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Biological activity of ethyl acetate extract from the leaves of Cotinus coggygria Scop. (smoke 
tree) was studied in an in vivo model of mice both healthy and developing solid or ascites form of 
Ehrlich’s mammary gland carcinoma. Thus, the toxicity of the extract, applied per os, as well as its 
possible antitumor activity were evaluated. Clinical and pathomorphological studies were carried out. 
According to the results, no signs of overall or organ-specific toxicity were found. The extract did not 
prevent the development of Ehrlich’s tumor but reduced the solid tumor grade by enhancing the cells 
differentiation. Additionally, the herb was shown to possess a mild tissue-protective activity expressed 
by less pronounced pathological changes in the internal organs. Another beneficial effect of the extract 
application was the prolonged life expectancy of treated mice.

Key words: Cotinus coggygria Scop., plant extracts, Erlich’s breast cancer, mouse model, 
pathomorphology

Introduction

To date the interest in the replacement of conventional chemotherapeutic drugs used as 
antitumor agents, with natural compounds is growing exponentially, mostly to avoid 
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unfavorable side effects. Different plants, especially traditionally used over the centuries 
by mankind, are a good source of active substances with beneficial effects in tumor 
diseases. Cotinus coggygria Scop. (syn. Rhus cotinus, European smoketree, Venetian 
sumach) is a beautiful flowering plant from the family Anacardiaceae, widely spread 
in Europe, including our country, and commonly used in folk and modern medicine. 
Chemical analyses of the extracts from C. coggygria have shown that the plant is rich in 
polyphenols, glycosylated flavonols, gallic acid and gallotannins [8, 10]. C. coggygria 
extracts were reported to possess antiseptic, anti-inflammatory, hepatoprotective, 
antioxidant and antitumor activities [4, 8]. Our in vitro studies have shown that ethyl 
acetate extract from C. coggygria leaves has a selective effect on the cell viability in 
different tumor and not tumorigenic human cell lines [5, 6]. On the other hand, the plant 
is considered poisonous due to the presence of strong allergens in the essential oil.

The mouse model of Ehrlich’s mammary gland carcinoma (ascites and solid 
forms) has proven to be convenient for the in vivo studies of therapeutic potential of 
different preparations[1, 2]. It represents a transplantable malignant tumor exhibiting 
aggressive behavior and poor differentiation, which can be developed in practically 
all strains of mice.

The aim of the present study was to evaluatethe possible toxicity of the ethyl 
acetate extract from C. coggygria leaves given per os, and to characterize its effecton 
the organs of laboratory mice developing ascites and solid forms of Ehrlich’s breast 
carcinoma.

Materials and Methods

Ethyl acetate extract of C. coggygria leaves was obtained exactly as described in our 
earlier studies [5, 6].

For the study, 42 male albino mice, 20 g body weight (b.w.), were randomly 
allocated to seven groups (6 mice each), as follows:

Group 1 – not-treated controls;
Group 2 – treated daily per os with DMSO solution;
Group 3 – toxicity controls receiving daily a dissolved extract of C. coggygria per os;
Group 4 – mice inoculated with Ehrlich’s cells s.c in the hind leg and developing 
solid tumor;
Group 5 – like group 4 but receiving daily the extract of C. coggygria per os;
Group 6 – mice inoculated with Ehrlich’s cells i. p. and developing ascites carcinoma;
Group 7 – like group 6 but receiving daily the extract of C. coggygria per os.
All the animals were fed and watered ad libitum during the whole testing period 

(20 days). Control group 2was treated only with the solvent, i.e. 0.2 ml 0.1 % DMSO 
in Phosphate Buffered Saline (PBS, Sigma) for 20 days. Toxicity controls (group 3) 
received daily 30mg/kg b.w. extract of C. coggygria dissolved in 0.2 ml 0.1% solution 
of DMSO in PBS for 20 days. The same treatment was applied also in groups 5 and 7. 
For the development of Ehrlich’s carcinoma, animals were inoculated with 1x106 cells 
of the line EAC (Ehrlich’s Ascites Carcinoma, maintained by in vivo culturing in albino 
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mice) in PBS s.c.in the hind leg (groups 4 and 5) or i.p. (groups 6 and 7) on the 10th day 
of the experiment. 

The experiments were carried out in the Institute of Experimental Morphology, 
Pathology and Anthropology with Museum, Bulgarian Academy of Sciences 
(Permission Nr 11 30 127) in accordance with the national regulation Nr 20/01.11.2012 
regarding laboratory animals and animal welfare and European directive 2010/63/EU 
of the European Parliament.

Observations of the animals were performed daily, regarding the specific signs and 
symptoms of the tumor disease. Animals’ monitoring included also: general condition, 
appetite, water intake, signs of intoxication, body posture and movements, ataxia, 
paresis, scratching, etc.

The animals from all groups were sacrificed by cervical dislocation on the 20th day 
and tissue samples from solid tumors, liver, kidneys, lung, small intestine, brain, spleen 
and pancreas were extracted, stained with H&E according to the standard methods of 
histology and examined microscopically (Leica DM 5000B, Wetzlar, Germany) for the 
presence of morphological signs of toxicity, necrosis or destruction, tumor metastases 
and inflammatory reactions. Ascites’ smears were stained with DiaPath May-Grünwald 
Giemsa Fast Method and examined under the microscope as above.

Results and Discussion

Ehrlich Ascites Carcinoma (EAC) cell line has been isolated from a spontaneously 
developed mammary adenocarcinoma in a mouse. It can be maintained by in vivo 
culturing through i.p. injections in virtually every mouse species [reviewed in 9]. 
Inoculation of experimental animals can be performed both i.p. and s.c. to develop ascites 
or solid form of the tumor respectively. Ehrlich’s carcinoma is a poorly differentiated 
highly transplantable and rapidly developing tumor, resembling the most sensitive to 
chemotherapy human breast cancers [9]. It has been widely used to study the possible 
therapeutic effects of substances of both natural and synthetic origin [e.g. 1. 2].

In our experiments, we chose to apply the ethyl acetate extract of C. coggygria 
leaves orally to evaluate its overall and organ toxicity upon ingestion, since this is the 
most common way of uptake through teas or tinctures. Actually, we did not expect 
the extract to be particularly toxic as all the allergens are in the essential oil, which 
evaporates during the extraction process. Additionally, previous studies showed safe 
doses of 25-50 mg/kg b.w of C. coggygria total flavonoids orally given to mice [11]. In 
the present study we use a dose of 30 mg/kg b.w.

Clinical observations. All animals monitored during the study were observed for 
both normal and abnormal behavior and parameters mentioned above. As expected, 
groups 1 and 2 did not show any abnormal reactions or toxicity signs.The same applied 
also for group 3-treated with the C. coggygria extract. Tumors developed very quickly 
in other groups (2nd to 3rd day after inoculation), as noted by palpation (solid form) 
or abdominal circumference (ascites form). The animals from those groups showed 
characteristic signs of fatigue, lameness with the injected leg, enlarged abdominal 
circumference (ascites form of the tumor), difficulty in movement, reduced tone and 
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a significant decrease in activity and general condition. It should be noted that the 
animals in groups treated with C. coggygria extract (5 and 7) showed a preserved food 
intake and prolonged life expectancy in the range of the experiment, whereas two of the 
animals of the group 6 and one of the 4th group died before the end of the testing time.

Macroscopically, solid tumors in the groups inoculated s.c. (4 and 5) varied in size 
independently of whether the mice received extract or not. The same applied also for the 
volume of ascites in the animals, inoculated i.p. (groups 6 and 7). The internal organs 
seemed unchanged except for the pancreas which was enlarged in all the animals with 
developing ascites tumors.

Pathomorphology. No clinical signs of general toxicity or pathohistological 
evidences for organ toxicity were observed in mice treated only with the extract (group 3) 
during the 20 days period of the experiment. All the examined organs of those animals 
did not show any differences from the control groups 1 and 2. Histological studies of 
the solid tumors (group 4) revealed a pronounced cell anaplasia, cells in different phases 
of mitosis, rarely pyknotic nuclei and cytoplasm vacuolization, pointing out a low level 
of apoptosis (Fig. 1A). Tumor masses of the animals treated orally with the extract 
exhibited signs of cell differentiation and maturation in the tumor periphery (Fig. 1C 
and D). Also, cells with karyorrhectic or pyknotic nuclei as well as a substantial 

Fig. 1. Solid form of Ehrlich’s carcinoma. Mice not treated with C. coggygria (A) – anaplasia, cells 
in different phases of mitosis (arrow), low number of pyknotic nuclei (arrowhead); Mice treated 
with the extract (B, C, D) – abundant vasculature in the tumor periphery (arrows) (B); C and D – 
formation of necrotic foci (asterisk) in the central tumor masses, lots of cells with pyknotic or 
karyorrhectic (apoptotic) nuclei (arrowheads), visible cell differentiation (arrow) in the tumor 
periphery (D). H&E, scale bar = 20 µm.
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vacuolation of the cells were observed (Fig. 1C and D), which can be assumed as an 
indication of apoptotic processes. Necrotic areas in the tumor center were also observed 
(Fig. 1C and D). Neovascularization was visible in the peripheral area with the lumen 
of the vessels filled with plasma proteins content (Fig. 1B). In nonvascular regions 
formation of hypoxic areas and focal necroses were noticed.

Cell smears of the animals with ascites form of Ehrlich’s carcinoma showed mitotic 
figures and formation of multinucleated giant carcinoma cells. Pyknosis or vacuolation 
were rare (Fig. 2A, B). Visibly, the number of giant cells in the ascites from animals 
treated with the extract was lower. Leukocytes and mononuclear cells were also presented.

Fig. 2. Ascites form of Ehrlich’s carcinoma. Mice not treated with C. coggygria (A). Mice treated with 
the extract (B). Giant carcinoma cells (arrows). May-GrunwaldGiemsa, scale bar = 20 µm.

Ehrlich’s mammary gland carcinoma in mice has been shown to metastasize in 
the liver, kidney and spleen and different methods have been tested to reduce the tumor 
spread [e.g. 3]. In our experiment, no metastases were found in the animals with solid 
form of the tumor (groups 4 and 5), whereas tumor cells infiltrations were found in the 
kidney and pancreas of mice with ascites form of the tumor (group 6). Liver and spleen 
also showed pathological changes in the animals not-receiving C. coggygria extract. 
In the liver, enlarged sinusoids with immune cell content but invisible (not enlarged) 
perisinusoidal spaces (Disse spaces) were observed. Groups of cells with pyknotic 
nuclei were also seen in the liver lobules (Fig. 3B). Otherwise, mice treated with the 
extract (groups 5 and 7) showed a normal architecture of the liver lobules (Fig. 3A). 
In the spleen, the megakaryocytes population was increased with both normal and 
dwarf cells, some of which having endomytotic figures (Fig. 3F). The animals treated 
with C. coggygria had a lower number of megakaryocytes with normal appearance 
(Fig. 3E). Kidneys of some ofthe animals with ascites form of the tumor had metastatic 
tumor infiltrations (Fig. 3D). In certain animals enlarged periglomerular spaces due to a 
shrinkage of the glomeruli were seen as well as disrupted tubules organization (Fig. 3D). 
Those findings should be connected with the aggressive tumor growth and organism 
exhaustion. No metastases were observed in the animals receiving C. coggygria and 
the structure of kidney parenchyma in those animals appeared preserved (Fig. 3C). 
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Metastatic Ehrlich’s tumor infiltrations 
were found in pancreatic peripheral 
exocrine parenchyma more distinct 
in two mice from the group 6 
(Fig. 3H). Similar but less pronounced 
infiltrations were seen also in mice, 
treated with the extract (Fig. 3G).

In general, it can be said that the 
herb extract mitigates the pathological 
changes resulting from the tumor 
development in parenchymal organs. 
Earlier studies point out the large 
content of gallic acid and gallotanins 
in the preparations of C. coggygria 
[8, 10]. Gallic acid (free or liberated 
from gallotanins by intestinal enzymes) 
is readily absorbed by the intestinal 
mucosa and spread with the blood to 
all organs, forming a major depot in 
the liver [12]. Biological activity of this 
compound includes inhibition of tumor 
cells proliferation and common tissue-
protective effects [reviewed in 7]. It can 
be assumed that the tissue protective 
activity of the C. coggygria extract on 
the parenchymal organs in our study is 
due at least in part to gallic acid.

In conclusion, ethyl acetate extract 
from C. coggygria leaves does not show 
any signs of toxicity by application per 
os in mice at least at a dose of 30 mg/
kg b.w. The extract cannot prevent the 
development and growth of Ehrlich’s 
mammary gland carcinoma but can 
reduce the solid tumor grade by 
enhancing the cells differentiation.
Additionally, the herb possesses a mild  
by the less pronounced pathological 
changes of the internal organs. Also, the 

lack of lethal cases for the 10 days post-inoculation period in the groups treated with the 
extract could be attributed to the herb’s protective effect on parenchymal organs.

Acknowledgements: This work is financially supported by the Scientific Fund of 
Bulgarian Ministry of Education and Science, Grant Nr КP-06-N31/1.

