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The complexity of the bed nucleus of the stria terminalis (BNST), its function, sex difference, 
cyto- and chemoarchitectonic structure has intrigued scientists during the last decades. As part 
of the extended amygdala, it is involved in many limbic functions being the main target of 
treating anxiety and addiction as lately revealed. This paper is a brief review of the BNST 
structure and also a morphometric study of its subnuclear groups in the adult male rat brain. The 
Kluver-Barrera staining revealed the main white matter tracts which serve us for landmarks to 
identify the BNST subdivisions. The majority of BNST neurons were small in size, less than 
15µm in diameter, oval in shape and with prominent nucleoli. The present results clearly show 
the complexity in the BNST structural organization to better understand its function, and to 
emphasize it as a novel research area of the functional morphology.

Key words: Bed nucleus of stria terminalis, morphometry, cytoarchitecture, rat

Introduction

The bed nucleus of the str ia terminalis (BNST) is a complex brain structure located 
in the basal forebrain which belongs to the extended amygdala [1, 23]. Its position is 
almost the same in the rodent and human brain [35, 43] and can be defined as a structure 
that surrounds the anterior commissure, medial to the internal capsule, posterior to the 
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nucleus accumbens, anterior to the thalamus and in proximity to the ventral pallidum 
and hypothalamus [2]. Such a location gives a bright suggestion for its function as a 
general integral unit for the limbic system and makes it easily accessible for different 
studies. Based on its complexity, a number of classification systems about the subnuclear 
groups of the BNST has been developed [14, 26, 32, 35, 37]. It is generally accepted 
that the BNST is primarily divided into anterior and posterior divisions. The anterior 
division consists of dorsal and ventral areas and contains a number of nuclei, including 
the oval, fusiform, rhomboid, magnocellular, ventral and dorsomedial nucleus. The 
principal, transverse, supracapsular (strial extension) and interfascicular nuclei can be 
identified in the posterior part [37].

In this study, we further describe the nuclear organization of the BNST in the adult 
rat brain.

Material and Methods

Ten 3-month-old male Wistar rats were used for the study. The experiments were 
performed in agreement with the European Communities Council Directive 2010/63/ 
EU for the protection of animals used for scientific purposes. After deep ether anesthesia, 
the animals were euthanized by cervical dislocation and then transcardially perfused. 
After washing the blood vessels with cold normal saline (0.9% NaCl solution) for 
about 20 min, 4% paraformaldehyde fixation solution was introduced for about 30 
min. After decapitation, the brains were quickly removed from the skull and postfixed 
overnight with 4% paraformaldehyde in a refrigerator at 4°C. The brain was then 
trimmed into blocks at the levels of the BNST as follows: coronal section of the 
whole brain at a level 5 mm posterior to the olfactory tubercle; coronal section of the 
hemisphere (thickness of 4 mm) – from 1 mm anteriorly to 3 mm posteriorly to the 
anterior commissure; sagittal section of the hemisphere (thickness of 3 mm) – 0.5 mm 
laterally to the midline; horizontal sections of the hemisphere (thickness of 4 mm) – 
from 1 mm under to 3 mm above the anterior commissure. 

Paraffin embedded tissue slices from specific brain regions were cut at a thickness 
of 7 µm and appropriately stained to demonstrate the brain structures. We used routine 
H&E and Nissl stains to visualize the neuronal morphology while Kluver-Barrera 
staining method [29] was applied to observe both myelinated fibers and nerve cells. 
The samples were examined and photographed under an Olympus light microscope, 
digital images were created with a slide scanner (Olympus VS 120 Slide scanner) 
and an Imaging Analyzing System (Olympus VS-ASW) was used for morphometry. 
The BNST subdivisions are mapped according to Paxinos and Watson’s rat brain in 
stereotaxic coordinates [35] and the rat brain schematics available from Swanson [37].

Results

On the frontal, sagittal and horizontal slices, we found a large number of neurons 
in the different regions in the BNST (Figs. 1-3). We also observed very clearly 
the transition between the anterior and posterior nuclear groups in horizontal and 
sagittal sections through the stria terminalis (Fig. 1). In the anterior division, the 
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posterodorsal nucleus of the BNST, also called oval nucleus, is shown on Fig. 2. 
It is a part of anterolateral area according to the atlas of Swanson [37]. The oval 
nucleus was composed of small-sized neurons with an oval to polygonal shape and 
diameter of 9-15 µm that cover an area of approximately 120 µm2. The neurons 
have large nuclei (7-13 µm in diameter) with a prominent nucleolus. The Nissl 
bodies were well distinguished, which correlates with the great metabolic activity of 
these neurons. In the anterior part several nuclei were identified – the ventromedial, 
ventrolateral nucleus, medialis anterior, lateralis posterior, or the anteromedial area 
and anterolateral area according to Swanson [37]. In the anterolateral area with its 
ventral part, we observed neurons of various shapes and size and most of these showed 
oval bodies (Fig. 2). We also found a small number of spindle-shaped perikaryal 
profiles. The morphometric analysis revealed a population of small-sized cells with 
diameter ranges from 8 to 16 µm that occupied a cell surface area of approximately 
100 µm2. The boundaries between the other different areas or nuclei were not clearly 

Fig. 1. Photomicrographs of Nissl-stained horizontal (a) and sagittal (b) sections at the level the 
BNST. The stria terminalis (st) divides the nucleus into an anterior (a) and a posterior (p) parts. 
Stria medullaris (sm), capsula interna (ci), and lateral ventricle (lv) are also visible while the 
anterior commissure is seen only on (b). Scale bar = 200 µm. 

Fig. 2. Photomicrographs of Kluver-Barrera-stained frontal sections through the BNST. In (a) 
the oval nucleus (ov) is presented. Note the blue-depicted initial fibers of stria terminalis which 
are seen between the neurons. The capsula interna (ci) and the remaining part of anterolateral 
area (al) are evident as well. In (b) the neurons in the ventrolateral area (stlv) are shown. The 
anterior commissure (ac) is also visible. Scale bar = 50 µm.
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discernible. In the posterior division of BNST, we identifed the BNSTprincipal and 
supracapsular nuclei. In the supracapsular nucleus, also known as the strial extension 
of the BNST, a small number of small-to-medium in size, oval to polygonal neurons 
with a diameter between 8 µm and 15 µm, and a cell surface area of 115-191 µm2 

was seen. The neurons also had large nuclei (6-12 µm in diameter) with prominent 
nucleoli. The nerve fibers of the stria terminalis, depicted in blue after the Kluver-
Barrera staining, were clearly visible between neurons. In the superior portions of 
the principal nucleus of the BNST and initial parts of the strial extension, i.e. the 
supracapsular nucleus on transverse and sagittal sections, we found a few small-
sized, lightly-stained neurons with a diameter 8-13 µm and a surface area ranging 
from 50 µm2 to 89 µm2 (Fig. 3).

Fig. 3. Photomicrographs of a Kluver-Barrera-stained coronal section (a), and Nissl-stained 
horizontal (b) and sagittal (c,d) sections of the BNST. The supracapsular nucleus (sc) is shown 
in (a). The blue-stained fibers of the stria terminalis and the capsula interna (ci) are displayed. 
In (b) neurons in the principal nucleus (pr) and initial portion of the supracapsular nucleus (sc) 
are identified. In (c) and (d) the neurons of the principal nucleus (pr) at lower levels are shown. 
Scale bar = 20 µm.
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Discussion

The BNST is originally described by Johnston [25] as a cell cluster surrounding the 
initial part of the stria terminalis. Subsequently, it has been extensively studied but the 
interest for it as a possible contributor to some psychiatric disorders has been renewed 
in the last 20 years [4, 11, 12, 16, 17, 18, 21, 22, 31, 44].  Evidence for its complexity 
is obvious in the works of different morphologists, who have described a number of 
subnuclei and specific neuronal types [26, 35, 37]. The divisions of the BNST are based 
on morphological (location to anterior commissure or stria terminalis), functional or 
neurochemical criteria [14, 26, 32, 35, 37].

Complexity of the BNST is clearly shown in many studies, most of which on the rat 
brain, although they appear contradictory in relation to its subnuclear structure [7, 14, 
26, 32, 35, 37]. Classically, the BNST is divided into medial and lateral subdivisions [1, 
32], which corresponds to the theory of the extended amygdala [7, 23]. Another major 
classification divides the BNST in antero-posterior direction [26, 37]. This division is 
consistent with its embryonic origin and is more useful with regards to its connections 
[5, 20]. Another way to divide the nuclear groups within the BNST is the dorso-ventral 
orientation with respect to the anterior commissure [14]. Additionaly each division 
displays its own subnuclei. Over the time, many neuroscientists have used the atlases 
of Paxinos and Watson [35] or Swanson [37] and the terminology therein. In the latter, 
an improved version of the Ju and Swanson classification was added [26]. In the further 
descriptions the Swanson nomenclature [37] and Bota’s table [7] for comparison of 
terms are used.

Of all nuclear groups, the principal nucleus, the oval nucleus, and some of the 
medioventral and ventrolateral nuclei are particularly fascinating due to the fact that 
some of them exhibit different characteristics between sexes and thus show sexual 
dimorphism [3, 15, 27, 39, 40]. The sex difference starts after birth, and continues into 
adulthood [8]. It is a result of apoptosis [9], which might be epigenetically controlled 
[33]. Some of the neurons might continue their development and adapt their cellular 
and synaptic activity during puberty, depending on previous stress history [18, 22, 42]. 
This fact, together with the current evidence for stem cell niches in the ventral pallidum 
[22], indicates that the BNST is very dynamic in its development. This dynamic, taking 
into account the function of the nucleus, bring us to the idea of future in-depth studying 
of periadolescent development, and specifically how stress factors could correlate with 
different psychiatric disorders, and how do they change the anatomy of the BNST. 

The complexity of BNST is not only valid for its subnuclear division, but also for 
its neurochemical profile, types of neurons and their connections, functions and gene 
expression [5, 6, 12, 14, 26, 32, 34]. The main types of neurons in BNST are GABAergic, 
mainly seen in the oval nucleus [28, 36]. A few BNST neurons in its principal, 
medioventral and fusiform nuclei use glutamate as a neurotransmitter [28, 36]. A broad 
spectrum of neuropeptides including corticotropin-releasing hormone, neuropeptide Y, 
enkephalins, dynorphin, neurotensin, oxytocin, pituitary adenylate-cyclase-activating 
polypeptide, vasoactive intestinal peptide, cholecystokinin, substance P, orexin and 
galanin has also been established in the nucleus [6, 23 30, 31]. Among them, oxytocin 
and arginine vasopressin are the most intriguing since they are proposed as novel 
medication treatments for some anxiety disorders [13]. This finding suggests a brain-
storming complexity of the limbic connectivity, circuits and controls of emotions. In 
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addition, in the BNST of some monogamous rodent species, such as the California 
mouse, some oxytocinergic neurons were recently identified [17] and they belong to 
the so-called extra-hypothalamic oxytocin system. Moreover, many oxytocin (OXT) 
receptors are present on BNST-neurons [11, 15, 19, 38, 41]. The occurrence of such 
OXT receptors on GABAergic terminals, some of them co-expressed with corticotropin-
releasing hormones, a neuropeptide [6, 10, 11], suggests a large contribution of OXT 
to all functions of the BNST, and primarily the anxiety-related ones. Taken together 
with its sexual dimorphism and intriguing peripubertal development, the present data 
identify the BNST as a novel research area, particularly in the field of functional 
morphology and psychiatry. 
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Nitric oxide (NO) is an important signaling molecule that is widely distributed in the central 
and peripheral nervous system. The aim of this study was to determinate the morphology of 
the different neurons scattered in the thalamic reticular nucleus (TRN) and close to it, i.e. the 
internal capsule and external medullary lamina of the thalamus. We discuss the main functions 
pertaining to the modulation of synaptic transmission in the TRN, the internal capsule and external 
medullary lamina, the targets of nitrergic signaling, and the involvement of nitric oxide (NO) in 
the different neurodegenerative diseases, psychiatric disorders, and sensory neurotransmission in 
the thalamocortical and corticothalamic connections passing through the TRN.

Key words: NOS, thalamic reticular nucleus, NO, neurodegenerative diseases

Introduction

The thalamic reticular nucleus (TRN) belongs to the lateroventral group of thalamic 
nuclei and it forms a shell enclosing the thalamus anteriorly and along its entire lateral 
aspect, enveloping the other thalamic nuclei. It consists of cell groups that are traversed 
by the thalamocortical and corticothalamic pathways [10]. It is located laterally to the 
external medullary lamina of the thalamus and medially to the internal capsule. The 
work of Buren and Borke [10] also describes a few main types of neurons, although 
not in great detail. In the dorsosagittal part of the TRN its largest in size neurons are 
found, with a diameter of 30-40 µm, while in the anteroinferior part of the nucleus 
are located its smallest neurons, measuring 20-25 µm. Most of the described cells are 
long rather than wide, and that difference is 10 to 30 µm. Before these findings, M. 
E. Scheibel and A. B. Scheibel [29] described in the TRN a population of multipolar 
neurons of various sizes, similar to the ones in the reticular formation in the brainstem. 
Berezhnaya [5] describes in detail the neuronal organization of the TRN in the human 
using silver nitrate impregnation by the Golgi method. Using the Ortolux (Leitz, 
Germany) microscope, in this study the authors investigated and drew all the sections 
in sagittal and frontal planes. Due to the fact that there is a similarity between human 
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neurons and the ones in other species, the classification and terminology of the TRN in 
the dog was applied [21]. Besides, in this classification the term “reticular cells” is also 
used to describe the TRN cells as being similar to the cells of the reticular formation in 
the brainstem [28]. Prior studies on cats report that the dendrites of the TRN neurons 
form a local inhibitory internal network [13]. Berezhnaya [5] describes in detail the 
morphology of the TRN neurons, and according to this study when comparing the TRN 
cells in the human and the other species it can be found that the classical aspiny neurons 
of types R1 and R2 are indeed identical [21]. Apart from these cells, this study reports 
that in the human TRN is also found another type of R1 reticular neurons with spine-
like processes on their bodies and the proximal parts of their dendrites. The comparison 
of the large R1 reticular neurons with their identical types in the ventral anterior and 
ventral lateral nuclei of the human thalamus showed that the nature of branching in 
the former was the same [3]. Our previous studies on the presence and morphology 
of NADPH-diaphorase positive neurons in the human TRN [22], and also the study of 
Berezhnaya [4] on these neurons and the ones in the internal capsule, located lateral to 
the TRN, demonstrate without any doubt the presence of NADPH-diaphorase positive 
neurons in these structures of the human brain. Nitric oxide is a small, highly diffusible, 
and reactive molecule with a short lifespan that is generated by nitric oxide synthase 
(NOS) through enzymatic conversion of L-arginine to L-citrulline [1, 9]. It is highly 
reactive, readily diffusible and has limited solubility in water [25]. Neuronal NADPH-
diaphorase is identical to the neuronal isoform of nitric oxide synthase (nNOS), and 
hence NADPH-d histochemistry provides a specific marker for the neurons producing 
nitric oxide, which has been described in 1991 year by Hope B. et al. [17].  

Material and Methods

The brains of 2 males and 1 female (between 30 and 54 years of age) with no evidence 
of neurogical disorders were obtained at autopsy. The portion of each diencephalic 
part containing the TRN was dissected out and sectioned into blocks (1-2 cm in the 
transversal plane), and then fixed for two days in 4% paraformaldehyde in 0.1 M 
phosphate buffer. Serial coronal sections of 40 µm were cut on a freezing microtome 
and collected in the same buffer. All planes from the rostral to the caudal pole were 
examined. Each fifth section was processed for nNOS immunohistochemistry. Free-
floating sections were preincubated for 1 hour in 5% normal goat serum in PBS. After 
that, incubation in the primary antibody was done for 48 hours at room temperature. 
We used monoclonal anti-NOS1 antibody (Santa Cruz) in a dilution of 1:1000. After 
rinsing in PBS, the sections were incubated for 2 hours in biotinylated goat anti-mouse 
IgG antibody (Vector) diluted 1:500. The sections were rinsed in PBS and incubated for 
1 hour in avidin-biotin-peroxidase complex (Vector). This was followed by a rinse in 
PBS and then 0.05M Tris-HCl buffer, pH 7.6. These steps were followed by incubation 
in 0.05% 3,3′- diaminobenzidine (Sigma) containing 1% H2O2 (1:100) for the reaction 
product visualization. Sections were then collected in Tris-HCl buffer 0.05M, pH 7.6, 
air-dried for 24 hours, rinsed three times in distilled water (5 minutes per rinse), and 
air-dried again. Finally, they were mounted on gelatin-coated glass slides, dried for 24 
hours and coverslipped with Entellan.
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Results

We found NOS-immunopositive neurons everywhere along the longitudinal axis in the 
transverse sections of the TRN (Fig. 1A, B). Some of them were scattered, while others 
where organized in small groups of cells distant from each other (Fig. 2C). This is 
probably because of the critical position of the TRN, as it is crossed by thalamocortical 
and corticothalamic pathways. Some neurons that were close to the internal medullary 
lamina or internal capsule, or even located deep into these structures, were spindle 
shaped (Fig. 1D) or angular (Fig. 2B), while others were visualized as multipolar 
(Fig. 2A, C, D). There were even incoming neurons towards the internal capsule or 
the external medullary lamina of the thalamus. On the other hand, the neuropil showed 
very weak intensity of staining except for the places where fibers with varicosities along 
their length traversed akin the longitudinal axis of the nucleus. These fibers comprise 
part of the afferent and efferent connections of the TRN with the other thalamic nuclei, 
and also they are part of the thalamocortical and corticothalamic projections and the 
projectional fibers in the brainstem. Besides, in certain places immunopositive fibers 
running along the longitudinal axis of the nucleus were observed. They also possessed 
multiple varicosities, so it can be speculated that they belong to the association fibers 
connecting the neurons inside the TRN.

The spindle shaped neurons had processes that appeared from the opposite poles 
of the cells (Fig. 1D). After a short distance, the processes divided dichotomously, 
and while at first they were rather thick, after their division they became thin along 
their course. When followed visually, the processes further divided into smaller in 

Fig. 1A. Overview of nNOS- imunoreactive neurons in the TRN (x10). 
Fig. 1B. Overview of nNOS- immunoreactive neurons. On the right side 
is the thalamus. (x10). Fig. 1C. Immunopositive neurons of different 
shape in the TRN (x20). Fig. 1D. Elongated reticular neuron with 
branches extending from the opposite poles of the cell (x40)
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size branches. As a whole, the dendritic tree was not with too many arborizations. The 
axons of these neurons could be followed for some short distance and some of them 
were seen to end upon blood vessels via a single or a few varicose terminals (Fig. 1D). 
The perikarya of most of these cells demonstrated moderate and more rarely intense 
nNOS expression (Fig. 1D). Along the processes appearing from the neuronal somata, 
notwithstanding their thickness, varicosities were observed. They were larger in the 
proximal segments of the processes, while more distally their size diminished.

In the multipolar neurons the arborization of the dendritic tree was much more 
obvious (Fig. 2 A, C). The branches ran in all directions and varicosities of different 
sizes were seen along their length. The somata of the multipolar neurons demonstrated 
a considerable immunoreactivity for nNOS (Fig. 2 A, C, D). 

Fig. 2A. Multipolar neuron (x20). Fig. 2B. Angular neuron (x20). 
Fig. 2C. Multipolar neurons (x40). Fig. 2D. Multipolar neuron (x40)

Discussion

NO is a molecule with pleiotropic effects in the brain. This study describes the 
morphology and the intensity of the immunoreaction for nNOS in the cells of the 
TRN and the surrounding brain structures. NO is a signaling molecule in all mammals 
including the humans, and it is involved in a number of physiological and pathological 
processes [1]. NO facilitates the synaptic functions by long-term potentiation, 
maintenance and protein translation at the dendritic spines. It is also critical for the 
proper supply of blood to neurons and it has been demonstrated to be an antiapoptotic 
molecule and a regulator of neuronal function by nitrosylation. However, when NO is 
produced in a pro-oxidant environment, for example during aging, it damages the brain 
cells [27]. In the TRN there are two main types of reticular neurons, namely long-axon 
sparsely branched and short–axon smooth dendrite cells, described in our studies [22] 
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and by Berezhnaya [4] using NADPH-d histochemistry. It should be considered that 
the positive cellular reaction for NADPH-d indeed is a marker of the presence of nNOS 
in these cells, described by Hope et al. [17]. Hyperpolarization of the neurons in the 
thalamic nuclei, in particular the interneurons of the TRN, plays a role as a pacemaker 
for the transition of visual stimuli to the cortex [26]. This function is regulated by 
NO [6], whose presence we report in this study. NADPH-d reactivity is co-localized 
with GABA in a sub-population of local inhibitory interneurons [24]. In that region, 
the action of NO does not seem to involve cGMP [12]. NO regulates presynaptic 
plasticity in GABAergic and glutamatergic neurons [16]. Besides its proposed role 
in protecting NOS neurons from neurotoxicity, NO may itself induce neurotoxicity, 
especially in the adults. Neurotoxicity associated with cerebral ischemia is thought 
to involve glutamatergic stimulation via NMDA receptors [11, 19]. The reduction of 
GABA release from the TRN to other thalamic nuclei, due to inactivation of NMDA 
receptors on TRN neurons, would increase the firing rate of thalamic relay neurons to 
the cortex in schizophrenia [14]. 

NO plays multiple roles in the nervous system. Under physiological conditions, 
it contributes to regulating the proliferation, survival, and differentiation of neurons. 
The association of neurons expressing nNOS with blood vessels, which is found in this 
study, probably proves the intensity of blood supply and the trophic of the long-axon 
collaterals of the reticular neurons, and also the trophic of the fibers of the projection 
neurons [1]. NO is involved in synaptic activity, neural plasticity, and memory function; 
it exerts long-lasting effects through regulation of transcription factors and modulation 
of gene expression. Abnormal NO signaling could therefore contribute to a variety 
of neurodegenerative pathologies such as stroke/excitotoxicity, multiple sclerosis [7], 
Parkinson’s and Alzheimer’s disease [8], oxidative stress in vascular dementia [2], 
and intrinsic neuronal excitability [30]. The TRN is referred to as a pacemaker in the 
thalamus that generates rhythmic activity amongst thalamocortical and corticothalamic 
chains by mediation of inhibitory postsynaptic potentials [31] and it is regulated by NO 
[6]. Previous research has shown that the role of NO in sleep regulation is challenged. 
Actually, the group of Kilduff [18] has reported that long range projecting nNOS-type 
I GABAergic neurons are specifically activated during sleep [15, 23] by demonstrating 
that these cells in the cerebral cortex definitely accumulate c-Fos during sleep [15].

Conclusion

The key position of the TRN and its grid structure is involved in all the functional 
modalities that the nucleus is responsible for (motor, limbic, somatosensory, auditory 
and visual). All these modalities are associated in one way or another with the 
expression of NO.
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Neuroepithelial bodies (NEBs) are clusters of highly specialized cells spread in the epithelium 
of intrapulmonary airways. The present study aimed at the identification and morphological 
description of the pulmonary NEBs in spontaneously hypertensive rats (SHRs). Tissue slices 
from the lungs of 1-month-old male SHRs were stained routinely with hematoxylin and eosin 
(H&E) or with the vital dye neutral red. The H&E staining revealed the neuroendocrine cells 
as visible clusters of clear cells seen in the airway epithelium. Neutral red staining visualized 
the NEBs as reddish cell clusters protruding in the airway lumen. Our results support the 
general morphological structure of sensory receptors in SHRs. Their role and significance in the 
development of essential hypertension remains to be clarified. 

Key words: neuroepithelial bodies, hematoxylin and eosin, neutral red, lung, spontaneously 
hypertensive rat

Introduction

Neuroendocrine cells are specialized epithelial cells that can be found throughout the 
tracheobronchial epithelium as solitary or grouped cells [1]. When grouped into discrete 
cell clusters within intrapulmonary airways they are called pulmonary neuroepithelial 
bodies (NEBs) [1, 2]. As previously revealed, in the NEBs the neuroendocrine cells are 
supported by Clara-like cells, which surround them and leave only the apical domains 
of the neuroendocrine cells in contact with the pulmonary airway’s lumen [9]. The 
neuroendocrine cells of the NEBs and the Clara-like cells comprise the so-called NEB 
microenvironment. The NEBs are composed of up to 25 neuroendocrine cells with 
lucid cytoplasm and they are protruding into the lumen of the pulmonary airways. 
Their cytoplasm is rich in vesicles storing a wide variety of bioactive substances such 
as acetylcholine, serotonin, calcitonin and others [2, 3, 5].
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Our prior research has demonstrated the structural features of the NEBs in 
normotensive Wistar rats [7]. Therefore, the aim of the present study was to visualize 
and describe the morphology of the NEBs in spontaneously hypertensive rats (SHRs), 
the commonly used model of essential hypertension.

Material and Methods

In this study, we used 1-month old male SHRs weighing approximately 120 g. The 
animals were bred and housed at the vivarium of the Medical University of Sofia. The 
experiments were performed in agreement with the European Communities Council 
Directive 2010/63/ EU for the protection of animals used for scientific purposes and 
approved by the Research Ethics Commission of the Medical University of Sofia. The 
rats were deeply anesthetized with an intraperitoneal injection of sodium pentobarbital 
(70 mg/kg) and then transcardially perfused with cold 4% paraformaldehyde. 
Subsequently, intratracheal infusion with 4% paraformaldehyde was performed. 
The lungs were quickly removed, put into a cuvette with 4% paraformaldehyde and 
then proceeded to mild deaeration using a vacuum aspiration pump. Afterwards, we 
prepared 6 µm thick paraffin sections and routinely stained them with hematoxylin 
and eosin (H&E) following a protocol that included dewaxing and rehydration in 
decreasing concentrations of ethanol, staining with hematoxylin, differentiation with 
0.3% acid alcohol, rinsing in water and blueing, staining with eosin, dehydration in 
ascending ethanol solutions, clearing in xylene and coverslipping in Entellan (Merck, 
Darmstadt, Germany). For the staining with neutral red, the deparaffinized sections of 
the lungs were rehydrated and then stained with neutral red dye for 3-4 min until the 
desired intensity was obtained. Finally, they were dehydrated, cleared in xylene and 
coverslipped.

Results and Discussion

Using the H&E staining we were able to observe NEBs as clusters of oval cells with lucid 
cytoplasm, protruding into the lumen of the terminal bronchioles (Fig. 1A) and alveoli 
(Fig. 1C). Using neutral red as a vital stain, we observed on adjacent sections the NEBs 
in terminal bronchioles (Fig. 1B) and alveoli (Fig. 1D). They were seen as intensely-
stained red clusters of cells protruding into the lumen of intrapulmonary airways.

The visualization of the NEBs with routine staining procedures using H&E and 
neutral red stain is possible yet hard to achieve, due to the low count of NEBs in the 
lungs and the lack of distinctive feature of the neuroendocrine cells. The present results 
show for the first time the microscopic structure of NEBs in SHRs. Our observations 
coincide with the general pattern of the NEBs as clusters of neuroendocrine cells with 
lucid cytoplasm spread throughout the intrapulmonary airways, including the terminal 
bronchioles and the alveoli. A striking feature is the protrusion of the apical domain of 
their cells into the lumen of the intrapulmonary airways. Such a localization implies 
an oxygen sensing role; yet more recent studies ascribe such a function mainly to the 
neonatal lungs [5]. Indeed, in adults NEBs are more often associated with mechanical 
and chemical reception, and sensing changes in the local extracellular matrix [6]. 
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The SHR is the most commonly used animal model of human essential 
hypertension [4]. Literature data suggest that NEBs play a role in the pathogenesis 
of pulmonary hypertension through an increased serotonin expression [8, 10]. Based 
on these findings future studies will focus on analysing the potential role of NEBs 
in essential hypertension and involvement of certain bioactive substances in the 
mechanisms of high blood pressure.

In conclusion, the visualisation of the NEBs in SHRs using routine histological 
methods is possible and the obtained results are on a par with the literature data. Their 
unique localization and the broad spectrum of bioactive substances they utilize make 
them an interesting target for future immunohistochemical research in an attempt to 
find a connection between the NEBs and pathological conditions of the lungs.

Acknowledgements: This study was financially supported by the Medical Science 
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Fig.1. Staining of the NEBs in the intrapulmonary airways. (A) Higher magnification 
of a H&E-stained section through a terminal bronchiole revealing a cluster of 
neuroendocrine cells in the epithelium (arrow). (B) Neutral red staining of a terminal 
bronchiole showing an intensely-stained cluster of cells making up the NEB (arrow). 
(C, D) Adjacent sections of the alveoli displaying a group of oval cells with lucid 
cytoplasm (arrow), protruding into the lumen, (C), H&E staining and (D), Neutral red 
staining. Scale bars = 50 µm.



21

R e f e r e n c e s

1. Adriaensen, D., D. W. Scheuermann. Neuroendocrine cells and nerves of the lung. – Anat 
Rec.,236, 1993,70-85.

2. Adriaensen, D., I. Brouns, J. Van Genechten, J. P. Timmermans. Functional morphology 
of pulmonary neuroepithelial bodies: extremely complex airway receptors. – Anat. Rec. A 
Discov. Mol. Cell Evol. Biol., 270, 2003, 25-40. 

3. Cutz, E., J. Pan, H. Yeger, N. J. Domnik, J. T. Fisher. Recent advances and contraversies 
on the role of pulmonary neuroepithelial bodies as airway sensors. – Semin. Cell Dev. 
Biol., 24, 2013, 40-50.

4. Kundu, S., J. P. Rao. The story of spontaneously hypertensive rat (SHR): are view.– Al 
Ameen J. Med. Sci.,1, 2008, 65-66.

5. Linnoila, R. I. Functional facets of the pulmonary neuroendocrine system. –Lab. Invest., 86, 
2006, 425-44.

6. Scherer-Singler, U., S. R. Vincent, H. Kimura, E. G. McGeer. Demonstration of a unique 
population of neurons with NADPH-diaphorase histochemistry. – J. Neurosci. Methods, 
9, 1983, 229-234. 

7. Stamenov, N., N.Lazarov. Structure and innervation of the pulmonary neuroepithelial bodies 
in rats. – Acta morphol. anthropol., 28, 2021, 28-31.

8. Van Genechten, J., I. Brouns, G.Burnstock, J. P. Timmermans, D. Adriaensen. 
Quantification of neuroepithelial bodies and their innervation in fawn-hooded and Wistar 
rat lungs. – Am. J. Respir. Cell Mol. Biol., 30, 2004, 20-30. 

9. Verckist, L., R. Lembrechts, S. Thys, I. Pintelon, J. P. Timmermans, I. Brouns, 
D. Adriaensen. Selective gene expression analysis of the neuroepithelial body 
microenvironment in postnatal lungs with special interest for potential stem cell 
characteristics. – Respir. Res., 18, 2017, 87.

10. Yelmen, N. K., G. Sahin, T. Oruç, M. Hacibekiroğlu. Hypoxic initiation of pulmonary 
hypertension is mediated by serotonin secretion from neuroepithelial bodies in 
chemodenervated dogs. – Chin. J. Physiol., 46, 2003, 27-33.



22

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 29 (1-2)
Sofia ● 2022

Morphology of the Sequelae of Increased Intracranial 
Pressure

Natasha Davceva 

Institute of Forensic Medicine and Criminalistcs, Faculty of Medicine, University 
“Ss Cyril and Methodius” Skopje, North Macedonia; 
Faculty of Medical Sciences, University Goce Delcev Stip, North Macedonia; 
Faculty of Medicine, University of Maribor, Republic of Slovenia. 
*Corresponding author e-mail: drdavcevamk@yahoo.com

With the introduction of the concept of primary and secondary brain injuries, it became clear 
that the outcome of one particular cranial-cerebral injury greatly depends on the secondarily 
initiated mechanisms, which are actually resulting of raised intracranial pressure (ICP). We 
can conclude about the existence of the raised ICP during person was alive, at the postmortem 
examination only by its effects on the brain tissue i.e. the signs of internal herniation as sequelae 
of it. This paper discusses our findings on the sequelae of raised ICP based on neuropathological 
examination of 80 forensic cases of closed head injury with a survival until 1,5 month. Our 
findings indicate that the herniation of the brain is going to occur in the first 10,5 days in 90% 
of the cases and in nearly half of them this deadly consequence can occur in the first 48 hours, 
which is of great clinical importance. 

Keywords: ischemia, herniation, secondary brain injuries

Introduction

With the introduction of the concept of primary and secondary brain injuries, it became 
clear that primary brain injuries (focal and diffuse brain injuries inflicted directly by 
forces of impact) are not decisive for the outcome of one particular cranial-cerebral 
injury, but greatly depend on the secondarily initiated mechanisms. The latter are 
actually result of raised intracranial pressure (ICP) [1, 4, 9, 10, 11]. 

The intracranial cavity is a space of limited volume, where three main contents 
are present: the brain 80%; the blood 2-11%; and the cerebrospinal liquor 10%. When 
the equilibrium of these contents is impaired, an increase in ICP occurs. The ICP is a 
clinical parameter which can be measured only ante mortem. Normal values are below 
2 kPa (1 kPa =7,5 mm Hg), elevation to 3 kPa is considered mild, to 4 kPa moderate, 
and values exceeding 5 kPa are considered as severe intracranial hypertension [14].The 
lethal upper limit of ICP is of 8-10 kPa. 
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During the post-mortem examination, what we can conclude about the increased 
ICP is only by its effects on the brain tissue and the occurrence of the signs of internal 
herniation [9, 11, 14, 15].  

The herniation of the brain represents the movements of particular parts of the 
brain, from one compartment to another. The increased pressure in the supratentorial 
region leads to herniation against the edge of the tentorium cerebelli i.e. transtentorial 
herniation where the most exposed part is the temporal lobe uncus, including 
the hippocampus and the parahippocampal region. The increased pressure in the 
infratentorial compartment leads to herniation through the foramen magnum i.e. 
infratentorial herniation. This is associated with brainstem compression and death. The 
midline shift of the medial parts of the brain hemispheres (gyrus cinguli) to the left or 
right under the falx cerebri is known as subfalcine herniation [10, 14].

In this study, the sequelae of increased intracranial pressure i.e. signs of internal 
herniation have been analyzed in order to emphasize the characteristic morphological 
appearance of those injuries in the postmortem examination of the brain and their 
correlation with the time of survival. The overall purpose of this study has been to 
contribute to the neuropathological criteria for determining the sequelae of increased 
intracranial pressure in the daily forensic medicine practice.

Material and Methods

Eighty cases with fatal closed head injury (57 male, 23 female, age ranged from 5 
to 94 years), already presented in another study [5], have been now analyzed for the 
appearance and distribution of hypoxic-ischemic brain injury and the signs of internal 
herniation.

The inclusion criteria included post-mortem interval up to 24 h and the availability 
of data concerning: clear evidence of the type of the traumatic event [5] the known time 
of survival and full autopsy information. Clinical information was obtained for cases 
that survived long enough to be clinically investigated.

The survival period ranged from instantaneous death to 1.5 months (12 of the 
examined cases died quickly after the traumatic event, 25 of them survived 24 hours, 
22 cases survived 1 week and the rest 21 cases survived more than 1 week, the longest 
survived 1,5 months). 

All cases have been subjected to a forensic neuropathological examination of 
fixed brains in 10% buffered formalin [6, 8, 13]. 

