and the 
LHA. The LHA (2.87 in width) branched to the RGA  
(1.79 mm diameter) at the 2.40 mm from the origin 
and the RGA run down 25.94 mm to the lesser curva-
ture crossing the CHA above (Fig. 2). The RHA (3.34 mm  
in diameter) passed behind the common hepatic 
duct (CHD) at the 15.46 mm from the beginning of 
its course and gave rise to the superficial cystic artery 
(1.63 mm in width) 3.20 mm after crossing the CHD 
(diameter 7.07 mm), gave small branch to the liver 
and at the 5.24 mm from the first branching and 
gave the deep cystic artery (dCA; 1.48 mm in diam-
eter) from which also arose a small hepatic branch  
(1.05 mm in width) (Fig. 3). The GDA at the 16.14 mm 
from the origin feeding branches to the right gastro-
epiploic artery (2.62 mm) and the anterior superior 
pancreaticoduodenal artery (1.95 mm diameter) and 
then the GDA run down as the posterior superior 
pancreaticoduodenal artery (PSPD) along the head of 
pancreas giving the proximal branch (at the 16.37 mm 
from the previous branching), travelled 9.89 mm and 
divided into the accessory right hepatic artery (aRHA) 
and the distal branch (1.93 mm). The aRHA (2.10 mm 
in diameter and 40.32 mm in length) run parallel to 

Figure 1. Emphasized small branches to the oesophagus and the liver; LHA — left hepatic artery; aLHA — accessory left hepatic artery;  
LGA — left gastric artery; RGA — right gastric artery; RIPA — right inferior phrenic artery; SA — splenic artery.
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the common bile duct and travelled to the biliary 
fossa dividing into two branches before entering the 
liver. In the vicinity of this area the small accessory 
biliary duct (0.52 mm in width) going directly from  
V segment of the liver and at 14.58 mm from the 

origin merged to the cystic duct in the midway of 
its course (Fig. 4). Diameters of observed abnormal 
arteries are summarised in Table 1.

In this case, the arterial blood supply for the liver 
was supported by five arteries: RHA, LHA, aRHA gave 

Figure 2. Complex variations of the coeliac trunk. Left gastric artery (LGA) arises independently from the abdominal aorta and branches to the 
right inferior phrenic artery (RIPA) which gives off small hepatic branch and in the distal course from the LGA arises the accessory left hepatic 
artery. Right gastric artery (RGA) originates from the left hepatic artery (LHA); aLHA — accessory left hepatic artery; GDA — gastroduodenal 
artery; PHA — proper hepatic artery; RHA — right hepatic artery; SA — splenic artery.

Figure 3. Cystic arteries with branches to the liver arising from the deep cystic artery (dCA) and right hepatic artery (RHA); sCA — superficial 
cystic artery; LHA — left hepatic artery; aLHA — accessory left hepatic artery; aRHA — accessory right hepatic artery; GDA — gastroduo-
denal artery; CBD — common biliary duct; CD — cystic duct; CHD — common hepatic duct.
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off the PSPD, aLHA from the LGA, RIPA and the small 
branch arising from the dCA.

DISCUSSION 
The variations of the incomplete coeliac trunk were 

repeatedly described by researches. As we mentioned, 
the hepatosplenic trunk was observed in 3.88% of 
cases with the abdominal aorta as the origin feeding 
of the LGA in 99.87%. More rarely the LGA arises 
from the SMA (0.76%) or it is absent (0.38%) [35]. 
The prevalence of the cases where the LGA gave off 
the RIPA is estimated at 2% to 4.1% [25]. Some of the 
researches distinguished the gastrophrenic trunk [16, 

22, 26, 28, 32, 37] as the common origin of the inferior 
phrenic artery and the LGA. The majority of the used 
classifications do not perceive it as a trunk and in most 
cases it is recognised in association with presence of 
the hepatosplenomesenteric trunk [16, 22, 26, 28] but 
the co-occurrence with the hepatosplenic trunk also 
was described [32, 37]. According to the classification 
proposed by Whitley et al. [35], this type of trunk is 
not included but we came to the conclusion that it 
is important to mention this fact. Inferior phrenic 
arteries more frequently originate asymmetrically [5]. 
Right inferior phrenic arteries commonly arise from 
the abdominal aorta (49%) or the coeliac trunk (41%), 
less frequently from the LGA or renal arteries (5.5%)  
[4, 5, 19]. Aslaner et al. [4] noted higher frequency of 
the RIPA arising from the renal artery with co-occur-
rence of the incomplete coeliac trunk.

The anomaly of the RGA arising from the LHA 
was observed by Yamagami et al. [36] in 25.3% of 
cases and the Eckmann and Krahn [11] estimated the 
frequency to be 15%. 

Variations of the hepatic arteries were commonly 
described by many authors [9, 15, 17, 23]. In the 
review presented by the Cirrochi et al. [9], the aLHA 
originating from the LGA was noticed in 3.60% 
(694/19284) of cases (including Michels’ and Hiatt’s 

Table 1. Summarised measurements of abnormal arteries in 
our case

Artery Diameter [mm]

Left gastric artery 4.74

Right gastric artery 1.79

Right inferior phrenic artery 2.75

Accessory left hepatic artery 2.89

Accessory right hepatic artery 2.10

Deep cystic artery 1.48

Superficial cystic artery 1.63

Figure 4. Accessory right hepatic artery (aRHA) emerges from the posterior superior pancreaticoduodenal artery and travels parallel to the 
common bile duct to the gallbladder fossa, dividing into right and left branch. Small accessory biliary duct (also known as cystohepatic duct) 
goes directly from the liver (V segment) and reaches the cystic duct at its halfway.
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findings). Jin et al. [17] estimated the prevalence of 
the aLHA originating from the LGA to be 8.2% (total 
cases 10,211). The aRHA was observed in 5.6% of 
cases. Although the cases of aRHA arising from the 
GDA were revealed in approximately 0.04% (4 of 
10,211 cases which also included branches of the 
GDA) [17], the pancreaticoduodenal artery branched 
the aRHA in some of them [2]. Juszczak et al. [18] 
presented similar interesting case wherein also both 
accessory hepatic arteries were observed, aLHA aris-
ing from the LGA which arose independently from 
the abdominal aorta and aRHA from SMA as the 
feeding origin but contrary to our case the PHA 
did not divide into two hepatic arteries. Also, they 
observed both inferior phrenic arteries originating 
from the hepatosplenic trunk (positioned opposite 
to the vertebral L1 level) and both branched off 
superior adrenal arteries [18].