Fig. 3. Pathomorphology of the internal organs of 
mice, developing ascites Ehrlich’s carcinoma. Left 
(A, C, E, G) – treated with C. coggygria extract; Right 
(B, D, F, H) – not treated with the extract. A – Normal 
appearance of a hepatic lobule; B – groups of cells 
with pyknotic nuclei (arrow), enlarged sinusoid with 
immune cells content (arrowhead). C – Preserved 
structure of the kidney cortex; D – tumor cells and 
inflammatory cells infiltrations (arrow) in mice of 
group 6, renal corpuscles (arrowhead); E – Increased 
number of megakaryocytes with normal appearance 
(arrows); F – a large number of normal and dwarf 
megakaryocytes (arrows), some of which with 
mitotic nuclei. G and H– Leukocytes and metastatic 
tumor cells infiltrations in the fibrovascular capsule 
and pancreatic septa (asterisks); H inclusion – cell 
spreading in the perivascular spaces and pancreatic 
ducts in mice of group 6. H&E, scale bar = 20 µm.
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The aim of this study was to estimate the distribution and size of the lymphatic nodules in the wall of 
gallbladder in pigs at different ages. 

A light microscopic observation was performed on the lymphatic tissue localized in fundus, 
corpus and collum vesicae felleae. We found out that lymphatic tissue in gallbladder is represented by 
diffuse lymphatic tissue, primary and secondary type of solitary lymphatic nodules as well as aggregated 
lymphatic nodules. In 2 month-old pigs, only diffuse lymphatic tissue was observed. In 6 month- and 
3 year-old animals except for diffuse lymphatic tissue, both primary and secondary lymphatic nodules 
were defined. The density of nodules in 6 month-old pigs was higher than in 3 year-old ones. In 6 month- 
old pigs, the diameter of nodules was smaller than in 3 year-old ones.

In conclusion, the solitary and aggregated lymphatic nodules observed form well defined 
gallbladder-associated lymphoid tissue.

Key words: gallbladder – associated lymphoid tissue, morphometry, pigs

Introduction

Based on the anatomical and functional properties, the mucosal immune system (MIS) 
can be separated into inductive and effector sites [9]. The migration of immune cells 
from mucosal inductive to effector tissues via the lymphatic system is the cellular 
basis for the immune response in the gastrointestinal, the upper respiratory, and female 
reproductive tracts. Mucosal inductive sites include mucosa-associated lymphoid tissue 
(MALT) network  delivering a continuous source of memory B- and T-lymphocytes that 
then move to mucosal effector sites [5, 7]. Mucosal effector sites, including the lamina 
propria regions of the gastrointestinal, the upper respiratory and female reproductive 
tracts as well as secretory glandular tissues (mammary, lacrimal, salivary, etc.) contain 
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Ag-specific mucosal effector cells such as IgA-producing plasma cells, and memory B 
and T cells [1]. The components of MALT include solitary lymphoid nodules, aggregates 
consisting of several lymphoid nodules and lymphoepithelium (LE) [8]. 

The uptake of antigen occurs through the lymphoepithelium (LE) by M cells or 
dendritic cells. Some components of MALT are constitutively present at defined mucosal 
sites, such as the tonsils; others are with varying location, such as Peyer’s patches in 
the jejunum and ileum, and others are induced by antigen exposure, such as bronchus-
associated lymphoid tissue and solitary lymphatic nodules. Recirculating lymphocytes 
enter MALT through venules in the internodular areas. Receptors on venules regulate 
the tissue-specific migration of lymphocytes [8].

The structure of the lymphoid tissue in porcine stomach, small and large intestine is 
well studied [6, 15]. Recently, Stefanov [14] studied the age-dependent distribution and 
size of lymphatic nodules as components of extrahepatic bile duct associated lymphatic 
tissue in domestic swine. However, information about the existence and structure of 
the lymphoid tissue in gallbladder in domestic swine (even in Nomina Histologica 
Veterinaria [12]) is not available. 

That`s why the aim of the current study is to define the distribution and size of 
lymphatic nodules (LNs) in the wall of gallbladder in pigs at different ages in order to 
elucidate the structure of gallbladder-associated lymphoid tissue (GBALT) as another 
component of mucosa-associated lymphoid tissue.

Materials and Methods

Animals
For this study, gallbladders of 6 pigs at the age of 2 months (22 – 33 kg), 6 pigs at the 
age of 6 months (92 - 100 kg) and 6 pigs at the age of 3 years (280 - 300 kg) were 
collected according to the Scientific Project number 13/2017, Medical Faculty, Trakia 
University, Stara Zagora, Bulgaria. All procedures were carried out 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 experi mental animals and the 
requirements for the sites for use, breeding and/or delivery) and 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.

Material
The tissue samples were obtained from pigs slaughtered at slaughter house for meat 
consumption. The samples from gallbladder`s bottom, body and neck were fixed in 
10% aqueous solution of formalin. Then these samples were dehydrated in alcohols 
and embedded in paraffin. About 5-6 μm thick paraffin serial cross sections were 
mounted on gelatinized slides, twice placed in xylene, rehydrated by decreasing ethanol 
concentrations and stained with Haemotoxylin and Eosin (H&E) dye.

Histochemical methods for detection of elastic and collagen fibers
Orcein staining method was used to identify elastic fibers (stained in dark brown) but 
Van Gieson method – for detection of collagen fibers (stained in red).
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Morphometric study
The measurements were performed on sections stained with H&E in order to define 
the size (diameter, height and width in µm) and density (number per cross section) of 
LNs. The measurements were done by a light microscope (LEICA DM1000, Leica 
Microsystems, UK) with a digital camera (LEICA DFC 290) and software (LAS 
V4.10.0 2016).

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

The terminology was consistent with the Nomina Histologica Veterinaria [12].

Results

In the present study, a light microscopic observation was performed on the lymphatic 
tissue localized in the three parts of the gallbladder: bottom (fundus vesicae felleae), 
body (corpus vesicae felleae) and neck (collum vesicae felleae).

It was found that the gallbladder-associated lymphatic tissue was represented by 
diffuse lymphatic tissue (DLT), solitary lymphatic nodules (SLNs) and aggregated 
lymphatic nodules (ALNs). SLNs and ALNs were absent in 2 month-old pigs but were 
present in 3 year – and 6 month-old animals. The micromorphometric study allowed 
calculating the diameter, height and width of SLNs and ALNs (Table 1). 

In 2 month-old pigs, DLT is the main lymphoid tissue localized in the propria 
(lamina propria mucosae) below the surface simple columnar epithelium (lamina 
epthelialis mucosae), but SLNs were not observed.  The DLT in the propria of the 
fundus of gallbladder was less developed and looser than in the gallbladder`s body. In 
the neck of gallbladder, the DLT was most developed and extends into muscle layer 
(tunica muscularis) of the organ where surrounds the gallbladder`s glands (gll. vesicae 
felleae) (Fig. 1a,b).

In 6 month-old pigs, loose DLT was present in the propria of fundus filling the 
connective tissue of the mucosal folds. This group of pigs, unlike 2 month-old pigs, 
showed well developed SLNs arranged in single row in the propria protruded to the 
lumen of bladder. These protrusions, covered with unfolded mucosa, were situated 
between mucosal folds of gallbladder`s corpus and collum. The peripheral part of the 
LNs penetrates the inner part of the muscle layer at the border with the propria. In 
most of SLN, corona lymphonoduli and germinal center were not defined. Single LNs 
with distinctive corona lymphonoduli and germinal center were observed (Fig.1c). 
Above nodules, between them and lamina epithelialis mucosae, a low and wide 
area of lymphocytes, known as dome, was determined. The DLT in corpus vesicae 
felleae was more developed and denser than those in the fundus and was localized in 
the remaining parts of the propria where LNs were not present. Except of the propria, 
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the DLT was also observed in the muscle layer surrounding the glandular alveoli.  In 
the collum vesicae felleae, the DLT and SLNs were localized in the same manner like 
in gallbladder`s body. However, single (1-2 nodules per cross section) pear-or oval 
shaped lymphatic nodules were localized deeply in tunica muscularis. The SLNs 
were not surrounded by connective tissue capsule except of those localized in muscle 
layer which were surrounded by delicate capsule. The basal part of each nodule was 
separated from underlying muscle layer by delicate connective tissue area containing 
collagen and elastic fibers, as well as vessels of the microcirculatory bed: arterioles, 
capillaries and venules. The lymphoid tissue was represented mainly by primary and 
less secondary SLNs separated by internodular area containing lymphocytes (DLT), 
collagen and elastic fibers, as well as vessels of microcirculatory bed (Figs. 1, 2). The 
vessels were observed mostly in the basal part of nodules, as well as in domes at the 
border with peripheral part of nodules and between corona lymphonodul iand germinal 
center in secondary LNs.

In corpus vesicae felleae, ALNs, consisting of 3 LNs in most cases, were localized 
in the propria and protruding to the lumen of bladder between mucosal folds (Fig. 1c). 
In the surface epithelium above the ALNs single goblet cells were identified. 

The ALNs in gallbladder formed nodular area, internodular area and nodule-
associated epithelium (Fig. 1c).The internodular area was represented mainly by DLT 
and vessels of microcirculatory bed. The nodule-associated epithelium was observed to 
consist of simple columnar epithelium above the nodules and domes, lymphocytes as 
well as has single or no goblet cells.

Rarely, the base of ALNs together with gallbladder glands formed lymphoglandular 
complex (LGC) which was formed mostly by diffuse lymphatic tissue and gallbladder`s 
glands (Fig. 1b), but single lymphatic nodules were detected near the glands. LGC 
epithelium was represented by secretory glandular cells, goblet cells and lymphocytes. 
In collum vesicae felleae, ALNs, consisting of 2 LNs, were localized in the propria and 
protruding to the lumen of bladder between mucosal folds. 

Single goblet cells (from 1 to 3 cells) were observed in the surface epithelium 
above the ALNs.The surface epithelium of the adjasent mucosa contained more goblet 
cells (Fig. 1d).

The diameter of ALNs in collum vesicae felleae was bigger than in corpus vesicae 
felleae. In 6 month-old pigs the diameter of ALNs was larger than in 3 year-old animals. 

In 3 year-old animals, the localization of solitary LNs and DLT was similar to 6 
month-old pigs. 

The main shape of nodules in gallbladder wall was round – their height and width 
were almost the same (Table 1). The diameter of SLNs was largest in the neck, followed 
by the body, and smallest in the bottom of gallbladder in both groups: of 6 month- and 
3 year-old animals. The number of SLNs was highest in the body, followed by the 
bottom and smallest in the neck of gallbladder in 6 month- and 3 year-old animals. 
Most LNs showed raised areas called domes, which were observed as low and wide 
subepithelial regions in the gallbladder of 6 month-old pigs but were better defined 
in the three parts (bottom, body and neck) of gallbladder  in 3 year-old animals. The 
surface epithelium over the dome region was devoid of folds or only single thin and 
short folds can be detected. This nodule-associated epithelium overlying the lymphatic 
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nodules consists of simple columnar epithelium with single goblet cells (Fig. 1d). The 
surface epithelium was infiltrated with lymphocytes (Fig. 1b).Therefore the nodule-
associated epithelium is kind of lymphoepithelium. The basement membrane of the 
surface epithelium participating in formation of lymphoepithelium was more porous 
than that of the surface epithelium between nodule-containing areas. 

In 3 year- old animals, ALNs, consisting of 2 lymphatic nodules, were localized in 
the propria and protruding to the lumen of gallbladder`s bottom, body and neck between 
mucosal folds (Fig. 1d).  The diameter of ALNs in the neck was the biggest, followed 
by bottom and body of bladder. Like in 6 month-old pigs, the LGC was formed mainly 
by DLT around and between gallbladder`s glands, but single SLNs were detected near 
the glands. Lymphoglandular complex epithelium was observed to contain secretory 
glandular cells, goblet cells and lymphocytes

The number of SLNs in both 3 year- and 6 month-old animals was highest in corpus, 
followed by fundus and collum vesicae felleae. However, in 6 month-old animals the 
density of SLNs was significantly higher than in animals at the age of 3 years (Table 2).

Discussion

In the current light microscopic study, the detailed information about the structure of 
gallbladder-associated lymphatic tissue was delivered for the first time. It was revealed 
that GBALT was represented by DLT, solitary lymphatic nodules – noduli lymphatici 
solitarii [12] similarly to GALT in small and large intestine described by Urmila et 
al. [15]. With advancing age, the GBALT developed and primary and secondary LNs 
were seen in the gallbladder. Lymphatic tissue developed until six months. No signs for 
lymphatic tissue involution were seen at the age of six months in the GBALT. However, 
such involution was detected at the age of 3 years.

The results showed that the lymphoid tissue forming in the gallbladder of two-
month-old pigs was represented by DLT only. The SLNs in gallbladder appeared in 
pigs at six months of age and were arranged in single row without germinal center, only 
single LNs showed germinal centers. This finding is similar to the localization of SLN 
in submucosa of porcine duodenum but is different from their location in jejunum and 
ileum, where LNs were arranged into two rows [15]. The lymphoid tissue gallbladder 
had primary and secondary LNs separated by internodular areas. This lymphoid tissue 
was seen in specimens taken from pigs older than two months. 

The current study showed that the diameter of the LNs in gallbladder increased 
with age from fundus to collum vesicae felleae and was similar to diameter of LNs in 
porcine intestine [15]. Also, they were oval shaped resembling the SLNs in porcine 
duodenum [15].