Finding uncal notching or hemorrhages and necroses in the hippocampus and the 
parahippocampal area and infarctions of the inferior surfaces of both occipital lobes 
resulting from posterior cerebral artery compression have been considered to be a sign of 
transtentorial herniation. The characteristic finding of the cerebellar tonsillar notching 
and the secondary brainstem hemorrhages which typically occur in the midline of the 
midbrain and pons (the so called Duret hemorrhages) have been considered to be a sign 
of infratentorial herniation [5, 10].  
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Results and Discussion

Using the criteria given above, signs of the internal herniation have been perceived in 
46 (57,5%) of the cases (Table 1.) 

Table1. Finding signs of herniation in the examined cases

Type of internal herniation Number of cases 
(n = 46) %

Transtentorial herniation 16 20

Infratentorial herniation 9 11,25

Subfalcine herniation 1 1,25

Transtentorial and infratentorial herniation 12 15

Transtentorial and subfalcine  herniation 2 2,5

Infratentorial and subfalcine  heniation 3 3.75

Transtentorial, infratentorial and subfalcine herniation 3 3,75

Table 2 presents the time of survival for all cases diagnosed with internal 
herniation. Using the data on Table 2, the distribution of the time of survival in cases 
with herniation was explored i.e. the dependence between the time of survival and the 
occurrence of herniation was demonstrated on Table 3. 

Table 2. Time of survival for all cases diagnosed with internal herniation

Case Type of the herniation Time of survival

1 Transtentorial herniation 9 days
2 Infratentorial herniation 10 days
3 Subfalcine and transtentorial herniation 2 days
4 Infratentorial herniation 2-4 hours
5 Infratentorial herniation 6 days
6 Transtentorial herniation until 1 hour
7 Subfalcine and infratentorial herniation 2 days
8 Infratentorial herniation until 1 hour
9 Transtentorial and infratentorial herniation 3 days 
10 Transtentorial and infratentorial herniation 12 days
11 Transtentorial and infratentorial herniation 10 days
12 Transtentorial and infratentorial herniation 10 days
13 Transtentorial herniation immediately
14 Transtentorial and infratentorial herniation 2 days
15 Transtentorial and infratentorial herniation 1,5 months
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Case Type of the herniation Time of survival

16 Subfalcine herniation 3 weeks
17 Subfalcine and infratentorial herniation 3 days 

18 Subfalcine herniation, transtentorial and infratentorial 
herniation 8 days

19 Transtentorial herniation until 1 hour
20 Transtentorial herniation immediately
21 Transtentorial herniation immediately
22 Transtentorial herniation 15 days

23 Subfalcine herniation, transtentorial and infratentorial 
herniation 4 days 

24 Transtentorial and infratentorial herniation 5 days
25 Subfalcine and infratentorial herniation 7 days
26 Transtentorial herniation 4 hours

27 Subfalcine herniation, transtentorial and infratentorial 
herniation 6 hours

28 Transtentorial herniation immediately
29 Transtentorial herniation 6 hours
30 Transtentorial herniation immediately
31 Transtentorial herniation until 1 hour
32 Infratentorial herniation 10 days
33 Transtentorial and infratentorial herniation 2-4 hours
34 Infratentorial herniation 4 days 
35 Transtentorial and infratentorial herniation 7 hours
36 Infratentorial herniation 10 days
37 Infratentorial herniation 2 days
38 Transtentorial herniation 6 days
39 Transtentorial herniation 6 days
40 Transtentorial and infratentorial herniation 24 hours
41 Subfalcine and transtentorial herniation 7 days
42 Transtentorial herniation 2 days
43 Infratentorial herniation 3 days
44 Transtentorial and infratentorial herniation minutes
45 Transtentorial and infratentorial herniation 8 days
46 Transtentorial herniation 2 days

 

The results shown in Table 3 demonstrate that: 
– in 90% of the cases with herniation, the herniation occurred within the first 10,5 

days after the injury; 
– in 50% of them, the herniation occurred in less than two days and 6 hours;
– in 35% of the cases, the herniation occurred within in the first 24 hours. 

Table 2.
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Hence, 80 cases of fatal closed head injury in this study were analyzed with detailed 
forensic neuropathological examination [6, 13] for the occurrence of secondary brain 
changes resulting from the increased ICP. 

Signs of internal herniation as the sequelae of the raised ICP were present in 
57,5% of the examined cases, which is in accordance with other studies (56% by 
Adams et al. 1982 [2] and 55% of 85 examined cases by Adams et al. 2011[3]). 
Signs of transtentorial herniation (Fig. 1) have been found in 33 (41, 25%) of the 
cases. Signs of infratentorial herniation (Fig. 2) have been found in 27 (33,75%) of 
the cases, whereas signs of subfalcine herniation have been found in 9 (11,25%) of 
the examined cases. In a study with 434 analyzed cases [11], signs of transtentorial 
herniation have been found in two thirds of the cases, and signs of infratentorial 
herniation in 68% of cases. 

Fig. 1a     Fig. 1b
  

Fig. 1. a. b. Signs of transtentorial herniation. Transtentorial herniation. Case with survival time 
of 3-4 hours and brain weight of 1.503 grams. On the section of the level of mammilary bodies 
have been seen hemorrhages in the hippocampus and the parahippocampal region on both sides. 

Table 3. The interdependence of survival time with the occurrence of the herniation in 46 of the 
examined cases.  

No of cases, in total Cases with herniation Percentage

Until 10,5 days 42 91%

Until 2days, 6 hours 23 50%

Until 24 hors 14 30%
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Fig. 2a     Fig. 2b 
  

Fig. 2. Signs of infratentorial herniation. Infratentorial herniation. The secondary Duret 
hemorrhages which are typically midline located in the midbrain and pons can be seen. a. Case 
with a survival of 7 hours and the weight of the brain of 1.487 grams; b. Case with a survival of 
8 days and brain weight of  1.512 grams.

In 90% of the cases with internal herniation, as shown by the results in this study, 
herniation occurred within the time frame of 10,5 days postinjury, implying that the 
threat of internal herniation is highest in the first 10 days after injury. Accordingly, in 
50% of the cases herniation occurred in less than 2 days and 6 hours and in 35% of the 
cases it occurred in the first 24 hours. This analysis is mostly of clinical importance, 
obtaining information about the occurrence threat of internal herniation in cases with 
closed head injuries and possible time window for therapeutic intervention. From a 
forensic neuropathological point of view, besides the correlation with the survival 
time and proof for the existence of raised ICP ante mortem, this study emphasizes the 
morphological feature of herniation as it has been classically outlined [7, 8, 12].  

Conclussion 

Hence, the results of the present study show that in order to perceive the existence of 
the raised ICP during person has been alive, it is essential to perform postmortem the 
detail forensic neuropathological examination of the brain and to observe the signs 
of herniation as the sequelae of the raised ICP.  Herniation of the brain is a deadly 
complication of closed head injury and in 90% of the closed injury cases it is going 
to occur in the first 10,5 days and in nearly half of them this deadly consequence can 
occur in the first 48 hours, which is of great clinical importance to take measures of 
avoiding them. 
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The thalamic reticular nucleus (TRN) is a slender sheet of GABA-ergic neurons that coexist 
with parvalbumin and somatostatin. In this study we describe the changes in immunopositive 
neurons and the neuropil in the nucleus during the postnatal period of development, namely on 
the twentieth and sixtieth day. We found that the immunopositive reaction in twenty-day old 
animals was considerably stronger than that in sixty-day old ones. This phenomenon is probably 
associated with the maturation of the neurons, and also their plasticity and synaptogenesis. 

Key words: thalamic reticular nucleus, GABA, maturation, plasticity

Introduction

Gamma-aminobutyric acid (GABA) is a biogenic amino acid that is synthesized from 
glutamic acid with the aid of glutamate decarboxylaze [12, 14]. The thalamic reticular 
nucleus (TRN) is a thin sheet of cells surrounding the anterolateral surface of the 
thalamus. It mainly consists of GABA-ergic neurons that coexist with parvalbumin 
and somatostatin [1]. Due to this specific location it is often regarded as “the gateway” 
through which the information from the thalamus to the cortex and vice versa has to 
pass. On the other hand, it is involved in sensory detection, arousal and attention [4, 11, 
17, 22]. The disruption of the normal functions of the TRN is associated with the onset 
of epilepsy [13] and schizophrenia [7]. GABA is considered to be the most important 
inhibitory neurotransmitter in the CNS, and the excitation of the TRN neurons leads to 
the induction of a long-lasting period of hyperpolarization in the dorsal thalamic relay 
nuclei [5, 12, 14]. It has been found that GABA starts its expression very early in the 
prenatal development of the rat [3], and it is thought that the neurotransmitter role of 
GABA is highly significant and exerts both a trophic effect and regulation of various 
developmental processes [21]. 

The TRN can be divided into a few sectors, and each of them is associated with 
a different function, i.e. visual, auditory, somatosensory, motor and limbic. The limbic 
and motors sectors are located in the rostral part of the nucleus, and they are associated 
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with the anterior thalamic nuclei and the functionally related cortical areas [18, 23]. 
Cicirata et al. [2] describe the motor sector. All the sensory sectors, associated with 
thalamic nuclei and cortical structures, are situated in the central and caudal part of the 
nucleus [20].

Material and Methods

We used 2 groups of 5 rats, 20- and 60-day old respectively. All animals received humane 
care in compliance with the “Principles of laboratory animal care” formulated by the 
National Society for Medical Research and the “Guide for the care and use of laboratory 
animals” prepared by the National Institute of Health (NIH publication No. 86-23, 
revised 1996). The animals were perfused transcardially with 4% paraformaldehyde 
in 0.1 M phosphate buffer, pH 7.2-7.4. Immediately after the perfusion, the brains 
were dissected out and placed in the same fixative for 1 hour at room temperature for 
postfixation. After a few rinses in 0.1 M phosphate buffer pH 7.4, the material was left 
to stay overnight in 0.01 M phosphate sodium-chloride buffer (PBS) pH 7.2-7.4 at a 
temperature of 4ºС. On a freezing microtome coronary brain sections with a thickness of 
40 µm were sliced along the anteroposterior axis of the TRN. Free-floating sections were 
obtained and preincubated for 30 min in 3% H2O2 in phosphate-buffered saline, pH 7.4 
(PBS) to inactivate endogenous peroxidase. After rinsing in PBS, non-specific sites 
were blocked in PBS containing 10% normal goat serum (NGS) and 0.2% Triton-X100. 
The sections were then incubated overnight at room temperature with the following 
antiserum diluted in 1% NGS in PBS: anti-GABA, 1:6000. After several rinses in PBS, 
the sections were incubated in biotinylated goat anti-rabbit IgG (Vector) diluted 1:200 
in 1% NGS in PBS. The avidin-biotin-peroxidase protocol (ABC; Vector) was followed 
and finally 3,3´ -diaminobenzidine tetrahydrochloride (DAB; Sigma) was used as a 
chromogen. Thereafter, the sections were mounted on gelatin-coated glass slides, dried 
for 24 hours and coverslipped with Entellan. In order to control the specificity of the 
antibodies, some sections were processed by omitting the primary antibody or replacing 
it with NGS diluted 1:100. No specific staining was detected in this case. All the sections 
were examined under the light microscope.

Results

The TRN is a thin layer of cells surrounding the anterolateral surface of the thalamus 
(Figs. 1A, 2A). In twenty-day old rats we found the presence of immunoreactive 
neurons. The reaction product was confined both to the neuronal perikarya in the 
different sectors of the TRN, and along the short neuronal processes that formed small 
varicosities. In the rostral part of the TRN we predominantly observed oval-shaped 
neurons, and most of them had homogenous immunoreaction. Another part of the 
neurons expressed GABA in the periphery of their somata, above all in one pole of 
the cell bodies. The neuropil was moderately stained, albeit intense staining of the 
neuronal elements was observed (Fig.1B). Neurons of different shape and direction 
were marked in the central sector of the TRN, and they formed smaller or larger 
cellular groups. Some of the neurons were positioned in the vicinity of blood vessels. 
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The cellular groups themselves were located at some distance from one another. This 
sector of the nucleus had the weakest staining of the neuropil when compared to the 
rostral and caudal parts (Fig. 1C). In the caudal sector of the TRN the immunopositive 
neurons were mainly elongated to oval-shaped and aligned parallel to the long axis of 
the nucleus. The GABA immunoexpession was positive only in the peripheral parts of 
the neuronal somata, while the cell processes were longer than in the other neurons of 
the nucleus, and could only be followed for some distance. The solitary neurons were 
wholly immunoreactive, while the neuropil displayed weak staining (Fig. 1D). 

Fig. 1A. Anteroposterior view of the entire nucleus in 20 day animals (x10). 
Fig. 1B. Rostral sector of the TRN (x20). Fig. 1C. Central sector of the TRN 
(x20). Fig. 1D. Caudal sector of the TRN (x20)

In sixty-day old animals, the immunoreaction was located only in the peripheral part 
of the neuronal somata, and the intensity of the observed expression was considerably 
weaker when compared to the twenty-day old rats. It was solely in the rostral portion of 
the nucleus that solitary wholly-marked neurons were observed (Fig. 2B). In general, 
the immunostaining both of the neurons and the neuropil at this age was considerably 
weaker. In the rostral portion of the TRN, the GABA expression was most pronounced 
in comparison with the other nuclear parts. The spaces in-between the cellular groups 
in the central portion were significantly larger because of the traversing projection 
fibers (Fig. 2C). The GABA immunoreaction in the caudal portion was similar to that 
in the central (Fig. 2D). On the overall, the nerve fibers showed a weaker intensity of 
immuno-positivity in all the parts of the nucleus.
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Fig. 2A. Anteroposterior view of the entire nucleus in 60 day animals (x10). Fig. 2B. 
Rostral sector of the TRN (x20). Fig. 2C. Central sector of the TRN (x20). Fig. 2D. 
Caudal sector of the TRN (x20)

Discussion

This study aimed to assess the neuronal expression of GABA and the plasticity in the 
TRN during the postnatal development in the rat. The TRN is extremely rich in GABA-
ergic neurons [5, 24]. Since it is located on the border of the afferent and efferent 
pathways between the cortex and the thalamus [19, 24], the TRN receives collateral 
projections from both of them. Besides, the TRN also receives direct projections 
from other thalamic nuclei, though it relays information only to thalamic nuclei and 
other subcortical areas, and not the cortex [15]. On the other hand, the TRN contains 
GABA-ergic neurons of two distinct types – ones coexisting with parvalbumin, and 
others coexisting with somatostatin [1]. These two neuronal types are responsible 
for various thalamocortical relations. The parvalbumin GABA-ergic TRN neurons 
generate rhythmic thalamocortical sensory information, while the neurons containing 
somatostatin exert both anticonvulsive and convulsive effects [9]. Moreover, deep 
cerebral stimulation of the TRN is applied as a novel therapeutic strategy in laboratory 
animals to influence the neuronal function of the nucleus; it is also used to modulate the 
neuronal excitability in animal models [16]. The inhibitory role of GABA in the TRN 
appears after the second postnatal week, when most of the GABA-ergic terminals reach 
full development [6]. The vulnerability of the immature brain to epileptic seizures is 
probably the reason for the disruption of neuronal connectivity. This is associated with 
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the processes of maturation, synaptogenesis, neuronal migration and differentiation, 
and to a lesser degree with neuronal death [8]. The decrease in the GABA expression 
in sixty-day old rats is probably associated with the maturation of the brain structures. 
When GABA neurotransmission in the TRN is disrupted, a number of various 
psychiatric disorders, such as schizophrenia and depression, Parkinson’s disease, and 
Alzheimer’s disease may develop [10]. The technique of deep cerebral stimulation 
gives an opportunity to modulate neuronal excitability in experimental animal models 
for neurological and psychiatric conditions. When the normal development of the 
TRN neurons is affected in the early stages of the postnatal development of the rat, it 
results in the disruption of the interneuronal connections within the TRN, and also in 
communication alterations between the TRN and the thalamus on the one hand, and 
between the TRN and the thalamocortical and corticothalamic pathways on the other 
hand. These phenomena lead to the development and onset of the diseases that were 
described previously.

Conclusion

It is apparent that GABA plays significant roles in the developmental processes of 
the TRN and the brain in general. These roles are associated with trophic functions, 
synaptogenesis and maturation, especially in the early postnatal stages. The disruption 
of the functional modalities in the adult TRN may lead to various neurological and 
psychiatric conditions, so acquiring further knowledge on the intrinsic processes in the 
nucleus may offer perspectives for novel therapeutic strategies.
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Patients with severe coronavirus disease 2019 (COVID-19) have respiratory failure with 
hypoxemia and acute bilateral pulmonary infiltrates, consistent with ARDS. We aimed to study 
histological and immunohistochemical changes in the lungs in patients with severe coronavirus 
infection. All cases with COVID-19 were presented with viral desquamative pneumonia at 
different stages. Stage I - the lungs had pronounced hyperemia, dilated capillaries in the septa 
and many macrophages in the alveoli. Stage II has been characterized by desquamation of 
alveolocytes and their viral transformation into giant mononuclear cells, as well as the formation 
of syncytial structures. In stage III, alveolar damage and capillary proliferation were diffuse. In 
stage IV, fibrosis and collagen formation begin, which is more pronounced in the periphery of 
the lobe and propagate to the center. The autopsies revealed a consistent pattern of alveolar 
pulmonary injury and identified four stages in the course of COVID-19 pneumonia.

Key words: COVID-19 pneumonia, SARS-CoV-2, diffuse alveolar damage, histological stages.

Introduction

Severe acute respiratory distress syndrome-associated coronavirus-2 (SARS-CoV-2), 
the etiologic agent of coronavirus disease 2019 (COVID-19), was initially identified in 
the Hubei province of China in December [13] and declared a pandemic by the World 
Health Organization in March 2020 [5]. Currently, 272,811,994 patients have fallen ill 
and 5,340,001 have died, which is 1.95% mortality.

SARS-CoV-2 is a coronavirus which utilizes angiotensin converting enzyme 2 
(ACE2) as a source of cellular entry. ACE2 is expressed in lung alveolar cells, bronchial 
epithelium and vascular endothelial cells explaining why the respiratory tract and lung 
serve as a primary point of viral entry. 

Radiologic evaluation of COVID-19 cases has similarly shown findings generally 
described as being more similar to organizing pneumonia, particularly in the earlier 
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phases of the disease. Much of the recognition of this pneumonia has been radiologic, 
described as ground glass nodules with progression to consolidation [1, 2, 4].

Typical features of Covid-19 pneumonia include hyaline membranes and alveolar 
cell 2 hyperplasia in 87% of patients. Alveolar pneumocytes frequently appeared 
atypical, enlarged, and sometimes multinucleated with syncytial features [10].

Autopsy reports of the lungs in COVID-19 to date have primarily shown diffuse 
alveolar damage (DAD) or acute lung injury.

We aimed to study histological and immunohistochemical changes in the lungs of 
patients deceased from Covid-19.

Material and Methods

Autopsy procedures
This is a prospective study of 15 consecutive COVID-19 autopsies performed in “Sv. 
Georgi “University Hospital, Plovdiv, Bulgaria. Specimen was taken from both lungs, 
from the central parts and the periphery. The study was conducted at the Morphological 
Center of the Medical University of Plovdiv. From each lung, 4 blocks were released 
for routine hematoxylin-eosin (HE) staining.

Genetic testing: Thirteen of the cases were diagnosed with a PCR (Polymerase 
Chain Reaction) test, one case was confirmed with an antibody (IgM/G) test and one 
with an rapid antigen test. 

Histological examination
Autopsy material was fixed in 10% neutral buffered formalin and submitted for standard 
processing with haematoxylin and eosin staining.

Immunohistochemistry
Immunohistochemical staining was performed on formalin fixed, paraffin-embedded 
5-μm sections following citrate pH 6.0 antigen retrieval, endogenous biotin, and 
peroxidase block. Dako‘s immunostainer is used. Immunohistochemically, both lungs 
were examined with CD34 for endothelial damage.

Results

Clinical Data
Out of 15 presented patients, 6 are women, 9 are men. SARS (Severe Acute Respiratory 
Syndrome) developed in 8 patients as a complication of COVID-19 pneumonia. 
Most patients developed the complication after 14 days of illness, 7 patients were on 
mechanical ventilation, 4 died in the emergency department, and the complication 
developed within hours. The earliest development of the syndrome is on day 7 of the 
onset of the disease. The clinical data, main disease and its complications, as well as 
the cause of death are summarized in Table 1.
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Table. 1. The clinical data, main disease and its complications and the cause of death in Covid19

№ Age Gender Day of 
symptoms Cause of death

1. 55 f 21 SARS-Cov2. ARV. DAD,
Generalised thrombosis, Brain infarction.

2. 63 f 21

COVID19. ARV. DAD, Generalised thrombosis:
Pulmonary thrombosis.Thrombosis in small cerebral 
arteries.
Abacterial thrombotic endocarditis of the mitral and 
aortic valves. 
Infarct in the brainstem.
Infarcts in the spleen and kidneys

3. 56 f 14

COVID19 DAD. Pulmonary thromboembolism. 
  Phlegmon in the area of the operative wound with 
antibiotic therapy.
  Ulcerative-necrotic, fibrinous-purulent colitis with 
local pelvic fibrinous-purulent peritonitis.

4. 62 m 7
COVID19 – Billateral fibrinous-purulent pneumonia.
SARS-COV2 Pulmonary thromboembolism with acute 
right heart dilatation.

5. 56 m 8
COVID19 ARV. DAD, stage III. 
Exacerbated chronic total heart failure. Complete 
dilated hypertrophy of the heart.

6. 69 m 30 COVID19 DAD, SARS-COV2. Brain infarction. Died 
in the ED.

7. 37 m 14 SARS-Cov2. COVID19 DAD. Treatment in another 
hospital. Died in the ED.

8. 81 f 18

COVID19 - DAD. ARV. Bilateral pleural effusions. 
Generalised thrombosis: Thrombotic complications: 
splenic infarction, thrombotic infarction of the 
right kidney, thrombosis of the left coronary artery, 
thrombosis of cerebral arteries.

9. 70 m 7
SARS-Cov2. COVID19 DAD. Left coronary artery 
thrombosis. Acute anterior myocardial infarction.
Died in the ED.

10. 61 m 14 SARS-Cov2. ARV. COVID19 DAD.
Pulmonary thrombosis.

11. 88 m 10 SARS-Cov2. COVID19 DAD.

12. 51 f 9 SARS-Cov2. ARV. COVID19 DAD.

13. 75 m 14 SARS-Cov2. ARV. COVID19 DAD.

14. 86 f 13 SARS-Cov2. COVID19 DAD. Died in the ED.

15. 66 m 14 SARS-Cov2. COVID19 DAD.

Legend: DAD – Diffuse Alveolar Damage; ARV – Assisted Respiratory Ventilation; 
ED – Emergency Department 
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Pulmonary findings
Lung tissue was obtained from autopsies with a postmortem interval ranging from 1 to 
16 days during October 2020 and November, 2021.

Macroscopically, all of the cases demonstrated diffuse and severe pulmonary 
changes. The lungs were enlarged bilaterally, heavy (600-700 g), with greatly reduced 
elasticity and increased density. Their cut surface wеre homogeneous, with a brownish-
reddish color and scattered, firm nodular areas. 

Microscopically, we have identified four stages in the development of COVID-19 
pneumonia. Stage I – the lungs have pronounced hyperemia, dilated capillaries in the 
septa and many macrophages in the alveoli. 

Stage II is characterized by desquamation of alveolocytes and their viral 
transformation into giant mononuclear cells (cytopathic effect), as well as the formation 
of syncytial structures (Fig. 1A) and diffuse alveolar damage (DAD) (Fig. 1B). The 
basement membranes are exposed. The inflammatory component is mild, with T 
lymphocytes and many macrophages. B lymphocytes are totally effaced. Multiple 
thrombosis in small and medium-sized vessels also occurs at this stage. The capillaries 
of the septa begin to proliferate. 

In stage III, capillary proliferation is diffuse with budding formation. There is fresh 
granulation tissue in the alveoli, which proliferates diffusely and completely obliterates 
the alveolar spaces (Fig. 1C). CD34 marks endothelial cell proliferation (Fig. 1D).

In stage IV, fibrosis and collagen formation begin, which are more pronounced 
in the periphery of the lobe and propagate to the center (Fig. 1E). In SARS-Cov2 
cases, the lung parenchyma is saturated with blood, and the basement membranes and 
capillaries are torn (Fig. 1F). 

Fig.1. A) Cytopathic viral effect in alveolar pneumocytes type II with giant transformed 
cells, (HE, x20). B) Formation of syncytial epithelial structures and diffuse hemorrhages 
in SARS-Cov2, (HE, x20). C) Fresh granulation tissue in the alveoli partly or completely 
obliterates the alveolar spaces, formation of “fibrin balls” (HE, x20). D) Proliferation and 
budding of young capillaries, (CD34x10). E) Fibrous changes in organizing pneumonia, 
(HE, x4). F) Diffuse hemorrhages and intra-alveolar fibrin in SARS-Cov2 (HE, x20). 
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Discussion

Autopsy reports of the lungs in COVID-19 to date have primarily shown diffuse 
alveolar damage (DAD) or acute lung injury. The pulmonary autopsy findings are 
primarily limited to case reports or single center cohort studies. More recent findings 
have reported a wider spectrum of histological lesions involving both the epithelial and 
vascular components in lung and other organs. This has led to an increased awareness 
of the intrinsic complexity of the disease [1-7].

On average, patients with COVID 19 develop diffuse, bilateral, viral desquamative 
pneumonia on day 14 from the onset of the disease. SARS-Cov2 and thromboses 
are observed on day 7 at the earliest. Most of the studies demonstrate venous 
thromboembolism and microthrombi in arterioles and venules [8,10].

In presented study patients developed SARS-Cov2 accompanied by respiratory 
syndrome and rapid lethal outcome in 60%. DAD is the predominant histopathologic 
pattern identified in lung pathology from patients with COVID-19. DAD is caused by 
“endothelial and alveolar lining cell injury which leads to fluid and cellular exudation,” 
culminating in physical disruption of the blood-air barrier [7,11]. According to literature 
data DAD in Covid 19 is divided into three histopathological phases that generally 
correlate with the time from pulmonary injury:1) Acute (exudative) phase, 2) Subacute 
(organizing) phase, and 3) Chronic (fibrotic) phase [12]. However, in our study, we 
divided phase 2 (organizing) in two stages - the stage 2 of capillary proliferation and 
stage 3 – the formation of fresh granulation tissue. The fourth stage is the formation of 
collagen fibers and fibrous tissue.

According to the Haririʼs study acute phase of DAD occurs within 1 week of the 
initial injury and is characterized by intra-alveolar hyaline membranes, edema, and 
alveolar wall thickening without significant inflammation. Vascular thrombosis and 
microthrombosis are frequently observed in DAD, even in the absence of a systemic 
hypercoagulable state, and they are thought to result from local inflammation [8].

In acute stage, our study correlates with the changes found by other authors such 
as focal hyperplasia of type II pneumocytes, some of which showed mild cytologic 
atypia. Some enlarged pneumocytes showed abundant cytoplasm with a ground-glass 
appearance, and prominent eosinophilic nucleoli. The main histological findings in the 
lungs in this cases include: 1) serous exudation, 2) infiltration of lymphocytes around 
blood vessels and in the alveolar septa, 3) aggregation of multinucleated giant cells 
within alveolar spaces, 4) hyperplasia of type II pneumocytes, 5) intracytoplasmic 
viral-like inclusion bodies. Our results completely coincide with the findings in the 
lungs described by other authors [6].

The subacute phase of DAD occurs approximately 1 week after the initial 
pulmonary injury and is characterized by microscopic organization of the fibrin 
followed by fibroblast migration and secretion of young “loose” collagen. Hyaline 
membranes become slowly incorporated into organizing fibrotic tissue, which begins 
to appear in airspaces, alveolar ducts, and alveolar walls. Reactive atypical changes 
in type II pneumocytes and squamous metaplasia may be present. In this research, we 
divided phase 2 (organizing), in the stage of capillary proliferation and stage 3 - the 
formation of fresh granulation tissue, as the two stages are well separated and follow a 
certain sequence in all studied cases. 
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Most findings, from single institution case series, have also described that first stage 
of DAD will ultimately resolve, whereas others evolve into a chronic fibrotic phase 
(weeks to months after the initial injury) with progressive architectural remodeling 
and interstitial fibrosis. In the extreme, these changes may resemble usual interstitial 
pneumonitis, the histopathological correlate of idiopathic pulmonary fibrosis [3,7,8,12].

In this research, the major pulmonary findings were diffuse alveolar damage in 
the acute or organising phases. Histological examination revealed focal pulmonary 
microthrombi in 13 patients. The major histopathological observation in most series of 
patients who died with COVID-19 was diffuse alveolar damage-type lung injury in the 
acute or organizing phases (86%). Lung tissue showed pulmonary oedema, prominent 
reactive type 2 pneumocytes, intra-alveolar fibrin, and hyaline membranes. 

Stage IV, AFOP (acute fibrinous and organizing pneumonia) is characterized 
by formation of “fibrin balls” within the alveolar spaces, with organization resulting 
from fibroblast migration and secretion of young collagen within fibrin aggregates. OP 
(organizing pneumonia) can be seen in isolation or in combination with DAD or AFOP 
and is characterized by intraluminal tufts of plump fibroblasts and young/immature 
collagen tissue within alveolar ducts and distal airspaces [9]. Most of the published 
COVID-19 autopsy case series describe the acute phase of DAD as the prominent 
acute lung injury pattern. However, features of organizing fibrosis were reported on 
histopathologic examination in 52% of the COVID-19 autopsy cases. In most cases, 
organizing fibrosis was described as either focal or in the setting of mixed acute and 
organizing phases of DAD [6].

Severe respiratory syndrome develops most commonly in the second and third 
stage. We detected its earliest occurrence on day 7 of the disease up to day 21. Patients 
on respiratory ventilation (RV) developed the syndrome later and those on home 
therapy – earlier. Patients 1, 2, 7 and 10 with SARS-Cov2 were treated in hospital. 
Three patients passed away in the Emergency Department due to severe respiratory 
syndrome. These patients were on home treatment and the respiratory insufficiency 
developed within hours. 

The deceased cases described at this stage, usually at 7-10 days after the onset 
of symptoms, are characteristic for patients who have developed respiratory distress 
syndrome. The early fatal development of SARS-Cov2 was observed in delta variants of 
Covid19, in patients with many concomitant diseases and obesity. It is noteworthy that 
patients with the Delta variant of Covid19 develop generalized thrombosis (patients 
1-10). While in patients with the Omicron variant, these complications are absent 
(patients 11-15). Possible explanations are: 1) the mild course of the disease 2) the 
preventive use of anticoagulants since the diagnosis of Covid19 infection.

Conclusion

This study identified four stages in the course of COVID-19 pneumonia. Pneumonia 
lasts between two and three weeks. Severe cases manifested by subsequent proliferation 
of connective tissue and fibrosis, usually located in the subpleural areas of the lungs. 
We believe that the detailed study and categorization of the stages in the course of 
COVID-19 pneumonia, as well as the determination of the time interval of each stage, 
will support the therapeutic approaches in each of the stages.
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The anatomic similarities to human eyes, along with comparable physiologic processes, enable 
swine to be suitable experimental model. The aim was to define the histochemical characteristics 
and number of mast cells in the porcine conjunctiva and eye ball using toluidine blue and alcian 
blue staining. It was found that in the sclera, cornea, choroid, retina, lens and optic nerve mast 
cells were absent. When compared the mast cell density in all layers of eyeball we found that 
their number was the highest in the ciliary muscle, followed by the iris, and the lowest – in the 
stroma of ciliary body. The number of mast cells in bulbar conjunctiva was similar to that in the 
posterior part of the iris.

The current study showed that the mast cells are resident cells in the ciliary stroma and 
muscle, iris and ciliary body participating in maintaining the homeostasis in the porcine eye.

Key words: mast cells, metachromasia, toluidine blue, alcian blue, eye, swine

Introduction

The miniature swine is widely used as ophthalmology models [47]. The anatomic 
similarities to human eyes, along with comparable physiologic processes, enable 
miniature swine to be suitable model for surgical procedures and subsequent testing 
of potential therapeutic agents at treating multiple ophthalmic diseases such as 
uveitis, retinal detachment, cataracts, glaucoma and diabetic retinopathy [15, 26, 42, 
47, 51]. 

Besides their well-known role in IgE-mediated hypersensitivity responses, mast cells 
have been implicated in a range of non-IgE-mediated immunological and pathological 
processes including responses to parasites and neoplasms, chronic inflammation, 
fibrosis, angiogenesis and wound healing [12, 17]. Leonardi [28] reported that mast-cell 
activation and release of the main mediator, histamine, has been described in all allergic 
ocular diseases: seasonal allergic conjunctivitis (SAC), perennial conjunctivitis (PAC), 
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vernal keratoconjunctivitis (VKC), atopic keratoconjunctivitis (AKC), and contact 
lens-associated giant papillary conjunctivitis (GPC). Although ocular allergic reactions 
involve many cell types and mediators, mast cells play a crucial role in the common 
pathogenesis of these different forms of ocular allergy.

In addition to preformed stored mediators (e.g. histamine, heparin) mast cells 
are known to be a potent source of many de novo synthesized proinflammatory 
cytokines and chemokines [17]. They also appear to regulate blood flow in some 
tissues and organs (Stead and Bienenstock 1990). It is known that mast cells constitute 
heterogeneous populations, and at least three types have been well characterized in 
common laboratory mammals and humans: bone marrow mast cells; mucosal mast 
cells; and connective tissue mast cells [13, 14].

Enerback [10] demonstrated in 1986 that rodent MC subpopulations could be 
differentially stained with alcian blue and berberine sulfate. The toluidine blue 
staining allows the visualization of metachromatic granules in the cytoplasm of 
mast cells. Enerback [10] also demonstrated that MCs from mucosal surfaces were 
sensitive to formaldehyde fixation in that they failed to stain metachromatically on 
additional exposure to dyes, whereas MCs from connective tissues were insensitive to 
formaldehyde fixation. This principle has now been extended to human MCs that have 
also been distinguished by their formaldehyde sensitivity [10, 19, 27, 48].

There have been a number of studies of the distribution of mast cells in the normal 
iris of various species (29, 16, 30-34, 45, 52]. These cells are absent or extremely rare 
in rabbits, rats and mice, but are present in some carnivores (e.g. dogs, cats), marsupials 
and humans, although no true estimates of density are available in the literature. In the 
human iris, they appear more randomly distributed than in the choroid where they are 
periarteriolar [33].

Mcmenamin and Poll [35] revealed that in bony fish, mast cells stained by 
toluidine blue were clearly identifiable and were present in all of the layers of the 
choroid, including the choriocapillaris. In the sharks or cartilaginous fish, no mast cells 
were identified in the choroid. 