Andall et al. [3] revealed the weighted percentage 
of the multiple cystic arteries was circa 8.9%, with the 
highest noted number of arteries being four, but some 
researchers found this variation in 30.2% [24] and 
28.3% [6] of cases. Small accessory biliary duct emerg-
ing from the liver parenchyma found in our case is 
classified as cystohepatic duct and the incidence of 
its variation (also including the cholecystohepatic 
duct which directly drains to the gallbladder) ranges 
between 0.2% and 2.3%. This variation might occur 
with normal CHD and common biliary duct anatomy 
likewise in our case [30, 31]. Frequencies of observed 
variations were presented in Table 2.

Variations observed in our case reflect processes 
during foetal development. The most common var-
iation is trifurcation of the coeliac trunk (LGA, CHA 
and SA) separately to the SMA which is generated 
by interruption of anastomosis between third and 

fourth ventral mesenteric root [33]. The interruption 
between 1 and 2 mesenteric roots with termination of 
anastomosis between 3 and 4 roots cause occurrence 
of LGA independently originating from abdominal 
aorta with hepatosplenic trunk. Higher prevalence 
of some variations of hepatic arteries also could be 
explained by analysing the embryological develop-
ment. Primarily the LHA arises from the LGA and the 
RHA from SMA and there is an absence of the PHA 
which originates from the CHA after its bifurcation. If 
hepatic branches of the LGA or SMA with division PHA 
into RHA and LHA are preserved, these branches are 
named as accessory left hepatic artery and accessory 
right hepatic artery respectively. This fact clarifies high 
frequency of aLHA originating from the LGA and aRHA 
from the SMA. Grugacz et al. reported case wherein 
all foetal origins of hepatic arteries were preserved 
with presence of the middle hepatic artery feeding  
IV segment of the liver [14]. In our findings we observed 
abnormal primary right hepatic artery arising from 
branch of the GDA transitioned during development 
to the aRHA. Mahajan et al. presented similar case of 
preserved foetal pattern of liver’s blood supply, also 
they reported occurrence of oesophageal branch aris-
ing from replaced LHA which emerged from LGA [21]. 

Doubled cystic arteries with co-occurrence of 
accessory hepatic arteries were reported by some 
authors. Loukas et al. [20] described case wherein 
a small accessory cystic artery (CA) arose from PSPD 
with aLHA originating from LGA which emerged in-
dependently from abdominal aorta and the hepat-
osplenic trunk also was observed. Polguj et al. [27] 
revealed variant of GDA which gave off both accessory 
CA and aRHA which also gave off CA. No other anom-
alies of coeliac trunk and hepatobiliary vasculature 
were observed in this case. Dolenšek [10] described 
occurrence of doubled CAs (larger sCA and small 
dCA) both of which arose from aRHA. Similarly to our 
case both accessory hepatic arteries were present but 
the aRHA emerged from the SMA and the PHA was 
trifurcated into left, middle and right hepatic arteries 
with coexistence of classical trifurcation of the coeliac 
trunk. According to Andall et al. [3], the prevalence of 
CA arising from abnormal RHA (replaced or accessory) 
is estimated at 5.58%. In this research the frequency 
of GDA and PSPD as origin feeding of CA was 1.94% 
and 0.07% respectively.

Vascular abnormalities described in this case are 
significant in surgical practice. Using the critical view 
of safety method during laparoscopic cholecystec-

Table 2. Prevalence of variations observed in our case

Variation Frequency (%)

RIPA from LGA 2–4.1

Hepatosplenic trunk (LGA from abdominal aorta) 3.87

RGA from hepatic artery 15–25.3

aLHA from LGA 3.6–8.2

aRHA from GDA 0.04

Multiple CAs 8.9

Cystohepatic duct (including cholecystohepatic duct) 0.2–2.3

aLHA — accessory left hepatic artery; aRHA — accessory right hepatic artery; CA — 
cystic artery; GDA — gastroduodenal artery; LGA — left gastric artery; RGA — right 
gastric artery; RIPA — right inferior phrenic artery
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tomy the surgeon has to precisely identify vascu-
lar structures in the hepatobiliary triangle. In cases, 
wherein the origin feeding of the cystic artery is differ-
ent than the RHA (LHA or GDA) or course of the cystic 
artery is anteriorly to the common hepatic duct, there 
is a high risk of ligation. Also, in variant of multiple 
cystic arteries one of the CAs could be overlooked 
leading to uncontrolled bleeding [3]. Although the 
postcholecystectomy bile leaks occur in 0.2–2% of 
cases, the surgeon should be careful with presence of 
the subvesical ducts during the procedure, especially 
if this duct drains to the cystic duct [29, 31].

Knowledge about variations of accessory or re-
placed hepatic arteries is crucial in planning intra-ar-
terial chemotherapy in treatment of cancers or metas-
tases (mainly metastases of the colorectal cancer) in 
liver because it is essential to find appropriate artery 
feeding occupied lobe by neoplasm to accurately ar-
range hepatic arterial infusion pump placement and 
avoid infusion to arteries supplying the other organs. 
This procedure also include the embolisation of the 
extra-hepatic arteries, such as RGA, pyloric artery and 
GDA [8, 13] and if accessory or replaced hepatic arter-
ies arising from the embolised artery was not recog-
nised it could cause hepatic ischaemia. In procedures 
of chemo-embolisation and radio-embolisation it is sig-
nificant to consider blood circulation in interested seg-
ment provided by the extra-hepatic arteries including 
inferior phrenic arteries which usually supply segments 
I, II and VII. LGA and CA are also hepatic feeders, II, III 
segments and peri-vesicular region, respectively [13]. 
The RIPA is mentioned as one of the main extrahepatic 
collateral arteries which are supplying the hepatocel-
lular carcinoma and usually in this case the diameter 
of the RIPA is larger than the diameter of the LIPA. 
The width of the RIPA feeding neoplasm in the liver 
ranged from 2 to 3.2 mm [5] and in another research 
the diameter greater than 2.5 mm was considered as 
indication of present collateral circulation [4]. 

Vascular anatomy of liver is also significant in 
transplantology, especially in living-donor liver trans-
plantation, wherein right (adult recipient) or left lobe 
(paediatric recipient) is harvested because thorough 
analysis of liver vessels enables to preserve proper 
blood circulation in retained donor’s lobe and guaran-
tees appropriate liver regeneration. In surgical practice 
preservation of all found anomalies of hepatic arteries 
is preferred [8, 34] but some of them could be difficult 
to find during the procedure, for example the accessory 
LHA arising from the LGA [34]. Also, anomalies of the 

hepatic biliary vascularisation should be verified (espe-
cially in harvesting the right lobe) to avoid bile leakage 
in recipients, which leads to graft rejection [8, 12].