The SLNs in gallbladder were not enclosed by connective tissue capsule except 
those localized in muscle layer which were surrounded by delicate capsule. The 
lymphoid tissue had mainly primary and less secondary LNs separated by internodular 
areas containing lymphocytes, vessels of microcirculatory bed and collagen- and elastic 
fibers. These results correspond to the findings of Urmila et al. [15] in porcine intestine.
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As mentioned above, in porcine gallbladder both types of LNs were detected: 
primary and secondary ones. The secondary LNs showed pale germinal center and 
dense corona lymphonoduli. Similar to porcine intestine, over the LNs areas called 
domes were observed [15]. In gallbladder, the domes were low and broad. The domes 
of the jejunal and ileal lymphoid nodules were found to possess broad basal portion 
and a narrow apical part [15]. According to Neutra et al., [11] the dome contains B- 
and T-lymphocytes, dendritic cells (DCs) and macrophages. Morfitt and Pohlenz [10] 
reported that gastric MALT nodules resemble lymphoglandular complexes described in 
the colon of pigs. The gastric epithelium is devoid of parietal and goblet cells in these 
areas and releases deep crypts with areas of lymphoepithelium between the lymphoid 
follicles. Solitary LNs were observed in the submucosa and lamina propria of the lesser 
curvature of the gastric cardia and of the cardiac fundic diverticulum [6]. Later, in healthy 
pigs, some authors found that gastric MALT was present in fetal pigs and at birth like 
the other MALT structures of the gastrointestinal tract [3]. In piglets, they are described 
as inactive encapsulated aggregates of lymphocytes deep in the submucosa [6]. Green 
et al. [6] reported that activation of gastric MALT can be induced by colonization of 
piglets with Helicobacter pylori, but not by enteric bacteria or viruses.

The intestinal aggregated lymphatic tissue was described in details by Eurell and 
Frappier, [4]. Aggregated lymphatic tissue of the intestine contains submucosal lymphatic 
nodules with high mitotic activity, a zone of small lymphocytes (the corona lymphonoduli), 
internodular region rich in T cells and postcapillary venules through which lymphocytes 
recirculate, an elevated region (the dome) overlying LNs, and a nodule-associated 
epithelium. Like in rabbit intestine [11], the ALNs in gallbladder observed in this study 
form nodular area, internodular area and nodule-associated epithelium.

The LNs were observed near the gallbladder`s glands forming LGC. The current 
study showed that LGC epithelium in porcine gallbladder consisted of glandular 
secretory cells, goblet cells, intraepithelial leukocytes. The LGCs were present in the 
corpus vesicae felleae of 6 month-old pigs but not in 3 year-old animals. Taking into 
account the classification of LGCs in porcine intestine [15], we suggest that most LGCs 
in gallbladder belong to superficial type, because they were localized in lamina propria 
mucosae. Single LGCs were observed deep in the muscle layer of gallbladder`s collum.

The lymphoepithelium was described on jejunal Peaer`s patches, ileal Peaer`s 
patches domes and in LGC in the large intestine [2, 8, 10, 13]. It was reported to consist 
mostly of enteroabsorptive cells and single M-cells. In gallbladder, the lymphoepitelium, 
also called nodule-associated epithelium, was presented by simple columnar epithelium 
infiltrated by lymphocytes. M-cells of lymphoepitelium in gallbladder were not 
described because they were not the aim of the current study.

The structure of LGCs observed in gallbladder was similar to that of LGCs in porcine 
intestine described by Morfitt and Pohlenz [10]: LNs and internodular lymphatic tissue 
penetrated by gallbladder`s glands. In the intestine, the LGC epithelium contained goblet 
cells, enterocytes, enteroendocrine cells, M cells, individual and grouped intraepithelial 
leukocytes [10], but in gallbladder LGC epithelium consisted of secretory glandular 
cells, single goblet cells and intraepithelial lymphocytes.
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Conclusion

The presence of lymphatic nodules and aggregates forming gallbladder-associated 
lymphoid tissue defines the gallbladder`s mucosa as important part of the mucosal 
immune system in pigs. 
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Table1. Diameter, height (h) and width (w), in µm, of solitary lymphatic nodules (SLNs) and aggregated 
lymphatic nodules (ALNs) in the wall of gallbladder (Vesica fellea).

Parameters 3 year-old pigs
Mean±SD

6 month-old pigs
Mean±SD

2 month-old pigs
Mean±SD

Diameter of SLNs
Vesica fellea:

•	 fundus
•	 corpus
•	 collum

382.0±15.23
527.1± 27.18C4
638.6 ±20.88A4,B4

360.7 ±8.88D1
370.9± 32.70D4
396.7 ±13.90B3,D4

-
-
-

Height and width  of SLNs
•	 fundus       (h)

                                 (w)
•	 corpus       (h)

                   (w)
•	 collum       (h)
                         (w)

414.5± 17.40
349.5±19.34
591.5 ±45.29
462.7±17.54
663.7 ±39.74
613.50±0.32

394.8 ±23.42
326.6±18.26
373.3 ±47.02
368.5±35.31
418.7 ±21.08
374.7±22.83

- 
-
-
-
-
-

Diameter of ALNs
Vesica fellea:

•	 fundus 
•	 corpus 
•	 collum

628.6± 6.5 
805.8 ± 19.78  C4
820.5±24.63A4,B4

-
930.2± 7.43 D4
1008.0±10.47A4,D4

-
-
-

A4 (P ˂ 0.0001)statistical significant difference between collum and corpus vesicae felleae
B 3,4 (P ˂ 0.001, P ˂ 0.0001)statistical significant difference between collum and fundus vesicae 
felleae
C4 (P ˂ 0.0001) statistical significant difference between corpus and fundus vesicae felleae
D 1,4 (P ˂ 0.05, P ˂ 0.0001) statistical significant difference between 6 month- and 3 year- old 
animals

Table 2. Number (per cross section) of solitary lymphatic nodules (SLNs) in the wall of Vesica fellea

Parameters 3 year-old pigs
Mean±SD

6 month-old pigs
Mean±SD

2 month-old pigs
Mean±SD

Number of SLNs
Gallbladder:

	 fundus 
	 corpus 
	 collum

8.50± 0.51
11.06± 0.80 C4
6.11± 0.83 A4, B3

11.11±0.83 D4
13.89±0.83 C4,D4
7.00±0.77 A4,B4,D2

-
-
-

A 4 (P ˂ 0.0001) statistical significant difference between collum and corpus vesicae felleae
B 3,4 (P ˂ 0.001;  P ˂ 0.0001) statistical significant difference between collum and fundus vesicae 
felleae
C 4P ˂ 0.0001) statistical significant difference between corpus and fundus vesicae felleae
D 2,4 (P ˂ 0.01;  P ˂ 0.0001) statistical significant difference between 6 month- and 3-year-old 
animals
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Fig.1. Diffuse lymphatic tissue (DLT), aggregated lymphatic nodules (ALNs), primary (PLNs) 
and secondary lymphatic nodules (SLNs) as components of gallbladder-associated lymphoid tissue.

a,b – fundus and collum, respectively of gallbladder in 2-month-old pigs
c – corpus of gallbladder in 6-month-old pigs
d – collum of gallbladder in 3-year-old-animals
C – corona lymphonoduli; GC – germinal center of the nodule, a –arteriola; INA – 
internodular area; D – dome; LGE – lymphoglandular epithelium; E – lamina epithelialis 
mucosae;  PR – lamina propria mucosae; TM – tunica muscularis; G – glandulae vesicae 
felleae; arrows (a,c,d ) – goblet cells (b) – intraepithelial lymphocytes.

Fig. 2. Elastic (a, arrows) and collagen fibers (b, arrows) within the lymphatic tissue of gallbladder 
in 6 month-old pigs.

DLT – diffuse lymphatic tissue, SLN – solitary lymphatic nodule,
E – laminae pithelialis mucosae; PR – lamina propria mucosae; TM – tunica nuscularis;
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Hypertensive nephrosclerosis is associated with ubiquitously pronounced structural changes in both 
renal parenchyma and interstitium. Although hypertension-induced renal damage has been well 
studied, changes appear to be non-specific and can be observed as a result of aging or other underlying 
pathological condition. The aim of the present study was to investigate the ultrastructural alterations 
during the initial and chronic phase of hypertension-induced kidney damage. For the present study, we 
used 6- and 12-month-old spontaneously hypertensive rats and age-matched Wistar rats as controls. 
A transmission electron microscopic study of the renal cortex was conducted according to a standard 
protocol. Hypertension-induced kidney damage was associated with prominent changes in the structure 
of the glomerular filtration barrier, severe podocyte injury, as well as pronounced tubular atrophy. The 
present work is a detailed ultrastructural study of the renal cortex in a model of hypertension-induced 
renal damage.
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Introduction

Essential hypertension is recognized as a primary risk factor second only to diabetes 
for the development of chronic renal failure [9]. Hypertension-induced renal damage 
is associated with a progressive decrease in the functional capacity of the kidney due 
to numerous morphological alterations in the nephrons and renal interstitium. These 
changes include severe glomerulosclerosis, hyalinization and sclerosis of interlobular 
and afferent arterioles, tubular atrophy and an altered balance between collagen 
synthesis and degradation resulting in the development of renal interstitial fibrosis 
[2,16]. From an ultrastructural perspective, glomerular damage is characterized by 
thickening and wrinkling of the glomerular basement membrane (GBM), cytoplasmic 
vacuolization of the endothelial cells, as well as pronounced alterations in the visceral 
epithelial cells of Bowman’s capsule – the podocytes – shortening and diffuse fusion 
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of foot processes and loss of podocytes resulting in denudation of the GBM [4, 17, 24]. 
In addition, podocyte injury has been implicated in the development of hypertensive 
nephrosclerosis [25]. The deposition of filtered proteins in the proximal tubular 
segments due to the altered selective permeability of the glomerular filtration barrier 
(GFB) has potential pro-inflammatory and cytotoxic effects, which contribute to the 
progression of the tubulointerstitial changes [1]. Tubular atrophy is accompanied by 
thickening of the tubular basement membranes, increased extracellular space between 
tubular epithelial cells, as well as substantial injury of the specialized cell membrane 
structures [7, 12]. However, it appears that renal damage secondary to hypertension is a 
nonspecific process, as all changes described above can be observed as a result of aging, 
as well as in the course of different pathological conditions [20, 23]. The lack of certain 
criteria for demarcation of the etiology of renal structural alterations suggests possible 
inaccuracy in the evaluation of the histological findings.

The spontaneously hypertensive rat (SHR) is a widely used experimental model 
of essential hypertension. In this strain, the prolonged and untreated elevated blood 
pressure provokes ubiquitously pronounced renal morphological changes, which 
correlate with the observed alterations in case of hypertensive nephrosclerosis in the 
human population [12].

The aim of the present study was to observe and describe the ultrastructural 
changes in the GFB and the tubular epithelial cells in the renal cortex in SHR during the 
initial and chronic phase of hypertensive kidney damage. We analyzed and compared 
the obtained results with those in age-matched controls.

Materials and Methods

Experimental animals
For the present study, we used two age groups of SHR – 6-month-old (established 
hypertension) and 12-month old (advanced or late stage hypertension) [12]. We also 
used two groups of age- and weight-matched control animals – normotensive Wistar rats 
(WR). Each group consisted of six male rats randomly selected from a large population 
of SHR and WR in the Laboratory of the Department of Anatomy, Histology and 
Embryology at the Medical University of Sofia, Bulgaria. The rats were housed in 
Macrolon cages with free access to food and tap water under controlled environmental 
conditions (12-h light–dark cycle, room temperature 22 ± 1 °C and humidity 
55 ± 15%) in order to diminish the variation. All animal procedures conformed 
to the guidelines of Directive 2010/63/EU of the European Parliament concerning the 
protection of animals used for scientific purposes. All experiments were conducted 
with the approval of the University Committee on Animal Resources (No. 4866). 
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). Systolic and diastolic arterial 
blood pressure was measured through the tail-cuff method on a Model MK-2000ST 
(Muromachi Kikai Co., Ltd., Tokyo, Japan) and was recorded in all age groups of SHR 
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and control WR. The mean systolic and diastolic pressure was the average of three 
separate measurements on each animal (Table 1).

Table 1. Mean systolic and mean diastolic blood pressure of 6- and 12-month-old spontaneously 
hypertensive rats (SHR) and 6- and 12-month-old normotensive Wistar rats (WR). Each group 
consisted of six animals (n=6) (SD – standard deviation) 

Age group Mean systolic blood pressure
(mm Hg) ± SD

Mean diastolic blood pressure
(mm Hg) ± SD

6-month-old SHR 160 ± 1.0 100 ± 2.0

12-month-old SHR 200 ± 2.0 110 ± 1.0

6-month-old WR 110 ± 1.0 80 ± 2.0

12-month-old WR 120 ± 2.0 85 ± 1.0

Tissue preparation
The rats were anesthetized intraperitoneally with Thiopental (Sigma Aldrich Catalogue 
No. T1022, Sigma Aldrich Chemie GmbH, Taufkirchen, Germany) 40 mg/ kg b.w. The 
chest cavity was opened and transcardial perfusion was made with 4 % paraformaldehyde 
(Merck Catalogue No. 1040051000, Merck KGgA, Darmstadt, Germany) in 0.1 M 
phosphate buffer, pH 7.2 (Merck Catalogue No. 6505-4 L). The abdomen was open 
through an incision along the midline and the kidneys were rapidly removed and rinsed 
in oxygenated physiological saline (Merck Catalogue No. 1465690010) for a few 
minutes. Next, they were fixed in a 10% neutral phosphate buffered formalin solution, 
prepared under laboratory conditions from 37% formaldehyde solution (Merck Catalogue 
No. 1040031000) for at least 24 h. Their capsule was removed and the kidneys were 
sectioned parallel to their long axis. All sections were done in accordance with the 
standardized methods [14]. Samples were obtained from each kidney, which were then 
dehydrated in increasing concentrations of alcohol (70%, 80%, 95%, 100%) (Merck 
Catalogue No. 1009835000), cleared in xylene (Merck Catalogue No. 1082984000) and 
embedded in paraffin (Merck Catalogue No. 1071511000).