In the context of the mammalian eye, mast cells are invariably absent from 
the neural retina in all species studied to date. In 1937, Jorpes et al. first observed 
mast cells at the limbus in human and bovine corneas [22]. Later, Smelser and Silver 
[45] described many mast cells in the limbus and choroid of guinea pigs, rats, and 
rabbits. Smelser and Silver [45] studied the distribution of mast cells in sclera, uvea 
(iris, choroid and ciliary body) and retina of guinea pigs, rat, ferret and rabbit, using 
formalin for fixation and toluidine blue staining. In guinea pigs, rat and rabbit, large 
number of mast cells were seen in the posterior half of the choroid [45]. The anterior 
portion of the choroid contains fewer cells. A dense accumulation of mast cells forms 
a ribbon-like band completely in the deeper part of the ciliary body. The processes 
themselves contain very few mast cells. In many guinea-pigs the iris was totally devoid 
of mast cells, but in some animals occasionally a few cells were found. In the guinea 
pig, rat, and rabbit, practically no mast cells were found except for a few which at times 
followed a large vessel or nerve as it penetrated through the sclera. None was present 
in the normal cornea, but a limbal concentration of such ceils in the loose episcleral 
tissue was found regularly. Whole mounts of the retina were free from mast cells in all 
species examined. The lens was not preserved. 



44

There have been a number of studies of the distribution of mast cells in the normal 
iris of various species [16, 29, 30-34, 45, 52]. They are absent or extremely rare in 
rabbits, rats and mice, but are present in some carnivores (e.g. dogs, cats), marsupials 
and humans, although no true estimates of density are available in the literature. In the 
human iris, they appear more randomly distributed than in the choroid where they are 
periarteriolar [33].

Mcmenaminand Poll [35] revealed that in bony fish, mast cells stained by 
toluidine blue were clearly identifiable and were present in all of the layers of the 
choroid, including the choriocapillaris. In the sharks or cartilaginous fish, no mast cells 
were identified in the choroid.

The distribution, morphology, and staining characteristics of choroidal mast 
cells were similar from teleost fish through to eutherian mammals resembling the 
mammalian connective tissue mast cells [35].

Since we have not found the information about the distribution of mast cells in 
porcine eyeball`s layers decided to perform this study.

The aim of the study was to define the histochemical characteristics and number 
of the mast cells in the porcine conjunctiva and eyeball using toluidine blue staining 
and alcian blue staining with pH 1.0 and 2.5.

Materials and Methods

Material
Twelve whole eyeballs were collected from 6 male, 6 month-old pigs, weighing 91-115 kg. 
The animals were slaughtered in a licensed abattoir for a meat consumption in accordance 
with the European Union’s and Bulgarian legislations. Specimens from the whole 
eyeball together with bulbar conjunctiva were processed by the classical histological 
methods. Serial histological and longitudinal sections of 5 µm thickness from material 
fixed in 10% aqueous solution of formalin were obtained.

Histochemical staining 
Serial sections were stained by toluidine blue dye [50]and alcian blue dye with 
both pH 1.0 and 2.5 plus Safranin, then morphometric study was performed. Alcian 
blue staining at pH 2.5 visualizes all acid mucins: sulfated and carboxylated acid 
glycosaminoglycans, but at pH 1.0 – sulfated mucins only [18, 39, 40].

Micromorphometric study
The number of mast cells per microscopic field (x 200with an area of 0.163 mm2) 
were estimated by light microscope (LEIKA DM1000) equipped with a digital camera 
(LEIKA DFC 290) and software (LAS V4.10.0 2016).

Statistical analysis 
The morphometric data were processed by GraphPad Prism 6 for Windows (GraphPad 
Software, Inc., USA) via one-way analysis of variance (one-way ANOVA) followed by 
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Tukey-Kramer’s post-hoc test and are presented as mean ± SD. P-values ˂ 0.05 were 
considered statistically significant.

Results

In the current histochemical study three 
stainings were used: toluidine blue 
staining and alcian blue staining with 
both pH 1.0 and 2.5 in order to define 
mast cell distribution in the three tunics 
of the eyeball (bulbus oculi) and bulbar 
conjunctiva (tunica conjunctiva bulbi). 
The toluidine blue staining allowed 
detecting β-metachromasia in granules 
of the toluidine blue positive mast cell 
type (MCTB+), but alcian blue staining 
in pH 1.0 and 2.5 marked the  granules 
in light and dark blue, respectively 
in the cytoplasm of both alcian blue 
positive mast cell types: MCAB1+ in 
pH 1.0 and MCAB2.5+ in pH 2.5. 

The bulbar conjunctiva showed 
that MCTB+ were two times less 
than both MCAB1+ and MCAB2.5+ 
(p ˂ 0.001). No significant difference 
was observed between the number of 
MCAB1+ and MCAB2.5+ (Table 1). All 
mast cell types were localized in close 
proximity to the microcirculatory bed 
under the epithelium but not into the 
epithelium (Fig. 1).

In the fibrous tunic (tunica 
fibrosabulbi) of the eyeball represented 
by sclera and cornea, no mast cells 
were identified (Table 1).

Mast cells were found to be 
localized mainly in ciliary part and 
iridial part of the vascular tunica (tunica 
vasculosa) (Fig. 2). In the choroid no 
mast cells were observed (Table 1).

In the ciliary body (corpus ciliare) 
MCTB+, MCAB1+ and MCAB2.5+ 
were detected near the capillaries and 
smooth muscle cells of the ciliary 
muscle (musculusciliaris). In the 
orbiculusciliaris mast cells were also 

Fig. 1. Serial sections with toluidine blue positive 
mast cells (a) and alcian blue positive mast cells 
in pH 1.0 (b) and pH 2.5 (c) in the lamina propria 
of conjunctiva near the capillaries (c) and under 
the conjunctival epithelium (E). Arrows – mast 
cells. Bar = 50 µm.
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observed close to pigment cells of its stroma. In the corona ciliaris the three types 
of mast cells were predominantly situated in the stroma of the anterior part near the 
capillaries and less in the central part near the pigment cells. The density of MCTB+ 
was lower than MCAB1+ and MCAB2.5+ density (p ˂  0.001) (Table 1). No significant 
difference was established between the density of MCAB1+ and MCAB2.5+.

In the iris the number of MCTB+, MCAB1+ and MCAB2.5 was higher in its 
posterior part than in its anterior part. In both parts of the iris the mast cells were 
localized in close proximity to the blood vessels and pigment cells of the iridal stroma. 
The number of MCTB+ was lower than that of MCAB1+ and MCAB2.5+ (p ˂ 0.001) 
(Table 1). No significant difference was established between the density of MCAB1+ 
and MCAB2.5+.

Table 1. Distribution of mast cells stained with toluidine blue (MCTB+), alcian blue pH 2.5 
(MCAB2.5+) and alcian blue pH 1 (MCAB1+) in conjunctiva bulbi (Con B), cornea (Cor), 
sclera (Scl), corpus ciliaris (CCil), iris, choroidea (Ch), retina (Re) and nervusopticus (N). 

Parameters Con B Cor Scl CCil 
stroma

CCil 
Musculus
Ciliaris

Iris 
Anterior

Part

Iris 
Posterior

part
Ch Re N

Number of:
MCTB+

4.50±0.51
A4, B4 - - 1.44±0.51 8.05±0.80

A4, B4 2.22±0.42 3.22±0.42
A4,B4 - - -

MCAB2.5+ 7.50±1.09 - - 2.05±0.63 9.88±0.83 3.00±0.48 8.55±0.51 - - -

MCAB1+ 8.05±0.80 - - 2.16±0.71 10.17±1.04 3.00±0.59 8.61±0.50 - - -

Legend: (-) absence of staining
A4 – statistical significant difference between MCTB+ and MCAB2.5+
B4 – statistical significant difference between MCTB+ and MCAB1+

In the retina, lens and optic nerve mast cells were not detected. 
When compared the mast cell density in all layers of eyeball we found that their 

number was the highest in the ciliary muscle, followed by posterior part of the iris, 
smaller – in the anterior part of the iris and the lowest - in the stroma of ciliary body. 

The number of mast cells in bulbar conjunctiva was similar to that in the posterior 
part of the iris.
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Fig. 2.Toluidine blue positive mast cells (a, d) and alcian blue positive mast cells 
in pH 1.0 (b, e) and pH 2.5 (c, f) in the stroma of the anterior part of the iris (a, b, c) 
and of the ciliary body (d, e, f) near the blood vessels (c) and pigment epithelium 
(arrowheads). Arrows – mast cells. Bar = 100 µm.

Discussion

In the current study the histochemical properties and distribution of mast cells in the 
porcine conjunctiva and eyeball were established for the first time. For this purpose 
toluidine blue and alcian blue dyes were used as specific markers of these cells [40, 50].

In this study we support the finding of Morgan et al. [37] about the existence of 
mast cells exhibiting staining that was resistant to formalin and suggest that they were 
connective-tissue type MCs. Morgan et al. [37, 38] used toluidine blue staining to 
demonstrate the presence of human conjunctival mast cells in normal tarsal conjunctiva 
and increased numbers in subjects with allergic conjunctivitis because of pollenosis. The 
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authors also revealed that the number of mast cells does not depend on the fixatives such 
as Camoy’s fixative and formalin. These findings showed that MCs in the conjunctiva 
are not a static population but are involved in the pathogenesis of allergic eye disease. 

We found that in all porcine conjunctiva specimens the presence of mast cell is 
obligatory. These results support the finding of other authors studying the distribution of 
mast cells in the human conjunctiva [6,21, 36, 37, 38]. In normal individuals, mast cells 
are abundant in the conjunctival stroma, particularly at the limbus, but are not present in 
the epithelium. In the conjunctival stroma, mast cells are localised in the subepithelial 
layer and vicinity of the blood vessels. The number of conjunctival mast cells increases 
in all chronic ocular allergic diseases, PAC, VKC, GPC, AKC and SAC [5].

The pro-inflammatory mediators released by mast cells include histamine, 
leukotriene (LTC4), prostaglandin (PGD2), tryptase, chymase, carboxypeptidase A, 
cathepsin G, platelet activating factor (PAF, a powerful eosinophil chemotactic agent), 
and other eosinophil and neutrophil chemoattractants [9]. The acute inflammatory 
response may also induce the influx of neutrophils and eosinophils into the conjunctiva.

It has been calculated that a single conjunctival mast cell contains 4.6 pg of 
histamine [36], signifying that the total potential amount of histamine that can be released 
with massive mast-cell degranulation is 23 ng/mm3. In the tear film of normal subjects 
histamine was found at concentrations of 5 to 10 ng/ml, whereas tear samples of patients 
with active VKC contain significantly higher levels [1, 3]. Itching, hyperemia, tearing, 
and chemosis are the classic ocular manifestations of histamine release. SAC, acute 
conjunctival reactions, and acute palpebral edema are the clinical features of typical 
IgE-mediated massive mast-cell degranulation. A similar reaction can be induced using 
the standardized conjunctival allergen challenge model [2], with which an immediate 
response, or early phase reaction (EPR), and a late-phase reaction (LPR) have been 
widely studied. Either in nonactive allergic patients or in normal subjects, tear histamine 
levels are very low at baseline. Inducing an EPR by challenging allergic patients with 
specific allergen results in tear histamine levels that are significantly increased compared 
with baseline [23].

It has been shown that mast cells store and release the proinflammatory cytokines 
including interleukins (IL-4, IL-5, IL-6, IL-8, IL-13) and tumour necrosis factor α (TNFα) 
which are involved in the ocular allergic response [9].

Anti-allergic strategies for ocular diseases must remain focused on conjunctival mast 
cell activation and degranulation. A better knowledge of conjunctival mast-cell biology 
and functions will help in development of new antiallergic drugs and, consequently, in 
the management of ocular allergic diseases [28].

Leonardi [28] reported that mast-cell activation and release of the main mediator, 
histamine, has been described in all allergic ocular diseases: seasonal allergic conjunctivitis 
(SAC), perennial conjunctivitis (PAC), vernal keratoconjunctivitis (VKC), atopic 
keratoconjunctivitis (AKC), and contact lens-associated giant papillary conjunctivitis 
(GPC). Although ocular allergic reactions involve many cell types and mediators, mast cells 
play a crucial role in the common pathogenesis of these different forms of ocular allergy.

We did not find any mast cells in porcine choroid. In contrast, Smelser and Silver 
[45]reported that in human and animal mast cells are frequently found to be associated 
with vessels of the choroid. In addition, the choroid of the ferret is highly vascular, yet 
in this species very few mast cells were found, although large numbers were seen in the 
other membranes. Smith and Trokel [44] revealed that histamine released from the mast 
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cells of the choroid is believed a likely explanation for large vessel dilatation. These 
experiments are an in vivo demonstration of the reactions of the ocular mast cells, and 
suggest that these cells may be significant in ocular inflammation.

Our finding about the distribution of MCTB+, MCAB1+ and MCAB2.5+ near the 
pigment cells and microcirculatory bed in the porcine iris contradicted the results of 
Smelser and Silver [45] who claimed that although the iris also is a vascular structure, 
no mast cells were found in that tissue. The same localization was observed in the 
ciliary body. The mast cell localization near the pigment cells can be explained by the 
study of Yoshito et al. [2000] who examined the effects of histamine on cultured human 
melanocytes. The increases in melanin content of the histamine-treated melanocytes 
indicated an elevation of melanin synthesis by tyrosinase activation. It was observed an 
increase in the intracellular cAMP contents of human melanocytes induced by histamine 
via the H2 receptors. Therefore, histamine induces melanogenesis of human cultured 
melanocytes by protein kinase A activation via H2 receptors. Recently, Arai et al. [7] 
reported that mast cells might influence retinal pigment epithelial (RPE) cells via secreted 
mediators rather than cell contact-dependent mechanisms, because only a few mast cells 
are observed around the choroidal capillaries near Bruch’s membrane despite the high 
number of these cells in the choroid. The authors evaluated interactions between RPE 
cells and mast cells via secreted mediators. They found that H1R was expressed by RPE 
cells, suggesting that mast cell degranulation in the choroid could have a strong impact 
on RPE cells via histamine release, but the role of histamine in this setting is not well 
known. The histamine enhances IL-8 production by RPE cells, raising the possibility that 
histamine released from mast cells may contribute to RPE inflammation.

It is known that the iris pigment epithelium is the layer of pigmented cells forming 
the posterior layer of the iris [11]. There is a remarkable resemblance between IPE 
and retinal pigment epithelial cells (RPE) due to their shared embryonic development 
[24, 43]. In vitro, IPE and RPE share functional properties such as phagocytosis and 
synthesis of cytokines and growth factors [41,49].Rezai et al. [41] showed that IPE 
elicited phagocytic activity similar to RPE. Non-immune cells, such as IPE and RPE, 
form an interface between the eye and the environment that is not readily accessible to 
myeloid cells. By virtue of their ability to detect signals via innate immune receptors, 
such as toll-like receptors, they are able to recruit myeloid cells, such as neutrophils 
and macrophages to the site of injury and induce inflammation.

Expression of TLRs has been reported in a number of ocular tissues such as 
cornea, conjunctiva, sclera and retina [8, 25]. Studies have emphasized the importance 
of the LPS receptor complex (TLR4 and co-receptors CD14 and MD2) expression 
in ocular tissues and cells such as corneal epithelial cells, cornea stroma fibroblasts, 
human ciliary body, human iris endothelial cells (TLR4 only), RPE and resident antigen 
presenting cells in human uvea [8]. It has been shown that human RPE express TLRs 
and are considered to play an important role in posterior ocular inflammation due to 
their ability to secrete several inflammatory mediators [20].

Mast cell modulation is a fundamental target for antiallergic components. In 
fact, most of the ocular antiallergic drugs have been designed as mast cell stabilizers. 
The mechanism of the most widely used ocular mast-cell stabilizers such as sodium 
cromoglycate, lodoxamide, nedocromil, and pemirolast involves a decrease of calcium 
influx into the cytoplasm. An advance in the treatment of ocular allergy comes from 
newly designed ocular anti-allergic compounds, such as olopatadine and ketotifen 
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[54]. These drugs have a dual activity as antihistamines and mast-cell stabilizers 
[4], probably due to their effect on calcium mobilization or on phospholipid cellular 
membrane. However, the most successful effects in terms of therapeutic response 
in chronic allergic diseases are obtained by topical corticosteroids. For example, 
cyclosporine may act on various mast-cell protein kinases, thus reducing calcium 
influx, degranulation, and cytokine gene expression.

Conclusion

The current study showed that the mast cells are resident cells in the ciliarystroma 
and muscle, iris and ciliary body participating in maintaining the homeostasis in the 
porcine eye.
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During the period 2019-2021 fecal samples of domestic cats and dogs from the regions of Sofia, 
Bulgaria, were investigated by the ovoscopical methods of Fulleborn, serial sedimentations 
and modified technique of Bearman. Most of the registered parasites were nematodes (22% in 
cats; 23.8% in dogs), followed by protozoa (8% in cats; 9.5% in dogs), and cestodes (4% in 
cats; 4.8% in dogs). Parasites were found in 30% of the 50 fecal samples obtained from cats: 
Aelurostrongylus abstrusus (10%), Capillaria aerophila (2%), Toxocara cati (16%), Dipylidium 
caninum (4%), Cystoisospora sp. (8%). Parasites were found in 38% of the 21 samples from 
dogs: Toxascaris leonina (9.5%), Trichuris vulpis (9.5%), Uncinaria stenocephala (14.3%), D. 
caninum (4.8%), Cystoisospora sp. (9.5%). Morphometric features of eggs and larvae of the 
established parasites were described in present materials. Some of data concerning A. abstrusus 
were supplied for the first time in materials from Bulgaria.

Key words: Aelurostrongylus abstrusus, Capillaria aerophila, Toxascaris leonina, Toxocara 
cati, Trichuris vulpis, Uncinaria stenocephala, Dipylidium caninum, Cystoisospora sp.

Introduction

Carnivores are involved in the emergence and circulation of some viral, bacterial 
and parasitic infections, in most of the cases, they appear to be the leading factors in 
the distribution of them [16]. Many of the parasite species, specific to cats and dogs, 
parasitize other groups of animals, such as herbivores, omnivores, rodents. Examples 
are endoparasites of Taenia spp., Toxocara spp., Hydatigera spp., Ancylostoma spp. 
and others. Carnivores are hosts for a number of parasites that cause disease also 
in humans. According to Baneth et al. [1] some of the most important zoonoses 
transmitted from pets (dogs and cats) to humans in Europe are parasitic in nature, 
such as toxoplasmosis, leishmaniasis, giardiasis, cystic echinococcosis, alveolar 
echinococcosis, heartworm disease and toxocarosis. In 2012 alone, 320 people were 
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diagnosed with cystic echinococcosis in Bulgaria [8], and in the period 2006-2014 
our country ranked first in the European Union in the number of confirmed cases of 
cystic echinococcosis [3]. Large part of the dogs’ and cats’ owners are unfamiliar with 
pet parasites and do not know how they are transmitted or what zoonotic risk they 
pose. Katagiri and Oliveira-Sequeira [9] suggest that low awareness, together with the 
high percentage of zoonotic parasites in dogs found in their study, show a high risk of 
infecting people with zoonotic parasites even in developed parts of the world. Children 
and the elderly are most at risk of infestations with parasites transmitted by carnivores, 
and protozoa of the genera Cryptosporidium, Giardia and Toxoplasma are particularly 
dangerous for people with compromised immune systems and pregnant women [15].

In order to succeed in the fight against parasitoses, special attention must be paid 
to their accurate diagnosis, to develop adequate guidelines for epidemiological studies 
and to obtain reliable data that enable health services to determine current ways to 
prevent and control them. In this regard, the aim of the present work was set, namely: 
to perform diagnostic parasitological studies of domestic cats and dogs by tracking the 
biodiversity and morphometric features of the established parasites, as well as some 
aspects of the observed parasitoses.

Materials and Methods

Fecal samples from 50 cats and 21 dogs were investigated for parasites in the period 
2019-2021. The samples have been brought to several veterinary practices in Sofia by 
the animals‘ owners with a complaint of their pets being sick or a desire for preventive 
testing. Ovoscopical methods of Fulleborn, serial sedimentations and modified technique 
of Bearman were used to examine the feces in the laboratory [11]. The imaging and 
measurement of the parasite forms were performed using a Motic Images Plus 3.0 camera 
connected to an Amplival microscope, with accompanying software. The helminth 
eggs, larvae and protozoan oocysts were identified morphologically according to the 
descriptions of Thienpont et al. [18] and Foreyt [4]. 

Results

Parasite diversity
The biodiversity of the found parasites are pointed out in Table 1. Eight parasite taxa 
were diagnosed: Aelurostrongylus abstrusus, Capillaria aerophila, Toxascaris leonina, 
Toxocara cati, Trichuris vulpis, Uncinaria stenocephala, Dipylidium caninum, and 
Cystoisospora spp. Nematodes were most commonly found both in cats and dogs, 
followed by protozoa and cestodes. Single infections were more common. Co-
infections were found in three cats, they were: T. cati + Cystoisospora sp.; T. cati + A. 
abstrusus; T. cati + C. aerophila + Cystoisospora sp. Two dogs were co-infected, both 
of them with T. leonina and U. stenocephala.

Clinical symptoms of the disease with concomitant detection of parasites in the 
feces were observed in 18% of the cats and 28.6% of the dogs. The main clinical 
symptoms that have led the owners to bring their pets for examination have been 
cough and diarrhea. Cough was observed in all cats infected with A. abstrusus, two 
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infected with T. cati and one with C. aerophila. Animals infected with Cystoisospora 
spp., T. vulpis, U. stenocephala, and some with T. cati had diarrhea. Diarrhea was 
particularly severe, with  content of blood in feces, in two dogs - one of them with 
Cystoisospora sp. infection and other one with T. vulpis infection, as well as one cat 
with triple infection by T. cati, C. aerophila, and Cystoisospora sp.

Morphometric data
Morphometric characteristics of the detected parasites are presented in Fig. 1 and Table 
2. Here, we also provide some more morphometric data for A. abstrusus first stage larvae 
(L1) in the present materials: Body fusiform, 337.99 – 402.65 (av. 372.25) μm long 
and 15.18 – 21.00 (av. 17.41) μm maximal wide. Oesophagus with two dilatations – 
elongate, at the anterior and bulbous at the posterior end (Fig. 2a), 134.51 – 160.72 
(av. 152.53) μm long and 7 – 10.51 (av. 8.77) μm maximal wide. Tail end of the body 
spirally curved, 5.08 – 7.38 (av. 6.13) μm long, with a small spike on the dorsal side 
(Fig. 2b). Distance between posterior body end and anus 31.96 – 52.19 (av. 37.53) μm.

Discussion

As can be seen from Table 1 prevalence of infections with nematodes, cestodes and 
protozoa, as well as the overall prevalence of parasite infections was similar in cats and 
dogs. There were differences in the species composition of parasites in cats and dogs, 
most of which were due to host specificity (A. abstrusus, T. vulpis, U. stenocephala).

Targeted studies in Bulgaria and Europe, as well as reports of clinical cases 
provide data on the parasitofauna of domestic cats in our country [2, 6, 7, 14, 17, 
19, 20]. Stoichev et al. [17] have found seven helminth species in cats from different 
villages in the country, and 3 of them were found in the present study (D. caninum, 
T. cati and A. abstrusus). Infestation of domestic cats in Bulgaria with helminthes of 
genera Capillaria, Toxocara and Dipylidium was reported in the international study 
by Rehbein et al. [14] with the values of the prevalence of infection were much higher 
than those found by us (4.3%, 53.2%, and 27.7% respectively). A higher prevalence 
of infection with T. cati (23.78%) and D. caninum (5.59%) has been also found in cats 
from the region of Stara Zagora [7]. The lungworm A. abstrusus has been established 
in cats of different categories from the regions of Sofia and Stara Zagora [2, 6, 20]. 
According to Giannelli et al. [6] the prevalence of cats’ lungworm infections in Europe 
varied between the sampled sites, with the highest were recorded in Bulgaria (35.8%) 
where A. abstrusus, Troglostrongylus brevior, and Eucoleus aerophilus were found 
species. The name of the last mentioned species is synonymous with C. aerophila 
which we found in the present study.

The parasites we have identified in dogs are among the most prevalent parasitic 
agents in these animals from Bulgaria according to different scientists during the last 
two decades [7]. The prevalence of the registered infections in a comparative aspect 
is shown in Table 3. Our results about T. vulpis, U. stenocephala, D. caninum and 
Cystoisospora sp. are relatively close to those obtained in a study of dogs from shelters 
and owners from the regions of Sofia and Stara Zagora, which could be explained by 
the same studied region [13] and category of the dogs [7]. The present results differ to 
a greater extent from those of Georgieva et al. [5] and Kirkova et al. [10]. This could 



56

be due to the fact that the first study covered only non-dewormed stray dogs [5], and 
the second studied a much larger number of animals of different categories from all 
over Bulgaria [10]. According to Iliev et al. [7] overall prevalence of infections with 
parasites in dogs from the region of Stara Zagora was 47.49%, by about 10% higher 
than established by us in this study.

The analysis of the morphometric data with respect to the identified parasitic 
species showed the following: The length and width of L1 of A. abstrusus measured 
by us correspond to those reported by Thienpont et al. [18]: 360-400 / 15-20 μm. The 
minimum and maximum length of the larvae established by us falls within the range 
indicated in materials from the region of Stara Zagora, Bulgaria: 234.9-417.6 μm [6] 
and the average length we have obtained is slightly higher than those pointed out 
in materials from the regions of Stara Zagora (350.8 μm) [6] and Lisbon, Portugal 
(350 μm) [12]. As can be seen from Table 2 the egg sizes of the helminths we found 
generally correspond to those given by Thienpont et al. [18] and Foreyt [4]. Within the 
exceptions that are observed, the values we found are closer to the lower ones indicated 
by Thienpont et al. [18] and Foreyt [4]. Metric values for D. caninum egg packets are 
lower than those reported in the literature. Diversity in the metric features observed 
in the analysis most likely due to the peculiarities of the separate parasite populations 
from different parts of the world.

Conclusion

The parasite species found in domestic cats and dogs in the study were usual for these 
animals. In general, the prevalence of parasite infections was lower than this found in 
other studies from Bulgaria, especially when in them stray animals have been covered. 
In some cases the infestation of the animals was accompanied by a clinical manifestation 
of the disease. It should be borne in mind that some of the parasites found, such as C. 
aerophila, T. cati, U. stenocephala and D. caninum, have zoonotic potential.
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Fig. 1. Parasites detected in domestic cats (a-d) and dogs (e-h) from the Sofia 
city, Bulgaria, 2019-2021. a) Aelurostrongylus abstrusus larva first stage. b) 
Toxocara cati egg. c) Capillaria aerophila egg. d) Cystoisospora sp. oocyst. e) 
Dipylidium caninum egg packet. f) Toxascaris leonina.egg. g) Trichuris vulpis 
egg. h) Uncinaria stenocephala egg. Original pictures.



59

Fig. 2. Aelurostrongylus abstrusus first stage larvae detected in domestic cats. a) Anterior end. 
1 – elongate dilatation of oesophagus. 2 – bulbous dilatation of oesophagus. b) Posterior end. 
Original pictures.

Table 1. Prevalence of parasite infections in domestic cats (n=50) and dogs (n=21) from the 
Sofia city, Bulgaria, 2019-2021.

Cats Dogs

Aelurostrongylus abstrusus 10 % 0
Capillaria aerophila                     2 % 0
Toxascaris leonina                         0 9.5 %

Toxocara cati                               16 % 0
Trichuris vulpis 0 9.5 %

Uncinaria stenocephala 0 14.3 %
Nematodes  22 % 23.8 %

Dipylidium caninum 4 % 4.8 %
Cestodes 4 % 4.8 %

Cystoisospora sp. 8 % 9.5 %
Protozoa 8 % 9.5 %

Overall parasites 30 % 38 %
Single infections 24 % 28.6 %

Co-infections 6 % 9.5 %
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Table 3. Prevalence (%) of some parasite infections in domestic dogs from Bulgaria

Sources Regions Category of dogs
Parasite species

T.l. Tr. sp. U. s. D. c. Cyst. 
sp.

Georgieva et al., 
1999 Stara Zagora Stray 30 60 60 50 10%

Kirkova et al., 
2013

Various regions
of Bulgaria

Client-owned;
From shelters 1 24.15 37.8* 0.3 1**

Radev et al., 
2016 Sofia Stray; 

From shelters – 12.5 1 5.0 7,5

Iliev et al., 2017 Stara Zagora Client-owned – 10.42 – 1.93 –

Present data Sofia Client-owned 9.5 9.5 14.3 4.8 9.5

T.l. – Toxascaris leonina; Tr. sp. – Trichuris sp.; U. s. – Uncinaria stenocephala;
D. c. – Dipylidium caninum; Cyst. sp. – Cystoisospora sp.; *hookworms; **Coccidia
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Oral florid papillomatosis is best defined as a type of verrucous carcinoma with local 
invasion and minimal dysplasia as well as a low incidence of metastases. Human papilloma 
virus infection is considered to trigger and perpetuate the disease, hence, its role in the 
the pathogenesis of the oncogenic process is still obscured. Herein, a very anecdotal case 
of HPV-driven oral florid papillomatosis in association with some clinical features of 
malignant acanthosisnigricans is presented. A comprehensive review of literature with a 
deductive clinical comparison of the two paraneoplastic syndromes is highlighted.   

Key words: oral florid papillomatosis, HPV, paraneoplastic syndrome, acanthosis 
nigricans maligna, oral cavity

Introduction

Oral florid papillomatosis (OFP) is considered a locally aggressive form of verrucous 
carcinoma with a low metastatic potential. OFP affects predominantly the mouth; 
however, the larynx, nose, and genitalia can also be involved [5]. It manifests with 
cracking and enlargement of the lips, tongue and buccal mucosa. Interestingly, the 
oral form of acanthosis nigricans corresponds to the same clinical picture. Thus, the 
verification of the two prodromal neoplastic conditions is extremely difficult and relies 
only on histological grounds. 
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Herein, we report a case of OFP in association with darkening and thickening of the 
skin on the neck, clinically corresponding to acanthosis nigricans. A speculation on the 
probability of co-existence and common pathogenetic pathways of two paraneoplastic 
syndromes is presented. 

Case Report

A 66-year-old man complained of verrucous lesion that appeared a month ago on the 
lips, oral commissures, buccal mucosa, and the tongue. He claimed on cracking of the 
lips, whitening of the tongue, and dry mouth. The lesions were sensitive when eating 
spicy food, which causes functional impairment. The patient noticed hoarsening of 
the voice with one-month duration and suffered dry cough for 4-5 months. He had a 
Covid-19 infection 7 months ago, after which he lost 5 kg from his body weight. He 
was a heavy smoker for more than 40 years. 

On physical examination, confluent hyperplastic papules were detected on the 
buccal mucosa, oral commissures, lips and tongue. Hyperpigmented, velvet-like 
plaques extended on the flexular aspect of the neck. The distal phalanges of the fingers 
were thickened and larger (Fig. 1); there were accentuated dermatoglyphic ridges of 
the palms (Fig. 2). A 4-mm punch biopsy specimen of the buccal mucosa demonstrated 
pseudoepitheliomatous hyperplasia (Fig.3). The кeratinocytes were large, with centrally 
located nuclei and cytoplasm, filled with eosinophilic particles that stained positive 
with p16 (Fig. 4). Histological picture corresponds to HPV-associated epithelial lesion 
in the context of oral florid papillomatosis. A bronchoscopy verified a mild interstitial 
fibrosis with suspected tumor infiltration that required additional VATS (video-assisted 
thoracic surgery) examination. The patient was referred to thoracic surgery department 
for staging and appropriate treatment. 

Fig. 1.            Fig. 2 
  
Fig. 1. Raised formations, velvety white, rough thickening of the skin of the hands; enlargement 
of the distal parts of the tips of the nails and fingers.

Fig. 2. Velvety white, rough thickening of the skin of the palms with an emphasis on normal 
dermatoglyphic ridges.
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Fig. 3.       Fig. 4. 
  
Fig. 3. Pseudoepitheliomatous hyperplasia (H&E, x 200).

Fig. 4. Immunohistochemical staining for P16 is positive in 50% of the keratinocytes.

Discussion

OFP is a rare neoplasm that occurs in adults in their 4-5 decade with a very low 
incidence of 1-3 / 1 million persons each year [3, 7]. It was first reported by Lauren V. 
Ackerman under the term: oral verrucous carcinoma [11]. The condition represents an 
uncommon low-grade squamous cell carcinoma that is clinically evident as a slowly 
but relentlessly enlarging warty tumor, histologically characterized by local invasion 
with minimal, if any dysplasia, and biologically characterized by a low incidence of 
metastases. Even large, long-durated and infiltrative tumors do not evolve distant 
metastases [1].

The suspected pathogenetic factors encompass infection with human papillomavirus 
(HPV) and tobacco use. Perhaps, chemical and HPV viral co-carcinogens work 
together [12]. A number of HPV types are associated with squamous cell carcinoma, 
including HPV types 16 and 18 [6]. Hypothetically, the oncogenic potential of HPV 
exerts via two oncoproteins, E6 and E7 that promote the degeneration of p53 by means 
of a ubiquitin-dependent pathway. The E7 oncoprotein can similarly complexed with 
retinoblastoma (Rb) and inactivate it. OFP is a disease of cells that escape the control 
mechanisms of orderly cell growth and acquire the ability to proliferate and invade 
normal tissues [2].

Other risk factors are chronic inflammation or irritation, caused by poorly fitted 
dentures, alcoholism, immunosupression [3].

Surgical treatments for OFP are probably best and radiation therapy is generally 
considered a last resort. In oral verrucous carcinomas, irradiation is reported to produce 
highly malignant behavior with metastases, but some still use this treatment with 
confidence [3]. Safe therapeutic outcome with no evidence of anaplastic transformation 
after radiation is reported [13]. Many believe that radiation is an excellent choice for 
small and large oral and other types of verrucous carcinomas, with results comparable to 
surgery. Combined radiochemotherapy with vinblastine, methotrexate, and bleomycin 
is effective in the treatment of verrucous carcinoma of the head and neck [4]. It could be 
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successfully used with inoperable verrucous carcinoma or as an alternative to surgery. 
Photodynamic therapy using a topical application of 20% 5-aminolevulinic acid 
followed by multiple 3-min fractionated irradiations with a light-emitting diode (LED) 
red light may be an effective and successful treatment modality for oral verrucous 
carcinoma. Photodynamic therapy with systemic administration of the photosensitizer 
photocarcinorin proves to be equally beneficial. Bleomyciniontophoretic therapy, 
intra-arterial bleomycin, oral and intra-arterial methotrexate have been used with some 
success in small groups of OFP patients [9]. 

We report a clinical amalgam of OFP and acanthosis nigricans, evolving in the 
context of unspecified pulmonary malignancy. Acanthosis nigricans maligna (ANM) 
is a paraneoplastic syndrome, defined as a condition that arises in association with 
a malignancy elsewhere in the body but without malignant nature per se. It is a rare 
dermatopathy that occurs in men and women over age 40, without racial predilection 
or known familial association. 

Clinically, ANM showed symmetric, hyperpigmented plaques with variable 
amounts of epidermal hypertrophy, ranging in color from yellow to brown or black, 
often with overlaid papillomas. The most common body sides affected are flexural 
zones and the posterior neck, but also mucosal surface involvement is frequent and 
may be the only clinical symptom present. Any mucosal surface can be involved, and 
as regards the oral cavity, disease affects the lips, tongue, palate, buccal and gingival 
mucosa. 