CONCLUSIONS
Anatomical variations of the arterial blood sup-

ply of upper part of the abdomen have great im-
portance in many surgical procedures and they are 
strongly associated with embryological development. 
Acquaintance about branching patterns of cystic ar-
teries and hepatic arteries is significant in planning 
cholecystectomy or liver transplantation and in these 
procedures existence of accessory biliary duct should 
be concerned to avoid postsurgical complications. 
Abnormal branches to liver or gallbladder arising 
from gastroduodenal artery or posterior superior 
pancreaticoduodenal artery are rarely observed and 
knowledge about them facilitates better understand-
ing about vascularisation of these organs.
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Background: The risk of complications in undisclosed vascular variability appears 
relatively likely. Therefore, it is important to assess the probability of encountering 
anatomical-topographic variability in the venous system of the upper limb. The 
catalogue of patterns of the upper limb venous system seems to be unlimited 
and should therefore be constantly updated. The aim of the study was to explore 
the venous system of upper extremity and discuss some problems that would be 
encountered with the formation of an arteriovenous fistula.
Results: In 17 (85%) explored upper limbs, the venous system showed a pattern 
similar to the reports already described. But in (15%) 3 of them, the venous 
system showed certain differences in relation to the accepted anatomical text-
books. Especially in one of them the anatomical variant of basilic and cephalic 
vein contrasted distinctly with the other veins. Based on the revealed anomalies, 
a statistical analysis of the probability of occurrence of any anatomical variant and 
the risk of complications associated with fistula creation was conducted. Even on 
such small group an assessed probability of anatomical variability of the upper 
limb venous system was statistically significant at p < 0.0244 (odds ratio 0.0828; 
95% confidence interval 0.0095–0.7252). 
Conclusions: The probability of any anatomical-topographic variability in the 
venous system of the upper limb should be considered as statistically significant. 
Only intense anatomical dissections would undoubtedly help to avoid some 
anatomical traps and then minimise some complications in the creation of arte-
riovenous fistulas. (Folia Morphol 2021; 80, 2: 467–470)
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INTRODUCTION
Since the development of the first arteriovenous 

access, many reports have appeared, not always flat-
tering it [5, 9, 10, 13, 15, 18]. Particularly risky is an 
undisclosed variability of vascular system of the upper 
limb which could discourage surgeons from using  
a classic approach [1, 11–13].  

In many published reports, rates of arteriovenous 
fistula complications were assessed [1]. Most of them 
included aneurysm, infection, terminal ischaemia syn-
drome, thrombosis or venous hypertension [1, 17]. It 
seems that all of this could have contributed to the 
collapse of an interest in the creation of arteriovenous 
fistulas [11]. So at the end of the 70s, other alternative 
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vascular access approaches began to be used [4, 12, 
17, 18]. However, longer observations of the results 
revealed them as more dangerous with even more 
severe complications [1, 4, 11, 12, 17, 18]. 

Many authors emphasized that complications as-
sociated with fistula formation started with technical 
problems related to vascular topography [9, 11]. The 
traditional anatomy textbooks offer little description 
of the upper limb veins and are particularly silent in 
regards to their variations. The number of patterns 
seems to be unlimited and therefore should be con-
stantly updated. Continuous updating and, more 
importantly, a permanent reminder of those already 
discovered would be particularly useful in vascular 
procedures, including arteriovenous fistulas [3, 7, 9]. 
Arteriovenous fistula is again becoming a popular vas-
cular access procedure [3]. There are many reasons, 
and one of them is an intensive anatomical work that 
broadens knowledge about the vascular system of the 
upper limb [3, 6, 7, 9, 10, 15]. Classic arteriovenous 
fistula still seems to be a good method associated 
with a lower rate of complications compared to other 
methods [1, 4]. All of that has resulted in a slow return 
to classic arteriovenous fistulas [1, 3]. 

Despite of our modest anatomical material of 
the upper limbs, we would like to present some re-
vealed variants of the venous system. In addition, 
some possible anatomical traps in the creation of an 
arteriovenous fistula were analysed. 

MATERIALS AND METHODS
The material was consisted of 20 preparations of 

the upper limb taken from 10 deceased (6 men and  
4 women). The anatomical explorations were con-
ducted at the Faculty of Normal and Clinical Anatomy 
of the Pomeranian Medical University in Szczecin. The 
cadavers were preserved and stored in a solution of 
formalin, glycerine and ethyl alcohol. Among the ca-
davers were 6 males and 4 females. The registered age 
on the day of their death was 67–81 years. The body 
storage period was 10–20 years. The upper limbs 
were without visible genetic deformities or previous 
surgery. Apart from typical sectional instruments such 
as scalpels, tweezers and raspators, a magnifying 
camera was also used, which was particularly useful 
in the exploration of small blood vessels. For clarity 
of photographic documentation, the dissected blood 
vessels have been coloured. Then the dissected upper 
limbs were photographed for the scientific purposes 
and then allocated for educational programme. 

RESULTS
The main intention of this exploration was to 

educate students. But during the preparation of the 
upper limbs, some variants of the venous system 
were discovered, which have not yet been described 
in anatomy textbooks.

In 17 (85% of all) upper limbs, the venous system 
showed a pattern similar to the reports already de-
scribed (Fig. 1). But in 3 (15%) of them, the venous 
system showed certain dissimilarities in relation to 
the accepted anatomical textbooks.

Especially in one of them the topography of the 
basilic and cephalic vein contrasted significantly with 
the others (Fig. 2). At the beginning the both veins 
ran along both sides of the forearm, but instead 
of climbing on the arm, they both approached the 
cubital fossa, where they connected to the deep 
venous system. The next unusual thing was the bra-
chial vein. Usually in the cubital fossa can be found 
two brachial veins, but unexpectedly there was only 
one. Only this one brachial vein was formed from the 

Figure 1. The correct picture of the cephalic vein (1) and the basilic 
vein (2).
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connection of the superficial and deep veins. This was 
finally confirmed by further exploration of the upper 
limb. To the surprise, the estimated probability of 
occurrence of anatomical variability of the venous sys-
tem of the upper limb was statistically significant at  
p < 0.0244 (odds ratio 0.0828; 95% confidence inter-
val 0.0095–0.7252). In extrapolation analysis it can be 
stated that about 90% of fistulas would not have en-
countered any topographic diversity during surgery, 
but every tenth may already occur. This would mean 
that there may really be topographic difficulties with 
the venous system in creating an arteriovenous fistula.

DISCUSSION
The knowledge about anatomical variabilities of 

upper limb venous system is intensively updated, 
but in clinical practice still encounters some limits  
[2, 3, 7–10, 14, 16]. 

Anatomical exploration of human body is a chal-
lenge for both anatomists and, especially, clinicians, 
because undiscovered variations can cause many prob-
lems in their daily medical practice [1, 4, 9, 12, 13].

In addition to updates, it should be reminded 
about already discovered patterns. It seems to be 
crucial for the successful treatment [3, 7, 9].

Although anatomy departments all over the world 
suffer from a body deficiency, intensive anatomical 
dissections have been conducted and undoubtedly 
contributed to restored priorities of arteriovenous 
fistulas [3, 6, 8, 10].