Electron microscopy
After deparaffinization with xylene (Merck Catalogue No. 1082984000), the samples were 
rehydrated with alcohol (100%, 95%, 80%, 70%) (Merck Catalogue No. 1009835000) 
and washed in 0.1M phosphate buffer (Merck Catalogue No. 1465920006), pH 7.4, 
at room temperature. They were briefly treated with 3% glutaraldehyde prepared 
under laboratory conditions from 25% glutaraldehyde (Merck Catalogue No. 354400) 
for 30 min. Next, they were post-fixed in 1% osmium tetroxide (Merck Catalogue 
No. 1245050500) at 4 °C for 2 h. After rinsing in distilled water, the samples were 
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dehydrated in alcohol (70%, 80%, 95%, 100%) (Merck Catalogue No. 1009835000) 
and treated for 30 min with propylene oxide (Merck Catalogue No. 8070270100). 
The samples were then embedded in Durcupan (Fluka Catalogue No. 14040, Fluka 
Chemie AG, Buchs, Switzerland). Afterwards, all samples were cut with a diamond 
knife on an ultramicrotome (LKB, Stockholm-Bromma, Sweden) to ultrathin sections 
(100 nm thick), transferred to copper grids (300 mesh) and contrasted with 2.5% 
uranyl acetate (Electron Microscopy Sciences Catalogue No. 102092-284, Electron 
Microscopy Sciences, Hatfield, Pennsylvania, United States), lead nitrate (Merck 
Catalogue No 1073980100) and sodium citrate (Merck Catalogue No. 1110371000). 
For the electron microscopic study we used a transmission electron microscope Hitachi 
model H-500 (Hitachi, Ltd., Tokyo, Japan), with an acceleration voltage of 100 kV. 
Micrographs were recorded on 3¼” × 4” Kodak electron image plates in accordance 
with the well-established protocol [5,15]. In order to ensure inter-observer reliability 
and reproducibility of results, all observations were made by two independent and 
experienced investigators.

Results

Ultrastructural findings in the GFB
In 6-month-old WR, the three-layered structure of the GFB was well demarcated. The 
foot processes and the slit diaphragms showed relatively preserved morphology. In a 
few podocytes, we noted cytoplasmic vacuolization and presence of electron dense 
inclusions. No significant changes were observed in the structure of the cell nuclei in 
the visceral layer of Bowman’s capsule (Fig. 1A). In the older group of normotensive 
animals, the GFB showed altered morphology. The GBM appeared thickened. A higher 
number of podocytes were characterized by pronounced cytoplasmic vacuolization, 
condensation of the chromatin and reduced foot processes. We also observed regions 
of pathological contacts between the visceral and parietal layers of Bowman’s capsule 
(Fig. 1B). 

In 6-month-old SHR, the GBM was thicker compared to the age-matched WR. A 
large population of podocytes showed altered structure – shortening and reduction of 
foot processes and presence of cytoplasmic electron-dense granules and vacuoles of 
variable shape. The cell nuclei showed signs of condensation of the chromatin (Fig. 1C), 
which was not seen in 6-month-old normotensive WR. In 12-month-old SHR, the most 
severe structural alterations were observed in the mid-cortical and juxtamedullary 
nephrons. We observed prominent thickening of the GBM compared to the age-matched 
normotensive controls. Podocyte injury was associated with reduction and shortening of 
the foot processes; the borders of the slit diaphragms were not well demarcated. We also 
described regions of denudation of the GBM. Some podocytes exhibited features which 
suggested that they had undergone apoptosis, which was represented morphologically 
by prominent condensation of the chromatin in the nucleus (Fig. 1D). 
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Ultrastructural findings in the renal tubules
In 6-month-old WR, the basement membranes in the proximal and distal tubular 
segments were well preserved. We noted the presence of few electron dense granules in 
the cell cytoplasm. The ultrastructure of the cell nuclei was relatively well preserved, 
with several nucleoli and a smooth nuclear membrane. Mitochondria presented with 
well demarcated cristae. We found reduced apical microprojections, as well as presence 
of narrowed spaces between the interdigitations of the tubular epithelial cells (Fig. 2A). 
In the older group of normotensive animals, the basement membranes of the proximal 
and distal tubular segments were thickened. Some cells had lost their contact to the 
underlying basement membrane. The cytoplasm of the tubular cells contained numerous 
electron dense granules and vacuoles. Initial condensation of the chromatin in the cell 
nuclei was described, as well as a lower number of mitochondria. There was prominent 
reduction in the specialized cell membrane structures. The intercellular junctions 
appeared widened (Fig. 2B).

Fig. 1. Electron micrographs of the glomerular filtration barrier (GFB) in 6- and 12-month-old 
spontaneously hypertensive rats (SHR) and age-matched controls – Wistar rats (WR). 

A. 6-month-old WR. Scale bar – 1.5 μm.
B. 12-month-old WR. Scale bar – 2.5 μm.
C. 6-month-old SHR. Scale bar – 1.5 μm.
D. 12-month-old SHR Scale bar – 2.5 μm.
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The basement membranes of the proximal and distal tubular segments in 6-month-
old SHR were thickened compared to the age-matched WR. A higher incidence 
of cytoplasmic vacuolization and electron dense accumulations were described. 
Chromatin in the cell nuclei appeared much more condensed than in 6-month-old WR. 
Mitochondria with altered morphology were frequently observed. There was increased 
intercellular space as well as reduction in the number of microvilli compared to the 
age-matched normotensive group (Fig. 2C). In 12-month-old SHR, the proximal and 
distal tubules were characterized by more severe process of tubular atrophy compared 
to 12-month-old WR – significant number of electron dense cytoplasmic granules and 
vacuoles, condensation of the chromatin, indistinguishable morphology and lower 
number of the mitochondria in the basal infoldings, as well as reduction of the apical 
microprojections. In addition, the spaces between the interdigitations of the tubular 
epithelial cells were widest in 12-month-old SHR (Fig. 2D).

Fig. 2. Electron micrographs of the tubular epithelial cells in 6 and 12-month-old spontaneously 
hypertensive rats (SHR) and age-matched controls – Wistar rats (WR).

A. 6-month-old WR. Scale bar – 1.0 μm.
B. 12-month-old WR. Scale bar – 3.0 μm.
C. 6-month-old SHR. Scale bar – 3.0 μm.
D. 12-month-old SHR Scale bar – 3.0 μm.
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Discussion

The present study focuses on the electron microscopic changes in the structural elements 
of nephrons occurring throughout the process of aging and as a result of the impact 
of essential hypertension. Our observations revealed that ultrastructural alterations 
were more severe in the inner rather than the outer cortex in SHR, while no significant 
differences were found in the renal cortex in WR. 

Earlier, Garcia-Pinto et al., 2011 reported that podocyte foot processes and slit 
diaphragms were better preserved in WR compared to SHR, which is in accordance 
with the results from the present study. Based on scientific data, the glomerular capillary 
pressure in the SHR kidney is higher in the inner rather than the outer cortex even 
in the initial phase of essential hypertension and tends to increase with age [10]. The 
described hemodynamic difference may explain the more severe structural changes 
in the inner cortex in SHR, as well as their earlier onset. It is well known that the 
structural organization of the GFB includes the fenestrated endothelium, the GBM and 
the podocytes [21]. However, there appear to be morphological differences in the GFB 
between SHR and WR [6]. These authors reported a smaller diameter in the glomerular 
endothelial fenestrae in SHR, which were observed during the prehypertensive period. 
Haensly et al. [10] described an increased incidence of metaplasia of the epithelium 
lining the parietal layer of Bowman’s capsule in SHR compared to WR. The presence of 
epithelial cells similar to those in the proximal tubule may be explained by the elevated 
blood pressure or may be a trigger mechanism for the development of hypertension. On 
the other hand, metaplasia may be considered an age-related alteration, as it was also 
observed in WR [22]. 

In the present study, we did not find any morphological changes in the 
epithelium of the parietal layer of Bowman’s capsule in the studied normotensive 
and hypertensive groups. The main morphological changes in the podocytes in the 
initial phase of hypertension in SHR include shortened and widened foot processes, 
as well as accumulation of protein droplets in the cell body and major foot processes. 
As hypertension advances, some foot processes are effaced [18]. It seems that the 
trans-membrane protein podocalyxin contributes to the maintenance of the structural 
integrity of podocytes. The role of this protein has been discussed in the development 
of renal injury in SHR as it showed decreased expression compared to the normotensive 
groups [18]. The described fusion of podocyte foot processes containing membrane-
limited electron dense inclusions, as well as the pronounced thickening of the GBM 
in the group of SHR with chronic hypertension are in accordance with the results of 
Christiansen et al. which also noted the presence of pseudocysts and condensation of the 
cytoplasm adjacent to the basement membrane [4]. In addition, we also described areas 
of denudation of the GBM. In case of progressive nephropathy, Fiori et al. described 
segmental effacement of the podocyte foot processes, which contained vacuoles and 
dense granules, as well as podocytes characterized by hypertrophy and karyokinesis. 
The authors also described the presence of subendothelial hyaline inclusions, as well as 
filamentous structures in the region of the glomerular capillary tufts [11]. 
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The aspects of renal ultrastructural changes in cases of benign and malignant 
arterial hypertension in the human population have been discussed [19]. The glomerular 
structural alterations caused by benign hypertension include expansion of the mesangial 
matrix, as well as mesangial hyperplasia and the presence of lipofuscin inclusions and 
microvesicles in the cell cytoplasm [19]. Changes initiated by malignant hypertension 
included narrowed lumens and dense oxyphil basal membranes of the glomerular 
capillaries due to the accumulation of plasma proteins and fibrin [19]. According to 
our results, the ultrastructural changes observed in the chronic stage of hypertension 
in 12-month-old SHR were similar to those described in the setting of malignant 
hypertension. The described thickening of the GBM was most prominent in the 
juxtamedullary nephrons in the group of 12-month-old SHR.

In the present study, tubular atrophy in the proximal and distal tubular segments 
of nephrons was most severe in 12-month-old SHR. It has been reported that cells 
of the proximal tubules in SHR suffer higher oxidative stress compared to those in 
WR [28]. Moreover, it has been suggested that proximal tubular segments are more 
vulnerable and regarded as primary target of injury in the progression of kidney disease 
[3]. The thickening of the tubular basement membranes and increased space in the 
region of the interdigitations and basement membranes described by Garcia-Pinto et 
al. were confirmed by the present study [7]. In addition, we also described pronounced 
reduction in the specialized cell membrane structures of the tubular epithelial cells as 
hypertension-induced kidney injury progressed compared to the normotensive controls. 
One recent study has turned the focus on the ultrastructural changes in the mitochondria 
and endoplasmic reticulum of the tubular epithelial cells [13]. In addition, evidence 
in the literature suggests that the functional deficiency of these membrane-limited 
organelles may play a potential role in the development of arterial hypertension [8,27]. 
He et al. also described shortening of the mitochondria and widening of the endoplasmic 
reticulum as signs of injury under hypertensive conditions [26]. Our results supported 
these findings. Indeed, we noted that the ultrastructural morphology of the mitochondria 
in the basal infoldings of tubular epithelial cells was altered and hardly distinguishable 
in 12-month old SHR compared to age-matched WR.

Limitations of the present study existed and should be noted. First, with regard 
to the renal parenchyma, we only studied the ultrastructure of the renal cortex, but the 
presence of significant changes in the renal medulla under hypertensive conditions cannot 
be ruled out. Second, we only used male SHR and WR, in order to eliminate the impact 
of cyclical hormonal changes in the female organism. Nevertheless, the presence of sex-
related differences in the ultrastructure of the kidney under hypertensive conditions as a 
result of estrogens synthesis in the female organism merits further studies. Last but not 
least, we did not conduct a quantitative analysis of specific indices of the ultrastructural 
changes in the GBM and tubular basement membranes, which could potentially provide 
further evidence of the significance of these findings.

Conclusion

The present work is a detailed study on the specific ultrastructural changes in the GFB 
and tubular epithelial cells in a rat model of hypertension-induced kidney injury. The 
obtained results indicate severe glomerulosclerosis represented with thickening of the 
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GBM and substantial podocyte injury, as well as more prominent tubular atrophy in the 
proximal and distal tubular segments in the renal cortex under hypertensive conditions 
as opposed to age-matched normotensive controls. 
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Perinatal exposure to CoCl2 induced significant time-dependent 11.3-fold and 88.9-fold increase in 
accumulation of the metal in the muscles of the treated immature day 18 and day 25 animals, respectively. 
The muscle samples of day 25 metal-exposed mice accumulated 4.44-fold higher cobalt (Co) levels 
compared to the day 18 experimental animals. Iron (Fe) content was also increased but the difference 
was significant only for day 25 mice probably due to the reduced TfR1 expression found in day 18 
Co-exposed mice and increased in day 25 treated animals. Surprisingly, hepcidin showed the same 
expression pattern – decrease in day 18 and an increase in day 25 Co-exposed mice. Alterations in Fe 
homeostasis may be of significant importance for myogenesis, physical performance, skeletal muscle 
regeneration and in ageing may contribute to skeletal muscle atrophy. 
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Introduction

Cobalt (Co) is an essential trace element, environmental pollutant and a hypoxia-
mimicking agent. Food is the main source of exposure to Co for infants, children 
and adults. The only known biological function of organic Co is its role as metal 
component of vitamin B12, cyanocobalamin, whereas inorganic cobalt compounds 
have been described as toxic for the environment and humans following excessive 
exposure [14].
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The effect of cobalt chloride (CoCl2) as a hypoxia-mimicking agent on muscle 
fiber development and regeneration are controvercial. Recent studies show that in 
vitro CoCl2 suppresses myoblast differentiation in a dose-dependent manner [20]. 
Hypoxia-induced muscle wasting is a phenomenon frequently reported in several 
environmental and pathological conditions, such as exposure to high altitudes, 
prolonged immobilization, chronic obstructive pulmonary disease, exercise, and 
anemia [2]. On the contrary, hypoxic preconditioning with CoCl2 enhances physical 
performance and protects muscle from exercise-induced oxidative damage via GSH, 
HO-1 and MT-mediated antioxidative capacity [19]. The same authors also demonstrate 
an increase in mitochondrial biogenesis, glucose uptake and metabolism by aerobic 
respiration in skeletal muscle, which leads to increased physical performance in CoCl₂-
preconditioned rats [20]. There are concerns about Co being misused as blood doping 
agent by athletes to enhance aerobic performance [15] and some energy drinks may 
contain high amounts of vitamin B12 [7]. Exercise and physical activity on the other 
hand reduce endogenous iron (Fe) content in the skeletal muscles. Iron homeostasis 
in the skeletal muscles has not been extensively characterized. The tissue contains 
from 10 to 15% of body iron, mainly in the form of heme-iron bound myoglobin. Fe 
released during muscle fiber damage must be promptly removed to limit its oxidative 
effect, however, iron must become available during skeletal muscle repair to allow the 
synthesis of myoglobin [3]. Fe is shown to accumulate in the skeletal muscles with 
senescence and disuse atrophy [8, 10].