ANM is primarily associated with adenocarcinomas. Accordingly, the 
progression of the tumor leads to ANM worsening, while tumor regress resorbs 
the skin changes [10]. The ANM suspected pathogenetic mechanism is related to 
a substance secreted either by the tumor or in response to the tumor, which closely 
correlates to transforming growth factor (TGF)-alpha that is structurally similar to 
epidermal growth factor. TGF-alpha and epidermal growth factor have been identified 
in lesional skin cells. Reports of urine and serum TGF-alpha levels normalizing 
after surgical tumor removal exist, with subsequent regression of skin lesions [8]. 
Remarkably, the oral form of ANM and OFP are clinically undistinguishable. Both 
conditions feature papillomatous proliferation, which is due to oversecretion of growth 
factors synthesis. The verification rests on identification of HPV inclusion bodies that 
are proven to present in our case by the p16 stain positivity. 

The comparative analysis of the epidemiological, clinical and therapeutic 
characteristics of both entities is summarized on Table 1. 

Table 1. Comparative analysis of the epidemiological, clinical and therapeutic characteristics

Oral florid papillomatosis Acanthosis nigricans maligna

Etiology HPV 6,11,16,18,33 Paraneoplasia

Age in adults mostly in adults, but also in young

Manifestation independent disease paraneoplastic process
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Oral florid papillomatosis Acanthosis nigricans maligna

Localization oral cavity, genitals, extremities predilection sites (side parts of the neck, 
body folds, axillae, groin), oral cavity

Treatment surgical excision, laser therapy, 
cryotherapy

underlying disease,
local treatment,
systemic treatment, 
surgical excision

Prognosis poor  very bad/lethal

Conclusions

The reported association of OFP and ANM is a rare combination of peculiar paraneoplastic 
syndromes that requires thorough systemic work-up to verify underlying malignancy. 
The clinical similarities can be related to the overexpression of growth factors caused 
either by the neoplastic process or by the viral-induced keratinocytic hyperproliferation. 
Dermatological prodromes should be well-identified and rapidly diagnosed, since they 
facilitate an early identification of the related malignancy. Accummulation of clinical 
cases may further elucidate the intimate pathogenetic mechanisms and give some 
helpful clues for more specific verification of the underlying process.
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Heavy metals and metalloids such as lead, arsenic, mercury, and cadmium are dense elements with 
potential toxicity, widespread in the environment. One of the ways of toxic actions of these metals 
is related to their ability to generate reactive oxygen species (ROS) and oxidative stress (OS), 
causing cell damage, inflammatory processes, and apoptosis in various biological systems. The 
purpose of this review is to discuss ROS/OS, as one of the main factors and mechanisms by which 
metals/metalloids influence or contribute to the appearance and development of pathological 
processes in the male reproductive system. Studies on the mechanisms of heavy metals associated 
with augmentation ROS production, as well as their complex effect on the male reproductive 
system (in particular on spermatozoa), are essential in elucidating male infertility. 

Keywords: Heavy metals/ Pb, Cd, Hg, As, reactive oxygen species, oxidative stress, male 
infertility 

Introduction

The production of reactive oxygen species (ROS) in the organism can be accelerated 
by various exogenous factors, such as radiation, heavy metals, bacteria, and their 
toxins, viruses, or xenobiotics (including some drugs). Many metals, like zinc (Zn), 
iron (Fe), manganese (Mn), magnesium (Mg), and copper (Cu), perform vital functions 
and are toxic only in cases of overdose, but other as lead (Pb), arsenic (As), cadmium 
(Cd) and mercury (Hg) show high toxicity to living organisms. The toxicity of a metal 
depends on its physicochemical properties, but mainly on its preference for certain 
ligands (chemical elements/molecules donors of electrons in complex compounds). 
The so-called „soft“ transition metals, such as cadmium and mercury, prefer sulfur 
as their ligand, while „hard“ as chromium (Cr), Mn, but also the metalloids As, 
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antimony (Sb), and selenium (Se), prefer more oxygen in their higher oxidation states 
and sulfur in the lower oxidation states. Cobalt (Co), nickel (Ni), Fe, Pb, Cu, and Zn 
may use oxygen, sulfur, or nitrogen as ligands [39]. Toxic heavy metals are difficult 
to metabolize, respectively they can accumulate in the body, as well as combine 
and inhibit vital cellular functions [4]. At the cellular level, heavy metals/metalloids 
interfere with membrane function and nutrient assimilation, perturb protein function 
and activity, cause DNA damage, and/or impair DNA repairs mechanisms [39]. On the 
one hand, heavy metals can directly cause oxidative damage to biomolecules, but on 
the other indirectly, through the action of the intracellular ROS induced by them, which 
through changes in signaling pathways and epigenetic modifications mediate multiple 
abnormal changes in cellular behavior. 

The most often circulating forms of ROS are these, which contain active oxygen 
atoms, as superoxide anions (О2·), hydroxyl radicals (ОН·), hydroperoxyl/peroxyl 
radicals (НОО·/RОО·), hydrogen peroxide (Н2О2), etc [27]. Other organic atoms/
molecules may be included in the class of ROS, such аs carbon-containing radicals (or 
lipid peroxide radicals), which are derived by removing hydrogen from the unsaturated 
fatty acids as the result of lipid peroxidation. Nitrogen (peroxynitrite/ONOO−, nitric 
oxide/NO• or nitrogen dioxide/NO2•) and other types of free radicals have also been 
described [59]. Another type is the thiol radicals (•SH), which are also derived from 
endogenous chemical substances, containing thiol (SH-) groups as glutathione (GSH), 
formed by hydrolytic breaking of disulfide (S-S-) bridges in the protein molecules. The 
strong toxicity of the thiol radicals has been proposed to be due to their possibility to 
react with oxygen species, which often leads to the formation of additional novel free 
radicals. All cells in the organism maintain metal homeostasis within physiological or 
sub-toxic levels, respectively, and utilize metal detoxification mechanisms. Glutathione 
is the most common circulating source of non-protein SH-groups in mammalian cells 
[45]. The reduced form of GSH is a tri-peptide (γ-glutamylcysteinyl-glycine), which 
performs important physiological and metabolic functions in all cells, particularly being 
detoxification of free radicals, metals, and other electrophilic compounds [22]. GSH is 
one of the main cellular factors that act on the first line of defense against oxidative 
stress (OS). Normal GSH content of a cell that is imperative to maintain a balance 
between depletion and synthesis ranges from 1 to 10 mM [8]. 

One of the ways of toxic action of metals is based on the fact that they are all 
redox elements and thus, can generate ROS and/or OS, causing cellular damage in a 
variety of biological systems [30, 50]. OS is a common factor in about half of infertile 
men, illustrating the role of heavy metals in activating transduction signaling pathways 
to initiate protective responses or to lead to oxidative damage in cells and tissues. ROS 
not only damages nucleic acids and inhibits DNA repair, and/or initiates membrane 
lipid peroxidation, but ROS can also inhibit the production of sulfhydryl antioxidants, 
as well as cause inflammatory processes in many organs, including the testes [27]. Any 
damage in the DNA of the sperm results in the impairment of fertility and could induce 
men infertility, cancer, or other disadvantages in the long term [2]. It is well documented 
that metal-induced generation of ROS can attack polyunsaturated fatty acids (PUFA), 
such as phospholipids. Lipid peroxidation (LP, a chain reaction in which ROS generates 
more new free radicals) is a biomarker for OS since the free radicals collect electrons 
from lipid molecules present inside the cell membrane [23], which ultimately destroys 
the plasmalemma and other membrane structures. Malondialdehyde (MDA) is a major 
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aldehyde product of LP and it serves as a marker for this process. The mechanism of 
free radical generation is specific to the type of heavy metal.

Our previous reviews have shown a lot of literature data about the negative 
influence of toxic heavy metals on human health particularly, on the male reproductive 
system [27, 28]. Despite this, the mechanisms of the harmful effects of these elements on 
the male reproductive tract and fertility are not yet sufficiently elucidated. The purpose 
of this review is to discuss ROS/OS, as one of the main factors and mechanisms by 
which metals/metalloids influence or contribute to the appearance and development of 
pathological processes in the male reproductive system.

Lead toxicity. The variety of adverse effects due to increased tissue ROS levels 
is mainly related to Pb exposure [50]. This metal causes toxicity in living cells by 
following the ionic mechanism and that of OS. Pb induces OS by promoting H2O2 
generation. [47, 61]. Generally, proteins are not easily damaged by H2O2 and other 
simple oxidants unless transition metals are available. Thus, protein damage is usually 
metal-catalyzed and involves oxidative scission, tyrosine cross-links, loss of histidine 
residues, the introduction of carbonyl groups, and the formation of protein-centered 
alkyl (R•), alkoxyl (RO•), and alkyl peroxyl (ROO•) radicals [19]. Epidemiological 
studies on the male reproductive system show a positive correlation between Pb levels 
in seminal plasma (ejaculate) and ROS in germ cells [36], leading to a premature 
course of capacitation and acrosome reaction, processes related to the fertilizing ability 
of spermatozoa [26, 32, 36]. For example, a study on rat sperm exposed to ROS in vitro 
has demonstrated premature acrosome reactions and reduced penetration rate in the 
zona pellucida of the oocyte [26]. Data from a study of rats exposed to Pb for a long 
time showed an increase in the concentration of lipid peroxides in the reproductive 
organs, suggesting that LP is an important molecular mechanism that disrupts 
reproductive processes, either in hormonal stages or during spermatogenesis [44]. Pb-
induced OS has been shown to have a dose-dependent effect (from low to high doses of 
Pb) and shows different responses in various target sites of testicular tissue, including 
sperm [26]. Other experiments reported an increase in lipid peroxide concentration 
in the reproductive organs in rats chronically exposed to Pb [44]. However, exposure 
to Pb leads to an increase in ROS in the cells, but at the same time to a decrease in 
antioxidant levels. For example, one of the antioxidants, glutathione exists in both 
reduced (GSH) and oxidized (GSSG) states, the reduced form of glutathione gives 
its reducing equivalents (H+ + e–) from the thiol groups in cysteine of ROS and is 
thus stable. In the presence of the enzyme glutathione peroxidase, this reduced form 
(after donating the electron) readily binds with another molecule and forms glutathione 
disulfide, which is its oxidized form – GSSG. Under OS, the concentration of the 
oxidized form of glutathione exceeds the concentration of the reduced form, while under 
normal conditions, GSH represents 90% of the total glutathione content and GSSG 
represents 10% [23]. Nevertheless, in people with protracted exposure to Pb, increased 
activity of superoxide dismutase (SOD) has been observed, which suggests an adaptive 
mechanism against the increased amount of ROS production induced by lead [32]. 
In this way, the possible oxidative cellular damage in reproductive tissues is closely 
associated with ROS production. The mechanism of the lead-induced carcinogenic 
process is also postulated to induce DNA damage, and disrupt the DNA repair system 
and cellular tumor regulatory genes through the generation of ROS. Research data 
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show that the ROS generation by Pb is a key point in the change in chromosome 
structure and sequence as a result of impaired transcription when Pb replaces Zn in 
certain regulatory proteins [57]. Therefore, the findings of the studies indicate that Pb-
induced OS is an important molecular mechanism associated with both morphological 
and hormonal disorders during spermatogenesis leading to male infertility.

Cadmium toxicity. The main manifestation of toxicity through which Cd causes 
tissue damage in the organism is its ability to produce ROS to a very large extent (mostly 
ОН•, НОО•, О2• radicals, but also H2O2, NO•, and NO2•) and/or by suppression of the 
components of the antioxidant system in the testes, leading to OS. Through the mechanism 
of accumulation of free radicals and OS, cadmium can be the cause of male infertility 
associated with damaged testicular tissue (including Sertoli cells/SCs and blood-
testis barrier/BTB) and spermatogenesis, decreased cell proliferation, morphological 
abnormalities in germ cells, decreased number and motility of spermatozoa, and damage 
to Leydig cells (LCs) with reduced TE synthesis [28]. For example, a characteristic 
feature of Cd intoxication is increasing OS through activating processes of peroxidation 
and NO• formation, leading to lower levels of antioxidants in the testis, including SOD, 
peroxidase, catalase, GR, and GPx [2, 10, 21, 49]. On the other hand, studies by Elmallah 
et al. (2017) show that nuclear factor erythroid-derived 2-like 2 (NFE2L2 or NRF2) is 
significantly reduced, while heme oxygenase (HMOX1) is significantly increased in the 
testis tissue of intoxicated with Cd rats [21]. NFE2L2 is known to be a transcription factor 
that can regulate the expression and activity of antioxidant proteins (or elements of the 
antioxidant response) that protect cells from oxidative damage. HMOX1 is also a protein 
with a cytoprotective effect against induced OS and probably its increased expression, 
in this case, is related to the adaptive response of cells to the toxic action of Cd. These 
authors have also established increased levels of tumor necrosis factor-α (TNF-α) together 
with the noted decreased content of proliferating cell nuclear antigen (PCNA) in germ 
cells on the influence of Cd. PCNA is a nuclear protein that is involved in replication and 
DNA repair mechanisms and is involved in the process of cell proliferation. In addition, 
PCNA in the testes is used as a proliferative marker to quantify the effectiveness of 
spermatogenesis. Moreover, through the mechanism of OS, Cd indirectly reduces cell 
proliferation by increasing the expression of the proapoptotic BCL-2-associated-X-
protein/Bax and tumor necrosis factor-α (TNF-α) but decreases the expression of the 
antiapoptotic gene/Bcl2 in the testis. Thus, Cd-induced oxidative damage to testicular 
tissue is accompanied by depletion of active DNA content in dividing spermatogenic 
cells [21, 15]. Furthermore, ascorbic acid (Vit. C) content is also significantly declined in 
the testes of  Cd-exposed mice [2,10]. The injured prooxidant-antioxidant balance leads 
to injuries in the membrane structures (plasmalemma, cell-cell contacts, etc.) and cellular 
organelles (mitochondria or microsomes), but also in the spermatogenic epithelium 
of the seminiferous tubules, abnormal function of SСs and germ cells with decreased 
sperm count and increased sperm abnormality [2]. Mahmoudi et al., (2018) have also 
confirmed the availability of increased ROS production and significantly increased 
levels of malondialdehyde (MDA) in the testicular tissue with decreased numbers of 
spermatogonia, SCs, and LCs, but also decreased sperm motility and count, as well as 
inhibition of TE synthesis in rats treated with cadmium chloride. In fact, Cd exposure 
causes atrophy and swelling of the tubules, the height of the germ layer decreases 
(respectively reduces the diameter of the seminal tubule), and many spermatogonia cells 
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are lost. The authors have also revealed ameliorated sperm defects in cadmium chloride 
intoxicated rats after experimental application of green tea and reduced effects of ROS 
by the protection mechanism of green tea [43]. According to another study, generated 
ROS and increased MDA, but decreased testicular antioxidant activity (SOD, catalase, 
and ascorbic acid) lead to BTB disruption. However, the results of this study show that 
high doses of ascorbic acid can protect BTB destruction via suppressed Cd-induced OS 
(by decreasing the levels of ROS and MDA) and by inhibiting the TGF-β3/p38 MAPK 
signaling pathway in the testis of Cd-exposed rats [10]. 

Through the mechanism of OS, cadmium could cause degeneration of Leydig cells 
and to inhibit the testicular steroidogenesis [38, 49]. In the investigation of OS in the testis 
of adult male rats exposed to Cd-acetate is established that Cd generated ROS by elevating 
testicular MDA and decreased activities of the antioxidant enzymes SOD, catalase, 
glucose 6 phosphate dehydrogenase, and glutathione-S-transferase in the mitochondrial 
and/or post-mitochondrial fractions. Thus, the activities of LC steroidogenic enzymes 
3β and 17β-hydroxysteroid dehydrogenase (Hsd3b1 and Hsd17b3) are also remarkably 
reduced, leading to altered TE production [49]. In other experiments with rats, tumors 
were found in Leydig cells as a result of a significant increase in lipid peroxidation and 
H2O2 formation and a decrease in the activity of antioxidant enzymes (catalase and 
GR) in LCs, after prolonged Cd treatment [38]. According to the results of Khanna 
et al, (2016), LCs of rats, in vitro-exposed to Cd, have had a simultaneous increase 
in the intracellular calcium (Ca2+) and reduced mitochondrial membrane polarization, 
followed by significant induction of ROS and MAPK–extracellular-regulated kinases 
with concurrent GSH depletion and cell death (both necrotic and apoptotic), as well as 
decreased transcription of Hsd3b1 [34]. A similar in vitro study of SC-germ cell co-
culture found that free radicals produced by Cd reduced GSH and caused cytochrome c 
release, caspase-3 activation, and SC apoptosis [34]. 

Arsenic toxicity. The metabolism of the element As in the cells, similarly to the 
other heavy metal, leads to the generation of ROS in them [63]. Arsenic induces the 
formation of singlet oxygen (1O2), O2

− •, H2O2, •OH, and ROO• in different cell lines 
during the reduction of the molecular oxygen [54]. Under physiological conditions, 
the formation of ROS by arsenic lay on the oxidation of inorganic arsenite (iAs III) 
to arsenate (iAs V) [16]. In humans, inorganic As can be methylated to organic matter 
by S-adenosyl-L-methionine (SAM), including monomethyl-arsonic acid (MMA) and 
dimethyl-arsic acid (DMA) with trivalent (MMA III and DMA III) and pentavalent 
forms (MMA V and DMA V), respectively [1]. Intermediate As forms, such as dimethyl 
arsenic peroxyl radicals, could be generated during the metabolic processing of DMA. 
In addition, the release of redox-active Fe from ferritin is caused by methylated types 
of As. Other mechanisms of ROS generation, induced by As toxicity in cell activity, 
have also been described [20]. Arsenic induces significant ROS generation mainly 
through the mitochondrial (Mit) electron transport chain, inhibiting the activity of 
enzyme succinic dehydrogenase and thus uncoupling oxidative phosphorylation 
with the production of O2

−• (which gives rise to other forms of ROS) [13], and/or by 
activation of enzyme nicotine adenine disphosphonucleotide oxidase/Nox, which also 
contributes to O2

−• generation [20]. The endoplasmic reticulum is also thought to be a 
source of ROS caused by DMA III [46]. 
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Arsenic (like Pb) has been shown to bind to glutathione and several antioxidant 
enzymes, thus decreasing the protective capacity of cells and inducing OS [59]. 
According to several studies, the interference of As with cellular antioxidants such 
as GSH, SOD, catalase and other GSH-related enzymes [11,48] indirectly results in 
increased ROS levels. Furthermore, As can alter signal transduction pathways (for 
example, the influence of extra- and/or intracellular signaling molecules on genes 
functions) via ROS alteration or reversible oxidation of SH-groups in proteins, which 
could lead to activation or inhibition of transcription factors, regulating in this way gene 
transcription [52]. Many studies have shown that the major ROS-affected pathways 
in response to As including signaling pathways, mitogen-activated protein kinases 
(MAPKs), microRNAs (miRNAs), tyrosine phosphorylation system, mitophagy 
pathway, Nrf2-antioxidant response element (ARE), nuclear factor κB (NF-κB), and 
activator protein-1 (AP-1) [17, 60].

These results suggest that oxidative stress generated by As and As compounds 
(like many other heavy metals) can damage testicular tubules, leading to reduced cell 
proliferation, and/or could cause gonadal dysfunction through reduced testosterone 
synthesis, apoptosis, and/or necrosis. Monomethylated and dimethylated arsenicals 
increase the production of ROS and OS associated with many cytotoxic and genotoxic 
effects, including oxidative DNA damage and chromosomal aberrations [37, 18]. 
Methylated trivalent metabolites are highly reactive and are more potent inhibitors 
of GSH reductase and thioredoxin reductase compared with arsenite or pentavalent 
metabolites [58]. In the Japanese eel, low doses (0.1 ~ 1 μM) of arsenic have been 
shown to inhibit spermatogenesis by suppressing steroidogenesis, and at high doses 
(100 μM), As mediates OS and induces germ cell apoptosis [12]. At 10 μM arsenic 
trioxide (As2O3) effectively induced ROS cytotoxicity and apoptotic cell death in murine 
TM4 Sertoli cells. In vivo studies have shown that oral exposure to inorganic As causes 
dysfunctions in spermatogenesis, decreased testosterone and gonadotropins, but also 
impaired steroidogenesis [35]. Additionally, in male rats, exposed to sodium arsenite, 
have been assessed decreased weights of the testes and of the accessory sex glands, 
but also reduced epididymal sperm counts [31]. Experiments with mice exposed to As 
have also shown dose-dependent gradual reductions in seminiferous tubular diameter 
and various gametogenic cell populations, such as resting spermatocytes, pachytene 
spermatocytes, and elongated spermatids [55]. It has also been found that the lack of 
transcriptional intermediary factor 1β, a key molecule associated with heterochromatin 
structures in Sertoli cells and round spermatids, as well as the formation of meiotic 
chromosomes [62], leads to a significant defect in spermatogenesis associated with 
failure to release spermatids and testicular degeneration [25, 29]. Other studies complete 
the toxic effects of arsenic on male fertility concerning inhibition of steroidogenesis 
and sperm maturation [35].

Mercury toxicity. Mercury (both organic and inorganic) generated ROS and affects 
the antioxidant defense system of the cells by connection with thiol groups (or SH-
containing residues). The main mechanism of biochemical action of Hg2+ is connected 
with the strong affinity of this ion to SH-groups (with high stability constants), which 
are the main components for the structure and functions of different biomolecules (as 
GSH, cysteine, metallothionein, N-acetylcysteine, S-adenosyl-methionine, albumin 
and other proteins, including enzymes), presenting in both extra- and intracellular 
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membrane structures, as well as in the cellular organelles [51]. In this way, Hg alters 
the intracellular thiol status, leading to free radical generation and abnormal synthesis 
of many proteins, including such, which affect the membrane permeability, causing 
functional anomalies in the cells and/or cellular apoptosis [42]. Hg can cause disruption 
to the mitochondrial membrane potential and interrupt with intracellular calcium 
homeostasis. Besides that, the binding of Hg may also occur in other sites - e.g., ligands 
containing amino or carboxyl groups are generally less favorable (with almost 10 times 
lower Hg binding constant) than to SH-groups. Mercury generates mainly H2O2 and 
O2• ̄, which in the presence of redox-active transition metals are converted into highly 
reactive OH• radical (by the reactions of Fenton and Haber-Weiss) [59]. Hg has been 
shown to induce cellular malignant growth through the generation of free radicals, 
inducing OS, as well as through disruption of DNA molecular structure, or the repair 
and maintenance system [14]. The molecular interactions of Hg with the SH-groups of 
SH-containing molecules are involved in the mechanisms of transport, accumulation, 
and toxicity of mercury ions in the tissues, including seminiferous tubules. On the 
one hand, GSH neutralizes the harmful action of Hg, but it is also a major factor in 
cellular protection against OS, on the other. GSH increases the antioxidant capacity of 
mitochondria, thus providing their protection against H2O2, singlet oxygen, hydroxyl 
radicals, and lipid peroxides generated by Hg. In this relation, differences between the 
exposition of the influence of Hg and the chemical nature of the Hg, accepted in the 
organism, have been proved. Methylmercury (MeHg, organic form) is usually bounded 
to one -SH-group to form a complex with thiol-containing molecules, while Hg2+ 
(inorganic mercury) binds to two GSH molecules by sulfur atom on the cysteinyl residue 
of GSH molecule [7]. Additionally, GSH facilitates the formation of metal complexes 
via non-enzymatic reactions. Hg2+ mediated depletion of GSH (reduced GSH) creates 
an OS condition characterized by increased sensitivity of the mitochondrial membrane 
to iron-dependent lipid peroxidation. The depletion of mitochondrial GSH and the 
increase of H2O2 in the inner mitochondrial membrane contribute to the acceleration 
of the exchange of Ca2+ and Mg2+ [41], which hampers mitochondrial function. These 
mechanisms cause membrane lipid peroxidation, leading to dysfunction and abnormal 
morphology of spermatozoa, but also to oxidative damages in their DNA, decreased 
mobility, and abnormal acrosome reaction [5]. The injured membrane integrity of the 
cell could also lead to increased membrane permeability and decreased compatibility 
to regulate the intracellular concentrations of ions, which are responsible for the 
control of the male germ cell’s movement [6]. On the other hand, an increase in 
GSSH level leads to the progression of OS, promoting the oxidation of cellular protein 
cysteinyl thiols, which ultimately leads to impaired protein function. Thiol-disulfide 
balance in the cell regulates metabolic pathways by activating or inactivating key 
enzymes. Because thiol transfer reactions are bidirectional, the balance is determined 
by the redox state of the cell. A lot of enzymes in the antioxidative protective systems 
prevent the disbalance between prooxidants and antioxidants. Antioxidant enzymes 
such as GSH reductase (GR), GSH peroxidase (GPx), SOD, etc., containing SH-
groups in their active centers, and also main metal ions in the role of co-factors (for 
instance, Zn, Se, etc.), are more prone to be attacked by Hg, which ultimately leads 
to the cessation of their activity [40]. The data have shown a disbalance between the 
prooxidant and antioxidant systems, which could cause a significant reduction of the 
activity of two main antioxidant enzymes in the testis – SOD and catalase, as well as 
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increased lipid peroxidation, leading to OS in exposure to Hg and/or its compounds in 
animals (mice, rats, etc.), [53, 56]. Hg has also been proved to cause strong interstitial 
oedema and vasodilatation in the testes of the individuals, exposed to its influence, 
which could lead to suppressed spermatogonia differentiation or induce apoptosis of 
these cells, but also to spermatocyte degeneration and degradation of the embryonic 
epithelium in the seminiferous tubules in rats [3, 9]. 

According to many review publications, the intoxication with Hg and/or its 
compounds, together with the induced OS besides affecting the spermatogenesis, also 
leads to abnormal steroidogenic functions (androgens deficiency) in the testes of male 
experimental animals and men [33]. Because LCs are the main testosterone-producing 
source in the testes, Hg intoxication modulates the functions of these cells by reducing 
the production of steroid hormones in the treated animals [24]. 

Conclusion 

The data presented in the current review show that the main pathway of heavy metal 
toxicity is the induction of ROS, increased lipid peroxidation, and induction of OS 
in the reproductive organs. Together with their general properties, various types of 
free radicals influence various specific mechanisms, which distinguishes them from 
one another, and hence, their investigation could be useful for the development of 
easily-applying methods for laboratory analyzes and technologies for assessing these 
metabolic products in different biological materials (tissue probes, body fluids, etc.). 
Oxidative stress is a powerful mechanism that can lead to DNA damage in the germ 
cell lines during spermatogenesis, to the production of dysfunctional germ cells, and 
ultimately to male infertility. The diagnosis of abnormalities in the spermatogenesis 
process as a result of excessive ROS production is an important step in determining the 
etiology of male infertility and the development of appropriate therapeutic strategies.
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Stunting is a serious public health issue. It raises the risk of sickness in infancy and childhood. 
Low- and middle-income nations, notably India, have been battling for years to overcome this 
major issue, which is also connected to many socioeconomic and biological issues. However, 
understanding the interaction pattern of undernutrition with these determinants is critical for 
efficient policies and execution. Stunting (low height-for-age) in newborns and children is a 
well-known and simple indicator of undernutrition. The current study sought to determine the 
relationship among stunting, socioeconomic, demographic, and birth-related variables. The 
research was conducted in the Haldia municipality and Deshopran block (West Bengal, India). 
The participants were 291 (50.5%) urban and 285 (49.5%) rural boys aged 3-12 years. Stunting 
was defined as height-for-age ‘Z Score’ < -2. Overall, 13.88% boys were stunted. Stunting was 
significantly associated with low birth weight (LBW), controlling for all other significant variables.

Key Words: India, children, stunting, low birth weight

Introduction

Body height or stature is a linear anthropometric measurement influenced by genetic, 
socioeconomic, demographic and dietary factors in a population [25, 33]. Stunting, 
defined as low height for age (HAZ), is a well-recognized indicator of linear growth 
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in children. A child is said to be stunted if the age and sex-specific z-score for height 
is less than -2 [82]. The state of stunting was suggested to reflect a chronic nutritional 
deficiency, often connected with socioeconomic and environmental adversities [3]. In 
2016, an estimated 144 million children less than five years in low- and middle-income 
countries (LMIC) were stunted [81]. In India, 38.4% of children were found stunted 
in the fourth National Family Health Survey (NFHS) 2015-16. In particular, 28% and 
34% of children aged less than 5 years in urban and rural areas, respectively, were 
reportedly stunted in the Indian state of West Bengal [27]. Numerous studies have 
already reported the prevalence (%) of stunting in India ranging from 10.9 to 55.9 in 
boys and 18 to 58.4 in girls [1, 12, 17, 46, 62, 71], and in West Bengal [5, 6, 20, 43, 
57, 64]. 

Stunting is considered to be a marker of the underlying processes responsible 
for poor growth and other adverse outcomes both in early and later life [16]. Stunting 
at an early stage of development leaves a long-lasting or permanent detrimental 
effect on later life. Stunted children often experience delayed skeletal maturation 
and usually become short adults and perform sub-optimal functions later in life [45]. 
Besides, it has long-term consequences on cognitive development, learning ability, 
and productivity during adulthood [16]. It also leads to reduced immune functions and 
increased susceptibility to infectious diseases. Stunting in childhood was also found to 
be associated with a higher incidence of non-communicable diseases, such as diabetes, 
hypertension, heart failure and other cardiovascular diseases during adulthood [10]. 
Stunted adolescents are often likely to develop overweight and obesity in adulthood 
[33, 66]. Long-term follow-up studies on children from five low- and middle-income 
countries, namely Brazil, Guatemala, India, the Philippines, and South Africa, found 
that childhood stunting was linked to short adult stature, lower lean body mass, less 
schooling, decreased mental functions, lower-income, and lower birth weight of infants 
born to women who had been stunted as children [77]. Thus, identifying stunting at an 
early stage in life could lead to improved population health in the long run. 

Mothers’ health and nutritional status are closely linked with those of their 
offspring. Children born to short women were at greater risk of mortality than children 
having mothers of normal height. Infants born to underweight or stunted women were 
highly likely to be underweight or stunted. In this way, undernutrition passes from 
one generation to another like an inherited attribute [55]. Several studies confirmed 
that poor height attainment due to undernutrition among women of childbearing age 
had a greater risk of adverse pregnancy outcomes or intrauterine growth retardation 
in the fetus [8, 77]. Low birth weight (LBW) and preterm birth are associated with 
short height in mothers [22, 39]. About twenty million infants are born each year with 
LBW, and many of them are from LMIC [74]. Moreover, the prevalence of stunting 
has been generally considered irreversible and difficult to reduce in a recurrent process. 
In childhood, women who were themselves stunted tend to have stunted offspring, 
creating an inter-generational cycle of poverty and reduced human capital [58]. The 
associations between poor socioeconomic, demographic and environmental conditions 
and chronic nutritional deficiencies are currently well known [9, 12, 35, 36, 46, 62, 
65, 71]. Increased risk of stunting has been associated with both poor socioeconomic 
conditions and early exposure to adverse conditions, such as illness and inappropriate 
feeding practices [36, 70]. The results of a large survey from India revealed that 
undernutrition (indicated by anthropometry) was associated with birth-order, duration 
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of breastfeeding, place of delivery of the child, wealth index of the household, mother’s 
BMI and mother’s education in both urban and rural areas [34].

Apart from all those factors as described above, the phenomenon of undernutrition 
may also have genetic mechanisms [18]. Stunting is a derivative of height, and the latter 
also has a strong heritability component [44]. It was recently claimed that stunting 
might not always be, or in every context, should be equated with undernourishment 
in children [67], indicating that stunting might have causal factors other than those 
responsible for undernourishment, in general. With the same dataset used in the present 
study, it was already recently reported that low levels of mothers’ education in rural 
areas and lower family income with poor housing in urban areas were associated with 
a higher prevalence of undernourished children [35, 36]. Therefore, the present study 
aimed to re-assess the roles of socioeconomic and demographic factors, the already 
known contributors of stunting, maternal nutritional status, and birth-related factors, 
particularly birth weight. We hypothesized that factors, such as birth weight, shall have 
a significant effect relative to all other probable factors in predicting the prevalence of 
stunting among boys aged 3-12 years.  

Materials and Methods 

Participants and settings
This cross-sectional study was conducted between December 2014 and April 2016 in 
selected areas under Haldia Municipality and Deshopran Block (rural) areas of Purba 
Medinipur district of West Bengal state, India. Among the 615 (urban: 307; rural: 308) 
participants of the study, 576 (93.7%) provided complete information. Out of them, 
291 (50.5%) were urban, and 285 (49.5%) were rural boys aged between 3 and 12 
years. In the public education system of the state, children begin to attend the care 
centers to receive a mid-day meal and some pre-nursery type education approximately 
around 3 years of age. On the other hand, since the study was intended to restrict within 
the preadolescent stage of the boys, the upper age was restricted to 12 years. A detailed 
description of the sample recruitment procedure was described elsewhere [35, 36]. 
Data were collected from one rural and one urban area of Purba Medinipur District 
(PMD). The rural boys were recruited from three villages, namely Kultalia, Sikdarchak 
and Uttar Amtalia, under Desopran Block of Contai Subdivision of PMD and the 
urban boys from three settlement colonies (CPT, IOC and HREL) and Rairarchak area 
under Haldia Municipality. The study abode by the ethical guidelines as per Helsinki 
Declaration, 2000 [72].

Demographic, socioeconomic and birth-related information
Demographic, socioeconomic, maternal health and childbirth-related data were 
collected directly from the parents, in most cases, from mothers, through a structured 
questionnaire. The information included social category (general- or scheduled caste), 
place of residence (urban or rural), number of family members, numbers of elder- 
and/or younger sisters and brothers, number of living rooms, house ownership, family 
income, parental education, type of cooking fuel and dirking water facility. Information 
regarding mother’s age at child birth, place of delivery, birth weight, duration of breast 
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feeding and infant’s age during the introduction of supplementary feeding were also 
recorded. Information about birth weight and the age of introducing supplementary 
food was obtained from the mothers. Low birth weight was defined as < 2500g of body 
weight of newborns [80]. 

Anthropometry
One researcher (PK) recorded all anthropometric measurements from all children. 
Height (cm) was measured for each child to the nearest millimeter, following standard 
procedure [42]. Prior to the commencement of the main survey, one researcher (PK) 
measured 30 individuals for standardization of protocol. The intra-individual technical 
errors of measurements were computed [73] and found within the acceptable limits, 
and thus, not incorporated in analyses of the main data set. Height-for-age ‘Z Score’ 
(HAZ) was computed to identify stunting among the children. The Z-Scores were 
derived using the WHO Anthro 3.2.2 and Anthro Plus 1.0.4 software. Stunting was 
defined as HAZ less than -2 [82]. 

Statistics
Percentages were used to report the distribution of the population according to 
categories of different variables. Mean and standard deviation (SD) statistics were used 
to describe continuous variables. Binary logistic regression (BLR) analyses (univariate 
model) were performed for each independent factor to assess whether it is significantly 
associated with stunting. In each BLR, odds ratio (OR) with 95% confidence interval 
(CI) was calculated to show the magnitude of association of a particular category 
of a predictor with stunting relative to the other category of the variables. Factors 
significantly associated in the bivariate analyses were further included in stepwise 
multivariate logistic regression analyses (enter method) to estimate their effects 
relative to each other and to identify the most effective predictor variables, if any. In all 
regression analyses, the dependent/outcome variable, namely, stunting was coded as 1 
for ‘stunted’ and 0 for ‘non-stunted’. The predictor variables in the present study were 
categorized as follow: social category (general or scheduled castes), place of residence 
(urban or rural), family size (≤5 or >5 members), Number of elder siblings or younger 
siblings (Nil vs. either or both present), number of living rooms (≤2 or >2 rooms), 
house ownership (own or rental), monthly family income per capita (≤2000 or >2000), 
parental education (both above secondary level or not), type of cooking fuel (smoky 
or smokeless), dirking water facility (tube well or municipal supply), mother’s age at 
childbirth (≤20- or >20 years), place of delivery (institutional vs. home), birth weight 
(<2500gm vs. ≥ 2500gm), duration of breastfeeding (≤2 or >2 years) and infant’s age 
on the introduction of supplementary feeding (≤ 6- or > 6 months). For each of these 
predictors, the superior alternatives (such as, smokeless fuel) or the higher values (such 
as birth weight ≥ 2500gm), were coded ‘0’, whereas the respective poorer conditions 
or qualities (such as smoky fuel) or the lower values (such as birth weight ≥ 2500gm), 
were coded ‘1’, respectively. 