We did not expect that in our very small group 
of limbs we would encounter some anomalies of 
deep and superficial veins. Indeed, in 17 prepara-
tions of the upper limbs, the topography of venous 
vessels was consistent with the classic descriptions 
of textbooks. The basilic and cephalic vein runs up 
along both side of forearm. The basilic one comes 

into arm on the medial side of it, and in half of arm 
dives more proximally to join one of two brachial 
veins near the axilla. But cephalic vein runs higher to 
join the axillar vein in the deltopectoral triangle. It 
can be supposed that in theses anatomical variations 
the creation of an arteriovenous fistula would not 
encounter any anatomical or topographic difficul-
ties. But in 3 (15%) limbs the topography of brachi-
al, basilic and cephalic vein did not coincide with 
the descriptions of textbooks and literary reports. 
Especially in one limb it was completely different, 
which is the subject of this case report. Searching the 
literature data, a similar variant was found, which 
has already been described and classified as very rare 
[14]. This prompted us to re-present this variant, but 
in the aspect of creating arteriovenous fistulas. The 
accidental ligation of such an unpaired brachial vein 
would stop the outflow of blood and develop some 
complications such as oedema or even phlegmasia 
cerulea dolens. Therefore, we would like to remind 
of this and anticipate some problems in creating of 
fistula [1, 14, 17].

Our variant could be described as the second case 
report. However, in our opinion, more important than 
report numbering is whether a particular case is really 
rare, as is supposed. The disclosure of a similar variety 
on our small anatomical material may indicate that 
this variant should not be considered very rare. Espe-
cially it is important in creation of arteriovenous fistu-
la in the middle arm (middle arm fistula [MAF]). This 
method (MAF) is rapidly becoming a more common 
vascular access procedure, especially in so called dif-
ficult arteriovenous fistulas [16]. This should remind 
surgeons about this topography pattern when they 
plan to form an arteriovenous fistula in the arm with 
basilic vein transposition [2, 3, 6, 15]. The presented 
variability seems particularly interesting in the context 

Figure 2. The correct picture of the 
cephalic vein (1) and the basilic vein (2) 
and brachial vein (3).
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of possible complications after the creation of MAF 
[1, 17]. The clinical report of Kaiser et al. [9] confirms 
the possibility of occurrence of some complications 
with MAF creation in atypical junction to the basilic 
vein with the unpaired brachial vein.

CONCLUSIONS
Because of the likelihood of variability in the ve-

nous system of the upper limb, examining it before 
surgery would contribute to avoiding some difficulties 
and pitfalls. These preliminary results of the upper 
limb venous system require further investigations.
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The mandibular canal is a bony channel located within the spongiosa of the 
mandible. The main structure contained in the mandibular canal is the inferior 
alveolar nerve. The inferior alveolar nerve is a very important structure that requires 
due consideration during dental or surgical procedures involving the mandible. 
Therefore, a detailed morphological analysis of the mandibular canal should be 
carried out before any surgical procedure in the mandibular region in order to 
avoid complications and to reduce the risk of inadequate local nerve blocking. The 
human mandible typically has a single mandibular canal on each side; however, 
accessory mandibular canals have been described previously in the literature. The 
most common variant of the mandibular canal is the bifid mandibular canal, which 
has a prevalence ranging from 10% to 66% on cone-beam computed tomography 
(CBCT) examinations. A rare variant of bifid mandibular canal is the trifid canal, 
accounting for less than 6% of all bifid canals. In some cases, the bifid and trifid 
mandibular canals are associated with a double mandibular foramen, which is 
a rare anatomical variant with a reported incidence of 1.35% on CBCT images. 
Herein, we present the interesting CBCT images of an unexpected anatomical 
variant characterised by unilateral triple mandibular canal with double mandibular 
foramen in a young Caucasian woman. (Folia Morphol 2021; 80, 2: 471–475)

Key words: mandibular canal, anatomic variation, accessory mandibular 
canal, accessory mandibular foramen, mandible, cone-beam computed 
tomography

INTRODUCTION
The mandibular canal is a bony channel located 

within the spongiosa of the mandible, typically close 
to the apices of the roots of the molars. The mandib-
ular canal starts at the mandibular foramen (located 
on the lingual aspect of the mandibular ramus) and 

ends at the mental foramen (located on the buccal 
aspect of the mandibular body) [9]. It runs from the 
top to the bottom of the mandible, and forms an 
upward-facing curve.

The main structure contained in the mandibular 
canal is the inferior alveolar nerve (IAN). The IAN is 
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the largest branch of the mandibular nerve, which 
is the third division of the fifth cranial nerve (the 
trigeminal nerve) [13]. Inside the mandibular canal, 
the IAN appears as a single large nerve bundle; how-
ever, it has been previously demonstrated that the IAN 
includes two distinct branches spirally twisted around 
each other [8]. Both nerves are wrapped in a layer 
of connective tissue (the perineurium). The larger 
branch corresponds to the mental nerve, whereas 
the smaller branch corresponds to the dental nerve  
[8, 13]. The mental nerve comes out at the level of the 
mental foramen, while the dental nerve continues its 
intra-mandibular course beyond the mental foramen 
within the incisive mandibular canal [13].

The IAN is a very important structure that requires 
due consideration during dental or surgical proce-
dures involving the mandible, such as dental implant 
placement, endodontic treatment, mandibular mo-
lar extractions (especially of the third molars), and 
periapical and orthognathic surgeries [8]. Therefore,  
a detailed morphological analysis of the mandibular 
canal should be carried out before any surgical pro-
cedure in the mandibular region in order to avoid 
complications, such as neurosensory impairment, 
traumatic neuroma, or bleeding, and to reduce the 
risk of inadequate local nerve blocking.

In the interest of contributing a novel finding  
to the literature, this report presents interesting 
cone-beam computed tomography (CBCT) images 
of an unexpected anatomical variant characterised 
by a triple mandibular canal with double mandibu-
lar foramen in the same hemimandible in a young 
Caucasian woman.

CASE REPORT
During a retrospective search on the department 

radiology information system/picture archiving and 
communication system between January 2012 and 
December 2019, we came across interesting CBCT 
images of a young Caucasian woman who underwent 
a CBCT scan of the mandible as part of her routine 
dental examination. The patient was in good health, 
and no systemic disease or hereditary syndromes 
were reported. The examination was carried out with 
high-quality CBCT scanner (NewTom Cone Beam 3D 
Imaging, Verona, Italy) using the following param-
eters: tube voltage 90 kVp, tube current 4 mA, and 
field of view 10 × 8 cm. The CBCT acquisition data 
were reconstructed in the axial plane as thin-section 
images with a voxel size of 150 µm.