There are scarcity data [11] on the in vivo effects of Co exposure on skeletal 
muscle Fe content as well as on the related risk health effects. Alterations in Fe 
homeostasis and specifically Fe deficiency contribute to skeletal muscle dysfunction 
and exercise intolerance [11]. Combined conditions of hypoxia and iron deficiency are 
the most detrimental for skeletal myocytes in the context of morphology alterations and 
expression of atrophy markers [11].

The aim of the study was to assess cobalt accumulation and iron redistribution and 
Fe-regulatory proteins transferrin receptor 1 (TfR1) and hepcidin expression in skeletal 
muscles after perinatal exposure to cobalt chloride.

Material and Methods

Animal Model
Experimental animals were purchased from the Experimental and breeding base for 
laboratory animals (EBBLA) – Slivnitza, Bulgaria and left to acclimatize for a week 
prior treatment. Pregnant ICR (Institute of Cancer Research) mice were subjected 
to a daily dose of 75 mg cobalt chloride/kg body weight (CoCl2x6H2O) for 2-3 days 
before delivery and treatment continued until day 25 after delivery. The compound 
was dissolved and administrated with drinking tap water. Animals were fed a standard 
diet and had access to food ad libitum with strong control of the feeding regime. Our 
previous experience showed no significant gender differences neither in body weight 
nor in haematological parameters and the experimental groups consisted of both male 
and female mice. The mice were maintained in the Institute’s animal breeding facility at 
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23 ± 2°C and 12:12 h light/dark cycle in individual standard hard-bottom polypropylene 
cages. The suckling mice were sacrificed by decapitation after etherization on postnatal 
days 18 (n=4) and 25 (n=6). Femur muscles were excised, weighed and stored at -20°C 
prior to ICP-DRC-MS analysis. Age-matched mice obtaining regular tap water were 
used as a control group (n=5 for day 18 and n=4 for day 25 mice). The experiment 
was carried out in accordance with guidelines EU Directive 2010/63/EU for animal 
experiments. All applicable international, national, and/or institutional guidelines for 
the care and use of animals were followed.

ICP-DRC-MS Analyses of Cobalt and Iron Content in Muscles
Prior to analysis 50-100 mg of the studied tissue samples were subjected to digestion 
in concentrated HNO3 (Sigma-Aldrich, Co., USA) in the Berghof SW-4 DAP-40 
microwave system (Berghof Products + Instruments GmbH, Eningen, Germany). The 
digested samples were transferred into 15 mL polypropylene test tubes and adjusted 
to the final volume of 15 mL with deionized water (18 MΩ cm, Milli-Q, Millipore, 
Bedford, MA, USA) and thoroughly mixed up by shaking in the closed test tubes.

Analysis of Co and Fe levels in the samples was performed using inductively-
coupled plasma mass spectrometry with dynamic reaction cell technology (ICP-DRC-
MS) at NexION 300D spectrometer (Perkin Elmer, USA) equipped with ESI SC-2 DX4 
autosampler (Elemental Scientific Inc., Omaha, NE, USA). Co and Fe content in the 
studied samples was expressed as µg/g wet weight.

Calibration of the system was performed using standard solutions with different 
concentrations of Co and Fe prepared from Universal Data Acquisition Standards 
Kits (PerkinElmer Inc., Shelton, CT 06484, USA. Internal online standardization 
was performed using 10 μg/L Yttrium (Y) and Rhodium (Rh) Pure Single-Element 
Standard (PerkinElmer Inc., Shelton, CT, USA) prepared on a matrix containing 8% 
1-butanol (Merck KGaA, Gernsheim, Germany), 0.8% Triton X-100 (Sigma-Aldrich 
Co., St. Louis, MO, USA), 0.02% tetramethylammonium hydroxide (Alfa Aesar, Ward 
Hill, MA, USA) and 0.02% ethylenediaminetetraacetic acid (Sigma-Aldrich Co., St. 
Louis, MO, USA). Laboratory quality control was performed via permanent analysis of 
the certified reference material (GBW09101, Shanghai Institute of Nuclear Research, 
Shanghai, China). The recovery rate for Co and Fe elements was within the interval of 
92-104% and 95-107%, respectively.

Enzyme-linked Immunosorbent Assay (ELISA) for Transferrin Receptor 1 (TfR1) 
and Hepcidin
Muscle tissue homogenates were analysed using mouse TFR1 ELISA kit and Hepcidin 
ELISA kit (Wuhan Elabscience Biotechnology Co., Ltd, China) according to the 
manufacturer’s instructions. The optical density was read at 450 nm on ELISA Reader 
GDV (GIO. DE VITA EC., Italy). The final concentrations were determined using 
Curve Expert 1.4 software and are expressed in ng/g for TfR1 and in pg/g for hepcidin.

Statistical Analysis
The obtained data were processed using Statistica 10.0 (Statsoft, Tulsa, OK, USA). The 
results from the hematological and biochemical analyses are presented as mean value ± 
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SD. Data on Co and Fe content in the studied samples are expressed as median and the 
respective 25 and 75 percentile boundaries (interquartile range). Statistical significance 
between the experimental groups was assessed using Mann-Whitney U-test at the level 
of significance of p<0.05.

Results

Prenatal and early postnatal exposure to CoCl2 resulted in a significant metal ion 
accumulation in the muscles of the experimental suckling mice (Table 1). Day 18 Co-
exposed mice accumulated 11.3-fold higher levels of Co compared to the untreated 
age-matched control group. The increase in 25-day-old Co-exposed animals was found 
to be 88.9-fold in comparison to the control values. The muscle samples of day 25 
metal-exposed mice accumulated 4.44-fold higher Co content compared to the day 
18 experimental animals suggesting a significant time-dependent effect. At the same 
time, no significant difference in muscle Co content was observed in control animals of 
different age.

Table 1. Co Content (µg/g) in Muscles of Day 18 and 25 Control and Co-exposed Mice 

Sample d18 d25

control 0.016 (0.010-0.049) 0.009 (0.005-0.025)

Co-treated 0.18 (0.16-0.20) * 0.80 (0.25-0.93) *

Data are presented as mean ± SD. Asterisk (*) signifies significant difference at p<0.05 between 
age-matched control and CoCl2-exposed mice.

Simultaneous analysis of Fe content in the muscle tissue also showed an increase 
upon Co exposure (Table 2). Although being insignificant, in day 18 metal-treated 
mice Fe was elevated by 15.8% compared to the untreated control animals. Significant 
increase by 39.1% was observed in day 25 CoCl2-treated immature mice. The muscle 
tissue of day 25 metal-exposed mice contained significantly higher Fe levels by 55.2% 
compared to day 18 Co-treated mice which suggests Co-induced Fe accumulation in 
the target organ.

Table 2. Fe Content (µg/g) in Muscles of Day 18 and 25 Control and Co-exposed Mice

SampleW d18 d25

control 12.12 (10.72-12.89) 15.65 (12.97-17.76)

Co-treated 14.03 (12.79-16.68) 21.77 (21.09-44.85) *

Data are presented as mean ± SD. Asterisk (*) signifies significant difference at p<0.05 between 
age-matched  

Immunological analysis of the expression of the Fe-regulatory proteins TfR1 and 
hepcidin showed similar pattern. Both proteins expression was decreased in day 18 
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mice following CoCl2 exposure and increased in day 25 metal-treated experimental 
animals. The elevated TfR1 concentration in muscles of day 25 Co-exposed mice 
(Fig. 1) corresponded to the significant increase in Fe content in this tissue. Surprisingly, 
hepcidin concentration was insignificantly (2.7%) reduced in day 18 Co-exposed mice 
while a 3-fold increase was observed in day 25 metal-treated animals (Table 3).

Fig. 1. TfR 1 concentration (ng/g) in skeletal muscle homogenates of day 18 and 25 control
and Co-treated mice.

Table 3. Hepcidin concentration (pg/g) in Skeletal Muscle Homogenates of day 18 and 25 
Control and Co-Treated Mice

Experimental groups Control Co-exposed Change

Day 18 157.45±10.68 153.20±106.07 ~ 2.7% ↓

Day 25 62.35±48.01 183.25±4.31 ~ 3-fold ↑

Data are presented as mean ± SD.
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Discussion

Prenatal and early postnatal exposure to CoCl2 resulted in a significant time-dependent 
metal ion accumulation in the muscles of the experimental immature mice. Our results 
are in agreement with data reviewed by Simonsen et al. [21] showing that Co content 
in skeletal muscles increases with time. The elevated Co content altered endogenous 
muscle Fe concentration and induced changes in Fe-regulatory protein expression. 
Although Fe homeostasis is tightly controlled, its alterations in the skeletal muscles 
leading to Fe overload are not fully elucidated. Literature data show that Fe content in 
skeletal muscles of healthy individuals is comparable to that of the liver. High tissue Fe 
stores are associated with impaired muscle contractivity and muscle endocrine function, 
insulin resistance and Fe-dependent oxidative stress [6]. The oxidative stress induced 
by Fe overload results in delayed muscle regeneration with decreased in size myofibres 
and reduced expression of myoblast differentiation biomarkers [9].  In a mouse model 
of Fe overload Reardon and Allen observed reduced skeletal muscle weight and reduced 
exercise capacity [16]. As suggested by Hofer et al. [9] increase in Fe content possibly 
contributes to muscle atrophy with ageing or disuse. In our study we also find an age-
dependent significant increase in Fe content in skeletal muscles of suckling mice upon 
perinatal exposure to CoCl2. The results suggest that Co administration enhanced Fe 
accumulation in the target organ. Our results for increased Fe content following CoCl2 
exposure of immature mice correspond to our previously published experimental data 
for other organs [5]. The elevated intracellular Fe may be a source for free radical 
generation. It may contribute to the generation of hydroxyl radical via Fenton reaction, 
oxidative modification of proteins and lipids, lipid peroxidation, etc.  [10].

Alterations in Fe homeostasis are mediated by changes in Fe-related proteins. 
Barrientos et al. demonstrate the critical role for TfR1 for skeletal muscle development 
as its inactivation alters normal muscle energy metabolism [1]. According to Corna 
et al. TfR1 protein levels are virtually undetectable in healthy skeletal muscle and 
substantially increase after injury [3]. In addition, Robach et al. show that when 
hemoglobin content is increased during enhanced erythropoiesis, myoglobin expression 
in the skeletal muscles is down regulated due to body Fe mobilization and acquisition 
by the erythrocytes [17]. The same authors also find significant reduction in Fe-related 
proteins TfR1 and ferritin. These results are in agreement with our data for the reduced 
TfR1 in day 18 CoCl2-exposed mice. Altered muscle oxygen homeostasis as well 
as the increased Fe demands for muscle fiber development possibly serve as a feed 
back mechanism leading to increased TfR1 in day 25 Co-treated mice. As evidenced 
by Corna et al. [3], TfR1 expression parallels the appearance of novel fibers. This is 
also suppported by Kobak et al. [11] who demonstrated that in hypoxia, increased 
expression of Atrogin1 and MuRF1 was associated with an increased expression of 
TfR1, reflecting intracellular iron demand in cultured in vitro rat skeletal myocytes. 
In our study, the observed elevation of TfR1 level in day 25 CoCl2-exposed mice may 
be responsible for significantly increased Fe content in these animals. Robach et al. 
[18] demonstrate increased Fe accumulation and up regulation of TfR1 and ferroportin 
despite significantly reduced hepcidin levels in healthy volunteers treated with 
recombinant erythropoietin (rhEpo) suggesting that muscle Fe homeostasis is mediated 
by other factors as erythropoietin. At systemic level Fe metabolism is regulated by 
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hepcidin. It is mainly produced in the liver but is also found in the skeletal muscles [13]. 
Diet and physical activity regulate both iron accumulation and hepcidin expression. 
The siginificant Fe storage in skeletal muscle tissue of day 25 CoCl2-exposed mice in 
our experimental model in parallel with the increased hepcidin level suggests that Fe 
accumulation is possibly regulated by hepcidin-independent mechanism. A markedly 
increased expression of hepcidin during hypoxia is also demonstrated by Dziegala et al. 
[4] in cultured skeletal myocytes. Kulik-Rechberger et al. [12] find high hepcidin levels 
in newborns and hypothesize that it may be due to high ferritin level at that age.  