Family size, number of living rooms, number of younger and elder sisters and 
brothers, duration of breastfeeding and parity data were categorized on the basis cut off 
based on respective 50th percentiles. Mother’s age at childbirth, birth weight and place 
of delivery and date of birth were confirmed from the vaccination record. Duration 
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of breastfeeding, the introduction of supplementary food and birth weight data were 
classified following appropriate guidelines [80]. Mother’s nutritional status was 
determined using body mass index (BMI) calculated as weight in kilograms divided 
by height in meters squared (kg/m2). Based on BMI values, the nutritional status of the 
mother were classified as undernourished (BMI <18.5 kg/m2) or normal (>18.5 kg/m2). 
A p-value of <0.05 is considered to be statistically significant. All statistical analyses 
were performed through SPSS-16 software.

Results

The overall prevalence of stunting among the boys in this study was 13.9%. Tables 
1 and 2 present the percent distribution of the participants according to categories of 
all independent factors as well as the significance of the association of each of these 
factors with stunting through the results of univariate BLR analyses. The results of 
BLR indicated that the risk of stunting was significantly higher (ORs = 2.53, p<0.05) 
among the boys whose parents were less educated. Poor household income was also 
significantly associated with a higher prevalence of stunting (ORs = 2.02, p<0.05). 
Boys who were very low weight at birth were significantly (ORs= 2.70, p<0.01) more 
likely to be stunted. Boys who had younger sisters and brothers were significantly 
(ORs=1.61, p<0.05) more likely to be stunted. Boys delivered at home were more 
likely to be stunted than those delivered at health institutions (ORs= 2.03, p<0.01). The 
risk of stunting was also found to be significantly (ORs=1.60, p<0.05) higher among 
boys whose mothers had less than 149.2cm height. 

Table 3 presents the results of multivariate BLR analysis to identify independent 
risk factors predicting stunting. Boys who were low weight at birth were significantly 
(p<0.005) more likely to be stunted than boys who had a normal or healthy weight, 
independent of all other potential predictors. Other factors that show a significant effect 
on the prevalence of stunting in univariate BLR analyses did not reveal a significant 
impact in multivariate BLR analysis. 

Discussion

The present study showed a significant association of stunting with parental education 
and family income when their effects were assessed separately. No other socio-
demographic characteristic showed a statistically significant association. In contrast to 
their higher levels, lower parental income and educational levels were associated with a 
higher prevalence of stunting, respectively. However, this trend was not very surprising, 
since the previous studies, based on the same data set showed that mothers’ education 
level in rural children, and the family economic condition in the urban counterpart, 
were the most important independent determinants of undernutrition among these 
3-12 years old children [35, 36]. However, these studies used a composite index of 
anthropometric failure (CIAF), but not stunting, as the measure of undernourishment. 
Numerous previous researches showed that various measures of socioeconomic status, 
such as income, educational level and family assets, were associated with nutritional 
status in children [50, 52, 77]. The independent importance of both education and 
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Table 3. Results of a multivariate logistic regression model (enter method) to predict stunting

Variables B Wald p OR
95.0% CI for OR

Lower Upper
Parental education 0.546 1.547 0.21 1.727 0.73 4.08
Per capita income 0.42 1.099 0.294 1.51 0.699 3.263
Younger sisters
and brothers 0.84 0.97 0.755 1.087 0.643 1.839

Weight at birth 0.947 7.856 0.005 2.579 1.33 5.003
Place of delivery 0.385 2.045 0.153 1.47 0.867 2.493
Mother height 0.318 1.567 0.211 1.375 0.35 2.262

CI – confidence interval

economic condition of the family for healthy growth of children were revealed in 
numerous previous studies, especially from low and middle-income countries [13, 32, 
54, 57, 78]. There are plenty of evidence showing a positive association between low 
income and prevalence of stunting [31, 33, 37, 51, 57]. Therefore, improvement of the 
economic condition along with education seemed to be an effective measure to reduce 
child undernutrition, including stunting. 

Similar to income and parental education, lower birth weight and birth at home, 
rather than in institutional health facilities, also showed association with higher chances 
of being stunted among the 3-12 years old boys in the present study. It is, however, 
worth mentioning that having one or more younger siblings and low mother’s height 
was also very close to be significantly associated with stunting (Wald: 3.83 and 3.67, 
respectively, both p=0.05). Researchers have reported that the risk of stunting was 
higher among children born underweight. In this study, the direction of a relationship 
between birth weight and childhood undernutrition was in line with the results of other 
studies that showed that low birth weight had a significant higher risk of stunting in 
childhood [53, 60]. As mentioned above, the present study also revealed a close linkage 
between stunting and having younger brothers and sisters. This could, however, be the 
result of relatively increased attention towards the younger children by the parents in a 
resource-constrained setting, particularly in terms of food distribution and health care. 
Indeed, previous studies in similar populations in the same Indian state showed that a 
higher risk of stunting was associated with the presence of younger sisters and brothers 
[7, 51]. Place of delivery was a significant predictor of stunting in the present study, as 
also was reported in another study in Malawi [12].  In the present study, the relatively 
short mothers (<149.2 cm) had more stunted boys, although this association was not 
statistically significant, although closely to be. Studies identified mother’s height to 
be closely linked with birth weight and length of offspring [84]. Evidence showed 
that maternal malnutrition was a risk for survival, health, and development among the 
offspring and may create an intergenerational cycle of malnutrition in the future where 
a stunted female child would become a stunted mother and would, in turn, deliver 
another stunted child [19]. 
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However, all the above associations disappeared in the multiple regression 
analyses, whereas only the birth weight showed a significant independent association 
with the prevalence of stunting, allowing for all other potential factors. Boys with 
lower birth weight showed higher chances of being stunted at 3-12 years. Even family 
income or parental education did not qualify for a significant statistical effect on the 
stunting prevalence, as shown in our previous studies with the same data set, in rural 
and urban counterparts, respectively [35, 36]. In a study in Indonesia, LBW was the 
major predictor of stunting among infants aged 12-23 months. LBW infants showed 
1.74 times higher likelihood to be stunted (95% CI 1.38-2.19) compared to those 
born with normal weight [4]. In the pre-school children in Bangladesh, birth size was 
one of the important determinants of stunting [59]. Another study from Zimbabwe 
showed decreased growth in LBW babies than normal-weight babies, and significant 
length differences appeared at 12 months of age [47]. The major factors responsible 
for undernutrition in under-five children in Pakistan were size at birth, previous birth 
interval, mothers’ BMI at birth and parental education [61]. In the present study, 
mothers’ nutritional status (BMI) was not associated with stunting.

LBW and stunting together were held responsible for more than two million deaths 
and ninety million disability-adjusted life years or DALYs [41]. India alone suffered 0.6 
million deaths and 24.6 million DALYs from countries across the world due to stunting 
and IUGR/LBW [41]. LBW can result from preterm delivery or intrauterine growth 
restriction (IUGR) or a combination of the two. The global prevalence of LBW is 15.5%, 
which means that about 20.6 million infants with LBW are born each year, 96.5% of 
them in developing countries [79]. Globally, 14.6 percent of babies were born with low 
birth weight out of 20.5 million new born in 2015 [75]. India alone, with an estimated 
33% of all newborns weighing < 2500g at birth, contributed 40% of the world’s LBW 
population [30]. The prevalence of low birth weight in India was 21.4% in 2017 [29]. 
As per NFHS-3, the prevalence of LBW in West Bengal was 22% [28]. The causes of 
LBW are numerous and multifaceted. It depends on complex interactions of numerous 
factors like genetic, reproductive, socio-demographic, cultural, political and surrounding 
physical environmental conditions [3] and regional factors [46, 56, 71]. The etiology 
of LBW is maximally related to maternal [14, 15, 21, 26, 63], and socioeconomic and 
psychological factors [2, 69, 49]. Stunting is generally regarded as an expression of 
chronic deprivation from nutritional requirements at the population level. To determine 
the state of stunting, the importance of birth weight is independent of other important 
determinants. This indicates that improvement of maternal health and obstetric care, and 
socioeconomic development might improve the nutritional health of children. It might 
also have a long-term impression extended to adulthood. The observed correlations and 
linear associations between birth size and adult height have been consistent in several 
studies, although from the high-income countries [38, 40, 76].

Undoubtedly, undernourishment occurs from food deprivation or due to a diet 
deficiency in essential nutrients. Growing children starkly exhibit its consequences. 
Stunting is widely regarded as one of the efficient proxy measures of chronic 
undernutrition in children. However, there is adequate debate in recent times over 
the unquestionable acceptance of short stature, particularly in children, as a perfect 
proxy to undernourishment [67]. There are also evidence indicating that nutritional 
interventions did not always improve relative body size in children in terms of stature 
[22], or if at all, with a small effect size [48]. Even stunting or small stature in children 
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often poorly correlate with other anthropometric measures of nutritional/energy stores 
in the body [24, 67, 68]. Keeping in view these lines of arguments and recent evidence, 
including the present one, it appears that stunting (short stature) is not essentially a 
product of undernutrition. Maternal and prenatal health and nutritional conditions also 
influence body height in childhood through the size at birth. 

The WHO has set a goal of reducing LBW and stunted children aged 5 years 
by 40% between 2010 to 2025 [83]. However, to fulfil this sacred ambition, further 
extensive studies, preferably with longitudinal designs in varied ecological contrasts, 
might assess the appropriateness of stature as a measure of undernourishment in 
children, especially in India. It was earlier proposed that the small size could adapt to 
unique mother-child ecology in a chronically resource-constrained situation rather than 
a clinical condition [11].  

The study has some inherent limitations. As this study included only boys, the 
impact of birth weight in girls, allowing for socioeconomic factors that might have 
different impacts on two genders, is worth investigating in further studies. The current 
investigation also lacked detailed information on food intake and the composition of 
the diet and no information on the physical exercise pattern. However, if supported 
by some further evidence from similar populations, the results of this study could 
have direct policy implications in terms of interventions to reduce the burden of 
undernutrition in Indian children.   

Conclusion 

In this study, stunting in school going boys aged 3-12 years in Purba Medinipur district 
of West Bengal was significantly associated with LBW. Among the potential factors, 
LBW was the most dominant concomitant of stunting. Programmes for the reduction 
of stunting should focus on the socioeconomic improvement, particularly, on spreading 
education, and on the health of women, particularly before and during pregnancy.
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The umbilicus is a prominent feature on the abdominal wall whose position is a determining 
factor for body proportion among others. The umbilicus position is known to vary across 
population and genders. Using a sample of young adults in Nigeria, this study was 
conducted to determine the position of the umbilicus and other related parameters. The 
round and protruding types of umbilicus were most common in the studied populations. 
Similarly, most of the participants had their umbilicus located along the midline. Overall 
there were no significant differences in the umbilicus of males in comparison to those 
of females. Proper positioning of the umbilicus is essential in maintaining individual 
identity. However, recognizing its variation across populations, gender and age are the 
first in achieving the most appropriate position.    

Key words: umbilicus, umbilicoplasty, abdominoplasty, morphometry, human 
variation  

Introduction

The umbilicus is a scarred tissue remnant of the umbilical stump that connected an 
infant to its mother during fetal life [13]. The umbilicus presents centrally in the anterior 
abdominal wall, but this is an inconstant position, as it may be at a higher or lower 
position in a small proportion of population [9, 11] or even not at the midline [19] but 
typically it lies at the high point level of iliac crest, opposite to the disc between third 
and fourth lumbar vertebrae [10, 20] or it lies matching one of tendinous transverse 
intersection of rectus abdominis muscle [6].
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This variation in the position of the umbilicus becomes more evident between 
genders, age groups and possibly race. For instance, the umbilicus is more inferiorly 
placed in men when compared with women and the distance of the iliac crest to the 
umbilicus is shorter in women specifically due to wider hip in women [21]. In young 
adults it lies on the level with the disc between the third and fourth lumbar vertebrae 
and in old individuals it sinks to a lower position [15]. According to Visconti and 
Salgarello [2] abdominal changes which start before the age of 18 cause initially 
round-shaped umbilicus to become vertical oval, anchoring of the umbilicus in the 
deep muscle fascia planes which increases umbilical depth and creation of a horizontal 
fold after the age of 18. The variation in the position of the umbilicus among different 
populations and age groups has clinical implications for numerous surgical procedures. 
This is even more important now that the umbilicus is gaining attention for aesthetics 
thereby requiring surgical procedures to go around it. 

With the variations in the position of the umbilicus in several populations, there 
is need to determine the position of the umbilicus in the Nigeria population. Therefore, 
the key objective in this study is to define umbilicus position in Nigerian young 
adult males and females through morphometric measurements. The study will also 
characterize other parameters associated with the umbilicus - shape, type, height and 
width.  

Materials and Methods 

This study was an observational, cross-sectional study conducted using 125 adult 
(50 male and 75 female) volunteers. Ethical clearance was obtained from the ethical 
committee of the Enugu State University of Science and Technology, Enugu, Nigeria. 
Participants voluntarily consented to participate in their study as extensive explanations 
were given. 

For collection of umbilicus parameters, the subjects were asked to be in a supine 
anatomical position and restrict the movement of their abdomen (Fig. 1). The following 
parameters were measured: (A) the distance between the inferior part of the xiphoid 
process and the center of the umbilicus; (B) the distance between the center of the 
umbilicus and the upper part of the pubis; (C) the distance between the umbilicus and 
the right anterior superior iliac spine (ASIS), (cʹ) distance between the umbilicus and 
the left anterior superior iliac spine; (D) the distance between the center of the umbilicus 
and the straight line going through the top of the iliac crests; and (E) the distance 
between the anterior superior iliac spines. The shape of the umbilicus was noted and 
recorded. The shape of the umbilicus was described based upon the 6 shapes reported 
by Delpierre et al [7] namely, T-shaped, vertical oval, horizontal oval, round, deformed, 
and protruded. Measurement of anatomical landmarks to determine the position of the 
umbilicus was done using a metric tape. To locate the umbilicus, measurements were 
taken from the xiphoid process, the middle of upper border of the pubis symphysis and 
the two central iliac spines. Navel height and width were measured using metric tape 
and the navel depth was determined using a wooden rod which was inserted, marked 
and drawn out and measured using a plastic ruler. Other parameters collected from 
participants included age, height (in cm), weight (in kg), and BMI.
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Fig. 1. The standardized measures of the umbilicus and anatomical landmarks used in 
demonstrating the position of the umbilicus

The measurements were in a prepared data collection sheet and later transferred 
for statistical analysis using Statistical package for social sciences SPSS version 
21.0. Statistical analysis performed on the conducted data included measures of 
central tendency and variability (mean and standard deviation) as well as frequency 
distribution. 

The exclusion criteria were as follows: any abnormality, deformity or lesion 
of umbilicus, pregnancy or history of pregnancy, intra-abdominal masses, anterior 
abdominal wall pathologies, and history of abdominal surgery.

Results

Population and measurements

The study consisted of 125 participants including 50 (40%) males and 75 (60%) 
females aged between 22 to 26 years. Mean age of the participants was 22.96±3.36 
years for males and 21.13±1.64 years for females. Mean height was 174.52 cm, and 
165.39 cm in males and females respectively.  Males had a mean weight of 70.63 kg 
while females had 62.18 kg. Males had a mean BMI of 23.36 kg/m2 and 22.69 kg/m2 in 
females. Mean hip circumference and waist circumference was 48.48 cm and 41.33 cm 
in males while 68.79 cm and 92.15 cm in females respectively. Both the hip and waist 
circumference showed statistically significant differences between male and female 
subjects (p = 0.000). Table 1 displays the details of these measurements.
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Table 1. Measurements data

Parameters Male 
(n=50)

Female 
(n=75)

Total 
(n=125)

Mean ± SD Mean ± SD P value Mean ± SD
Age (Years) 22.96 3.36 21.13 1.64 .000 21.86 2.62
Height (cm) 174.52 8.02 165.39 5.57 .000 169.04 8.01
Weight (Kg) 70.63 10.68 62.18 10.51 .000 65.56 11.33
BMI (Kg/m2) 23.36 4.40 22.69 3.38 0.341 22.96 3.82
HC (cm) 48.48 24.53 92.15 17.09 .000 74.68 29.56

WC (cm) 41.33 21.52 68.79 13.65 .000 57.81 21.83

ASIS (cm) 22.88 2.41 22.56 2.04 0.433 22.67 2.19
XP (cm) 31.36 3.23 33.10 3.49 0.005 32.41 3.48
XU (cm) 22.01 2.89 22.15 3.06 0.796 22.09 2.98
LIU (cm) 14.33 1.62 15.26 4.67 0.173 14.89 3.73
RIU (cm) 14.78 1.74 14.67 2.10 0.807 14.72 2.56
LIX (cm) 31.97 3.39 31.39 4.09 0.407 31.62 3.82
RIX (cm) 32.30 3.45 31.49 4.65 0.297 31.81 4.21

Abbreviations: BMI=Body Mass Index; SD=Standard Deviation; HC=Hip Circumference, 
WC=Waist Circumference, ASIS=Anterior Superior iliac spine, XP=Xiphisternum to 
Pubis, XU=Xiphisternum to Navel, LIU=Left anterior iliac spine, RIU=Right anterior 
iliac spine, LIX=Left iliac spine to Xiphisternum, RIX=Right iliac spine to Xiphisternum.  
P-value≤0.005

Umbilicus Position

The vertical distance from the lower border of the xiphisternum to the umbilicus 
process (XU) was 22.01±2.89 cm in males and 22.15±3.06 cm in females while the 
distance from the lower border of the xiphisternum to the upper border of the pubis 
(XP) was 31.36± 3.23 cm for males, 33.10± 3.49 cm for females denoting a ratio of 
XU:XP of  70.18% in males and 66.14% in females. The subjects all together had an 
XU:XP ratio of 68.16%.  

Umbilicus Type and dimensions

With respect to the umbilicus type, the round type was predominant in females (25.6%) 
followed by the protruding umbilicus type (18.4%). On the contrary, in males the 
predominant umbilicus type was the protruding type (19.2%) followed by the round 
type (16.8%). A significant difference was noted between the umbilicus depth of males 
and females (p =0.000). Overall, the most common umbilicus types in the subjects 
were the round type (42.4%) and protruding type (37.6%). Umbilicus height, width 
and depth in the subjects put together were 2.88±0.62 cm, 2.92±0.83 cm and 1.53±0.97 
cm respectively. Further details of the umbilicus type and dimensions are shown in Fig. 
2 and Table 2.
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Fig. 2. Distribution of umbilicus types

Table 2. Mean Distribution of Various Measurements around the Umbilicus Based on Gender

Male 
(n=50)

Female
(n=75)

Total
(n=125)

Mean ± SD Mean ± SD p Value Mean ± SD

Umbilicus  Height (cm) 2.82 0.63 2.92 0.61 0.335 2.88 0.62

Umbilicus Width (cm) 2.81 0.66 2.99 0.93 0.216 2.92 0.83

Umbilicus Depth (cm) 0.96 0.55 1.91 1.01 0.000 1.53 0.97

p-value=0.005 

Umbilicus Midline Positioning 

Measurement of the position of the umbilicus relative to a line extending from the 
center of the sternal notch found that the umbilicus was central in 72% of the subjects 
and lateralized to the right and left in 11.2% and 16.8% subjects respectively. Of these 
44% females of the subjects were central while only 28% of males were central. Fig. 3 
displays further details of these.
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Fig. 3. Distribution of midline positioning of the umbilicus

Discussion

This study was set out to characterize the umbilicus in terms of position, shape and 
its dimensions in a population of young Nigerians. This information is useful for 
abdominoplasty and umbilicoplasty planning without which reconstruction of the 
umbilicus may not be appealing [4]. According to Craig et al [5] the size, shape and 
location of the umbilicus contribute to an ideal umbilicus. Şentürk et al [18] noted that 
a normal umbilicus is located on the cranial tangential line of the bilateral iliac crest 
and the median line of the abdominal wall. On the basis of shape, Choudhary and 
Taams [3] identified as the ideal. Opinions differ as to what an ideal umbilicus is. The 
aesthetic nature of the umbilicus however cannot be disputed. Philosophers and artists 
refer to the ideal proportion of umbilicus height versus body weight as the Golden 
ratio, also called the Divine proportion. That is, an ideal umbilicus height is about 62% 
of the body height and is said to exhibit a special beauty as the legs and torso appear 
in sound proportion [6]. 

The findings of this study contrast that of Yu et al [21] where the umbilicus was 
located more inferiorly in men compared to women. This study also affirms like most 
other studies that the umbilicus is not always in the midline [8, 12, 16]. Rohrich et al 
[17] reported up to 80% laterality of the umbilicus in their own study. Craig et al [5] 
photographed 147 women a round umbilicus with superior hooding (T-shaped) was 
present in 37%, oval shape in 22%, linear in 17%, and horizontal in 14%. The remaining 
10% were distorted. Lee et al [14] assessed the umbilical position on photographs and 
they a ratio of xiphoid-umbilicus-pubic symphysis of 46:54. Their results differ from the 
present study where the same ratio was closer to the 62% proposed by Davari et al [6] 
as being ideal. It also affirms the variability of the umbilicus as proposed by Catteau [1].
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Conclusion

The umbilicus is a prominent landmark on the anterior abdominal wall and its 
appearance is influenced by many factors. Knowing where the umbilicus is placed is 
critical for the reconstruction of the umbilicus to maintain its aesthetic nature. In every 
clime, the plastic surgeon needs this evidenced based approach to benchmark their 
techniques and self-assessment to provide patients with acceptable results.     
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The aim of the study is to analyse the auricula of human foetus using geometric morphometric 
methods based on the foetal age groups and, thus, to determine the presence of shape differences. 
For this purpose, the foetuses having a gestational age of 23-40 weeks were divided in three 
groups based on intrauterine gestational age and analysed. After performing photography, 
landmarking and dataset formation stages for geometric morphometric analysis, the principal 
component, and discriminant and regression analyses were made. The first principal component 
accounted for 26.461% of the total shape difference based on foetal age. The most apparent 
shape changes were observed on helix (superior), crus helicis, tragus and antitragus points. 
Consequently, the variations concentrated especially around cavum concha.
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Introduction

Humans have the most complex and efficient communication system among mammals 
and this ability is one of the fundamental concept for surviving during the evolution of 
humankind. Hearing is one of the key abilities for communication and can be examined 
by aid of malleus, stapes and incus (unique to mammals) in fossil specimens since 
auricula cannot be fossilized. Although it is known that Homo sapiens (anatomically 
modern human) has the most complex auditory system among human species, a recent 
study points out that the closest modern human relative, Homo neanderthalensis, could 
have had similar auditory capacity as modern humans [12].

Auricle is a cartilaginous and fibroelastic structure covered by a thin skin [3]. 
Auricle grows throughout lifetime and males have greater increase then females [30]. It 
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is also highly variable body part among individuals and populations. The surface of this 
structure is characterized by protrusions and depressions [47]. Auricula is composed 
of three main components: helix-antihelix, cavum concha and lobulus auriculae [31]. 

The studies have emphasized [26, 44] that the six hillocks originating from the first 
and second pharyngeal arches are responsible for the development of auricula. These 
hillocks located as three on both sides of meatus acusticus externus, three on each side, 
form auricula by expanding and combining asymmetrically. Lobulus auriculae are the 
last part developing in auricula [29, 46].

It is a complicated process that the principal structures of auricula combine in the 
foetal periods. For this reason, the development anomalies of auricula are common [5]. 
It is an important question which structures contribute to the development of auricula 
by changing shape on which side. Therefore, it is important to know the normal shape 
changes of auricula in the foetal period to clearly figure out the effect of anomalies on 
auricula. 

Geometric morphometrics is a method helping many different disciplines such 
as anthropology, anatomy, zoology and botany in the recent years. In this method, 
landmarks (LM) are digitized at Cartesian coordinates in accordance with the geometric 
structure of objects [33]. Thus, two- or three-dimensional shape of the sample and the 
shape changes are analysed using the location differences between objects [27, 48, 
50]. Also, the analysis results are interpreted by being mapped based on the size and 
direction of the change in the coordinates of the landmarks [7]. 

There are a limited number of studies in the literature for auricula by using 
geometric morphometric methods in adult human beings [31, 33]. However, no study 
has been found in which auricula is analysed with geometric morphometric methods 
based on the foetal period. For this reason, the aim of the study is to analyse the auricula 
of human foetus by using geometric morphometric methods based on the foetal age 
groups.

Materials and Methods

Samples

The foetuses which were obtained from Isparta Maternity and Child Hospital and found 
in Süleyman Demirel University Medical Faculty Anatomy Department laboratory by 
obtaining the permission of the families between 1996 and 2010 were used in this 
study. Approval was obtained from the Medicine Clinical Research Ethics Committee. 
The ages of the foetuses kept in formaldehyde solution (10%) were between the 23-
40 gestational weeks and they did not have any anomaly or pathological condition. 
They were divided into three groups based on the intrauterine gestational age. Twelve 
foetuses had a gestational age of 23-28 weeks in the first group, 9 foetuses had a 
gestational age of 29-34 weeks in the second group, and 11 foetuses had a gestational 
age of 35-40 weeks in the third group.

Data collection and Landmarking

The left auricle of samples was photographed in the way that the camera (18x55 lens, 
Canon Eos, 600D, Japan) and the focus were on the same plane (camera resolution 
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890 x 1065 pixels). Cavum concha 
was determined as the focus in the 
photographing. The distance between the 
focus and lens were standardized at 30 
cm. These photos were converted into tps 
format using TpsUtil (Version 1.79) [41]. 

The eleven homolog LMs [25, 36]
(Fig. 1) were marked on the photos by 
TpsDig2 programme (Version 2.31) [40]. 
Thus, the x, y Cartesian coordinates 
of LMs were determined. Before the 
statistical analysis, it was important to 
determine whether or not the new tangent 
space was small enough to demonstrate 
that it was a good representation of the 
Procrustes data in a Euclidean space. 
This confirmation test was made in 
TpsSmall (Version 1.34) [39] software 
by determining the correlations of the 
tangent and Procrustes distances.  The test 
results (uncentred correlation: 0.999, root 
mean square error: 0.000149) confirmed 
that the correlation data were quite close 
for both space distances.

Fig. 1. Landmarks, 1. Helix (superior), 2. Fossa 
triangularis, 3. Crus antihelices (intersection 
of crus antihelices), 4. Helix (posterior, crus 
antihelices), 5. Crus helicis, 6. Cavum concha, 
7. Antihelix, 8. Scapha (antihelix), 9. Tragus, 10. 
Antitragus, 11. Lobulus auriculae (mid point)

Statistical analysis

As there are differences in the auricula such as size, position and direction, General 
Procrustes Analysis (superimposition) was performed [45]. Principal component 
analysis (PCA) was performed on the new coordinates obtained as a result of Procrustes 
analysis. Thus, the degree of split upof samples based on the age groups between the 
factors was determined using covariance analysis [50].

The potential size and shape differences between the age categories were analysed 
with one-wayanalysis of variance (ANOVA). PAST (Version 4.02) [17] software was 
used for these analyses.

It was determined at which landmark and in which direction the shape difference 
was located based on the PCA. To assess the allometric effect based on the foetal 
age on the shape change, a multivariable regression of Procrustes coordinates was 
performed using a permutation test with 10.000 repetitions [13, 16]. As CS (centroid 
of size) corresponds to the square root of total of the distances of the squares from each 
turning point to the central point [38], the CS of the landmark configurations was used 
as a representative for the dimension measurement. Discriminant function analysis 
(DA) was performed on the procrustes coordinates to see the grouping properties of the 
samples. MorphoJ [28] software was used for all these analyses.
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Results

Table 1 shows the results related to the PCA. Accordingly, the first principal component 
accounted for 26.461% of the total shape variance based on foetal age. The difference 
based on foetal age in terms of the first and second principal component was shown in the 
plot in Fig. 2. Based on the plot, it was observed that the foetuses in the first group fall 
mostly negative half of y axis and the individuals in the third group fall mostly positive 
half of y axis. The foetuses in the second group were located on the centre of the plot.

Table 1. Values obtained as a result of the PCA, PC: principal component

PC Eigenvalue % Variance PC Eigenvalue % Variance

1 0,005162 26,461 12 0,000342 1,7546
2 0,003726 19,1 13 0,000238 1,2221
3 0,002559 13,116 14 0,000137 0,7029
4 0,002053 10,524 15 0,000112 0,57421
5 0,001232 6,3134 16 8,94E-05 0,45851
6 0,001036 5,3103 17 6,61E-05 0,33878
7 0,000694 3,5568 18 4,55E-05 0,23333
8 0,00061 3,1288 19 2,61E-05 0,13367
9 0,000528 2,7077 20 4,05E-16 2,07E-12

10 0,000492 2,5228 21 1,75E-16 8,97E-13
11 0,000359 1,8414 22 1,31E-16 6,71E-13

Fig. 2. In the graphic presentation of the results obtained based on the first and second principal 
component, the red points represent the first group individuals (foetal age of 23-28 weeks), 
the yellow points represent the second group (foetal age of 29-34 weeks) and the blue points 
represent the third group individuals (foetal age of 35-40 weeks).
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Table 2 shows the results of ANOVA test made to determine the difference between 
the Procrustes coordinate values of the landmarks based on the foetal age groups. Table 
3 shows the statistically significant landmark data (p<0.05) as a result of the Post-
hoc (Tukey) test. Based on the tables, there were statistically significant differences 
between the groups related to the location of helix (posterior point), antitragus and 
lobulus auriculae on x axis and the location of crus helicis, scapha (antihelix) and 
lobulus auriculae on y axis.

Table 2. Results of Anova test. Co: Coordinates, SS: Sum of squares, Df: Degrees 
of freedom, MS: Mean square, F: F-value, P: P-value

Co SS Df MS F P
X1 0,000558 2 0,000279 0,1779 0,8379
Y1 0,000722 2 0,000361 0,3107 0,7354
X2 0,001945 2 0,000973 2,745 0,08092
Y2 0,001804 2 0,000902 1,653 0,209
X3 0,002011 2 0,001005 2,867 0,07308
Y3 0,005954 2 0,002977 2,999 0,06548
X4 0,007927 2 0,003963 12,84 0,0001
Y4 0,001404 2 0,000702 1,23 0,3072
X5 0,004803 2 0,002402 2,861 0,07346
Y5 0,005209 2 0,002604 3,736 0,036
X6 9,61E+00 2 4,80E+00 0,06676 0,9356
Y6 0,002111 2 0,001055 1,224 0,3087
X7 0,000591 2 0,000295 0,5219 0,5989
Y7 0,002341 2 0,001171 1,627 0,2139
X8 0,004653 2 0,002326 2,575 0,09346
Y8 0,003848 2 0,001924 4,529 0,01943
X9 0,001917 2 0,000958 0,658 0,5255
Y9 0,001386 2 0,000693 1,147 0,3316
X10 0,017777 2 0,008888 7,527 0,00233
Y10 0,000422 2 0,000211 0,2347 0,7923
X11 0,005458 2 0,002729 4,761 0,0163
Y11 0,01378 2 0,00689 4,403 0,02138
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Table 3. The landmarks with p < 0.05 as a result of the post-hoc test of 
Procrustes coordinates

Landmark Group Axis P-value

LM4
1x2

X
0.001

1x3 0,000
LM5 1x2 Y 0,048

LM8
1x2

Y
0,047

1x3 0,036
LM10 1x3 X 0,002

LM11
1x2

X
0,033

2x3 0,024
1x3 Y 0,016

Figure 3 shows at which landmarks the shape differences occurred based on the 
PCA. Accordingly, an apparent shape differentiation was observed superioposteriorly 
in LM1, inferioposteriorly in LM5 and LM6, superioanteriorly in LM8 and LM10 and 
inferiorly in LM9.

Fig. 3. The point demonstration of the shape differences occurred at the 
landmarks based on the PC1 (a) and PC2 (b). Point represents the average 
shape. Set scale factor: 0.1.
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Table 4 shows the distinction obtained with the discriminant function analysis 
implemented to observe the classification of the foetal age groups. Accordingly, it was 
observed that group 1 was completely separated from the other groups. Also, Fig. 4 
shows the discriminant score graphic obtained as a result of the discriminant function 
analysis and Fig. 5 shows the shape variation plot. Accordingly, among all the groups, 
apparent shape differences were observed at LM8, LM9 and LM11. In addition, in the 
comparisons of group 1 and group 3, a significantshape change was observed at LM6, 
LM7, LM8, LM9, and LM11 (Fig. 5).

Table 4. Discriminant function analysis of the foetal age groups. The number of the samples 
was presented for each group.

Group 1 (23-28 week) 2 (29-34 week) Total
1 (23-28 week) 12 0 12
2 (29-34 week) 1 8 9

Group 1 (23-28 week) 3 (35-40 week) Total
1 (23-28 week) 12 0 12
3 (35-40 week) 0 11 11

Group 2 (29-34 week) 3 (35-40 week) Total
2 (29-34 week) 8 1 9
3 (35-40 week) 1 10 11

Fig. 4. The classification plot obtained 
with discriminant function analysis 
based on the foetal age groups, a. 1x2, b. 
1x3, c. 2x3, A: Group 1 (23-28 weeks), 
B: Group 2 (29-34 weeks), C: Group 3 
(35-40 weeks)
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Fig. 5. The shape variation plot obtained with discriminant function analysis based on the foetal 
age groups, A. 1x2 (point represents group 1), B. 1x3 (point represents group 1), C. 2x3 (point 
represents group 2). Set scale factor: 1.0. 

In the study, the statistical allometric effect of Procrustes coordinates (dependent 
variable) on dimension (log CS, independent variable) was observed only in group 2 (P 
value: Group 1: 0.652; Group 2: 0.0104; Group 3: 0.8722). Dimension explained 7.2556%, 
24.9918%, and 4.7198% of the total shape difference in groups 1, 2, and 3, respectively 
and the groups were separated apparently (Fig. 6b).

In the assessment performed in terms of the rates of the allometric shape variation 
at landmark (Fig. 6a), it was observed that an apparent shape differentiation occurred in 
LM8, LM9, and LM11 together with the increase in the foetal age.