Unexpectedly, the CBCT images revealed an ex-
tremely rare anatomical variant characterised by  
a triple mandibular canal on the left side of the 
mandible (Figs. 1, 2). On the same hemimandible,  
a double mandibular foramen (MF1 and MF2) was 
also observed (Figs. 1, 2). The maximum diameter of 
the left main mandibular canal (MCmain) was 2.6 mm, 
and the maximum diameters of the two accessory 
mandibular canals (AMC1 and AMC2) were 2 mm and 
1.4 mm, respectively. 

The intra-mandibular position of AMC1 and AMC2 
was in close proximity to MCmain (Fig. 1). AMC1 orig-
inated from MCmain at the level of the second molar 
(Fig. 1). From its origin, AMC1 ran forward in contact 
with the lingual cortex of the mandibular body, lin-
gual to MCmain (Fig. 1). AMC1 joined MCmain at the level 
of the mental foramen, continuing mesially into the 
incisive mandibular canal (Fig. 1). AMC2 originated 
from a small accessory mandibular foramen (MF2) 
located inferior to the main mandibular foramen 
(MF1) (Fig. 2). From its origin, AMC2 ran forward and 
inferior to MCmain (Figs. 1, 2). AMC2 joined MCmain at 
the level of the second premolar (Fig. 1). 

With respect to the distomesial course of the triple 
mandibular canal, while the intra-mandibular course 
of MCmain and AMC2 formed an upward-facing curve 
(Fig. 2), the intra-mandibular course of AMC1 showed 
a serpiginous shape in the anterior portion (Fig. 2).

DISCUSSION
The human mandible typically has a single man-

dibular canal on each side; however, accessory man-
dibular canals have been described previously in the 
literature [6, 10, 12, 14, 15]. The presence of accessory 
mandibular canals is likely due to the incomplete 
fusion of three distinct IANs that merge to form the 
IAN during the prenatal period [3].

The most common variant of the mandibular canal 
is the bifid mandibular canal, which has a prevalence 
ranging from 10% to 66% on CBCT examinations  
[6, 10, 12, 14, 15]. It is detected in the posterior man-
dible or mandibular ramus [6, 10, 12, 14, 15]. The most 
common and clinical important type of bifid mandib-
ular canal is the retromolar canal [6, 10, 12, 14, 15].  
A rare variant of bifid mandibular canal is the trifid canal, 
accounting for less than 6% of all bifid canals [12, 14].

In some cases, the bifid and trifid mandibular 
canals are associated with a double mandibular fo-
ramen [12], which is a rare anatomical variant with 
a reported incidence of 1.35% on CBCT images [4]. 
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Figure 1. Cross-sectional cone-beam computed tomography images show the buccolingual position of the three mandibular canals (MCmain, 
AMC1, AMC2) on the left hemimandible. AMC1 (black arrowheads) originates from MCmain at the level of the second molar (white wavy arrow). 
AMC1 joins MCmain at the level of the mental foramen (white curved arrow). AMC2 (black curved arrows) originates from a small accessory 
mandibular foramen (MF2) inferior to the main mandibular foramen (MF1). AMC2 joins MCmain at the level of the second premolar (black wavy 
arrow); white arrows — MCmain; white arrowheads — mandibular incisive canal; black arrows — mental foramen.
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Figure 2. Panoramic cone-beam computed tomography images demonstrate the distomesial course of the three mandibular canals (MCmain, 
AMC1, AMC2) within the left hemimandible; A, C. The intra-mandibular course of MCmain (circles) and AMC2 (dots) forms an upward-facing 
curve. AMC2 joins MCmain at the level of the second premolar (curved arrow); B. The intra-mandibular course of AMC1 (asterisks) shows a ser-
piginous shape in its anterior portion. AMC1 originated from MCmain at the level of the second molar. Double mandibular foramen is also shown 
(arrowheads); large black arrows — mental foramen.

To the best of our knowledge, the current report 
describes the CBCT findings of a novel anatomical 
variant characterised by the presence of a triple man-
dibular canal associated with a double mandibular 
foramen; a variant that is not included in the clas-
sification systems of mandibular canal branching  
[2, 11], and that has not been reported previously. 

Differently from bifid and trifid mandibular canals 
[12, 14] which are confined in the retromolar or molar 
region, our accessory mandibular canals (AMC1 and 
AMC2) ran forward and continued their intra-man-
dibular course beyond the posterior mandible by 
reaching the premolar region (Fig. 2). AMC1 joined 

MCmain at the level of the mental foramen, whereas 
AMC2 joined MCmain at the level of the second premolar 
(Figs. 1, 2).

From a clinical point of view, accessory mandibular 
canals and foramina have relevant clinical implications 
because they can increase the risk of neurovascular 
complications and inadequate local anaesthesia dur-
ing mandibular surgical procedures. Therefore, preop-
erative radiological analysis of mandibular anatomical 
landmarks and their variations is of great importance 
to determine appropriate clinical management and 
reduce the occurrence of iatrogenic complications 
and IAN block failures. 

In clinical practice, the presence of one or more 
accessory mandibular canals and/or foramina may be 
detected with different radiological techniques such 
as conventional X-rays, multidetector CT and CBCT. 
The main limitations of conventional X-rays (periapical 
and panoramic radiographs) include the two-dimen-

A

B
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sional nature of these radiographic examinations and 
the overlap of adjacent anatomical structures due 
to the lack of any cross-sectional information. Given 
these limitations, certain anatomical variants within 
mandible may be difficult to detect. In addition, the 
presence of these variants could sometimes be misin-
terpreted as osteolytic lesion on conventional X-rays.

Both multidetector CT and CBCT are usually ad-
equate for radiological assessment of the mandi-
ble. However, it is well known that CBCT outperform 
multidetector CT in displaying fine anatomical details 
(such as canals and foramina). Therefore, CBCT is 
currently considered the most accurate radiological 
imaging technique to study of fine anatomical details 
of the mandible and its variants. 

With the introduction and broad availability of 
CBCT scanners in clinical practice, an increasing num-
ber of anatomical variants are being detected, espe-
cially in the mandibular region [7, 9]. The number 
of reports that describe unusual anatomical variants 
within the mandible is also steadily increasing [1, 4, 5].  
Therefore, radiologists should be aware of the clinical 
importance of reporting the number, size and course 
of any accessory mandibular canals and any addi-
tional variants that are incidentally observed during 
CBCT examinations.

CONCLUSIONS
This report describes the novel presentation of 

a triple mandibular canal associated with double 
mandibular foramen in a living human subject. Given 
that the occurrence of critical anatomical variants 
associated with an increased risk of iatrogenic injury 
of the IAN is becoming more frequent nowadays,  
a preoperative CBCT study of the mandible is recom-
mended before any oral and dental procedures are 
carried out in the mandibular region. In addition, 
awareness about the presence of these critical ana-
tomical variants can also help prevent future misdi-
agnosis and unnecessary radiological investigations.