Conclusion

Prenatal and early postnatal exposure to CoCl2 resulted in a significant metal ion 
accumulation in the muscles of the experimental immature mice altering endogenous 
muscle Fe content and inducing changes in Fe-regulatory protein expression. The results 
suggest that changes in Fe homeostasis may be one of the mediators of CoCl2 effects 
on myogenesis, physical performance, skeletal muscle regeneration and in ageing may 
contribute to skeletal muscle atrophy. 
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Identification of human hairs is required for a variety of reasons and under different circumstances. They 
are one of the main items of evidence examined in a number of crimes, helping to reveal the perpetrator, 
the victim and the mechanism of the crime. This often requires identification of hair samples, which 
is done using a variety of methods. Among these, the macroscopic and microscopic examination of 
the hair is of particular importance. On this basis, a number of features of the individual from whom 
the hairs originate are determined, namely their species, race, sex, etc. This article has been prepared 
to provide a brief presentation of the main morphological characteristics of the hair and their role in 
its identification. Although, to date there are much more precise methods of examination, we believe 
that the determination of the morphological characteristics of the hair retains its importance in hair 
identification.
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Introduction

Identification of human hairs is required for a variety of reasons and under different 
circumstances. Everyday, between 80 and 100 hairs fall off each person’s scalp and 
onto various objects in the environment. They are one of the main items of evidence 
examined in a number of crimes – murder, rape, traffic accident, etc., helping to reveal 
the perpetrator, the victim and the mechanism of the crime [37]. This often requires 
identification of hair samples, which is done using a variety of methods. Among these, 
the macroscopic and microscopic examinations of the morphological characteristics 
of the hair are of particular importance. On this basis, a number of features of the 
individual from whom the hairs originate are determined, namely their species, race, 
sex, etc. [3, 8, 34]. The microscopic characteristics of hair have not been a mainstream 
topic of research in scientific journals for the last ten years, so they seem somewhat 
overlooked or disregarded.
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This article has been prepared to provide a brief presentation of the main 
morphological features of the hair and their role in hair identification. For more accurate 
identification it is important to look not only at individual features in isolation, but also 
at their contribution to an overall pattern.

Discussion

Examination for microscopic features must always include examination of hair shafts 
along their length from root end to tip end using a brightfield light microscope. Light 
microscopy is a valuable, nondestructive analytical technique for forensic professionals 
that enables visual differentiation of patterns in hair microstructure along the length of a 
hair.  Some examiners will also make cross-sections, to establish more details.

To observe adequately the microscopic characteristics of a hair, the sample must 
be placed in a medium of refractive index similar to that of the hair itself (the average 
refractive index of hair is approximately 1.55). A synthetic semi-permanent mounting 
medium with a refractive index of around 1.52 is recommended. Using a mounting 
medium with a refractive index much different from that of hair will result in excessive 
shadows and contrast that will tend to mask the internal characteristics of a hair [34].

Both low- and high-power microscopic examinations are necessary in the 
comparison of hairs. Microscopic examinations at magnifications around l0x, of both 
unmounted and mounted hairs, are useful for a more general outlook. Whereas a more in 
depth observations of mounted hairs is done with a variety of magnifications, generally 
around 50x, 100x, 250x and 400x. The use of high-power (large numerical aperture) 
objectives, allows for the examination and comparison of the fine detail present in such 
characteristics as pigmentation and cuticular scales.

 In general, the characteristics observed by light miscroscopy are related to the 
features of the hair structure – cuticle, cortex and medulla, cross-section, hair diameter, 
type of hair root and tip, and various changes acquired over time as a result of cosmetic 
treatment, disease or traumatic effects, the effects of insects, fungi, bacteria, etc. [1, 2, 
3, 13,18,37, 43, 45].

The hair shaft can be most roughly described as three cylinders inserted into each 
other: the medulla or core running along the central axis; the cortex which is the main 
component; and the cuticle, which is the outer covering [3, 47].

The medulla is formed as a column of cells which, during hair formation, collapse 
in such a manner that the medulla appears as a network of cellular connections and 
spaces that are filled with air [20, 34].

Medulla is not present in all human hairs.When it is present its appearance varies 
slightly among the hairs of a given individual but considerably from individual to 
individual, the main differing characteristics being: thickness, continuity and opacity. 

Medulla “continuity” refers to the variations in its visual shape along the length of 
the hair shaft [3, 8, 9, 27, 34], which are presented in Table 1 and Figures 1-4.
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Table1.Variations of the characteristic „continuity“ of the medulla

Absent hairs with no visible medulla, including those hairs with no visible
medulla due to heavy pigmentation

Continuous the medulla extends along the axis of the shaft with no interruption

Discontinuous 
(interrupted)

the lengths of the visible medulla are greater than the lengths
of its indiscernible portions

Fragmentary the lengths of the indiscernible portions of the medulla exceed
the lengths of the discernible portions

Different combinations
of these variations

the medulla has one type in one section of the shaft and a different
type in another

Human head hairs generally have no medulla or have fragmented ones; they very 
rarely show continuous medullation. Exception is found in the Mongoloid race whose 
medulla is usually continuous. Thus, the racial affiliation of the individual can be 
determined by the type of medulla.

Opacity is the second characteristic, and it refers to the appearance of the medulla 
as viewed with transmitted light under light microscopy. The medulla can be translucent 
and opaque [27, 34]. The variations are presented in Table 2.

The thickness of the medulla also varies in hairs from different individuals. It is 
usually not large, 1-2 cells in diameter, and does not exceed one-third the width of the 
hair shaft. In human hairs the medulla is indistinct, narrow and often interrupted. In 

Fig. 1. Absent                                 Fig. 2.  Fragmentary

Fig. 3. Discontinuous                                 Fig. 4. Continuous
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contrast, in animal hairs the medulla is usually distinct, wide (more than one-third of the 
hair shaft), continuous, and much less frequently interrupted [1, 3, 19]. This can be used 
to identify the species affiliation of the examined hairs, whether they originate from a 
human or an animal.

Table 2.Variations of the characteristic „opacity“ of the medulla

Absent hairs with no visible medulla, including those hairs in which
the medulla is obscured due to heavy pigmentation

Opaque when the medulla is filled with air

Translucent when the medulla is filled with liquid

Opaque/Translucent when there are both opaque and translucent segments along
the medulla shaft

For this purpose, the so-called medullary index, the ratio between the diameter of 
the medulla and that of the whole hair, is determined. For human hairs, it is less than 0.33. 

There is evidence that the medullary index of human hairs varies with age, 
becoming progressively greater at older ages [21, 23], but does not correlate with a 
person‘s race or sex [40].

This index can also serve to determine the regional origin of the hair, with a well-
defined medulla in head hairs, a weak or absent medulla in pubic hairs, and often a 
double medulla in beard hairs [27, 34].

The cortex is the next, outermost layer of the hair fiber. Its microscopic examination 
determines: cortex cells; texture; pigment – type of pigment, shape and size of granules, 
arrangement, distribution, density, etc.

Cortical texture refers to the appearance of the cortex as viewed in a longitudinal 
mount. The cortex may have no apparent texture (absent), it may demonstrate a streaky 
texture (present), or the ability to observe the cortical texture may be obstructed due to 
heavy pigmentation (obscured) [27]. 

The cortex is composed of spindle-shaped cells aligned parallel to the axis of the 
hair shaft and closely packed together [8, 9, 32, 47]. In some hairs, small structures 
called cortical fusi [8, 9, 15, 28], air inclusions that appear dark by transmitted light 
microscopy but have a bright appearance by reflected light [12], are observed between 
them. They may occur throughout the length of the hair shaft but they are rarely seen at 
the tip. Most often they are found just above the root [24, 25, 32]. The variates of this 
feature in different hairs are presented in Table 3.

Another feature to consider in relation to the cortex is the presence or absence of 
ovoid bodies. Ovoid bodies are well-defined aggregations of pigment that can have a 
spheroidal or oblong shape [8, 9, 27]. Their presence in head hairs is not uncommon, 
but neither are they ever-present. The variates relate to their quantity in the hair shaft 
(Table 3).

Determination is made by counting the ovoid bodies for each field of view. If 
the average number counted per field is less than 10, it is categorized as ‚Few‘. If the 
average number is 10 or more, it is categorized as ‚Many‘ [27].
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Table 3. Microscopic Characteristics of Hair Cortex

Cortical Textute Absent – no apparent texture
Present – a streaky texture
Obscured – the ability to observe the cortical texture may be 
obstructed due to heavy pigmentation

Cortical Fusi Absent – absence of cortical fusi
Root Only – presence of cortical fusi in the root only, or in the root 
and in the proximal end of the hair only
Rare – low concentration of cortical fusi along the length of the shaft
Common – greater concentration of cortical fusi along the length of 
the shaft
Profuse – high concentration of cortical fusi along the shaft
Obscured – inability to observe the presence of cortical fusi due to 
the presence of heavy
pigmentation.

Ovoid Bodies Absent – absence of ovoid bodies
Few – presence of a small number of ovoid bodies in the shaft
Many – presence of numerous ovoid bodies in the shaft
Obscured – inability to observe the presence of ovoid bodies due to 
obstruction by heavy pigmentation.

Cortical Pigment
Pigment Density
(the abundance
of pigment granules 
observed under light 
microscopy)

Аbsent (no pigment)
Light to medium
Medium to heavy
Heavy to opaque
Opaque

Pigment Granule Size Absent/obscured (or no pigment – white or grey hairs, or impossible 
to separate into individual pigment granules using light microscopy)
Fine
Coarse

Pigment Distribution
(distribution and 
concentration of the 
pigment granules in 
various areas of the 
hair shaft)

Absent – no pigment in the hair shaft (e.g. white or grey hair) 
Uniform – the pigment is evenly distributed across the cortex of the 
hair shaft
Peripheral – the pigment is concentrated in the outer edges of the 
shaft
One-sided – the pigment is concentrated on one side of the shaft
Central – the pigment is concentrated (or appears to be concentrated) 
in the centre of the shaft
Random – the pigment is found in greater concentrations in some 
areas of the shaft and in lesser concentrations in other areas of the 
shaft, with no recognizable pattern
Other – pigment distribution that does not include any of those 
vitiate categories
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Pigment Aggregate 
Shape
(the appearance of the 
pigment granules when 
they are concentrated 
in a mass that has a 
recognizable form)

Absent – the absence of pigment (e.g. a white or grey hair), or a 
pigmented hair that exhibits no aggregation of pigment
Streaked – aggregation in the form of streaks
Clumped – aggregation in the form of clumps
Other – aggregation that cannot be categorized as Streaked or 
Clumped, or hairs with a mixture of streaked and clumped aggregates

Pigment Aggregate 
Size

No aggregates
Small streaks
Large streaks
Small clumps
Medium clumps
Large clumps
Other

In pigmented hairs, cortical cells also contain pigment granules. These are not 
expected to be found in the medulla or cuticle, but in practice pigment can be found in 
both. The presence of pigment in the cuticle is commonly observed in individuals with 
heavily pigmented hairs [27]. 

There are two types of pigments in the granules, black-brown coloured eumelanin, 
giving a dark color, and reddish-yellow pheomelanin giving a light color [19, 20, 24], 
and human hairs, unlike animal hairs, are characterized by homogeneous pigmentation 
along their entire length [30].

Hair color is not only determined by the color, density, and distribution of pigment 
granules in the cortex, but also by the amount of melanin polymer in each granule. 
In dark hairs, the granules are of eumelanin, brown or black in colour, elliptical or 
oval in shape, 0.8-1.0 µm in length and 0.3-0.4 in diameter [18, 28, 38, 39, 41, 44]. In 
light hairs, the granules are of pheomelanin, yellow or red in colour, smaller and more 
spherical, 0.2 µm [40]. They are not observable with light microscopy because of their 
small size [27, 38].

Pigment characteristics important for hair identification are presented in Table 3.
The identification significance of the these pigment features is determined by 

the possibility of determining the racial affiliation of the individual from whom the 
examined originate. In the European hair the pigment granules are moderately dense 
with fairly even distribution, while in the African there are densely distributed pigment 
granules arranged in prominent clumps. In the Asian, the medulla is often broad and 
continuous, and the pigment granules are densely distributed and often arranged in large 
patchy clumps or streaks [30].

 It is usual in human hairs for the pigment granules to be located at the periphery of 
the cortex towards the cuticle, except in red hair where they are more centrally located 
[8, 9, 18].

The cuticle is the outermost layer of the hair shaft [14, 17, 18, 25]. It is composed of 
flattened, imbricated, scale cells that overlap like tiles on a roof [31], sloping outwards, 
with a free edge pointing towards the tip of the hair shaft [3, 8, 9, 33, 34, 47].
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When examining the cuticle, attention is paid to its colour, thickness, inner margin, 
outer margin, features of the cells – shape, size, contour, convexity /unevenness/, 
presence of adhesions (Table 4). 

The thickness of the cuticle may serve as a defining feature in identifying the racial 
origin of the individual, the source of the hairs, as it establishes a difference between 
representatives of the major races. It isthickest in hairs of the Mongoloid race – 2.1-4.59 
µm, thinner in the Caucasoid race – 1.81-3.59 µm and thinnest in the Negroid race – 
1.14-3.43 µm [18, 27].