Fig. 6. Regression plot of Procrustes coordinates based on the foetal age groups (a, set scale factor: 
0.5) and shape variation (b), Red: Group 1 (23-28 weeks), Yellow: Group 2 (29-34 weeks), Blue: 
Group 3 (35-40 weeks)
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Discussion

At the end of the twentieth week of the foetal period, auricula takes its adult shape and 
this development continues averagely until the age of 9 in the postnatal period [49]. It 
has been suggested that the factors such as skin elasticity [35], strength of connective 
tissue [21], gravity force [37], genetics [32], age [2], sex[6], geographical location [14], 
chemicals and radiation exposure[18], uterus and placenta functions [4] may affect this 
development. However, the effects of these factors on the anatomic structures contributing 
the ‘whole auricula shape’ are not clear yet. In the present study, in the foetuses with the 
gestational age of 23-40 weeks, the first five components, based on the PCA, explained 
75.5144% of the total shape variation. Different fetal age groups are separated in the PCA 
graph. Based on the PCA plot, it was remarkable that the foetus group with the gestational 
age of 29-35 weeks were gathered in the transition areas of the other two foetus groups. It 
was interpreted that this situation may be due to the fact that the shape change occurred 
gradually based on the foetal age groups. Also, considering that it is nearly impossible 
to standardize the above mentioned factors, affecting the general form of auricula, 
in practice, it was significant that the foetal age groups formed an important shape 
variation in terms of the “whole auricula shape” based on the PCA.      

The effective and appropriate analysis of auricula shape helps us to understand 
the anatomic changes caused by the pathological disorders [15]. Foetal auricula, which 
is an important criterion for pediatrists, is useful in the assessment of some congenital 
malformations [10, 24, 37] and syndromes [37]. Kalcıoğlu et al. (2003) [23] reported 
in their study on auricula morphometry that the measures from tragus to helix and 
antihelix may be determinant in the diagnosis of abnormal auricula structure. Auricula 
is also an indicator of abnormal development in the pharyngeal region due to the fact 
that it has a close relationship with pharyngeal arcus and it develops from different 
origins [9, 43]. Therefore, the development of the foetus auricula and its general shape 
are highly important. We investigated which landmarks produced the most significant 
changes in the shape of the auricle in normal fetuses. In the present analysis performed 
for this purpose, it was observed that the most apparent shape changes were on helix 
(superior), crus helices, tragus and antitragus points.  

Lobulus auriculae areolar, which has a connective tissue and fatty tissue quality 
[3] is the last part developing in auricula [5]. The most apparent changes in auricula 
together with the aging process occur in lobulus auriculae [8]. In the study, the general 
shape of auricula was focused rather than the general form of lobulus auriculae. For 
this reason, a single landmark representing lobulus auriculae was determined. In 
the present study, there was an anterior apparent variation in the landmark (LM11) 
representing lobulus auriculae based on the foetal age groups. However, whether or not 
there is a change in the general shape of lobulus auriculae or the degree of the variation 
may be examined in another study.

Among the hillocks, responsible for the formation of auricula, the first hillock 
contributes to the development of tragus, the second hillock contributes to the 
development of crus helices, the third hillock contributes to the development of helix, 
the fourth and fifth hillock contribute to the development of helix, scapha and antihelix 
and the sixth hillock contributes to the development of helix and antitragus. The 
combination of these hillocks occurs in the 6th and 8th weeks of the embryological 
development and they grow at different growth rates and provide that auricula takes 
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its normal shape [22]. In accordance with the literature [22], it was also determined in 
the present study that the anatomic formations of foetus auricula had different growth 
rates with the result of the discriminant function analysis. Accordingly, the fastest and 
apparent variation was observed at tragus (LM9), scapha (antihelix, LM8) and lobulus 
auriculae (LM11). 

Morphologically, auricula is different in certain degrees in primates. It is known 
that this difference is one of the determinant criteria in terms of phylogenetic relations 
[11]. The auriculae of the anthropoid and non-anthropoid primates may be distinguished 
in terms of morphological differences but it is not known whether the auriculae of 
these species have the similar or different developmental stages in foetal period. When 
viewed from this point of view, no study similar to the present study was found in the 
literature not only on human beings but also on primate order.

The helix-antihelix complex of auricula allows collecting and directing sounds. 
Concha intensifies the collected sounds and increases their frequencies [1]. An adult 
human being has the ability to hear the sounds at the frequencies ranging between 20 
Hz and 20 000 Hz. Some authors [42] have reported that the hearing frequency range 
in newborns was 500-1000 Hz. Hepper and Shahidullah (1994) [19] reported in their 
study that one foetus responded to 500 Hz tone of voice in the 19th gestational week. In 
the same study, it was revealed that as the foetal age increased, the degree of the sound 
frequency respond also increased. Hepper & Shahidullah (1994) [19] stated that all of 
the foetuses responded to 1000 Hz of tone in the 33th gestational week and 3000 Hz of 
tone in the 35th gestational week. In the present study, the shape variations of auricula, 
which is known to function as directing sound and increasing its frequency, based on 
foetal age groups were examined and it was observed that certain variations formed in 
many anatomic points. In the literature [19], it has been stated that the direct proportion 
between the age of responding to sound and frequency height may be related to the fact 
that all the structures included in the hearing function develop. The contribution of the 
shape variation in auricula to the relationship between the age of responding to sound 
and frequency is not known. However, in accordance with the present study, that the 
shape variation intensified around cavum conchae in terms of increasing foetal age 
suggested that the shape change in auricula may be one of the determinant factors in 
the relationship between the response age and frequency.  

Özkoçak (2017) [33] stated in the study conducted with adult human beings that 
LM2, LM4, LM5 and LM6 included a shape change outwards, and LM10 and LM11 
included a shape change inwards. In this study, it was assumed that the shape change 
stated to be outwards or inwards referred to the situation compared to the centre of the 
grid map. In the present study, the vectoral side of the shape changes was defined in 
accordance with the anatomic expressions. 

When x or y coordinate values of the landmarks were statistically compared 
in terms of the foetal age groups in the present study, significant differences were 
observed in LM4, LM5, LM8, LM10, and LM11. Accordingly, it was concluded that 
the anterioposterior (x) or superioinferior (y) movement of helix (posterior point), 
antitragus, crus helicis, scapha (antihelix) and lobulus auriculae among the foetal 
age groups was significant. These differences also supported the variation plot data 
obtained as a result of the discriminant function analysis substantially. 

Honkura et al., (2020) [20] stated that meatus acusticus externus of human foetuses 
had a funnel-like shape in the postnatal period together with cavum conchae based on 
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the development of cartilage and muscles in the foetal period. The authors [20] have 
interpreted the variation using the knowledge that different cartilage reaches this shape 
with different growth rates [22]. In the present study, the shape variation, especially 
between group 1 and group 3, around cavum concha supports this information.

Conclusion

Consequently, the shape variations in the foetus auricula were investigated in the study 
based on the middle and late gestational ages. According to the results of the present 
study, there were apparent shape variations in different anatomic points based on the 
foetal age groups. These variations concentrated, especially, around cavum concha. 
Statistical allometric effect based on the foetal age in terms of size and shape was 
observed only in group 2.  

The allometric effect was quite weak in the other two groups. We do not ignore 
that shape variations are assessed on more foetuses by including the factors such as 
symmetry or sex.  However, we consider that the results obtained as a result of the 
study will make a new effect together with the limited number of auricula studies 
conducted with geometric morphometric method.

Author Contributions: Demiraslan Y, Aytek Aİ and Özgel Ö designed and directed the 
study. Demiraslan Y and Aytek Aİ conducted geometric morphometric application. Hız İ, 
Özdemir B and Albay S provided and prepared the material for study. Demiraslan Y, Aytek 
Aİ, Hız İ, Özdemir B, Albay S and Özgel Ö co-wrote the overall paper.
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The purpose of the study was to examine certain limb and body circumferences in Bulgarians 
with type 1 Diabetes Mellitus and to compare them with healthy subjects. The study included 120 
patients aged 20-40 years and 80 healthy Bulgarians at the same age. Measured circumferences: 
neck, arm, forearm, waist, hip, thigh, and calf. Calculated indices: Waist-to-hip ratio (WHR), 
Waist-to-thigh ratio (WTR). The circumferences of neck, arm, forearm, hip, thigh, and calf 
in the healthy men were significantly greater than in male patients. The circumferences of 
neck, arm, forearm waist and calf in the female patients were significantly greater than in the 
healthy controls. The value of WHR was significantly greater in the patients of both sexes than 
in healthy people. Reduction of subcutaneous, but not of visceral adipose tissue in the male 
patients was detected. The amount of both subcutaneous and visceral adipose tissue was greater 
in female patients than in healthy women.

Key words: T1DM, Bulgarians, circumferences, WHR, adipose tissue

Introduction

Diabetes mellitus is a chronic metabolic disease, characterized with hyperglycaemia, 
which is due to impaired insulin secretion, insulin action or both. An estimated 537 million 
people are affected by the disease worldwide (8.8% of the adult population). Type 2 
diabetes makes up about 90% of the cases [9]. Rates are similar in women and men 
[18]. This number is predicted to rise to 643 million by 2030 and 783 million by 2045 
[19]. Diabetes mellitus is the 7th leading cause of death globally [1]. Type 1 diabetes 
makes up 5 to 15 percent of diabetic patients and often involves children. Type 1 diabetes 
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mellitus (T1DM) is an autoimmune disease that leads to the destruction of insulin-
producing pancreatic beta cells [16]. Autoimmune destruction of β-cells has multiple 
genetic predispositions and is also related to environmental factors (that are still poorly 
defined). The destruction of the beta cells in the pancreatic islets over months or years 
causes an absolute deficiency of insulin. Insulin is an essential anabolic hormone that 
exerts multiple effects on glucose, lipid, protein, mineral metabolism, and last but not 
least growth.The chronic hyperglycemia is associated with long-term damage and failure 
of various organs, especially eyes, kidneys, nerves, heart and blood vessels [2,10].

Most anthropological studies have been performed in patients with type 2 Diabetes 
mellitus. It is associated with the obesity in these patients. Not many anthropological 
surveys have been conducted in patients with type 1 Diabetes mellitus worldwide. This 
anthropological study is original for Bulgarian patients suffering from T1DM.

The aim of the study was to examine certain limb and body circumferences in 
Bulgarians with type 1 Diabetes mellitus and to compare them with healthy subjects. 
It will clarify the distribution of adipose connective tissue in the bodies of Bulgarian 
patients with T1DM. 

Material and Methods

Patients. The study included 60 female patients and 60 male patients with type 1 
Diabetes mellitus aged 20-40 years. The study was conducted in the Clinic of 
Endocrinology and Metabolic Diseases at the University Hospital «St. George» – 
Plovdiv, Bulgaria in the period 2019-2022. The mean age of female patients was 
29.09±1.29 and 30.08±1.16 of male patients. 

The inclusion criteria were: Bulgarian ethnicity, type 1 Diabetes mellitus, duration 
of the disease no less than one year, clinically compensated diabetes at the time of the 
study. The exclusion criteria were: previous or existing metabolic, oncological and other 
disorder that could compromise the anthropological study: thyroid related diseases, 
adrenal glands related diseases, carcinoma, type 2 Diabetes mellitus, pregnant and 
lactating women, the presence of heart, respiratory, renal or hepatic failure, proliferative 
retinopathy, diabetic macroangiopathy, the presence of acute decompensation of 
metabolic disease at the time of the study, hormonal (contraceptive) therapy less than 3 
months prior to the start of the study, treatment of chronic concomitant pathology that 
could affect hormonal indices.

The present study included 40 healthy Bulgarian women and 40 healthy Bulgarian 
men at the same age range (controls). The mean age of healthy women was 30±0.47 
years and 31.01±0.31 years for healthy men. 

All participants have given their written consent in accordance with the Declaration 
of Helsinki, as the study was approved by the Scientific Ethics Board of the Research 
Council at the Medical University – Plovdiv.

Methods. We used the anthropological methodic of Martin-Saller, modified by Y. 
Yordanov. 

Directly measured parameters. The following circumferences were measured: 
neck, arm relaxed (right, in the middle), arm contracted (right, at the greatest diameter), 
forearm (right, proximal), waist (between the 12th rib and the iliac crest), hip (between 
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the widest part of the gluteal region and the pubic symphysis), thigh (right, proximal 
third) and calf (right, the greatest circumference).

Calculated indices. Waist-to-hip ratio (WHR), Waist-to-thigh ratio (WTR)
Statistics. Data were analyzed using statistical software SPSS version 23 (SPSS 

Inc., Chicago, IL). Statistical significance was considered high at р ≤0.001, moderate – 
at р ≤ 0.01, low – at р ≤ 0.05 and no significance – at р > 0.05.

Results

Eight significant differences between the means of measured circumferences in male 
patients and healthy controls were found. The circumferences’ values of thigh and calf 
in the healthy men were significantly greater than in the male patients (p<0.001). The 
circumferences’ values of neck, arm relaxed, arm contracted, forearm and hip in the 
healthy men were also significantly greater than in male patients, but the degree of 
statistical significance was low (p<0.05). Opposite, the value of waist circumference 
in male patients was significantly higher than in healthy men (p<0.05). These results 
are shown in Table 1.

Table 1. Limb and body circumferences in male patients with type 1 Diabetes mellitus and 
healthy men

circumferences
Male patients Healthy men

P
 N Mean SE SD N Mean  SE SD

Neck  60 38.08 0.49 2.81 40 39.06 0.26 1.63 p<0.05 

Arm relaxed 60 27.77 0.66 3.77 40 29.48 0.46 2.86 p<0.05

Arm contracted 60 31.62 0.71 4.10 40 33.75 0.50 3.13 p<0.05 
Forearm 60 26.72 0.40 2.28 40 27.66 0.25 1.56 p<0.05

Waist 60 84.46 1.76 10.13 40 80.57 1.08 6.74 p<0.05
Hip 60 95.38 1.28 7.37 40 98.76 1.06 6.59 p<0.05

Thigh 60 53.45 1.21 6.96 40 58.50 0.83 5.20 p<0.001
Calf 60 35.93 0.54 3.12 40 38.40 0.40 2.51 p<0.001

The values of both indices W/H ratio and W/T ratio were significantly higher 
in the male patients than in healthy men, shown in Table 2. The degree of statistical 
significance was high (p<0.001).

Our team found five statistically significant differences between the means of 
circumferences in female patients and healthy women. The circumferences’ values 
of neck, forearm and waist in the female patients were significantly greater than in 
healthy controls (p<0.001). The circumference’s values of arm contracted and calf in 
female patients were significantly greater than in healthy women (p<0.05).  The results 
are shown in Table 3.
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The value of W/H ratio was significantly greater in the female patients than in 
healthy women. The degree of statistical significance was high (p<0.001), shown in 
Table 4.

Table 2. Calculated indices in male patients with type 1 Diabetes mellitus and healthy men

Indices
Male patients Healthy men

P
 N Mean SE SD N Mean  SE SD

W/H ratio  60 0.88 0.01 0.06 40 0.82 0.06 0.04 p<0.001

W/T ratio 60 1.59 0.03 0.15 40 1.39 0.01 0.06 P<0.001

Table 3. Limb and body circumferences in female patients with type 1Diabetes mellitus and 
healthy women

circumferences
Female patients Healthy women

P
 N Mean SE SD N Mean  SE SD

Neck  60 33.72 0.36 1.20 40 31.27 0.29 1.70 p<0.001

Arm relaxed 60 26.81 0.69 3.80 40 25.61 0.46 2.71 p>0.05

Arm contracted 60 29.12 0.72 3.97 40 26.55 0.46 2.70 p<0.05 

Forearm 60 24.38 0.36 1.96 40 22.97 0.26 1.52 p<0.001

Waist 60 75.67 1.54 8.43 40 67.98 1.07 6.22 p<0.001

Hip 60 99.17 1.65 9.02 40 98.62 1.28 7.46 p>0.05

Thigh 60 57.99 1.29 6.93 40 55.33 1.81 1054 p>0.05

Calf 60 35.68 0.60 3.26 40 33.85 1.01 5.88 p<0.05

Table 4. Calculated indices in female patients with type 1 Diabetes mellitus and healthy women

Indices
Female patients Healthy women

P
 N Mean SE SD N Mean  SE SD

W/H ratio  60 0.76 0.01 0.05 40 0.69 0.01 0.05 p<0.001

W/T ratio 60 1.31 0.02 0.10 40 1.28 0.07 0.38 p>0.05
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Discussion

Anthropological measurements of certain body’s circumferences are used for 
assessment of deposition of adipose connective tissue in different parts of the human 
body. Waist circumference is very important. Its value is indirectly related to the 
deposition of visceral adipose tissue intra-abdominal. The values of anthropological 
parameters waist circumference, hip circumference and thigh circumference are used 
for calculating the following indices: waist-to-hip ratio (WHR) and waist-to-thigh ratio 
(WTR). These indices are mainly used to evaluate the degree of obesity in humans. 
WHR is closely related to the deposition of visceral fat tissue into abdominal cavity. 
Obesity, particularly visceral, is very common in patients with T2DM [3, 11, 14].

Although the impaired glucose metabolism is essential for both type 1 and type 2 
Diabetes mellitus, the pathogenesis is very different between the two conditions. The 
examined anthropological parameters waist circumference (WC) and WHR are useful 
to predict the presence of metabolic syndrome in adult patients with T1DM [7, 13]. 
Some authors reported about the relationship between central obesity and retinopathy, 
as well as other complications in patients with T1DM [8, 15]. 

We found that the values of the following circumferences: neck, arm (both 
contracted and relaxed), forearm, hip, thigh, and calf were significantly lower than 
the same in healthy men. In our opinion these findings are related to some reduction 
of subcutaneous connective fat tissue. On the contrary, the waist circumference in 
male patients was greater than in healthy controls. The values of WHR and WTR 
were significantly greater in men with DMT1than in healthy men. In our opinion the 
accumulation of visceral fat tissue is greater in the male patients than in the controls. 
It didn’t occur any reduction of intra-abdominal fat tissue in the body of male patients. 
Similar results were reported by Fernández-Miró et al. [6].

Not the same results were found for female patients in the current study. The 
values of the measured circumferences: neck, arm contracted, forearm, waist and calf 
were significant lyreater in female patients than in healthy women. Cho et al. reported 
that the large neck circumference had a negative impact in the development of DM [4].  
This is the result of more subcutaneous fat deposition in these parts of the female body. 
We found that the value of WHR was higher in female patients than in healthy women. 
It is in accordance with significant greater value of waist circumference in female 
patients than in the controls. In our opinion the accumulation of visceral fat tissue is 
greater in the female patients than in the healthy women. Darabian et al., and Momesso 
et al. reported close to our results concerning the accumulation of visceral fat tissue in 
patients with T1DM [5,12]. Wegeberg et al. reported lack of reduction of subcutaneous 
fat tissue in patients with T1DM [17].

The values of measured circumferences can be used for calculating of the 
somatotype’s components of Bulgarian patients suffering from T1DM.

Conclusion 

The data of the survey show that healthy men have greater circumferences of neck, 
arm (contracted and relaxed), forearm, hip, thigh, and calf than in men diagnosed 
with type 1 Diabetes mellitus. The circumference of waist is greater in male patients. 
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Opposite, the circumferences of neck, arm (contracted), forearm, waist and calf are 
greater in female patients with type 1 DM than in the healthy women. The values 
of WHR were higher in the patients with type 1 DM of both sexes in comparison to 
healthy individuals. Reduction of subcutaneous, but not of visceral adipose tissue in 
male patients suffering from T1DM was detected. The amount of both subcutaneous 
and visceral adipose tissue was greater in female patients than in healthy women.
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The human foot must be enough flexible to absorb the ground reaction forces and stiff enough 
for weightbearing. The medial foot arch has been recognized as a key component in the overall 
function of the foot. We studied the Morton’s toe frequency in Bulgaria among randomly 
selected men and women aged 18 to 60 years. The foot arch height was investigated. For this 
purpose we used the common and well established method based on footprints. We combined 
the measurements of the Clarke angle and the Chippaux-Smirak index to divide the footprints 
into three groups: normal, high arched and flat foot. Our results show a high prevalence of 
Morton’s toe in the Bulgarian population and a higher frequency of a high arched foot compared 
to flat one. The statistical data analysis (the χ2 test) proved an association between the high 
arched foot and Morton’s toe (p≤ 0.05).

Key words: foot arch, brachimetatarsia, Morton’s toe

Introduction

The human foot plays a key role in supporting the weight of the body, in keeping a 
stable upright posture and in providing the locomotion. It must be enough flexible to 
absorb the ground reaction forces and stiff enough for weightbearing. These unique 
functions of the human foot are defined by its anatomical structure and mainly by 
its three arches. The medial longitudinal arch is higher than the lateral one and is 
composed of the calcaneus, the talus, the navicular, the three cuneiforms, and the first, 
second, and third metatarsals bones. Elasticity is the main characteristic of this arch. 
The medial arch has an important role in shock absorption and the propulsion during 
walking and running, so its features have been recognized as a key component in the 
overall function of the foot during gait [3].

Adequate foot diagnostics requires modern and repeatable technics for assessment 
of foot construction, based on strictly defined, reliable and repeatable methods of 
measurement. Morphological examinations use common, simple methods based on 
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footprint (plantogram) analysis: Arch index, Staheli arch index, Chipaux-Smirak index, 
Sztriter-Godunow Index, Clarke angle, [7, 9, 12], etc. According to these indices the 
foot types are classified as normal, high arched foot and flat foot.

The features and shape of the human foot have aroused interest since ancient 
times. Several types of soles are described according to their shape and toe length. One 
of the most common is the Greek foot, which can be seen in many statues from ancient 
Greece: Venus de Milo and also in the Michelangelo’s David. This type of foot is 
characterized with longer second toe compared to the first one. The condition is named 
Morton’s toe after the orthopedic surgeon Dudley J. Morton (1884–1960) in the early 
20th century [11]. 

Morton’s toe is a congenital condition with brachimetatarsia [8]. In these cases the 
first metatarsal bone is shorter than the second one. It is usually asymptomatic, but in 
some occasions the hypermobility or instability of the first metatarsal bone can result 
in gait changes, in caluses formation and hammertoes [11].

Materials and Methods

Footprints (plantograms) of randomly selected 102 Bulgarian men and women, without 
malformations, surgery or traumas of the foot, aged 18 to 60 years were collected after 
their written consent. The study was approved by the Research Ethics Committee at the 
Medical University “Prof. Dr. P. Stoyanov” with protocol №140/01.07.2021 and will 
continue until 600 participants are gathered.

The footprints representing second toe longer with at least 1,5 mm  than the first 
one, were described as Morton’s toe positive. 

The collected footprints were examined by measuring the Clarke angle and the 
Chippaux-Smirak index. 

Clarke’s angle is defined as the angle obtained by a tangent line joining the medial 
edges of the first metatarsal head and the heel, and the second line that connects the 
first metatarsal head and the acme of the medial longitudinal arch concavity [3] (Fig. 
1A). Based on the Clarke’s angle value the foot is normal with Clarke’s angle between 
42° and 54°, flat when the angle is less than 41° and with high medial arch when the 
Clarke’s angle is more then 54°.

Chippaux-Smirak index is the ratio of the maximum support width of the 
metatarsals to the minimum support width of center of the arch (Fig. 1B) [7]. Thus, 
Chippaux-Smirak index = AB/CD×100 % (Fig. 1B) [7]. In the cases with Chippaux-
Smirak index between 25% and 45% the foot is considered as normal. If the Chippaux-
Smirak index is more than 45% the foot is described as flat (pes planus) and when the 
index is less than 25% – as high arched foot.

According to these observations and measurements, study participants were 
divided into three groups: normal, high arched and flat foot, based on both Clarke’s 
angle and Chippaux-Smirak index values. The frequency of Morton’s toe in each group 
was studied.

The statistical data analysis was performed using the χ2 test and p≤0.05 was 
accepted as statistical reliability.
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Results

Forty six (46) out of 102 plantograms were positive for Morton’s toe or 45% of the 
participants were with shorter first toe compare to the second one (Fig 2.).

According to the values of Clarke’s angle and Chippaux-Smirak index 85 were 
with normal, seven – with flat and ten persons with high arched foot. Expressed in 
percentages these results show that 6,86 % of the included footprints are characterized 
as flat ones and 9,80% as high arched foot.

Within the Morton’s toe positive group, 17,40 %  of the foot prints were with high 
medial arch. In the Morton’s toe negative group this percentage was 3,58 %.

The further statistical analysis (the χ2 test) proved an association between the high 
arched foot and Morton’s toe (p≤ 0.05) and showed no association between the flat foot 
condition and the Morton’s toe (Fig. 3).

Fig. 1. A. Clarke’s angle (α angle) is obtained by a tangent line joining the medial edges of the 
first metatarsal head and the heel, and the second line that connects the first metatarsal head and 
the acme of the medial longitudinal arch concavity. B. Chippaux-Smirak index is the ratio of the 
maximum support width of the metatarsals (AB line) to the minimum support width of center of 
the arch (CD line). Thus, Chippaux-Smirak index = AB/CD×100 % [7].
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Fig. 2. A. Morton’s toe negative footprint. B. Morton’s toe positive footprint (second toe is 
longer than the first one). α – Clarke’s angle. AB line – the maximum support width of the 
metatarsals; CD line - the minimum support width of center of the arch. Chippaux-Smirak index 
= AB/CD×100 %.

Fig. 3. A. 45% of all plantograms in our study are Morton’s toe positive. B. In 17,40 %  in the Morton’s 
toe positive group the foot prints were with high medial arch. In the Morton’s toe negative group this 
combination is observed only in 3,58 %  (χ2 test, p≤0.05).
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Discussion

Morton’s toe is a congenital shortening of the first metatarsal bone. The secondary 
ossification center is different in this bone and in the other four metatarsal bones. It 
appears in the proximal end of the first metatarsal and in the distal ends of the second 
to fifth metatarsal bones. The premature closure of the epiphysis of the first metatarsal 
causes Morton’s toe condition.

The Morton’s toe has been observed with varying prevalence in different 
populations. The results show frequency of the condition between 0,05% and more than 
50% [11]. Our data show a high prevalence of Greek foot in the Bulgarian population.

Static foot assessment is one of the commonly used methods to get information 
and make clinical decisions in order to identify possible etiological factors of the lower 
extremity dysfunctions and injuries. The results when using only one method are quite 
variable and in practice the combined use of several parameters in the evaluation of 
plantograms is preferred. The accuracy of the Clarke’s angle itself is estimated to be 
68% and the accuracy of the Chippaux-Smirak index – 80%. The experimental results 
using a combination of indicators show that an accuracy of the result is up to 93% more 
than the single index [1]. For this reason we combined these two measurements. 

The results of this study show that the high arched foot is more common in 
Bulgarian population than the flat foot. This type of foot is often underestimated as a 
cause of complaints and problems involving the entire lower limb.

The data showed a higher frequency of high arched foot in Morton positive 
participants. This is a combination of two conditions that lead to impaired morphology 
and function of the medial arch, which can disturb the distribution of body weight 
during gait and result in compensatory changes in adjacent joints of the lower limb 
and predisposition to low energy trauma. Common complication is metatarsalgia (a 
pain under heads of metatarsals), predominantly under second toe due to increased 
weight forces during the propulsive phase of gait. This is because the second metatarsal 
head is farthest forward and the force is transferred through it. Along with high medial 
arch, which makes the foot rigid with less surface area for absorbing impact, there is 
excessive pressure on rearfoot and forefoot areas. This can make the leg susceptible to 
foot conditions such as heel pain, plantar fasciitis and metatarsalgia [4, 5, 6, 10]. 

Conclusions

Morton’s toe, which is primarily a genetically determined condition, is very common 
in the Bulgarian population. The high arched foot is significantly more common than 
the flat foot. We found that Morton‘s toe is associated with a higher incidence of high 
arched foot.

Acknowledgements: We thank the colleagues from the Medical Center for 
Rehabilitation and Sports Medicine -1, Varna for the opportunity to use their base.
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The aim of the present study was to provide information about the type of face in young 
Bulgarian adults. The three-dimensional coordinates of several soft-tissue landmarks on the 
face were obtained using hand-held laser scanner in 95 healthy individuals (46 males and 49 
females) of Bulgarian origin aged 21-30 years. From the landmarks bizygomatic breadth and 
morphological face height were calculated and averaged for sex. The face was classified into 
five different types based on the values of facial index, according to the categories of Garson. For 
morphological facial index most of the males fell in the categories mesoprosop – 30.43 % and 
leptoprosop – 26.09 % and females in the category leptoprosop - 38.78%. Equal percentages of 
the females fell in the categories mesoprosop and hyperleptoprosop - 26.53%. The data obtained 
in the present study can be used in aesthetic and maxillofacial surgery, forensic anthropology. 

Key words: 3D laser scanning, facial index, Bulgarians

Introduction

The quantitative facial characteristics have been subject of research in many studies of 
gender differences and ethnic characteristics in different populations [2, 17, 21].

Data providing information on the shape, size and proportions of the face are used 
in fields of medicine - rhinoplasty, maxillofacial and aesthetic surgery. The methods of 
identification in forensic medicine are based on the anthropological characteristics of 
the subject and must be based on reliable comparative measurements [7, 12, 14].
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The data on the facial morphology in different age groups of the Bulgarian 
population obtained so far have been compiled by the methods of classical direct 
cephalometry [10, 11, 20]. With the development of new computer technologies, 
creation of three-dimensional digital images of the face became possible. Digital 
cephalometry is a fast and non-invasive method that avoids the compression of soft 
tissues, the possibility of making mistakes when repeatedly collecting data from the 
subjects [15].

The aim of this study was to evaluate the facial index in young Bulgarians and to 
determine the dominant facial type using 3D laser scanning.

Material and Methods

Subjects: The sample included 95 healthy Bulgarians (46 males and 49 females) aged 
21-30 years, who had no history of surgery, facial injury, craniofacial anomalies, and 
mental disorders. Subjects with different ethnicity were excluded from the study. The 
study was conducted in accordance with the Declaration of Helsinki Ethical Principles 
for research involving human subjects. The participants gave their informed consent to 
participate in the study after the aim and procedures had been priorly explained. 

Collection of three-dimensional landmarks: Three-dimensional images were 
obtained from each subject using a hand-held laser scanner (FastSCAN Cobra, 
Polhemus Inc., Colchester VT). The scanner incorporates motion tracking technology 
to achieve 3D computer reconstruction of the subject’s face. Two sensors, one attached 
to the optics and another to a headband, are used to track both the position of the 
optics and any movement of the subject’s head. Following instruction to keep eyes (for 
safety) and mouth (for uniformity) closed and to maintain a blank expression, the stripe 
of low intensity laser light is manually swept smoothly over the subject’s face. Four 
vertical sweeps are generally used to record the entire facial surface. Captured data are 
postprocessed to produce a single surface dataset; postprocessing parameters can be 
varied to alter the resolution of the final surface [4].

On each of the obtained images a set of anthropometric landmarks were placed: 
nasion (n); gnathion (gn); zygion (zyr, zyl) [18]. The procedure was performed by a 
single operator (Fig. 1). Using these three-dimensional landmarks, the bizygomatic 
breadth (zyr-zyl) and morphological facial height (n-gn) were measured (Table 1). The 
measurements were used to calculate the morphological facial index = morphological 
facial height (n-gn) / bizygomatic breadth (zyr-zyl) × 100. According to the values 
obtained for morphological facial index the subjects were divided into categories after 
Garson [Cited by 20].

Males                                                              Females
Hypereuriprosop = x – 78.9                       Hypereuriprosop = x – 76.9
Euriprosop = 79.0 – 83.9   Euriprosop = 77.0 – 80.9
Mesoprosop = 84.0 – 87.9   Mesoprosop = 81.0 – 84.9
Leptoprosop = 88.0 – 92.9   Leptoprosop = 85.0 – 89.9
Hyperleptoprosop = 93.0 – x  Hyperleptoprosop = 90.0 – x
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Table 1. Description of the facial landmarks and measurements

Landmarks/ Measurements Description

Nasion (n)
A point located on the soft tissue contour at the base of the 
root of the nose at the level of the frontonasal suture.

Gnathion (gn)
The lowest point in the middle of the lower border of the 
chin.

Zygion (zyr, zyl)
The most lateral point of the soft tissue contour on each of 
the zygomatic arches.

Bizygomatic breadth The linear distance between the two points zygion (zyr-zyl)

Morphological face height The linear distance between nasion to gnation (n-gn)

Statistics: Descriptive statistics (mean±standard deviation / proportion±standard error), 
independent samples t-test (to compare the means between two unrelated groups on the same 
continuous normally distributed variables), Mann-Whitney U test (to compare two distributions 
in independent samples) and two-samples z-test (to compare two independent proportions) 
were used for the data analysis. Statistical significance was set at α≤0.05. Intra-rater reliability 
was measured with Cohen‘s kappa coefficient (κ) in SPSS (Kappa value = 0.823.3).

Fig. 1. Facial landmarks on three-
dimensional image. 
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Results 

The measurements of the bizygomatic breadth (zyr-zyl) and morphological facial 
height (n-gn) of the sample subjects are presented on Table 2. These were used to 
determine the morphological facial index in males and females (Table 2). The 
values of the morphological facial index allowed to define the incidence of the facial 
phenotypes. The results from the categorization of males and females according to the 
morphological facial index are shown in Table 3.   

Table 2. The craniofacial parameters of the examined subjects

Variable Sex Mean SD Min Max
Statistical 

significance

Morphological 
face height (mm) males 126.18 6.73 113.46 136.56 p<0.001

females 117.99 7.18 103.99 134.04
Bizygomatic 
breadth (mm) males 146.25* 11.24** 129.68 168.07 p<0.001***

females 135.41* 7.16** 123.47 151.26
Morphological 

facial index males 85.90 6.08 72.45 101.82 p>0.05

females 87.20 4.80 76.68 101.48

* median – in case of incorrect distribution of data
** interquartile range
*** Mann-Whitney U test

Table 3. Morphological facial index. Distribution of the individuals into categories (after 
Garson)

Categories Males 
n, (%)

Females 
n, (%)

Statistical 
significance

hypereuriprosop 6, (13.04) 1, (2.04) p<0.05
euriprosop 9, (19.57) 3, (6.12) p<0.05
mesoprosop 14, (30.43) 13, (26.53) p>0.05
leptoprosop 12, (26.09) 19, (38.78) p>0.05
hyperleptoprosop 5, (10.87) 13, (26.53) p>0.05

Total 46 (100) 49 (100)

Most of the males fell into the categories mesoprosop – 30.43 % and leptoprosop – 
26.09%. In the categories euriprosop, hypereuriprosop and hyperleptoprosop the 
males were at lower percentages – 19.57%, 13.04% and 10.87%, respectively. Most 
of the female subjects were in the category leptoprosop – 38.78%. Equal percentages 
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were found for categories mesoprosop and hyperleptoprosop – 26.53%. Only 6.12% 
and 2.04% of the females fell into the categories euriprosop and hypereuriprosop. 
Statistically significant differences between genders were found in two of the 
categories – hypereuriprosop (z=2.1, p=0.040) and euriprosop (z=2.0, p=0.049). 

Discussion

The morphological facial index gives an idea of the length-width proportions of the 
face. So far, the study of the faces of Bulgarian males and females has been carried out 
using the methods of classical direct cephalometry. The results obtained by us through 
this new three-dimensional method for analysis of facial morphology are close to those 
obtained in previous studies [20]. The largest percentage of males in both studies fall 
into the categories of mesoprosop and leptoprosop. In the previous study, the highest 
percentage of males was with medium, long and very long faces. In our results, the 
highest percentage of males was with medium, long and wide faces. In both studies, the 
largest percentage of females has long, very long and medium faces. 