REFERENCES
1. Borghesi A, Pezzotti S, Nocivelli G, et al. Five mental 

foramina in the same mandible: CBCT findings of an un-
usual anatomical variant. Surg Radiol Anat. 2018; 40(6): 
635–640, doi: 10.1007/s00276-018-1969-5, indexed in 
Pubmed: 29318364.

2. Castro MA, Lagravere-Vich MO, Amaral TM, et al. Clas-
sifications of mandibular canal branching: A review of 
literature. World J Radiol. 2015; 7(12): 531–537, doi: 
10.4329/wjr.v7.i12.531, indexed in Pubmed: 26753068.

3. Chávez-Lomeli ME, Mansilla Lory J, Pompa JA, et al. The hu-
man mandibular canal arises from three separate canals in-
nervating different tooth groups. J Dent Res. 1996; 75(8): 
1540–1544, doi: 10.1177/00220345960750080401, 
indexed in Pubmed: 8906121.

4. Choi YY, Han SS. Double mandibular foramen leading to 
the accessory canal on the mandibular ramus. Surg Radiol 
Anat. 2014; 36(9): 851–855, doi: 10.1007/s00276-014-
1310-x, indexed in Pubmed: 24817561.

5. de Souza Tolentino E, Silva PA, Pagin O, et al. Uncommon 
trajectory variations of the mandibular canal and of the 
mandibular incisive canal: case report. Surg Radiol Anat. 
2013; 35(9): 857–861, doi: 10.1007/s00276-013-1138-9, 
indexed in Pubmed: 23728516.

6. Fuentes R, Arias A, Farfán C, et al. Morphological variations 
of the mandibular canal in digital panoramic radiographs: 
a retrospective study in a Chilean population. Folia Mor-
phol. 2019; 78(1): 163–170, doi: 10.5603/FM.a2018.0058, 
indexed in Pubmed: 30009366.

7. Kawai T, Sato I, Asaumi R, et al. Cone-beam computed to-
mography and anatomical observations of normal variants 
in the mandible: variant dentists should recognize. Oral 
Radiol. 2018; 34(3): 189–198, doi: 10.1007/s11282-017-
0307-7, indexed in Pubmed: 30484034.

8. Kqiku L, Weiglein AH, Pertl C, et al. Histology and intra-
mandibular course of the inferior alveolar nerve. Clin Oral 
Investig. 2011; 15(6): 1013–1016, doi: 10.1007/s00784-
010-0459-x, indexed in Pubmed: 20737177.

9. Leite GM, Lana JP, de Carvalho Machado V, et al. Anatomic 
variations and lesions of the mandibular canal detected 
by cone beam computed tomography. Surg Radiol Anat. 
2014; 36(8): 795–804, doi: 10.1007/s00276-013-1247-5, 
indexed in Pubmed: 24337387.

10. Muinelo-Lorenzo J, Suárez-Quintanilla JA, Fernández-Alonso A,  
et al. Descriptive study of the bifid mandibular canals and 
retromolar foramina: cone beam CT vs panoramic radiog-
raphy. Dentomaxillofac Radiol. 2014; 43(5): 20140090, doi: 
10.1259/dmfr.20140090, indexed in Pubmed: 24785820.

11. Ngeow WC, Chai WL, Ngeow WC, et al. The clinical anat-
omy of accessory mandibular canal in dentistry. Clin Anat. 
2020; 33(8): 1214–1227, doi: 10.1002/ca.23567, indexed 
in Pubmed: 31943382.

12. Rashsuren O, Choi JW, Han WJ, et al. Assessment of bifid 
and trifid mandibular canals using cone-beam computed 
tomography. Imaging Sci Dent. 2014; 44(3): 229–236, doi: 
10.5624/isd.2014.44.3.229, indexed in Pubmed: 25279344.

13. Rodella LF, Buffoli B, Labanca M, et al. A review of the man-
dibular and maxillary nerve supplies and their clinical rele-
vance. Arch Oral Biol. 2012; 57(4): 323–334, doi: 10.1016/j.
archoralbio.2011.09.007, indexed in Pubmed: 21996489.

14. Yang X, Lyu C, Zou D. Bifid mandibular canals incidence 
and anatomical variations in the population of Shanghai 
area by cone beam computed tomography. J Comput 
Assist Tomogr. 2017; 41(4): 535–540, doi: 10.1097/
RCT.0000000000000561, indexed in Pubmed: 28722697.

15. Zhang YQ, Zhao YN, Liu DG, et al. Bifid variations of the man-
dibular canal: cone beam computed tomography evaluation 
of 1000 Northern Chinese patients. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2018; 126(5): e271–e278, doi: 10.1016/j.
oooo.2018.06.008, indexed in Pubmed: 30093317.

http://dx.doi.org/10.1007/s00276-018-1969-5
https://www.ncbi.nlm.nih.gov/pubmed/29318364
http://dx.doi.org/10.4329/wjr.v7.i12.531
https://www.ncbi.nlm.nih.gov/pubmed/26753068
http://dx.doi.org/10.1177/00220345960750080401
https://www.ncbi.nlm.nih.gov/pubmed/8906121
http://dx.doi.org/10.1007/s00276-014-1310-x
http://dx.doi.org/10.1007/s00276-014-1310-x
https://www.ncbi.nlm.nih.gov/pubmed/24817561
http://dx.doi.org/10.1007/s00276-013-1138-9
https://www.ncbi.nlm.nih.gov/pubmed/23728516
http://dx.doi.org/10.5603/FM.a2018.0058
https://www.ncbi.nlm.nih.gov/pubmed/30009366
http://dx.doi.org/10.1007/s11282-017-0307-7
http://dx.doi.org/10.1007/s11282-017-0307-7
https://www.ncbi.nlm.nih.gov/pubmed/30484034
http://dx.doi.org/10.1007/s00784-010-0459-x
http://dx.doi.org/10.1007/s00784-010-0459-x
https://www.ncbi.nlm.nih.gov/pubmed/20737177
http://dx.doi.org/10.1007/s00276-013-1247-5
https://www.ncbi.nlm.nih.gov/pubmed/24337387
http://dx.doi.org/10.1259/dmfr.20140090
https://www.ncbi.nlm.nih.gov/pubmed/24785820
http://dx.doi.org/10.1002/ca.23567
https://www.ncbi.nlm.nih.gov/pubmed/31943382
http://dx.doi.org/10.5624/isd.2014.44.3.229
https://www.ncbi.nlm.nih.gov/pubmed/25279344
http://dx.doi.org/10.1016/j.archoralbio.2011.09.007
http://dx.doi.org/10.1016/j.archoralbio.2011.09.007
https://www.ncbi.nlm.nih.gov/pubmed/21996489
http://dx.doi.org/10.1097/RCT.0000000000000561
http://dx.doi.org/10.1097/RCT.0000000000000561
https://www.ncbi.nlm.nih.gov/pubmed/28722697
http://dx.doi.org/10.1016/j.oooo.2018.06.008
http://dx.doi.org/10.1016/j.oooo.2018.06.008
https://www.ncbi.nlm.nih.gov/pubmed/30093317