The scale counts are relatively constant for the hair cuticle of a given individual, 
but can vary between individuals [3, 11]. The scale count may also vary (although less 
markedly) on an individual depending on site. The count is significantly smaller (i.e. the 
scales further apart) for scalp hair than for hairs from other areas such as pubis, face, 
and chest. Smaller scale numbers are seen in younger people and for facial, axillary, and 
abdominal hairs of females as compared with the same areas in males [46].

Table 4. Microscopic Characteristics of Hair Cuticle

Cuticle thickness Thin (cuticle thickness of less than 2,5 µm)
Thick (cuticle thickness of 2,5 µm or greater); varies (cuticle 
thickness varies along the shaft at or near the widest diameter) 
Non apparent (cuticle not easily measured due to indistinct 
inner cuticle margin)

Inner cuticle margin (the 
border between the cuticle 
and the cortex)

Indistinct (when the inner margin of the cuticle is not visible or 
is not well defined)
Distinct (when the border between the cuticle and the cortex is 
clearly visible and is well defined)
Varies (when the inner cuticle margin varies in its distinctness 
due to a variation in pigment density along the inner margin)

Outer cuticle scale profile 
(condition of the cells on the 
surface of the cuticle)

Smooth (cuticle profile that is even or flat)
Serrated (cuticle profile that is saw-toothed)
Ragged (cuticle profile that is uneven and irregular);
Looped – when the scales are curved at their distal edges so that 
they archat the edge of the shaft
Other – hairs that have a combination of the above cuticle 
profiles, or hairs that have a cuticle profile that cannot be 
categorized as Smooth, Serrated, Ragged or Curved.

Pigment in the cuticle Present (more commonly in heavily pigmented hairs)
Absent (generally the cuticle is not pigmented and if melanin 
inclusions are detected they should be considered a rare and 
diagnostically valuable feature)

The free edge of the cells defines the pattern or drawing of the cuticle by forming 
lines specifically located transversely and longitudinally along the hair shaft. If the cells 
of the cuticle are arranged in even rows, the lines will have little waviness; if the cells 
are irregularly arranged, the waviness will be pronounced.

The shape and arrangement of the cells varies from species to species. For 
non-human hairs, the arrangement or pattern and how this varies along the length of 
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individual hairs is among the most useful characteristics for species identification. For 
human hairs, this pattern shows no significant differences between individuals [16], but 
its difference with patterns in animals can be used for species identification[3, 6].

There are three basic cuticle patterns – coronal (crown-like), spinous (petal-like) 
and imbricate (flattened). Combinations and variations of these types are possible. 
The crown-like scale pattern is found in hairs of very fine diameter and resembles a 
stack of paper cups. It is commonly found in the hairs of small rodents and bats, but 
rarely in human hairs. The petal-like scales are triangular in shape and protrude from 
the hair shaft. This pattern is found in the hairs of cats, mink, seals, etc. It is never 
found in human hairs. The imbricate or flattened cuticle type consists of overlapping 
scales with narrow margins. They are commonly found in human hairs, but also in 
many animal hairs [8].

Hair diameter: Another indicator by which human hairs can be typed, each hair is 
measured in several places and the largest measured value is taken as the thickness of the 
hair in question. This value helps to differentiate hairs from different body areas and also 
from hairs of the same body area from persons of different racial groups. For example, 
Caucasian scalp hair is described as having a moderate shaft diameter, Negroid scalp hair 
as having a moderate to fine shaft diameter with considerable variation, and Mongoloid 
scalp hair as having a coarse shaft diameter with little or no variation [4, 10, 34].

Cross-section shape: This is an indicator whose identification value is not accepted 
unambiguously by researchers [3, 34].

Opponents of this indicator point out that the cross-sectional shape is variable from 
hair to hair and along individual hair shafts (especially in brittle and curly hair) [40].

Conversely, proponents of the study argue that variation in cross-sectional shape 
in human hairs is predictable and consistent provided sections from similar types ofhair 
and of equivalent longitudinal appearance are used; cross-sections reveal a number of 
microscopic features more clearly than can be seen in a longitudinal mounts; and cross-
sectional shape is of value for racial origin determination [34].

According to Ogle et al. [27], the appearance of most cross-sectional features 
does not provide additional data for the purpose of hair identification and comparison, 
but rather adds a different perspective to those already established. However, a cross-
section can aid in the accurate identification of a trait, which is difficult with longitudinal 
observation. Cross-sectioning is better at determining pigment or medulla distribution, 
cortical texture, etc. Cuticle thickness, pigment density, and pigment size can usually be 
easily diagnosed in longitudinal view by an experienced examiner. 

 The main cross-sectional characteristics of human hairs are: cross-sectional shape 
and area, cuticle thickness, cortical texture, size, pigment density and distribution [27]. 

According to Blume-Peytavi et al. the cross-section shape variates are Round, 
Oval, Triangular, Flat, Kidney, and Teardrop. The triangular shape is seen often in beard 
hairs and rarely in scalp hairs, i.e. it can be used to determine the regional origin of the 
examined hair (which part of the body it originates from) [4].

The cross-section shape of the hair also varies depending on racial origin. In 
Caucasoid hairs, the cross-section is elliptical in shape, corresponding to straight or 
wavy hair; in Mongoloid hairs, it is usually circular, corresponding to straight hair [36]. 
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In contrast, Negroids have an elongate elliptical or even ribbon-like cross-sectional 
shape [4, 10, 24]. 

The cross-sectional area is also determined. It has been found that this area in hairs 
from different regions of the head has some variation, but still the differences are less 
than those between different people.

The thickness of the cuticle is measured and it is categorized as Thin, Thick, and 
Varies, the shape of the medulla – general shape of its cross-section, its size in relation 
to the cross-sectional size of the whole hair, and its arrangement – median to the hair 
shaft or asymmetrical, the type of cortical texture – absent, present, obscured [27], 
and the pigment characteristics – colour and hue, density, shape and size of granules, 
distribution of pigment in the cross-section (uniform, peripheral, central and one-sided).

Hair root: the variates here represent the growth stage of the hair at the time of 
its removal or loss from the body and include: Absent, Anagen (active growth phase), 
Catagen (transitional phase between anagen and telogen phases), and Telogen (terminal 
stage prior to the hair falling out of the hair follicle) [3, 27].

Examination of the hair root is important because if the hair is pulled from the 
scalp during the Anagen phase will have an epithelial sheath adhering to the root. If it is 
pulled during the Catagen phase there may or may not be such a sheath, whereas if the 
hair is pulled during the Telogen phase there will be no adherent parts of the epithelial 
sheath [3, 27]. 

The growth phase of the hair root influences the identification by the presence of 
such epithelial sheath, making it possible to analyze the DNA present in the nuclei of 
the adherent epithelial cells and therefore to personalize the hair under study with very 
high probability [12].

The nucleated cells of the root epithelial sheath also assist in determining the sex 
of the individual that is the source of the corresponding hairs by determining the so-
called sex chromatin (Barr bodies) [38].

Distal tip of the hair: the appearance of the distal hair tip can be used to determine 
whether it is in its natural state or whether there is some cosmetic/traumatic influence 
on it. The acquired characteristics of this tip are the result of various morbid or cosmetic 
effects as well as the adverse effect of certain environmental factors [3, 5, 7, 22, 31, 34, 
38, 41, 42, 48]. 

Variates of the distal tip are: Natural Taper, Rounded Taper, Square Cut/Straight 
Edge, Angled Cut/Straight Edge, Square Cut/Rounded Edge, Angled Cut/Rounded 
Edge, Split, Frayed,Crushed, Singed, Broken, and Other[34].

Natural hair has a thin needle-like tip. When cut, the tip becomes square with a 
straight edge, gradually smoothing over time to a tapered shape. Whether there is a 
pronounced straight edge or the presence of a cone can determine the length of the time 
interval between the shearing of the hair and its examination [3]. 

In so-called ‚weathering‘, as a result of environmental factors, abrasion and 
splitting of the hair ends with longitudinal splitting of the hair is observed [7, 27, 48].

Hair is also damaged to varying degrees when dried with a hair dryer, i.e. when 
exposed to higher temperatures, rough combing, the use of curling, straightening, 
discolouring or colouring agents, depending on their type and composition. These 
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mainly affect the surface of the hair and are clearly visible under light microscopy – 
pigment deposition in the cuticle, lifting and breaking of the edge of the cuticle cells 
until they fall off completely, stripping of the underlying cortex, etc. [5, 7, 22, 31, 33, 
38, 41, 42].

Conclusion

Although many investigators believe that morphological analysis of hair is only limited 
evidentiary value and that its outcome is highly dependent on the training and ability of 
the investigator, our experience has shown that by considering and taking into account 
readings for all or most of the microscopic hair characteristics listed above, it is possible 
to obtain a fairly accurate result when identifying and comparing hair samples. 

In all cases where the examiner seeks to be thorough, microscopic examination 
followed by direct comparison is essential. Light microscopy should be the first test to 
be performed after receiving the hair sample in the laboratory. This type of examination 
has a number of advantages over other methods of hair identification: it does not require 
expensive equipment and consumables; it is not destructive to the sample; it allows 
for initial screening of the samples, taken from the scene, for suitable ones to then be 
subjected to more expensive and specific tests.

Perhaps its main advantages, from a forensic point of view, are: contamination of 
the material does not spoil its examination under light microscope, which often happens 
in the case of mitochondrial DNA testing (most of the samples from the crime scene are 
already contaminated); light microscope can be performed on hairs that have not been 
plucked, but have shedded naturally. This is significant because, such hairs are free of 
the cellular material attached to the hair root, and cannot  be used for nuclear DNA 
testing. Being that most of the hair material evidence that enters a forensic laboratory 
is from naturally shedded hairs and nDNA material from plucked hairs is often scarce, 
light microscopy becomes even more valuable a method for examination. 

Therefore, despite the development of science to date and the application of much 
more precise methods of examination (nDNA, mDNA, etc.), the determination of the 
morphological characteristics of the hair retains its importance in hair identification.
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The aim of the study is to follow up trends in the stature, weight and body mass index (BMI) in 3-6-year-
old children from Sofia during the period 2005-2016 and to assess the prevalence of underweight, 
overweight and obesity.

From 2004 to 2005 and 2014 to 2016, two independent cross-sectional anthropological studies 
of children visiting kindergartens in Sofia were carried out. Stature and body weight were measured 
and BMI was calculated. The children were classified as underweight, normal, overweight and obese 
according to the International Obesity Task Force BMI cut-offs proposed by Cole and Lobstein.

The children measured during the period 2014-2016 have lower but similar values   of the stature, 
body weight and BMI to those of children from the first survey (2004-2005). The statistically significant 
differences are not observed. An increase of frequencies of underweight and overweight and a decrease 
of the incidence of obesity in 3-6-year-old children are detected.

Key words: children, anthropometric measurements, BMI, underweight and overweight, secular 
changes

Introduction

The anthropological characteristic of the population of each country is an indicator of 
the specifics of the socio-economic living conditions during its historical development 
and in the present. 

Secular trend presents changes in the consequtive generations, mostly observed in 
growth, development and maturation of children and adolescents, or in adult sizes [7]. 
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The changes depend on both the genetic potential of the population and environmental 
factors, notably the level of socio-economic living conditions.

In some developed countries, secular changes slow down [4] or stabilize at a 
certain age and age of menarche, while in other ones it still continues [1, 2].

The absence of changes in the rate of growth and development in certain years 
shows that either living conditions stop improving or that they already allow the full 
expression of genetic potential [23].

Secular growth changes to higher stature, body weight and earlier maturation are 
also associated with improved nutrition and health care [4, 9, 15, 24, 25] and could be 
referred to the health status of a population with mostly positive, progressive tendencies. 
Unfortunately these positive trends lead to some negative consequences such as the 
increasing body fat content as one of the results of the modern way of living (reduced 
physical activity along with unfavorable changes in dietary habits) [18].

The risk of being overweight and obese during adolescence and adulthood begins 
in early childhood. Overweight and childhood obesity are a risk factor for a number 
of health problems (respiratory, cardiovascular, musculoskeletal, metabolic, endocrine, 
etc.) [10, 20].

A relative increase in the prevalence of overweight and obesity in early childhood 
are observed worldwide in the period 1990–2010 [6]. Along with being overweight in 
the current generation of children and adolescents in developed countries, a serious 
problem is the increased incidence of underweight, which, although to a lesser extent, 
also carries a risk of health complications [13, 27].

The frequency of overweight and obesity is constantly increased, but a number of 
studies have found slowed down or even stabilized percentage of overweight and obese 
children after the 2000s. This is observed mostly in the younger children (up to 7-10 
years) [8, 22, 26]. 

The aim of the study is to follow up trends in the stature, weight and body mass 
index in 3-6-year-old children from Sofia during the period 2005-2016 and to assess the 
prevalence of underweight, overweight and obesity.

Materials and Methods

Two independent cross-sectional anthropological studies of children visiting 
kindergartens in Sofia were carried out during the periods 2004 - 2005 and 2014 - 2016. 
A total of 640 participants (320 boys and 320 girls) were included in the first study 
and 870 (451 boys and 419 girls) in the second one. Stature was measured in standing 
position with stadiometer to the nearest 0.1 cm by Martin-Saller’s classical methods 
[12]. Body weight was measured using digital scale Tanita to the nearest 0.1 kg. Body 
mass index (BMI) was calculated by the formula: BMI = body weight (kg)/stature 
(m)2. The participants were classified as underweight, normal, overweight and obese 
according to the International Obesity Task Force (IOTF) cut-offs of BMI proposed by 
Cole and Lobstein [5].