In a study of the morphological facial index in Serbian males and females, the 
highest percentage of subjects were in the category leptoprosop – 76.6% and 87.06%, 
respectively. Mesoprosop and hyperleptoprosop facial types (medium and very long 
narrow faces) presented at low percentage. No euriprosops and hypereuriprosops 
(short broad face and very short broad face) were found [6]. In a study of the facial 
shape types in the Turkish population mesoprosops and euriprosops were found to 
be the dominant facial types (medium and short broad face). Hypereuriprosops (very 
short broad faces) occurred at a lower but still relatively high percentage [13]. In a 
study of Chinese students most of the females had leptoprosop facial type, while males 
presented mostly as mesopropops [1]. In a study of Nepalese males and females the 
dominant facial types were leptoprosop and hyperleptoprosop (long narrow face and 
very long narrow faces) [16]. The same dominant facial type was found in Indian males 
[3]. In a study evaluating the sexual difference and variation of facial index among 
Kashmiri population males were mostly with leptoprosopic face, while females with 
mesoprosopic face [8]. In Malaysian males and females, the dominant facial type was 
mesoprosop [19]. A research of three ethnic groups in Nigeria found that the dominant 
facial type in both genders was hyperleptoprosop (very long narrow faces), occurring 
at very high percentage in females [9]. In a study of Japanese students, the dominant 
facial type in females was euriprosop and mesoprosop [5]. These studies indicate that 
considerable ethnic and racial variation exists in facial index and in most populations 
significant sexual difference is present.  

Conclusion

The results obtained in our study show that the most common facial type in males is 
mesoprosop and in females is leptoprosop. The second common facial type in males 
is leptoprosop and in females mesoprosop and hyperleptoprosop. The data for the 
facial proportional analysis in the different populations can be used in the planning and 
reporting the results in the aesthetic and maxillofacial surgery.
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In this study, it was aimed to determine the craniometric measurements of the skull of the South 
Karaman sheep breed and to reveal the differences between them and other sheep breeds. The 
skull length was 238.37±4.18, the frontal width (ectorbitale – ectorbitale), which is the widest 
part of the skull was 115.75 ± 4.45. The distance between the supraorbitales was determined to 
be 50.01±3.94. There is a strong negative correlation between L9 (akrokranio – bregma) and 
L14 (greatest length of the lacrimal (most lateral point of the lacrimal – the most oral point of 
the lacrimo-maxillary suture) and positive correlation was found among other features. As a 
result, it is thought that the difference between the craniometric values of the South Karaman 
sheep, which are accepted as the native breeds of Turkey in the study, and other sheep breeds, 
depending on the skull morphology, may be due to the breed of the sheep.

Keywords: craniometrical, morphology, skull, south Karaman

Introduction

The size of the skull can provide valuable information about changes in the breed 
over time [5, 8]. Therefore, it was noted that the differences in races were found in 
the head of the animal, and it was reported that the differences in skull level defined a 
species more than those found in the rest of the skeleton [2, 22]. Thus, craniocephalic 
topography provides topometric data that facilitates sex discrimination [14].

Morphometric analysis is a preferred method in zoo archaeological studies, 
osteological evaluations, to reveal shape differences due to internal and external factors 
and differences between sexes [4].

Many authors have used the geometric dimensions of the skull bones of small 
ruminants for species identification [11, 23, 25, 27]. Kaymakci [12] states that there 
are many types of Akkaraman race and the variety called “South Karaman” is found 
in the foothills of the Taurus Mountains facing Central Anatolia. He reported that the 
breed, which is grown in the Taurus Mountains, is highly productive in terms of meat 
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and milk, and is among the most preferred species in aquaculture, with its resistance to 
environmental conditions.

The Southern Karaman Sheep are small in general appearance, have white, gray, 
brown and mottled colours, the males are horned, the females are generally hornless 
and have a fat tail [18, 21].

To date, some studies on craniometric measurements Tuj and morkaraman sheep 
[19], Hemşin sheep [6], Suffolk Down Sheep [3], Kosava’s Barkhoka sheep) [7], Zell 
sheep [13] although no craniometric studies were found on the South Karaman sheep 
breed, this study was concerned with the head structure of Turkey’s native sheep breed, 
which is common in the Mediterranean region.

Materials and Methods

Material

In the study, eight South Karaman sheep (male) skulls, ranging in weight from 38-
56 kg, obtained from Bahri Dagdas International Agricultural Research Institute were 
used. After the animals were duly slaughtered, the skulls were subjected to maceration. 
Measurements were made using Mitutoyo digital caliper from 46 points on the skull 
of the South Karaman sheep. The anatomical terms used were based on Nomina 
Anatomica Veterinaria [16]. This study was approved by the Experimental Animals 
Ethics Committee of Atatürk University (Ethical number: 23.10.2015, 8/148).

The following measurements by using definitions of measuring points [6, 7, 
17, 19, 20] on the cranium were made: 

L1. profile length (akrokranion – prosthion), 
L2. condylobasal length,
L3. basal length (basion – prosthion), 
L4. short skull length (basion premolare), 
L5. premolare – prosthion, 
L6. ossa cranii length (basion – nasion), 
L7. ossa faciei length (nasion prosthion), 
L8. median frontal length (akrokranion – nasion), 
L9. akrokranion - bregma, 
L10. frontal length (bregma – nasion), 
L11. upper ossa cranii length: Akrokranion – supraorbitale, 
L12. facial length (supraorbitale – prosthion), 
L13. Akrokranion-infraorbitale of one side, 
L14. greatest length of the lacrimal (most lateral point of the lacrimal – the most 

oral point of the lacrimo-maxillary suture, 
L15. greatest length of the nasals (nasion-rhinion), 
L16. short lateral facial length (entorbitale – prosthion), 
L17. from the aboral border of one occipital condyle to the infraorbitale of the 

same side, 
L18. dental length (postdentale – prosthion), 
L19. oral palatal length (palatinoorale – prosthion), 
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L20. lateral length of the premaxilla (nasointermaxillare – prosthion), 
L21 length of the cheektooth row (measured along the alveoli),
L22. length of the molar row (measured along the alveoli on the buccal side), 
L23. length of the premolar row (measured along the alveoli on the buccal side), 
L24. zygomatic width (the distance between two zygomatic arches),
L25. greatest inner length of the orbit (ectorbitale – entorbitale), 
L26. greatest inner height of the orbit (measured in the same way as measurement), 
L27. greatest mastoid breadth (otion – otion), 
L28. greatest breadth of the occipital condyles, 
L29. greatest breadth at the bases of the paraoccipital processes, 
L30. greatest breadth of the foramen magnum, 
L31. eight of the foramen magnum (basion – opisthion), 
L32. least breadth of parietal: Least breadth between the temporal lines, 
L33. greatest ossa cranii Breadth-Greatest breadth of the braincase (euryon – euryon), 
L34. least breadth between the orbits (entorbitale – entorbitale),
L35. greatest breadth across the orbit-greatest frontal breadth-greatest breadth of 

skull (ectorbitale – ectorbitale), 
L36. facial breadth (breadth across the facial tuberosities), 
L37. greatest breadth across the nasals, 
L38. greatest breadth across the premaxillae, 
L39. greatest palatal breadth (measured across the outer borders of the alveoli),
L40. the distance from infraorbital foramen to facial tuberosity,
L41. the distance from facial tuberosity to root of alveolar tooth,
L42. distance between first premolar teeth,
L43. distance between first molar teeth,
L44. distance between the last molar teeth,
L45. distance from orbital arcus,
L46. supraorbital foramina distance.

Craniofacial indices [19]:

I1. Nasal index: greatest breadth across the nasals x 100/ greatest length of the 
nasals 

I2. Facial index: zygomatic width x 100/viscerocranial length 
I3. Ossa cranii index: maximum width of the ossa cranii x 100/Ossa cranii length 
I4. Basal index: maximum width of ossa cranii x100/basal length 
I5. Skull index: zygomatic width x 100/skull length
I6. Orbital index: Greatest inner height of the orbit x100/ Greatest inner length of 

the orbit
I7. Foramen Magnum index: the height of the foramen magnum× 100/the width 

of the foramen magnum

Statistical analysis

The mean values, standard deviations, coefficient of variations and craniofacial indices 
were calculated with SPSS (version 22). Independent samples t test was used for p 
values. The values determined are indicated in Tables 1-4.
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Results

In the study, 46 morphometric measurements of South Karaman sheep were made. The 
reference points for these measurements are presented in Figs. 1-6, the morphometric 
values obtained are presented in Table 1, and the calculated index values are presented 
in Table 2.

In the study, as seen in Table 1, the skull length of the South Karaman sheep was 
238.37±4.18, the condylus occipitalis 51.51±1.65, proc. The base of the jugularis is 
72.37±3.79 and the smallest parietal width is 52.34±2.43 for the distance between the 
supraorbitales was determined as 50.01±3.94.

Fig. 1. Measurements of the skull of the South Karaman sheep (dorsal view). 1. profile length, 
2. median frontal length, 3. akrokranion-bregma, 4. frontal length, 5. upper ossa cranii length, 
6. facial length, 7. akrokranion-infraorbitale of one side, 8. greatest length of the nasals, 9. short 
lateral facial length, 10. least breadth of parietal: Least breadth between the temporal lines, 11. 
greatest ossa cranii breadth-Greatest breadth of the braincase, 12. greatest breadth across the 
orbit-greatest frontal breadth-greatest breadth of skull, 13. least breadth between the orbits, 14. 
facial breadth, 15. greatest breadth across the nasals, 16. greatest breadth across the premaxillae.
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Fig. 2. Measurements of the skull of the South Karaman sheep (ventral view). 17. condylobasal 
length, 18. basal length, 19. short skull length, 20. premolare-prosthion, 21. dental length, 22. 
oral palatal length, 23. Length of the cheektooth row, 24. zygomatic width, 25. Length of the 
molar row, 26. Length of the premolar row, 27. greatest palatal breadth.

Fig. 3. Measurements of the skull of the South Karaman sheep (lateral view). 28. ossa 
cranii length, 29. ossa faciei length, 30. greatest length of the lacrimal,   31. from the aboral 
border of one occipital condyle to the infraorbitale of the same side, 32. lateral length of the 
premaxilla, 33. greatest inner length of the orbit, 34. greatest inner height of the orbit, 35. the 
distance from infraorbital foramen to facial tuberosity, 36. the distance from facial tuberosity 
to root of alveolar tooth,
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Fig. 4. Measurements of the skull of the South Karaman sheep (occipital view). 37. greatest 
breadth of the bases of the paraoccipital processes, 38. greatest breadth of the occipital condyles, 
39. greatest breadth of the foramen magnum, 40. height of the foramen magnum, 41. greatest 
mastoid breadth.

Fig. 5. Skull of the south Karaman sheep (ventral view). 42. Supraorbital foramina distance, 
arrows. Naso-frontal suture like “U” shape; dashed arrows. Parieto-frontal suture like “V” 
shape. 
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Table 1. The mean and standard deviations values of male South Karaman sheep.

Length Mean ± Std Deviation Length Mean ± Std Deviation

L1 238.37 ± 4.183 L24 100.50 ± 2.850

L2 226.61 ± 6.874 L25 39.00 ± 1.589

L3 210.09 ± 7.835 L26 38.02 ± 2.222

L4 153.24 ± 6.599 L27 74.68 ± 3.047

L5 59.19 ± 2.124 L28 51.51 ± 1.653

L6 120.43 ± 6.081 L29 72.37 ± 3.788

L7 134.70 ± 3.203 L30 19.96 ± 2.308

L8 123.95 ± 5.259 L31 20.55 ± 1.882

L9 52.71 ± 6.503 L32 52.34 ± 2.433

L10 82.56 ± 5.313 L33 66.05 ± 2.170

L11 104.94 ± 4.951 L34 80.29 ± 3.758

L12 118.21 ± 4.453 L35 115.75 ± 4.450

Fig. 6. Skull of the south Karaman sheep (ventral view) 43. distance between first premolar 
teeth, 44. distance between first molar teeth, 45. Distance between the last molar teeth, arrows. 
“V” shape of the palatine bone with maxilla’s palatine processes.
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L13 176.67 ± 5.557 L36 76.63 ± 2.386

L14 33.98 ± 1.516 L37 37.72 ± 3.572

L15 91.06 ± 3.188 L38 44.42 ± 3.769

L16 134.49 ± 4.157 L39 69.81 ± 3.020

L17 164.07 ± 6.539 L40 27.61 ± 2.412

L18 116.50 ± 4.057 L41 12.53 ± 3.126

L19 95.67 ± 3.930 L42 26.51 ± 2.716

L20 77.05 ± 4.012 L43 34.68 ± 2.603

L21 70.16 ± 3.771 L44 40.20 ± 1.164

L22 48.41 ± 1.993 L45 101.69 ± 5.465

L23 21.70 ± 1.655 L46 50.01 ± 3.935

Table 2. The mean and standard deviation values of craniofacial indices of male
South Karaman sheep.

Craniofacial index Mean ± Std Deviation

I1 Nasal index 74.61 ± 1.442

I2 Facial index 41.41 ± 3.612

I3 Ossa cranii index 54.98 ± 3.830

I4 Basal index 31.48 ± 1.663

I5 Skull index 42.16 ± 1.061

I6 Ortibal index 102.8 ± 6.048

I7 For. Mag. index 103.97 ± 14.659

When Table 3, which indicates the correlation between index values, is examined, 
it is seen that there is a statistically significant strong positive correlation between I3 
(Ossa cranii index) and I4 (Basal index), but the relationship between other examined 
features is insignificant. Although the correlation between I3 and I6 index values was 
high (r=0.776), the correlation was found to be statistically insignificant (P=0.070). A 
similar situation was seen in I4 and I6 features (P=0.098).



145

Table 3. Correlation of craniofacial index.

I1 I2 I3 I4 I5 I6

I2 -0.046

I3 -0.616 -0.426

I4 -0.615 -0.583 0.917**

I5 0.312 -0.100 -0.310 -0.004

I6 -0.690 0.094 0.776 0.732 0.016

I7 -0.293 0.418 0.057 0.084 0.497 0.570

*: P<0.05; **: P<0.01

Statistically significant correlation values of skull measurements are shown in 
Table 4. When Table 4 is examined, it is seen that there is a strong negative or positive 
correlation between the characteristics. It was determined that there was a strong 
negative correlation (-0.827) between L9 and L14 features, and positive correlation 
coefficients between other features. The highest positive correlation was observed 
between L7 and L34 features (0.992).
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Discussion 

In the study, the skull length was determined as 238.37±4.18 in South Karaman 
sheep. This value is 209±4.77 in Iranian domestic sheep [15], 200.6±0.6 in Mehraban 
sheep [11], 246.5±2.16 in Barbados Black Belly sheep [14], 246.5±2.16 in Tuj sheep 
[19], 198.08±7.69 and 241.20±25.17 in Hemsin sheep [6], Suffolk Down Sheep [3] 
238.3±2.07, Kosava in Barkhoka sheep [7] 245.25±10.24, Zell sheep [13] 196.73±0.60 
in Yankasa sheep [24] 325±0.99, in Ivesi sheep [28] was reported to be 241.30±14.01, 
in Xisqueta sheep [22] 265.51± 22.24 and in Sharri sheep [9] 247.47 ± 13.12. According 
to these reported values, it was observed that the skull length of the South Karaman 
sheep was smaller than the skull length of the Barkhoka sheep of Yankasa, Xisqueta, 
Barbados Black Belly, Sharri and Kosava, and it was almost equal to the Suffolk Down 
breed, but longer than all of the other breeds mentioned above.

Skull index value in morkaraman sheep [19] 51.36±0.69, Tuj sheep [19] 
50.42±0.78, Mehraban sheep [11] 53.57±3.26, Avesi sheep [28] 47.77±3.23, Xisqueta 
sheep [22] 44.69± 4.29, Barkhoka sheep of Kosava [7] 41.69±1.74, Saanen goat [26] 
was measured as 53.45±1.55. This value was measured as 42.16 ± 1.06 in South 
Karaman sheep.

Yılmaz and Demircioglu [28] and Ozcan et al. [19] stated that the widest region of 
the skull in sheep is the frontal width (ectorbitale – ectorbitale) due to morphological 
differences. Accordingly, they reported that this length was 102.98±2.52 mm in 
Morkaraman sheep [19], 101.66±1.69 mm in Tuj sheep [19], and 115.07±7.74 mm in 
Avesi sheep [28]. In this study, it was determined that the widest region of the skull 
was the frontal width (ectorbitale – ectorbitale), similar to what the authors reported in 
sheep, and this distance was 115.75 ± 4.45 in South Karaman sheep.

The orbital region is a craniofacial structure that can be affected by many 
congenital, traumatic, neoplastic, vascular and endocrine disorders [1], as it plays a 
fundamental role in the assessment and recognition of the craniofacial complex [10].

Parés-Casanova et al. [22], in their study on the biometric appearance of the skull 
in Spanish Xisqueta sheep, reported that the orbital index value was 109.77±10.23. 
The mentioned orbital index was measured as 112.27±3.50 in Avesi sheep [28] and 
93.46± 3.48 in Barkhoka sheep of Kosava [7]. In the study, it was determined that 
the measured value of 102.8 ± 6.048 in South Karaman sheep was greater than only 
Kosava’s Barkhoka breed.

Although Sharri sheep [9], Bardhoka sheep of Kosovo [7] and Kagani goat [23] 
stated that the fronto-nasal sutura is in the form of the letter “V” sheep [6] has been 
reported to be in the shape of the letter “U”. In the study, it was determined that the 
fronto-nasal sutura resembles the letter “U” in South Karaman sheep.

It is reported that the palato-maxillary sutura between the lamina horizantali of the 
os palatine and the processus palatinus of the os maxilla is in the form of the letter “U” 
in hellon sheep [11], and in the shape of the letter “V” in Bardhoka sheep of Kosovo [7] 
has been done. In the study, it was determined that the palato-maxillar sutura in South 
Karaman sheep resembles the letter “V” as in Bardhoka sheep. In addition, in the study, 
it was determined that the pariato-frontal suture was in the form of the letter “V”, and 
this finding is consistent with the reports of Sharri sheep [9] that the sutura can be in 
the form of a straight line or the letter “V”.
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As reported in the correlation analysis of the measurements made on the skull 
index values of Hemsin sheep, it was determined that there is a statistically significant 
strong positive correlation between I3 (Ossa cranii index) and I4 (Basal index) in South 
Karaman sheep. However, there was no statistically positive correlation between nasal 
index (I1) and skull index [6], as reported in sheep. According to the statistical values 
of the skull measurements of the Southern Karaman Sheep, there is a strong negative 
correlation (-0.827) between L9 (akrokranio – bregma) and L14 (greatest length of the 
lacrimal (most lateral point of the lacrimal – the most oral point of the lacrimo-maxillary 
suture) and the correlation coefficients were positive among other features. The highest 
positive correlation value was observed between L7 and L34 features (0.992).

There is a positive strong correlation between the basal length and the short skull 
length in hemsin sheep while the greatest inner height of the orbit and the between 
the breadth of the occipital condyles there was a strong correlation in the negative 
direction.

This study is important because it is the first study on the mental structure of 
domestic sheep breeds in Turkey. It is thought that the difference between the skulls 
of South Karaman sheep and other sheep may be due to the breed of the sheep. In 
addition, this research will contribute to the scientific studies to be carried out in this 
direction and to the literature on the subject.
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Due to the similarities to human anatomy the domestic swine is one of the most preferred species 
for experiments especially in developing new surgical techniques in the cholecystectomy in 
humans. The aim of the study was to establish the existence of both the Calot`s triangle and the 
hepatocystic triangle and the length of their borders in the domestic pigs. This research work 
was conducted on livers from 30 male pigs separated to different age groups. The results showed 
that Calot`s triangle – and the hepatocystic triangle-like areas were present. The borders of the 
triangles were identified, measured and statistically analyzed in immature and mature pigs and 
age dependent differences were identified. The similarities and differences in borders of triangles 
between pigs and humans were discussed. This study revealed that, like in humans, the Calot`s 
triangle and the hepatocystic triangle are presented and have important clinical significance.

Key words: Calot`s triangle, hepatocystic triangle, anatomy, morphometry, pigs

Introduction

The Calot`s triangle and hepatocystic triangle in humans are studied in detail because 
of the cholecystectomy surgery [18]. In order to develop new surgical techniques for 
gallbladder removing, the domestic swine is widely used as one of the most suitable 
experimental models for cholecystectomy [18]. Misinterpretation or lack of knowledge of 
this information contributes to intraoperative complications such as biliary injuries, which 
can cause serious morbidity and occasionally mortality [9]. Information about the presence 
of such triangles in animals was not found. The similarity in the anatomy of extrahepatic 
biliary tracts in both humans and pigs [10, 11] is well known. For example, both species 
possess a common hepatic duct, a common bile duct terminating in the duodenum by a 
papilla duodeni major and a cystic duct [10, 17]. Moreover, the cystic artery is a main 
vessel that supplies the gallbladder and has similar topography in both species.

Laparoscopic cholecystectomy became the preferred modern method for the 
treatment of symptomatic cholelithiasis [8]. Laparoscopic cholecystectomy has many 
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advantages over the standard open cholecystectomy: minimal trauma, decreased pain, 
shorter hospital stay, satisfactory cosmetic outcome, quick recovery, and return to work. 
However, numerous studies have shown that laparoscopic cholecystectomy is associated 
with a higher frequency of complications compared to the standard open cholecystectomy 
including lesions to the common bile duct, injury to the vascular and visceral structures 
[4]. Major complications (biliary and vascular) are life threatening and increase mortality 
rate, therefore creating the need for conversion to open surgical approach in order to treat 
them. The frequency of complications associated with laparoscopic cholecystectomy 
varies from 0.5 to 6% [4]. The most serious complications are associated with high 
mortality rate: injury of common bile duct with an incidence of 0.1-0.6% [12], injuries of 
large blood vessels 0.04-1.22% depending on the study [11]. They are more common in 
older age patients, male gender. During the cholecystectomy, Calot area was surgically 
opened, the vessel and duct of gallbladder were cut and clips applied, gallbladder was 
surgically removed from its adjoining area of liver.

The knowledge of anatomy of the borders and structures of Calot`s triangle can 
be very useful in preventing the intraoperative and postoperative complications during 
laparoscopic cholecystectomy in a treatment of cholelithiasis [4]. In 1891, the French 
surgeon Jean F. Calot described a triangular area formed by the cystic artery, common 
hepatic duct and the cystic duct. The borders of this triangle are as follows: the superior 
and inferior borders represented by the cystic artery and cystic duct, respectively 
which are equal and a little longer medial border, represented by the part of the hepatic 
duct, near the terminal part of the cystic duct. Later, Calot`s space was renamed as 
to hepatobiliary, hepatocystic or cystohepatic triangle; with a superior border given 
by the visceral surface of the liver, medial border – by the common hepatic duct and 
inferior border – by the cystic duct draining the gallbladder [6]. Therefore, the modern 
triangle appears to provide the surgeon with a more constant triangle boundary, one 
that would otherwise be variable, given the occasionally inconsistent pattern of the 
cystic artery [9]. The contents of cystohepatic triangle include the right hepatic arteria, 
cystic artery, lymph node of gallbladder, lymphatics and fibro-fatty connective tissue 
areа. In patients without structural variations, laparoscopic removal of gallbladder 
stones is a routine technic for surgeons. 

Laparoscopic surgery is a technique often chosen in case of gallbladder stones [9]. 
Vascular and ductal variations can disorientate the surgeon during performing of 
laparoscopic technic [1]. In this relation, the knowledge of Calot`s triangle anatomy is 
of significant importance for the operator especially when there are arterial and biliary 
anomalies [4].

The domestic swine as omnivorous, monogastric species is regarded as a suitable 
animal model for human diseases. There are a lot of similarities to humans in anatomy 
and functions of the immune system. Based on the facts that the porcine organs are 
anatomically comparable in size and the porcine immune system resembles human’s 
in > 80%, in contrast to mice with only 10% [3], the pigs are currently thought to 
be the best candidates for organ donation in xenotransplantation. Moreover, the pigs 
are inexpensive and easy to maintain in pathogen-free facilities, have relatively short 
gestation periods, large litters, and are easy to breed making them readily available [7].

All mentioned studies provoked the question if these two triangles are present in 
domestic pigs.
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Based on the facts above, we aimed to establish the existence of both the Calot`s 
triangle and the hepatocystic triangle as well as to define their borders in the domestic pigs.

Materials and Methods

Animals

This research work was conducted on male crossbred pigs (Landrace×Danube White). 
A set of fresh liver with gallbladder, stomach, spleen and cranial part of the duodenum 
was collected from 30 pigs divided in three age groups – 10 animals at the age of 2 
months (24-32kg), 10 animals at the age of 6 months (91-115 кg) and 10 animals at the 
age of 3 years (250-310 кg), at a legal slaughterhouse. All measurements involved in 
the study were done at a slaughterhouse. All procedures were performed in accordance 
with the Bulgarian legislation regarding animal care (Ordinance 20 of 01.11.2012 on 
the minimum requirements for the protection and welfare of experimental animals and 
the requirements for the sites for use, breeding and/or delivery) and in accordance 
with Directive 2010/63 / EU of the European Parliament and of the Council of 
22 September 2010 on the protection of animals used for scientific purposes.

Macromorphometric method 

After removing the sets of organs from the porcine bodies, the connective tissue 
surrounding the extrahepatic bile ducts was dissected and removed in order to visualize 
and prepare them for a macromorphometric study. The studied macrometric parameters 
were the length (in millimeters) of the common hepatic duct (ductus hepaticus 
communis), cystic duct (ductus cysticus), common bile duct (ductus choledochus) and 
of the right margin of quadrate lobe of liver as borders of Calot`s and hepatocystic 
triangles. The distance (in millimeters) between dorsal margin of the liver and the point 
of union of ductus cysticus, ductus hepaticus communis and ductus choledochus was 
estimated as well. The length measurements were performed using a digital electronic 
caliper (with accuracy 0.01 mm). The angles were measured by protractor (a half circle 
with marked degrees from 0 to 180).

Statistical analysis 

Data were processed by GraphPad Prism 6 for Windows (GraphPad Software, Inc., 
USA) via one-way analysis of variance (one-way ANOVA) followed by Tukey-
Kramer’s posthoc test and were presented as mean ± standard deviation (SD). P-values 
lower than 0.05 were considered statistically significant. 

The terminology was consistent with the Nomina Anatomica Veterinaria [10] and 
with Terminologia anatomica [17].

Results

In order to visualize the structures of Calot`s and hepatocystic triangles following steps 
are needed to be done for safe identification of the triangles` structures: the first step is 
the clearance of the HC triangle – the HC triangle should be cleared of all the adipose 
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tissue (Fig. 1). It allows further safe dissection and identification of the cystic duct 
arising from the gallbladder neck and of the cystic artery which is the second step. 
The cystic artery can pass cranially or caudally to ductus hepaticus communis and 
predominantly on the left side of the cystic duct. The third step is to find the union 
of cystic duct to common bile duct. This can be achieved by following the direction 
of cystic duct to the common bile duct. Once reached the point of union, the three 
extrahepatic bile ducts can be visualized: the ventral duct – ductus cysticus, the left 
duct – ductus hepaticus communis and the right duct – ductus choledochus which 
terminates into the wall of duodenum. These ducts together with cystic artery are the 
anatomical landmarks for identification of both triangle borders.

Fig. 1. Relevant anatomical structure before dissection – (DC) ductus cysticus; (DHC) ductus 
hepaticus communis, (AC) a. cystica,(DCH) ductus choledochus, (LQ )lobus hepatis quadratus, 
(ST) stomach, (VF) vesica fellea; (DUO) duodenum; (arrow) indicates the distance between the 
dorsal margin of the liver and the union of the bile ducts.

In this study, the borders of Calot`s triangle were visualized and their length was 
measured in the three aged groups (Fig. 2, Table 1):

1. The right border was represented by the cystic duct which length increased with 
age and a statistical significant difference was detected.

2. The left border was given by cystic artery which length increased with age 
without any statistical significant difference.

3. The dorsal border was represented by common hepatic duct which length 
increased with age without any statistical significant difference.

Calot`s triangle is referred to a scalene because none of the sides of the triangle 
have equal lengths. Its side represented by ductus cysticus was the longest, followed 
by that represented by a. cystica and ductus hepaticus communis, respectively. The 
Lymph node in the Calot`s triangle was not present, so that the main content was the 
adipose tissue.
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Fig. 2. Anatomy of hepatocystic and Calot’s triangles in 6 month-old pig.
(Original figure, I. Stefanov) Left: Hepatocystic triangle (orange outline); Right: Calot’s 
triangle (in blue); (DC) ductus cysticus; (DHC) ductus hepaticus communis, (AC) a. cystica, 
(DCH) ductus choledochus, (LQ, LHQ) lobus hepatis quadratus, (LHSL, LHSM, LHDL, 
LHDM, LHC) lobus hepatis sinister lateralis, lobus hepatis sinister medialis, lobus hepatis 
dexter lateralis, lobus hepatis dexter medialis, lobus hepatis caudatus, espectively, (MDH) 
margo dorsalis hepatis;(ST) stomach, (VF) vesica fellea; (DUO) duodenum; (arrow) indicates 
the distance between the dorsal margin of the liver and the union of the bile ducts.

The borders of the hepatocystic triangle also were visualized and their length was 
measured in the three aged groups (Table 1):

Table 1. The length (mm) of the borders of Calot`s triangle and hepatocystic triangle as well as 
the distance (mm) (MDH-UEBD) between margo dorsalis hepatis (MDH) and the union of the 
extrahepatic bile ducts (UEBD).  

Calot`s triangle 
borders

2 month-old pigs
Length (mean±SD)

6 month-old pigs
Length (mean±SD)

3 year-old pigs
Length (mean±SD)

ductus hepaticus
communis
Min-max

14.49±9.97a1
3.76-29.38

19.95±12.74 a4, b1
5.38-43.33

29.32±9.56 a4
15.23-44.98

ductus cysticus
Min-max

35.71 ±4.16 A2, B4
29.71-40.28

60.71±13.26 c2
43.22-89.12

71.49 ±11.94 c3
52.67-92.12

arteria cystica
Min-max

25.73±12.92
9.22-40.29

38.38±17.87
10.48-61.15

42.95±17.78
13.22-64.33

Hepatocystic 
triangle borders

2 month-old pigs
Length (mm) 
(mean±SD)

6 month-old pigs 
Length (mm) 
(mean±SD)

3 year-old pigs
Length (mm) 
(mean±SD)

ductus hepaticus
communis
Min-max

21.78±10.99 a1
6.28-32.19

35.35 ±13.87 a4
16.37-55.01

36.14±14.39 a4
16.92-57.22
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ductus cysticus
Min-max

39.07 ±4.11 A3, B4
31.28-44.15

65.28± 12.40 d2
50.18- 92.19

76.28±11.03 d4
58.73-94.28

lobus quadratus 
hepatis
Min-max

32.98±14.48 A1, B3
13.27-49.92

50.00±14.40 
19.77-69.87

51.87±15.88 
21.22-71.88

Distance
MDH-UEBD

23.92±3.77 A4, B4
16.11-27.72

36.84±5.44
28.43-44.38

36.71±5.55
29.88-43.28

Legend:
1,2,3,4 (P ˂ 0.05;0.01; 0.001;0.0001, respectively)
A – Statistical significant difference against the age of 6 months
B – Statistical significant difference against against the age of 3 years
a – Statistical significant difference against the ductus cysticus
b – Statistical significant difference against the a. cystica
c – Statistical significant difference against the a. cystica
d – Statistical significant difference against the lobus quadratus hepatis

1. The right border was represented by the cystic duct which length increased with 
age and a statistical significant difference was detected.

2. The left border was given by the right margin of lobus hepatis quadratus which 
length increased with age and a statistical significant difference was detected.

3. The dorsal border was represented by common hepatic duct which length 
increased with age without any statistical significant difference.

The side of hepatocistic triangle represented by ductus cysticus was the longest, 
followed by that represented by lobus hepatis quadratus and ductus hepaticus 
communis, respectively.

Obviously, the area of hepatocystic triangle is bigger than that of the Calot`s 
triangle. So that the Calot`s triangle was formed as a part of hepatocystic triangle.

The main content of hepatocystic triangle is the large amount of adipose tissue 
and arteria cystica (Figs 1, 2). 

In order to define more easily the union of the three extrahepatic bile ducts the 
distance between the dorsal margin (margo dorsalis) of the liver and the level of union 
was evaluated (Table 1). This distance in 6 month- and 3 year-old pigs was larger than 
in immature ones.

The angles of Calot`s triangle and of hepatocystic triangle were estimated (Table 2). 
Table 2. Values (degrees 0) of the angles (∠CAB, ABC, ACB, ADE and AED, see Figs. 1, 
2) of Calot`s triangle and of hepatocystic triangle in pigs from the three age groups as well 
as between the ductus cysticus and the ductus choledochus (∠DC-DCH), between the ductus 
cysticus and the neck of gallbladder (∠DC-GB) to the long axis (LA) of the gallbladder.

Angles 2 month-old pigs
 (mean±SD)

6 month-old pigs
 (mean±SD)

3 year-old pigs
 (mean±SD)

∠CAB 50.4 ±21 A4, B4 48.7±1.3 48.9 ±1.1
∠ABC 101.7±2.6 A4, B4, a4 109.4±1.3 C2,a4 112.0±1.7 a4
∠ACB 24.0±1.0 20.10±0.9 20.00±0.8

Table 1.
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∠ADE 110.3±0.8A4, B4 114.9± 1.7 C4 116.4±1.4
∠AED 30.0±1.2 28.5±0.5 28.0±0.7

∠DC-DCH 125.5±9.84
110.0-140.0

130.3±17.33
110.0-162.0

133.0±20.17
110.0-170.0

∠DC-GB 126.5±12.70
115.0-153.0

126.0±23.07
90.00-166.0

135.5±23.62
100.0-173.0

Legend:
∠CAB – the angle between ductus cysticus and ductus hepaticus communis
∠ABC – the angle between ductus hepaticus communis and a. cystica
∠ACB – the angle between ductus cysticus and a. cystica
∠ADE – the angle between ductus hepaticus communis and right margin of lobus hepatis 

quadratus
∠AED – the angle between ductus cysticus and right margin of lobus hepatis quadratus
2, 4 (P ˂ 0.01; 0.0001, respectively)
A – Statistical significant difference against the age of 6 months
B – Statistical significant difference against the age of 3 years
C – Statistical significant difference against the age of 3 years
a – Statistical significant difference between ∠ABC and ∠ADE

The angles between ductus cysticus and ductus hepaticus communis, between 
ductus cysticus and a. cystica, between ductus cysticus and right margin of lobus hepatis 
quadrates decreased with age, while the angles between ductus hepaticus communis 
and a. cystic as well as the angle between ductus hepaticus communis and right margin 
of lobus hepatis quadrates increased with age (Figs. 1, 2, Table 2).

In addition, the angles between cystic duct and common bile duct as well as 
between the cystic duct and the neck of gallbladder were evaluated (Table 2). The both 
angles showed similar values and were the largest in all age groups. 