Determination of anomalous pulmonary venous return with high-pitch low-dose  
computed tomography in paediatric patients ..................................................................................336

E. Gözgeç, M. Kantarci, F. Guven, H. Ogul, N. Ceviz, S. Eren

Revisiting the anatomy of the cephalic vein, its origin, course and possible clinical  
correlations in relation to the anatomical snuffbox among Jordanian ............................................344

M.A. Salameh, A.T. Shatarat, D.H. Badran, M.A. Abu-Abeeleh, T.M. Kanaan, A.M. Bani-Hani, M.Q. Hamdan

Hypothyroidism: morphological and metabolic changes in the testis of adult albino rat  
and the amelioration by alpha-lipoic acid .........................................................................................352

A.A. Ibrahim, N.A. Mohammed, K.A. Eid, M.M. Abomughaid, A.M. Abdelazim, A.M. Aboregela

Protective effect of Coriandrum sativum extract against inflammation and apoptosis  
in liver ischaemia/reperfusion injury ..................................................................................................363

A. Kükner, G. Söyler, P. Toros, G. Dede, F. Meriçli, S. Işık, O. Edebal, C. Özoğul

Computer-assisted measurements of the histological structure of the tibial nerve  
and its terminal branches ..................................................................................................................372

Ł. Warchoł, J.A. Walocha, E. Mizia, H. Liszka, M. Bonczar, I. Zamojska

Effect of genistein and oestradiol on the adrenal cortex of the ovariectomised  
adult female albino rats .....................................................................................................................380

H.D. Yassa, N.M. Safwat, R.M. Ahmed, M.Z. Fathy, H.L. Metry

Febuxostat ameliorates methotrexate-induced lung damage ..........................................................392
S.M. Zaki, G.HA. Hussein, H.M.A. Khalil, W.A. Abd Algaleel

Normal and five-fingered hand: comparative X-ray morphometry in the post-natal age ................403
M.P. Bondioni, L. Casati, A.G. Salvi, A. Minini, E. Zini, U.E. Pazzaglia

Morphology of sesamoid bones in keyboard musicians ...................................................................410
K.P. Dąbrowski, H. Stankiewicz-Jóźwicka, A. Kowalczyk, J. Wróblewski, B. Ciszek

Surface localisation of master knot of Henry, in situ and ex vivo length of flexor  
hallucis longus tendon: pertinent data for tendon harvesting and transfer ....................................415

P. Wan-ae-loh, P. Danginthawat, T. Huanmanop, S. Agthong, V. Chentanez

Evaluation of the relationship between the maxillary third molars  
and pterygomaxillary fissure by cephalometric radiographs ............................................................425

S. Sadry, C.G. Koca, I. Kaya

Evaluation of facial soft tissues by stereophotogrammetry method  
in patients with obstructive sleep apnoea: a morphological study ..................................................432

B. Karadede Ünal, C. Hüseyin

A structural magnetic resonance imaging study in therapy-naïve transsexual individuals ..............442
A. Starcevic, M. Dakovic, Z. Radojicic, B. Filipovic

CASE REPORTS
Infrequent disposition of the first metacarpal artery related to anastomoses of  
the superficial and deep systems of the hand ...................................................................................448

H.F. Bianchi, N.E. Ottone

A tale of two arteries: dual posterior cerebral arteries with vascular bridges.  
A possible protective pattern? ...........................................................................................................455

Y. Mansour, R. Kulesza

Rare combined variations of the coeliac trunk, accessory hepatic and gastric arteries  
with co-occurrence of double cystic arteries .....................................................................................460

A. Mazurek, A. Juszczak, J.A. Walocha, A. Pasternak

Anatomical traps for arteriovenous fistula creation .........................................................................467
Z.M. Ziętek

Unilateral triple mandibular canal with double mandibular foramen: cone-beam  
computed tomography findings of an unexpected anatomical variant  ..........................................471

A. Borghesi, M.P. Bondioni

The journal is published at: www.fm.viamedica.pl in one volume per year consisting of four numbers.  
Subscription rates: Paper subscription, 4 issues incl. package and postage institutional — 140 euro.  
The above prices are inclusive of regular postage costs. Payment should be made to: VM Media sp. z o.o.  
VM Group sp.k., Grupa Via Medica, Bank BGŻ Paribas SA account number: 15 1600 1303 0004 1007 1035 9021;  
SWIFT: PPABPLPK. Single issues, subsriptions orders and requests for sample copies should be send to e-mail:  
prenumerata@viamedica.pl. Electronic orders option available at: https://journals.viamedica.pl/folia_morphologica.
The publisher must be notified of a cancellation of access to electronic version not later then two months before  
the end of a calendar year. After that date electronic access will be automatically prolonged for another year.

Advertising. For details on media opportunities within this electronic version of journal please contact 
the advertising sales department, ul. Świętokrzyska 73, 80–180 Gdańsk, Poland, tel: (+48 58) 320 94 94,  
e-mail: viamedica@viamedica.pl
The editors accept no responsibility for advertisement contents.

Folia Morphologica is the official journal of the Polish Anatomical Society. For information about the Society, 
please contact: Prof. Marek Grzybiak, Department of Clinical Anatomy, Medical University of Gdansk, ul. Dębinki 1,  
80–211 Gdańsk, Poland, tel: +48 58 349 14 22, e-mail: grzybiak@gumed.edu.pl

All rights reserved, including translation into foreign languages. No part of this periodical, either text or  
illustration, may be used in any form whatsoever. It is particularly forbidden for any part of this material to  
be copied or translated into a mechanical or electronic language and also to be recorded in whatever form, 
stored in any kind of retrieval system or transmitted, whether in an electronic or mechanical form or with  
the aid of photocopying, microfilm, recording, scanning or in any other form, without the prior written  
permission of the publisher. The rights of the publisher are protected by national copyright laws and by  
international conventions, and their violation will be punishable by penal sanctions.