Discussion

In this study, for the first time, the borders of Calot`s triangle and of hepatocistic 
triangle were identified and their length was measured in the three aged groups of pigs. 
The similarities and differences between human and porcine triangles were discussed 
as well. It was found that the borders of Calot`s triangle in porcine liver are identical 
to that of Calot`s triangle in humans. In both pigs and humans the area of hepatocystic 
triangle is bigger than that of the Calot`s triangle. So that the Calot`s triangle is formed 
as a part of hepatocystic triangle. However, due to the different anatomical position 
of the body in both species the different terms are used in the definition of sides of 
the triangles in pigs and in humans. The right side of porcine Calot`s triangle was 
represented by the cystic duct, the left side was given by cystic artery, the dorsal side 
was represented by common hepatic and none of the sides of the triangle have equal 
lengths. In humans the superior and inferior borders of Calot`s triangle, represented 
by the cystic artery and cystic duct, respectively are equal and a little longer medial 
border, represented by the part of the hepatic duct, near the terminal part of cystic duct 
[6]. Therefore the Calot`s triangle in pigs is referred to as scalene but in humans it’s 
referred to as isosceles.
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The sides of hepatocystic triangle in humans and pigs are represented by similar 
structures. However, again due to the different anatomical position of the body in both 
species, the different terms are used in definition of the sides of triangles. In pigs, they 
are represented by the right margin of the visceral surface of lobus hepatis quadratus 
forming the left side, ductus cysticus forming the right side and ductus hepaticus 
communis forming the dorsal side. The cystohepatic triangle in humans has a superior 
(cranial) side given by the visceral surface of the liver, medial (right) side – by the 
common hepatic duct and inferior (caudal) border – by the cystic duct [6]. The right 
hepatic arteria, cystic artery, cystic lymph node, lymphatics and fibro-fatty connective 
tissue are the contents of cystohepatic triangle.

The borders and contents of the hepatobiliary triangle are the main landmarks 
used by surgeons when performing the laparoscopic technique. In humans, a detailed 
study regarding the anatomy of hepatobiliary triangle and its variations was carried 
out by Ahmad et al. [1] using a laparoscope. These authors found out that 63.6% of 
patients expressed cystic duct, cystic lymph nodes and cystic artery variations. Among 
them 12% depicted cystic duct variations, 32.2% of patients demonstrated cystic 
lymph nodes variations and 19.4% of the patients showed cystic artery variations. Fat 
deposition, fibrosis and adhesions were also observed in hepatobiliary areas of female 
patients. Ahmad et al. [1] revealed that 32.2% of the patients had cystic lymph node 
variations. Cystic lymph node was found posterior to cystic duct in 8.1%, anterolateral 
to cystic duct 8.1%, and outside hepatobiliary triangle in 8% of the patients. Normal 
cystic duct was documented in 83.85% of the patients. Percentages of cystic duct 
variations included broad cystic duct in 4%, long cystic duct in 3.67%, short cystic duct 
in 4.33%, absence of cystic duct in 0.33%, spiral cystic duct in 2.70%, double cystic 
duct in 0.33%, accessary cystic duct in 0.10%, adherent cystic duct in 0.33%, and 
parallel insertion of cystic duct to form common bile duct in its retroduodenal part in 
0.15% cases. Bleeding and biliary injury force surgeon to do open abdominal operation 
especially when structural variations are encountered [15].

The cystic artery is the key structure clipped or ligated during laparoscopic or 
conventional cholecystectomy [5, 9]. Ahmad et al. [1] identified single cystic artery 
in hepatobiliary triangle in 76.02% of cases, double artery in hepatobiliary triangle – 
in 9.88%. In terms of syntopic relations of a. cystica to ductus cysticus in pigs, two 
variations were described by us in previous study [13]. The first type of variation (92% 
of cases) showed that a. cystica passed on the left of d. cysticus and caudally to v. portae 
and d. hepaticus communis. In this case a. cystica originated from r. dexter medialis 
and from a. gastroduodenalis. The second type of variation (8% of cases) represented 
the origin of a. cystica from the common trunk of r. dexter lateralis and r. dexter 
medialis. In this case, the beginning of a. cystica was located on the right of ductus 
cysticus. Then a. cystic directed ventrally passing cranially to ductus choledochus to 
the place of its division.

Anatomical variations increase the risk of structural injuries during the laparoscopic 
cholecystectomy can be prevented by precise operative technique, clear visualisation 
of anatomical landmarks, and careful dissection of tissues [11]. The risk is further 
increased when these variations are encountered during laparoscopic visualization 
rather than open surgery. Of all the structural injuries following a cholecystectomy, bile 
duct injury BDI is the most feared because it can result in high morbidity, long-term 
hospitalization, and may be life-threatening [2, 14]. The identification of the Calot’s 
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triangle borders is very important in order to prevent bile duct injury (BDI) [2, 16]. The 
potential for BDI remains statistically greater with the laparoscopic approach [2, 8]. 
The incidence of BDI in open cholecystectomy is estimated at 0.1-0.25% whereas the 
figure is higher in the laparoscopic approach, at 0.5% [13, 14]. Other studies indicate 
that the cases of injuries to the common bile duct varies from 0.1 to 0.6% [12, 11].

Conclusion 

This study revealed that, like in humans, the Calot`s triangle and the hepatocystic 
triangle with similar borders are presented. Full knowledge of the borders and contents 
of the Calot`s triangle as important anatomical landmarks can be very helpful for 
surgeons in developing new technics for safe execution of cholecystectomy and to 
avoid intraoperative and postoperative bleeding and biliary leakage. 

R e f e r e n c e s

1. Andall, R. G., P. Matusz, M. du Plessis, R. Ward, R. S. Tubbs, M. Loukas. The clinical 
anatomy of cystic artery variations: a review of over 9800 cases. – Surg. Radiol. Anat., 
2016, 38, 529-553.

2. Connor, S., O. J. Garden. Bile duct injury in the era of laparoscopic cholecystectomy. – Br. 
J. Surg., 2006, 93, 158-168.

3. Dawson, H. A comparative assessment of the pig, mouse and human genomes: structural 
and functional analysis of genes involved in immunity an inflammation. In: The minipig 
in biomedical research (Eds. A. D. Dayan, P. A. McAnulty, N.-Ch. Ganderup, K. L. 
Hastings), CRC Press, 2012, 664.

4. Fuller, J., B. S. Ashar, J. Carey-Corrado. Trocar-associated injuries and fatalities: an 
analysis of 1399 reports to the FDA. – J. Minim. Invasive Gynecol., 2005, 12, 302-307. 

5. Harris, H. W. Biliary system. In: Surgery: basic science and clinical evidence (Ed. J. A. 
Norton), editor, 2nd Ed. New York, Springer, 2008, 911-942.

6. Haubrich, W. S. Calot of the triangle of Calot. – Gastroenterology, 2002, 123, 1440.
7. Kemter, E., D. Joachim, W. Eckhard. “Will genetic engineering carry xenotransplantation 

of pig islets to the clinic?”. – Curr. Diab. Rep., 2018, 18(11), 1-12. 
8. Lau, W. Y., E. C. Lai, S. H. Lau. Management of bile duct injury after laparoscopic 

cholecystectomy: A review. – ANZ J. Surg., 2010, 80(1-2), 75-81. 
9. Nagral, S. Anatomy relevant to cholecystectomy. – J. Minim Access Surg., 2005, 1, 53-58.
10. Nomina Anatomica Veterinaria. Sixth edition, prepared by the International Committee 

on Veterinary Gross Anatomical Nomenclature, published by the Editorial Committee 
Hanover (Germany), Ghent (Belgium), Columbia, MO (U.S.A.), Rio de Janeiro (Brazil), 
2017, pp. 54, 55, 112.

11. Radunovic, M., R. Lazovic, N. Popovic, M. Magdelinic, M. Bulajic, L.Radunovic, 
M.Vukovic, M. Radunovic. Complications of laparoscopic cholecystectomy: our 
experience from a retrospective analysis. – Open Access Maced. J. Med. Sci., 4, 2016, 
641-646.

12. Singh, K., A. Ohri. Anatomic landmarks: their usefulness in safe laparoscopic 
cholecystectomy. – Surg. Endosc., 20, 2006, 1754-1758.

13. Stefanov, I. S., N. S. Tsandev, A. P. Vodenicharov. Variations and some clinically relevant 
relations of a. cystica in pigs – a corrosion cast study. – Bulg. J. Vet. Med., 24, (3), 2021, 
317-323.



160

14. Strasberg, S. M. Error traps and vasculo-biliary injury in laparoscopic and open 
cholecystectomy. – J. Hepato-Biliary-Pancreat. Sci., 15, 2008, 284-292.

15. Talpur, K., A. A. Laghari, S. A. Yousfani, A. M. Malik, A. Memon, S. A. Khan. Anatomical 
variations and congenital anomalies of extra hepatic biliary system encountered during 
laparoscopic cholecystectomy. – J. Pak. Med. Assoc., 60, 2010, 89-93.

16. Vollmer, C. M., M. P. Callery. Biliary injury following laparoscopic cholecystectomy: 
Why still a problem? – Gastroenterology, 133, 2007, 1039-1041.

17. Whitmore, I. Terminologia anatomica: new terminology for the new anatomist. – Anat. 
Rec., 257, 1999, 50-53.

18. Zhu, H-Y, F. Li, K-W. Li, X-W. Zhang, J. Wang, F. Ji. Transumbilical endoscopic 
cholecystectomy in a porcine model. – Acta Cir. Bras., 28, 2013, 762-766.



161

Institute of Experimental Morphology, Pathology and Anthropology with Museum 
Bulgarian Anatomical Society
Acta morphologica et anthropologica, 29 (1-2)
Sofia ● 2022 

Traumatic Diastasis of Metopic Suture in an Adult Skull 
Victim of a Gunshot Wound: a Case Report

Lyubomir Gaydarski1,3*, Plamen Iliev2, Alexandar Alexandrov2, Boycho 
Landzhov1, 
1Department of Anatomy, Histology and Embryology, Medical University of Sofia, Sofia, 
Bulgaria
2Department of Forensic Medicine and Deontology, Medical University of Sofia, Sofia, Bulgaria
3Medical University of Sofia, Sofia, Bulgaria, medical student
*Corresponding author e-mail: lgaidarsky@gmail.com

The metopic suture is a mid-sagittal plane variant of cranial syndesmosis, visualized from the 
nasion to the bregma. In most cases, the metopic suture closes during the first year of age; 
however, there are rare occurrences of persisting metopic suture in adults. Metopism is caused 
by incomplete fusion of the two embryological halves of the frontal bone. Usually, skull entry 
gunshot wounds are round or oval in shape and leave characteristic marks on the bone. Exit 
gunshot wounds to the skull are larger and more irregular. Herein we present a rare case of 
a human skull with a gunshot wound causing a traumatic diastasis of a complete, persisting 
metopic suture found during forensic examination. The gunshot wounds of the skull increase 
intracranial tension pressure and as a result an opening on the level of the nasion and nasofrontal 
suture was observed. 

Key words: metopic suture, diastasis, gunshot wound

Introduction 

The metopic suture is a vertical syndesmosis that connects the two halves of the frontal 
bone. This structure is a normal finding in the skulls of newborns, and between 3-9 
months of age, it closes and allows complete fusion of the two halves of the frontal 
bone [14]. It is to be noted that the premature closure of the cranial sutures leads to the 
condition known as craniosynostosis [4]. There are two major variations of the metopic 
suture: complete – runs sagittal through the entire frontal bone; and incomplete that can 
be further subcategorized into upper – only present in the superior part of the frontal 
bone; middle – only present in the middle part of the frontal bone and it can be further 
subdivided into upper-middle and lower-middle; lower – present in the inferior part of 
the frontal bone [1]. The lower type shows variability in its course, and in accordance 
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with its shape, it can be further subdivided into linear; u-shaped;y-shaped; V-shaped; 
H-shaped; inverted Y-shaped; radiating types [1]. 

Gunshot wounds to the skull usually leave distinguishable marks and fractures to 
the adjacent bones. Entrance gunshot wounds to the skull vary in shape and diameter 
in accordance with the caliber of the projectile and the distance between the skull 
and the weapon. Typically, entrance wounds are round or oval in shape. Exit gunshot 
wounds to the skull are most commonly irregular in shape and with a wider diameter 
in comparison to the diameter of the entrance wound. Exit wounds normally exhibit an 
inward punch-out appearance [12].

Traumatic diastasis of cranial sutures is a pathological process of fracture of 
the suture consequently to a prior traumatic injury to the skull. This type of cranial 
fracture is more common in children due to the more flexible junctions at the sutures in 
comparison to the fully ossified adult skull [6]. 

Case report

During forensic examination in the Department of Forensic Medicine at the Medical 
University Sofia, of middle-aged human remains, it was determined that there was 
damage to the skull typical for a gunshot wound in the region of the head. To better assess 
the damage to the bones, the skull had undergone specific procedures for detachment of 
the remaining soft tissue. After the procedures, it was morphologically established that 
there were marks of gunshot damage on the skull, with an entrance wound, irregular 
ovoid in shape and around 9 mm in diameter, at the level of the left lateral supraorbital 
region. The exit wound is with irregular 
shape and larger in diameter than the 
entrance wound. Furthermore, a rare 
anatomical variation in the formation 
of the frontal bone was also present: – 
a continuous complete metopic suture. 
The atypical structure is situated in the 
sagittal plane, and it is a continuation 
of the sagittal suture, passes through 
the coronary suture, runs through the 
entirety of the frontal bone and ends 
inferiorly to the glabella below the level 
of the supraorbital margin, at the level 
of connection between the frontal bone 
and the nasal bone. As a result of the 
applied intracranial tension pressure, 
caused by the projectile, an opening of 
the distal part of the metopic suture, at 
the level of the nasion was observed. 
Traumatic diastases of the metopic 
suture and the frontonasal suture are 
illustrated on Fig. 1.

Fig.1. Photo of the skull of a gunshot wound victim 
with a persisting metopic suture. White arrow 
head – metopic suture; black arrow head – traumatic 
diastasis of metopic suture; white arrow – entrance 
gunshot wound; black arrow – traumatic diastasis of 
frontonasal suture, asterisk – exit gunshot wound.
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A persisting metopic suture could be used to identify an individual by morphological 
criteria, if such peculiarity had been known and registered in the medical record of the 
given individual during his lifetime.

Discussion 

Metopism, or the persistence of the frontal (metopic) suture in adults, is considered 
a rare anatomic variant [1; 3; 5; 13; 15]. The prevalence of this variation deviates 
throughout the literature. Furthermore, the incidence rate of metopism varies from 
race to race. According to Bergman [3], metopism has an incidence rate of 1-12%. 
According to Bryce [5], metopism is found in 8.7% of European skulls, 5.1% of 
Mongolian skulls, 1.2 of Negroid skulls and 1% of Australian skulls. According to 
Zdilla [15] the prevalence of metopism in European skulls is 8.06%; in 15.38% of 
Asian skulls; in 2.20% of Egypt skulls, 2.86% of Benga skulls. Moreover, metopism is 
more common in females (3.77%) than in males (1.79%) [15].

As anatomical variation, the persistent metopic suture has no immediate clinical 
significance. However, studies suggest link between the persistence of the metopic 
suture and the suppression of the development of the frontal sinus [4; 8-11].  According 
to the study of Guerram et al. [8], there was a statistical significance between metopism 
and hypoplasia of the frontal sinus: 50.8% of the skulls with persisting metopic suture 
were found to have bilateral hypoplasia of the frontal sinus, in comparison to the 9.4% 
of the normal skulls with this condition. According to Nikolova et al. [9], there was a 
statistically significant link between the persistence of the metopic suture and aplasia 
of the frontal sinus: 27,5% of the skulls with metopism had aplasia of the frontal sinus 
(20% unilateral and 7.5% bilateral) in comparison of 4.8% of the skulls in the control 
group exhibited aplasia of the frontal sinus. In another study, Nikolova et al. [10] 
found that 19.35% of the skulls with metopism exhibited aplasia of the frontal sinus 
(7.53% bilateral and 11.83% unilateral – 9.68% right and 2.15% left) in comparison 
to the 12.41% of the skulls in the control group with such condition. In 22,58% of the 
skulls with metopism exhibited hypoplasia of the frontal sinus (8.60% bilateral; 13.98 
unilateral – 12.90% right and 1.08% left) in comparison to the 13.14% of the skulls 
from the control group with such condition. It is apparent that most commonly, the 
right frontal sinus is affected.  

Gunshot wounds to the skull are associated with powerful pressure forces acting 
on the cranial bones. Initially the bullet causes inwards puncture pressure to entrance 
wound bone, which travels towards the adjacent bones and damages them. Afterwards 
the bullet causes intracranial tension pressure, when passing inside the skull. Lastly, 
the bullet causes outwards puncture pressure to the bone of the exit wound, which 
travels to the neighboring bones and damages them. The amount of pressure applied 
by the bullet depends on its mass, velocity, shape and trajectory [7]. As a result of 
the intracranial tension pressure caused by the bullet there might occur a traumatic 
diastasis of the coronary sutures. 

Even though the persisting metopic suture is a rare anatomical variant without 
underlying pathology, it might be misinterpreted as a fracture of the frontal bone during 
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different radiological tests [2]. Therefore, knowledge of this ordinarily occurring 
deviation in the development of the frontal bone is paramount for radiologists, 
neurosurgeons and orthopedists. 

Conclusion 

The persisting metopic suture in adults – metopism is a standard anatomical variant 
with no primary underlying pathology. However, though, metopism might be the 
cause of suppressed development of the frontal sinus. Furthermore, the persisting 
metopic suture might mimic a frontal bone fracture and might be misinterpreted by 
inexperienced radiologists. 
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Burial facilities and bone remains of people who lived in antiquity are a valuable source of 
archaeological and anthropological information: about the age and sex distribution of past 
population and the lifestyle of people who inhabited corresponding territory. Skeletal remains 
reveal traces of various pathological conditions, traumatic injuries and signs of medical 
treatment. Complex analysis finds clues for ethnic and religious affiliation and social status of the 
deceased. The current review aims to summarize available anthropological and archaeological 
data about population of Serdica and to assess its structure during the Late Antiquity (4th-6th c. 
AD). The paleoanthropological material from the Serdica’s necropolises is insufficient to draw 
reliable conclusions about the demographic structure (age and sex distribution, age specific 
mortality and average life span), lifestyle of the ancient population, pathological processes 
and causes of death. It can be assumed that the average life expectancy in adults is not much 
different from that of the Roman period.

Key words: Serdica, paleoanthropology, Late antiquity, Western necropolis, Eastern 
necropolis

Introduction

During the Late Antiquity of the present Bulgarian territory (mostly parts from 
provinces Thracia and Moesia Inferior), dozens of towns have been established and 
nowadays are partially or completely studied. Serdica continues its development from 
previous period and is mentioned in historical sources throughout the whole Late 
Antiquity [26]. The history of the Roman town begins with the fall of Thracian lands 
under Roman authority after 45 AD. During the reign of emperor Traian the settlement 
received urban status and the name of emperor’s family – Ulpia Serdicae [8]. The 
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town is important trade, administrative and spiritual center during the Roman and the 
Late Antique periods [9]. The chronological border of the study covers the time from 
the end of 3th-beginning of 4th to 6th c. AD. During this period many changes in the 
Roman Empire and in the Balkans took place, which had led to a positive change in 
the development of Serdica [5]. The new status of the capital of the province of Inner 
Dacia, the adoption of Christianity as equal (Milan edict of 313 AD), as well as the 
proclamation of Constantinople as capital by Constantine the Great accelerated the 
development of the ancient town. Historical events such as the Church council of 343 
AD. and the invasions of Hun tribes from the middle of the 5th c. AD left their mark on 
the image of the city and its population [26].

From archaeological and anthropological perspectives, the burial facilities and 
bone remains of people who lived in past periods are a valuable source of information 
about the sex and age distribution of buried; about the life of the people who inhabited 
the corresponding territory; about various pathological conditions, traumatic injuries 
and signs of medical treatment (trepanations), about the ethnic and religious affiliation 
and social status of the deceased, etc.

The current review aims to summarize available anthropological and archaeological 
data for the town of Serdica and to assess the structure of its population during the Late 
Antiquity (4th-6th c. AD).

The study focusses on the published anthropological data from the East and West 
necropolises of Serdica [2, 3, 7, 12, 20, 24, 25], as well as from the Late Antique 
mausoleum and burials in the Lozenets district [10, 11, 18, 21, 23, 27]. In achievement 
of more detailed picture, the data from the already studied synchronous necropolises of 
on the territory of Bulgaria are also examined [14, 15, 16].

Archaeological data

Archaeological studies have so far contributed to the clarification of the main 
construction periods of the town [1, 4]. The topography and planning of the ancient city 
are largely clarified, and the cited two urban necropolises are localized and explored 
(still partially).

The Eastern Necropolis has been the subject of research since the end of the 19th 
century [24]. It is located about 170 meters from the fortified territory. The necropolis 
is used for a long period of time (from the last decades of 2th – the beginning of the 
3th c. AD to the 16th-17th c. AD). During this long period, according to the available 
archaeological information it is assumed that various burial rites (pagan, Christian and 
Muslim) have been applied. In the center of the necropolis rises the iconic Church of 
St. Sophia, as a result from at least three major reconstructions [5].

Serdica‘s Western necropolis was discovered in the beginning of last century by 
B. Filov [1] and has been investigated for more than a century, but remains studied to a 
lesser extent [12]. It develops in Southwest direction, near the West city Gate. Like the 
Eastern one, the Western necropolis developed around on other basilica. The studies 
carried out so far have identified three vaulted tombs, dated to the late 4th and 5th c. 
AD, 38 burial facilities and seven tombstones – of the Early Christian community, 
some of them presenting church officials [12]. In 2018 part of Western necropolis is 
excavated at „Solen pasar“ site [25]. Remains of 24 individuals, buried as Christians 
are discovered and dated in 4th to 5th c. AD.
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In the Lozenets district, during studies in 1954, a part of a massive building was 
discovered, which was interpreted as a basilica. In 2001, after a comprehensive study 
of the same building, it was established that it was a Late Antique family mausoleum 
of a wealthy citizens, which functioned from the last quarter of the 4th to the first 
decades of the 5th c. AD [10]. Excavated graves from mausoleum area in 2020 were 
published recently, as well as burials in its vicinity in Lozenets district [11, 18]. After 
these finds could be supposed that a necropolis developed also in South direction of 
ancient Serdica in Roman period and Late Antiquity, which is important addition to the 
information from already known Eastern and Western necropolises.

Another excavated mausoleum is located in present Stefan Karadzha district [6]. 
It is part of villa complex in vicinity of Serdica and includes four burial chambers. 
From architectural point of view it presents a similar plan as the one in Lozenets.

A number of epigraphic monuments in Latin and Greek, also provide valuable 
information about the population of Early Christian Serdica [17]. Most often, these are 
Christian tombstones and construction inscriptions with information about the origin, 
profession and religion of ancient inhabitants.

Anthropological data

The excavations of burial complexes provide anthropological material, which study 
contributes to the reconstruction of processes, which took place in the population of 
the Late Antiquity town. The paleoanthropological investigations provide detailed 
information about the age and sex of buried, their anthropological type and physical 
development. Human bones retain signs of various pathological changes and incidents 
of human influence on the body, conducted ante- or post-mortem. 

Anthropological studies of the population of ancient Serdica have been carried 
out since the beginning of the 20th century [2, 3, 7]. Compared to the investigations 
of Late Antique populations studied from the other necropolises unearthed in the 
Bulgarian territory, those from Serdica are scarce. This is due to the location of the 
necropolises (under the modern center of the capital) and poor preservation of human 
bone remains of Late Antiquity in the specific soil conditions.

In the 20th century, major paleoanthropological studies were associated with 
excavations within the Eastern necropolis [2, 3, 7]. Skulls of eight individuals ( a 
child and seven men) from a Christian tomb have been discovered and studied [7]. By 
the anthropological characteristics of the skulls, male individuals fall into the groups 
of adults (Adultus, 20-30 years) and maturs (Maturus, 40-50 years). Skulls are meso- 
and brachycrane and are not racially homogeneous. Due to their poor preservation, no 
more extensive analyses and conclusions have been made [7]. A partially preserved 
dolichocrane skull with trepanation has been studied. The probable reason of the 
procedure is the treatment of neuro-mental illness [3]. The patient did not survive the 
procedure. From historical sources it is known that surgical trepanations in the past 
have been carried out in connection with the treatment of traumatic wounds, nervous 
or mental illnesses. By metric and descriptive traits of the skull, the individual is 
identified as an adult man (between 25-30 years). Due to the absence of the facial 
skull, race identification is impossible. This is one of the few known cases of skull 
trepanation in Bulgaria and Serdica in particular and presents a technique which 
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has not been used in other known cases [22, 28]. The find shows advanced medical 
technique, practiced in the Roman Empire that the local Serdician medicals were 
familiar with [3].

In recent years paleoanthropological studies have also been carried out on the 
territory of the Western necropolis of the town, with the bone material from two 
tombs (II and III) and 7 graves [12, 13, 20]. The identified men split into the groups 
of adultus (20-40 years) and maturus (40-60 years) and women in the group of adults 
(20-40 years). In two of the buried (a male and a female), the age at death was defined 
at about 20 years, and for all others death occurred at the age of over 20 years. Traces 
of various pathological processes have been identified on the bone remains, the most 
common being dental pathologies (paradontosis and carious changes of the teeth), 
dystrophic changes of joint surfaces (spondylosis and arthrosis). Evidences for the 
anthropological type of buried are scarce, only height being achieved for a few male 
individuals due to incomplete and fragmented material [20]. It is reconstructed to vary 
between 165.8 and 172.52 cm (according to the Pearson-Lee formula) and 172.45 to 
177.52 (according to the Trotter-Glaeser formula). Recently studied individuals from 
„Solen pasar“ site present a case of possible artificial deformation of the head in one 
child (gr. № 9, Infans I) and mongoloid influence in features of the skull of an adult 
male (gr. № 12) (unpublished material provided by Victoria Ruseva to whom I am 
grateful). These specifics could be a result of infiltration in Serdica of elements from 
arriving populations in Europe during the Great migration of peoples.

Paleoanthropological material from the Late Antique mausoleum in Lozenets 
district presents eight individuals – two children between 5 and 7 years (age group 
of Infans I), one men in the senile age, at about 60-65 years, two men and two 
women at about 45-50 years at death (in the age group Maturus) and a woman at 
younger age, in group of adults, at about 35-40 years [27]. Тhe height of the buried 
individuals is determined from the bones of the postcranial skeletons. Men fall into 
the category “tall” (182.05 cm /174.07 cm), and women in the category „medium“ 
(166.32 cm/157.58 cm), according to formulas mentioned above. According to the 
metric and descriptive traits of the skulls, the authors assign them to the Southern 
European racial type, with predominant of Dinaric-Mediterranean characteristics 
[27]. Latest anthropological analyzes from Lozenets mausoleum gives information 
about woman (30-40) who suffered from initial form of disability with limping gate 
acquired after trauma [21]. 

More detailed information about Late Antiquity populations from the present 
Bulgarian territory provide paleodemographic studies for other investigated urban 
necropolises such as those of Augusta Trayana, Abritus, Kabile, Kaliakra [14, 15, 
16, 19]. From the analyses, the higher number of men in adult and elderly age, 
with life expectancy between 42 and 47 years makes an impression. On average, 
men in their 20s lived up to 43.9 years. For women, life expectancy is lower, in 
average of four-seven years and they are expected to live up to 42.7 years. This 
observation is associated with their higher mortality rate in the age group of adults 
(20-40 years), explained with complications during pregnancy and childbirth [14, 
19]. High infant mortality, specific for preindustrial populations is also reported, in 
average it varies between 25-30 and 40-45 % for buried at the age 0-14 years in most 
studied necropolises (Kabyle, Kaliakra, Augusta Traiana, Koprivlen). In most cases 
relative number of buried in the age group of Infans I, in the interval of 0-4 years 
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is higher [14, 15, 19]. It is assumed that high mortality rates are due to factors such 
as hygiene level, medical development and living environment [14]. In the studied 
populations, there are variations in the height of individuals. For men it is from 
medium (165.5 cm) to high (173.3 cm), and for women – below average (150.7 cm) 
and medium (153.7 cm). A pathological processes established among the Serdician 
society, have also been found in the other studied populations from Late Antiquity 
[16, 20, 21] – dental pathologies (presence of dental calculus, periodontal changes, 
and carious changes in the teeth), degenerative joint disease (spondyloarthrosis and 
arthrosis). Common in addolescent age (14-18 years) is the osteoporosis of the upper 
orbital wall (cribra orbitalia), which is associated with anemia of various origins. 
Pathological conditions are also traumas, mainly fractures of the long bones of the 
limbs, possibly a consequence of physical impact. Paleopathological findings are 
an indicator of living conditions, diet, work activity, lifestyle and social situation 
of the studied population [2, 3, 14, 15, 16, 19]. The study of pathological changes 
of bones can contribute in clarifying the causes of death or the state of health of 
the individual in life. Paleopathological analysis shows relatively good health of 
populations during Late Antiquity and the presence of favorable living conditions 
with high level of hygiene practices and medicine.

The carried out racial-typological analysis of the Ancient populations shows an 
affiliation with the Southern European racial types with a predominance of marks of 
the Mediterranean race.

The discovered and studied so far paleoanthropological material from the 
necropolises of Ancient Serdica is insufficient to draw reliable conclusions about 
the demographic structure (age-sex distribution, average life span) and lifestyle of 
the population of the ancient town, pathological processes and causes of death. It 
can be assumed that the average life expectancy of Late Antique Serdicians was not 
much different from that of the Roman period, according to the calculations of Boev, 
Kondova, Cholakov – 42 and 47 years. The estimated life span for men is 4-7 years 
higher than that of women. Men were medium to tall, and women were middle and 
below average stature. Dental pathologies (presence of dental calculus, periodontal 
changes and carious changes of the teeth), degenerative-dystrophic changes of 
joint surfaces and traumatic injuries were common. In general, the Late Antique 
populations, which inhabited our lands had a relatively good health condition. The 
individuals belonged to the Southern European racial type, and there are also dinaro-
mediteran variants.
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IN MEMORIAM

Professor Dr. Marlena Anastassova-Kristeva

On the 14th of January 2022, Professor Doctor Marlena Anastassova-Kristeva 
passed away at the age of 98 at her home in Los Angeles, USA.

Marlena Anastassova-Kristeva was born on the 17th of December 1923 in Berlin, 
Germany. She graduated Medical Faculty, Vienna University, (1944), as well as Higher 
Dental School (1948) and Higher Medical School (1952) at Medical Academy, Sofia, 
Bulgaria. In 1955 she started work as a researcher in histology and embryology, and 
later on, as a senior scientist at the Institute of Morphology, Bulgarian Academy of 
Sciences till 1979. Prof. Kristeva organized and managed research laboratories for 
Histochemistry, Tissue Cultures, Histoautoradiography and Karyotyping.

Between 1982 and 1990 Prof. Kristeva was honored as a professor in histology 
and developmental biology at the California State University Northridge (CSUN), 
USA. Between 1990 and 1994 Prof. Kristeva organized and managed Central Lab on 
AIDS research. She conducted research on BSL 3 Mouse-Human Chimeras at Core 
Faculty in Hematology-Oncology at University of California Los Angeles (UCLA). 
Since 1996 till 1999 Prof. Kristeva was teaching histology as a part time professor at 
School of Medicine, Department of Cell and Neurobiology, University of Southern 
California (USC).



176

Prof. Kristeva was Honorary Member of the Bulgarian Academy of Sciences 
(2006), The New York Academy of Sciences (1982) and Sigma Xi, USC (1981). 
She was a member of Union of Scientists in Bulgarian and European Cell Biology 
Organization, France. Since 2001 she was an official adviser in embryology for Journal 
of Chemotherapy and Stem cell Research, now renamed Stem Cells and Development.

Prof. Kristeva dedicated more than 50 years to students, graduated and post-
graduate students. Her scientific work includes over hundred of publications and 
hundreds citations in journals with high impact factor.

Prof. Kristeva’s major scientific achievements contributed to several areas of 
research: First priority was reproduction, particularly the origin of the primordial germ 
cells (PGC) in undifferentiated gonads, cell differentiation of germ and somatic cells, 
development and maturation of germ cells and meiosis. With her wide background in 
the field of embryology, cellular and molecular biology, Prof. Kristeva transferred her 
scientific activity in genetics, introducing modified method for human chromosome 
karyotyping. She described for the first time the changes in nucleolus that occurred 
during mitotic cycle in humans. She created nucleolar test for evaluation the number 
of satellite chromosome in plants and animals, widely cited and applied in molecular 
biology and pathology.

After retirement at 2000, Prof. Kristeva was completely devoted on theoretical 
science and published many articles in prestigious scientific journals. In 2003 she 
published an article entitled: “The origin and development of immune system with 
a view to stem cell therapy” in “Journal of Chemotherapy and Stem Cell Research”. 
She reported her new concepts about hemopoiesis, lymphopoiesis and macrophage-
monocyte systems. Comparative study on lymphopoiesis, hemopoiesis and 
macrophage system during phylogeny and ontogeny showed her contemporary concept 
that lymphocytes and macrophages originate in the bone marrow from a common 
hematolymphoid precursor.

In the paper “The secret of epigenetics and its implication for cell therapy” (2007), 
Prof. Kristeva postulates that since the morphogens selectively unlock new genes, it 
will be possible production of morphogens and selective trans-differentiation of adult 
patient cells in vitro.

Obtaining pluripotent embryonic cells from patient cells in vitro, and production 
of such nutrient medium, named “cloning medium” will be indisputably very profitable.

On the basis of her erudition and fundamental knowledge in embryology, cell 
differentiation and genetics, she published few articles in journal Stem Cells and 
Development, entitled: “Morphogens Reveal the Appearance and Function of 
IncRNAs” (2015) and “Correspondence on: A Hyaluronic Acid-Rich Node and Duct 
System in which Pluripotent adult Stem Cells Circulate” (2016). She hypothesized 
that the nuclear HOX proteins bind the mRNAs and suppress translation turning them 
into IncRNAs. This new compound (HOX protein + mRNA) is a morphogen, which 
explains in a very elegant manner the molecular mechanism of cell differentiation 
and the great and multifaceted repertoire of RNAs. According to Prof. Kristeva this 
scientific data open great possibilities for further research in the field of gene engineering 
giving the manner of producing morphogens in vitro for cell therapy. In this article she 
concluded that the transcripts of each gene may be coding or non-coding, depending 
on the proteins they bind. The morphogenesis (mRNAs bind with HOX proteins) in 
the embryonic cells (blastomerе) are synthesized in the oocyte and during the cleavage 



177

segregate in a special order in the blastomerе, determining the body plan of the future 
embryo. The morphogens make the early embryo cell pluripotent. The two elements – 
HOX proteins and non-coding RNAs applied separately cannot work as morphogens.

Prof. Kristeva declared the great discovery she made studying the meiosis. She 
knew that her hypothesis will face extreme opposition within the scientific community. 
However, on the basis of her half-century-long scientific career, she was obligated 
to share her knowledge with younger scientists to achieve a deeper insight into the 
evolution of the immune system.

A remarkable Editorial’s note on her last article was: “She was an accomplished 
embryologist who maintains a vigilant survey of the interpretation of key results in 
the field of phylogeny and ontogeny of hematopoietic, lymphopoietic and macrophage 
systems as well as of stem cell research”.

Nevertheless, working in United States for many years, Prof. Kristeva always 
published her articles on behalf of Institute of Morphology, Bulgarian Academy of 
Sciences, thus presented our science in the world. She never lost her connections with 
all her former students and collaborators. With her vitality, enthusiasm, goodwill and 
encyclopedic knowledge, Prof. Kristeva never will be forgotten. By her death Bulgarian 
Academy of Sciences as well as Bulgarian Morphological School lost a great scientist.

Yordanka Martinova
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