Editorial policies and author guidelines are published on journal website: https://journals.viamedica.pl/folia_morphologica

Legal note: https://journals.viamedica.pl/folia_morphologica/about/legalNote

Folia Morphologica is indexed by: BIOSIS Previews, CAS, CINAHL, CrossRef, Dental Abstracts, EBSCO, Elsevier  
BIOBASE, EMBIOLOGY, FMJ, Google Scholar, Index Copernicus (154.80), Index Medicus/MEDLINE, Index Scholar, 
Ministry of Science and Higher Education (70), NCBI/National Center for Biotechnology Information, Polish Medical 
Bibliography, Scopus, SJR, Thomson Reuters, Thomson Scientific Products — Biological Abstracts, Ulrich’s  
Periodicals Directory, Veterinary Bulletin, WorldCat and Zoological Record. Position in Index Copernicus ranking  
systems is available at: www.indexcopernicus.com. Current Impact Factor of Folia Morphologica (2019) is 0.941.

 

  © 2021 by Via Medica. Printed in the Republic of Poland. 
             www.viamedica.pl

ISSN 0015–5659
eISSN 1644–3284

An international multidisciplinary journal devoted to fundamental research in the morphological sciences
Official Journal of the Polish Anatomical Society  

(a Constituent Member of European Federation for Experimental Morphology — EFEM)

EDITOR-IN-CHIEF
Janusz Moryś

Department of Anatomy and Neurobiology

Medical University of Gdańsk

https://journals.viamedica.pl/folia_morphologica

See our website for information on manuscript status, aims and scope,  
instructions for authors as well as editorial board.

Folia Morphologica

Publishing, Subscription and Advertising Office:
VM Media sp. z o.o. VM Group sp.k., Grupa Via Medica

ul. Świętokrzyska 73, 80–180 Gdańsk, Poland 
tel. (+48 58) 320 94 94, fax (+48 58) 320 94 60 

Managing editor 
Joanna Niezgoda 

e-mail: joanna.niezgoda@viamedica.pl
Cover designer 

Sylwia Scisłowska 

http://www.frontiersin.org/people/u/511702


F 
O

 L
 I

 A
  

 M
 O

 R
 P

 H
 O

 L
 O

 G
 I

 C
 A

Folia Morphol. Vol. 80, No. 2, May 2021

Vol. 80        2021       No. 2
M

ay
 2

02
1

20
21

,  
  V

ol
. 8

0,
   

 N
o.

 2
,  

  p
p.

 2
25

–4
76 ISSN 0015–5659

eISSN 1644–3284
Impact Factor: 0.941

Cover picture: Fragmented renal glomeruli (arrow) with sclerosis (arrowhead) and blood stasis (asterisk); 21st day after traumatic brain injury; 
trichrome. For details see: Prus et al., Folia Morphol 2021; 80, 2: 310–316.

INDEXED in: BIOSIS Previews, CAS, CINAHL, CrossRef, Dental Abstracts, EBSCO, Elsevier BIOBASE, EMBIOLOGY, FMJ, Google Scholar,  
Index Copernicus (154.80), Index Medicus/MEDLINE, Index Scholar, Ministry of Science and Higher Education (70), NCBI/National Center  

for Biotechnology Information, Polish Medical Bibliography, Scopus, SJR, Thomson Reuters, Thomson Scientific Products  
— Biological Abstracts, Ulrich’s Periodicals Directory, Veterinary Bulletin, WorldCat and Zoological Record.

C O N T E N T S

REVIEW ARTICLE
The distribution of ghrelin cells in the human and animal gastrointestinal tract:  
a review of the evidence ....................................................................................................................225

K.M. Mehdar

ORIGINAL ARTICLES
The contribution of the middle cerebral artery and callosal artery to the vascularisation  
of the Facies convexa of the brain in horses with reference to the equine-specific  
cartographic pattern of the neopallium ............................................................................................237

L. Böing, F. Heun, H. Gasse

The anatomical landmarks effective in the localisation of the median nerve  
during orthopaedic procedures .........................................................................................................248

E. Mizia, P.A. Pekala, B. Skinningsrud, B. Rutowicz, P. Piekos, A. Baginski, K.A. Tomaszewski

An anatomical investigation of rare upper limb neuropathies due to the Struthers’ ligament  
or arcade: a meta-analysis  ................................................................................................................255

E. Mizia, M.P. Zarzecki, J.R. Pekala, A. Baginski, L.N. Kaythampillai, M. Golebiowska, P.A. Pekala,  
J.A. Walocha, K.A. Tomaszewski

Ultrasound-guided topographic anatomy of the medial calcaneal branches of the tibial nerve .....267
Ł. Warchoł, J.A. Walocha, E. Mizia, M. Bonczar, H. Liszka, M. Koziej

The dimensions of the sphenoid sinuses: evaluation before the functional endoscopic  
sinus surgery ......................................................................................................................................275

J. Jaworek-Troć, M. Zarzecki, I. Zamojska, J. Iwanaga, W. Przybycień, M. Mazur, R. Chrzan, J.A. Walocha

Unusual variations in the branching pattern of the coeliac trunk and their clinical significance  ...283
A. Juszczak, J. Czyżowski, A. Mazurek, J.A. Walocha, A. Pasternak

Anatomical variants of coeliac trunk in Polish population using multidetector  
computed tomography angiography ................................................................................................290

A. Juszczak, J. Czyżowski, A. Mazurek, J.A. Walocha, A. Pasternak

A macroscopic comparison study on main branches of arteria brachialis  
and arteria subscapularis in southern Karaman and Hasak sheep breeds ........................................297

H. Kara, Z. Özüdogru, H. Balkaya, D. Özdemir

Case series and a systematic review concerning the level of the aortic bifurcation .........................302
E. Panagouli, I. Antonopoulos, G. Tsoucalas, D. Chrysikos, A. Samolis, V. Protogerou, D. Venieratos, T. Troupis

Morphological particularities and morphometry of rats’ kidneys under the effect of  
experimental mild traumatic brain injury  .........................................................................................310

R. Prus, P. Pokotylo, M. Logash, T. Zvir

Types of left brachiocephalic vein aberrations detected during cardiac implantable  
electronic device implantation procedures .......................................................................................317

R. Steckiewicz, P. Stolarz, E.B. Świętoń

Variations in the gonadal artery with a single common trunk: embryological hypotheses  
by observation ...................................................................................................................................324

H. Terayama, Y. Miyaki, N. Qu, S. Katsuki, R. Tanaka, K. Umemoto, N. Kosemura, K. Suyama,  
O. Tanaka, K. Sakabe

Origin and main ramifications of coeliac artery in Cerdocyon thous ...............................................331
S. Viana-Peçanha, E.C. Souza, D.M.L. Guerra, F.C.S. Bernardes, R.B.J. Carvalho,  
P. de Souza Junior, M. Abidu-Figueiredo

https://journals.viamedica.pl/folia_morphologica


	FM_2021_2_makieta
	FM_2021_2_makieta
	FM_2021_2_makieta
	FM_okladka _2021_2_czerwona



	FM_2021_2_KSIEGA
	FM_2021_2_makieta
	FM_2021_2_makieta
	FM_2021_2_makieta
	FM_okladka _2021_2_czerwona
	Pusta strona