Written informed consent from the parents of each child who voluntarily participated 
in the studies was obtained. The investigations were approved by the Ethical Committee 
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of Institute of Experimental Morphology, Pathology and Anthropology with Museum – 
Bulgarian Academy of Sciences and were conducted in agreement with the principles 
of the Declaration of Helsinki for human studies of the World Medical Association [28].

The metrical data were analyzed by SPSS software, version 16. Student’s t-test 
was used to compare stature, weight and BMI between two investigated cohorts. 
The comparison of the frequency of underweight, overweight and obesity between 
the different years was performed with a chi-square test. Statistical significance was 
considered at р ≤ 0.05.

Results and Discussion

The statistical data of basic anthropometric features and BMI in 3-6-year-old children 
are presented on Table 1. 

The stature of the boys from the first sample (2004-005) varies between 101.20 
cm at the age of 3 and 121.28 cm at the age of 6 years. In the boys from the second 

Table 1. Statistical data for stature, weight and BMI in 3-6-year-old children (2005-2016)

Features Age Years
Boys Girls

n mean SD decade 
changes p n mean SD decade 

changes p

St
at

ur
e 

(c
m

)

3y 2005
2016

80
103

101.20
99.76

4.30
4.66 - 1.44 0.03* 80

102
98.99
98.39

3.89
4.92 - 0.6 0.37

4y 2005
2016

80
100

107.70
106.71

4.13
5.20 - 0.99 0.18 80

100
106.52
106.45

5.39
5.39 - 0.07 0.94

5y 2005
2016

80
128

114.66
113.87

4.97
5.18 - 0.79 0.28 80

111
113.91
113.12

4.97
4.95 - 0.79 0.28

6y 2005
2016

80
120

121.28
121.49

4.93
5.74  0.21 0.79 80

106
120.40
119.43

5.16
4.80 - 0.97 0.19

B
od

y 
w

ei
gh

t (
kg

) 3y 2005
2016

80
103

16.33
15.78

2.11
1.93 - 0.55 0.07 80

102
15.48
15.15

1.79
1.98 - 0.33 0.24

4y 2005
2016

80
100

18.35
18.03

3.09
3.60 - 0.32 0.53 80

99
17.96
17.72

2.68
2.59 - 0.24 0.55

5y 2005
2016

80
127

21.06
20.36

3.97
3.16 - 0.7 0.18 80

110
20.01
20.13

3.72
3.68 0.12 0.82

6y 2005
2016

80
120

23.86
23.26

4.26
4.0 - 0.6 0.31 80

106
22.87
22.35

3.93
3.09 - 0.52 0.31

B
M

I (
kg

/m
2 )

3y 2005
2016

80
103

15.91
15.82

1.43
1.25 - 0.09 0.65 80

102
15.76
15.60

1.26
1.18 - 0.16 0.36

4y 2005
2016

80
100

15.75
15.74

1.83
1.87 - 0.01 0.97 80

99
15.76
15.59

1.48
1.43 - 0.17 0.44

5y 2005
2016

80
127

15.92
15.64

1.87
1.46 - 0.28 0.23 80

110
15.38
15.64

1.42
2.02 0.26 0.33

6y 2005
2016

80
120

16.14
15.68

2.04
1.69 - 0.46 0.08 80

106
15.72
15.63

2.04
1.59 - 0.09 0.75

* Statistically significant differences at р ≤ 0.05
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study (2014-2016) it is between 99.75 cm and 121.49 cm, respectively. The increment is 
higher in boys investigated during the period 2014-2016 (21.73 cm) compared to those 
investigated within 2004-2005 (20.08 cm). The body weight range is from 16.33 kg to 
23.86 kg (2004-2005) and from 15.78 kg to 23.26 kg (2014-2016). The weight of boys 
from both cohorts increased between 3 and 6 years of age with 7.5 kg. 

The stature of the girls from the first study ranged from 98.99 cm at 3 years to 
120.40 cm at 6 years, as the increment is 21.41 cm. In the group of girls from second 
study, the stature increased from 3 (98.39 cm) to 6 (119.43 cm) years with 21.04 cm. 
The body weight of the girls measured in 2004-2005 ranged from 15.48 kg (at the age 
of 3) to 22.88 kg (at the age of 6), and girls measured in 2014-2016 weigh from 15.15 kg 
to 22.35 kg. Weight gain is 7.4 kg in the first sample and 7.2 kg in the second one. 

The difference in stature of both boys and girls from each cohort is from a few 
millimeters to about 1.4 cm, and in body weight: from 0.100 kg to 0.700 kg.

In children investigated during the periods 2004-2005 and 2014-1016, the values 
of the indicator of nutritional status – BMI are within a normal range (18.5 kg/m2 – 
25.0 kg/m2) and remain relatively constant for a decade. 

There are no significant differences in stature, weight and BMI in boys and girls in 
all age groups between 2005 and 2016, with the exception of 3-year-old boys, in which 
statistically significant differences are observed in stature (p=0.03).  

For each age group in both genders, the mean values of stature, weight and BMI 
decreased slowly for a decade. The opposite trend is observed only in the stature of 
6-year-old boys (0.21 cm) and in the weight and BMI of 5-year-old girls (0.12 kg and 
0.26 kg/m2 respectively). 

Table 2 presents the incidence of underweight, normal weight, overweight and 
obesity in children studied in 2004-2005 and 2014-2016. 

The frequency of underweight children in both genders investigated in 2004-2005 
is 11.9%. The highest incidence of underweight is at the age of 3 (17.5%) in boys and 

Tablе 2. Frequency of the categories nutritional status according BMI cut-offs of Cole and 
Lobstein

Boys

Age Years n
Underweight Normal weight

Overweight and obesity
χ 2

(df = 3)Overweight Obesity
n % n % n % n %

3y 2005
2016

80
103

14
17

17.5
16.5

60
76

75.0
73.8

4
9

5.0
8.7

2
1

2.5
1.0 1.56

4y 2005
2016

80
100

11
18

13.8
18.0

63
73

78.8
73.0

3
8

3.8
8.0

3
1

3.8
1.0 3.52

5y 2005
2016

80
127

7
21

8.8
16.6

62
90

77.5
70.9

8
13

10.0
10.2

3
3

3.8
2.4 2.82

6y 2005
2016

80
120

6
14

7.50
11.7

62
99

77.5
82.5

8
6

10.0
5.0

4
1

5.0
0.8 6.03
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at the age of 3 and 4 (13.8%) in girls. The prevalence of underweight among preschool 
boys and girls studied in 2014-2016 is 15.7% and 11.9% respectively, as the highest 
frequency is observed at the age of 4 (18.0%) in boys and at the age of 3 (16.7%) in 
girls. The incidence of underweight decreased with age in both studies. Over 70% of 
the children from the investigated cohorts have normal weight and 3.0 to 20.0% are 
overweight. In children from the first study the incidents of overweight rise to 10% and 
13.8% in 6-year-old boys and girls and in children from the second one – to 10% and 
12.7% in 5-year-old boys and girls, after that the frequency decreases. In both studies 
the children with obesity are less than 5.0%. There are significant differences only in 
group of overweight girls at the age of 4 (p ≤ 0.05).

Discussion

The periodic conduct of similar studies provides a possibility to follow the tendencies 
in children and adolescents’ growth and development for certain periods of time in 
different socio-economic living conditions.

Our study demonstrates slow-down trends for stature, weight and BMI in 3-6-year-
old children from Sofia. The comparative analysis of the data from the two studies shows 
that the children measured in the period 2014-2016 have lower values of the stature, 
weight and BMI, but close to those of the children from the first study (2004-2005). 
Statistically significant differences only in the group of 3-year-old boys are observed. 
Similar trends in basic anthropometric features are detected in some other populations 
as well [4, 16, 21]. The data from other countries are consistent in reporting a positive 
trend. In children under the age of 5 the secular changes in stature, weight and BMI are 
the smallest and increase with age and reach a maximum during the puberty [18, 19, 
29]. Positive and negative changes are recorded for different ages and decades in Novi 
Sad sample between 1991 and 2001, and after 2001. A modest increase of height and 
weight during the investigated period, especially in preschool children are established. 
According to the authors, the changes in anthropometric characteristics reflect the 
changing socio-economic and political situation in the country after the 1990s [17].  

Girls

Age Years n
Underweight Normal weight

Overweight and obesity
χ 2

(df = 3)Overweight Obesity
n % n % n % n %

3y 2005
2016

80
102

11
17

13.8
16.7

63
81

78.8
79.4

5
3

6.2
2.9

1
1

1.2
1.0 1.40

4y 2005
2016

80
99

11
14

13.8
14.1

53
76

66.2
76.8

16
6

20.0#
6.10

0
3

0.0
3.0 10.10#

5y 2005
2016

80
110

6
11

7.5
10.0

68
81

85.0
73.6

3
14

3.8
12.7

3
4

3.8
3.6 5.26

6y 2005
2016

80
106

10
7

12.5
6.6

56
87

70.0
80.2

11
12

13.8
11.3

3
0

3.8
0.0 6.79

# Statistically significant differences at р ≤ 0.05
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An important aspect of monitoring of the children’s health is the investigation 
of their nutritional status and determination of the frequency of its extreme forms – 
underweight and obesity.

Comparing the children in both studies an increase of the frequency of underweight 
is detected, with the exception of 3-year-old boys, and 6-year-old girls. The prevalence 
of overweight in boys also increases, except 6-year-olds, and decreases in girls, except 
5-year-olds. The incidence of obese children decreases in boys, whereas in 3 and 
5-year-old girls it remains relatively constant and decreases in 6-year-olds. Similar to 
our results for children from early childhood, preschool and school age are established 
in England, Netherlands, Czech Republic and others [11, 14, 22, 26]. Van Jaarsveld and 
Gulliford reported stabilization in the incidence of obesity in 2-10-year-old English 
children between 2004 and 2013, but not in older 11-15-year-old students [26]. A 
relatively constant incidence of obesity was also found by Sigmund et al. for Czech 
children for the period 2005-2015 [22]. Decrement of the frequency of overweight and 
obese children in 2002-2011 in Italy was reported by Brambilla et al. They also found 
an increase in prevalence of underweight children [3]. 

Conclusion

For the investigated period (2004/2005 – 2014/2016), detention in stature, body weight 
and BMI in early childhood and preschool children are established.  An increase of the 
frequency of underweight and overweight and a decrease of the incidence of obesity is 
detected in 3-6-year-old children.

The information obtained could be used to assess the real health risks of children 
from early childhood and preschool age, and to develop adequate programs and policies 
to improve the living conditions and health of the younger generation in the country. 

Acknowledgements: To our colleagues who helped to carry out the survey, the teams of 
the kindergartens, the children who participated in the survey and their parents.
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The aim of the present study is to make characteristic of the basic anthropometric features for evaluation 
of the physical development of contemporary generation preschool children from Smolyan region, 
Bulgaria in age and gender aspects. A transversal anthropometric study of 330 children from both sexes 
aged between 3 to 6 years from state kindergartens of Smolyan district, Bulgaria was performed in the 
period 2017-2019. Height, weight, chest circumference and head circumferences of each child have 
been measured. The results show unevenness, heterochrony and gender dimorphism both in relation to 
the absolute values of the indicators and in relation to the rate and reached growth velocity and confirm 
the general biological regularities of growth in this age period. The observed specific peculiarities in the 
growth processes are a reflection of the influence of hereditary and environmental factors, operating in 
the studied population.

Key words: preschool children, height, weight, chest and head circumferences

Introduction

It is known that the different stages in ontogenesis are real reflection of the chain of 
events in the process of individual growth and development. Each of these stages is 
characterized by unique and specific combination of biological features which are 
influenced by a complex of various environmental and genetic factors. The influence of 
these factors changes during different ages [3, 6, 7, 8, 9, 11, 19, 22], but are  especialy 
more pronounced in early childhood [2, 5, 10, 17, 25, 26]. The genetic and environmental 
influences manifest themselves by morphometric differences in basic anthropometric 
features, like as height, weight, body diameters, circumferences, body segments 
andproportions [5, 6, 16, 20, 24, 28],body composition, fat mass and nutritional status 
[1, 12, 27, 29, 30], different growth velocity and gender differences [13, 15, 27].

The purpose of the present study is to characterize of the basic anthropometric 
features for evaluation of the physical development such as height, weight, chest and 
head circumferences of preschool children between 3-6 years of age from Smolyan 
region, Bulgaria in age and gender aspects. 
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Materials and Methods:

A transversal anthropometric study of 330 children (161 boys and 169 girls), aged 
between 3-6 years from eight state kindergartens of Smolyan district, Bulgaria was 
performed in the period 2017-2019. The average age of the children is 3.5, 4.5, 5.5 and 
6.5 years. For example, 4-years old are considered the children at age 4.0 years to 4.99 
years (Table 1).

Table 1. Characteristics of the sample by age and sex

Age
(years)

Sample A (2017-2019)
Number

Boys Girls All

3 y. 23 28 51

4 y. 36 44 80

5 y. 49 53 102

6 y. 53 44 97

Total 161 169 330

All studied children are clinically healthy and are of Bulgarian origin. They were 
examined during their morning classes in kindergartens. 

All ethical principles for medical  research involving human subjects according 
Declaration of Helsinki have been adhered [23]. The design of the study has been 
approved by the Regional Inspectorate of Education of the Bulgarian Ministry of 
Education and Science in Smolyan and by the Ethics Committee of Filial Smolyan 
at Plovdiv University. The informed written consent was obtained from parents of all 
children participating in the study. 

Four main indicators for physical development have been measured for each child, 
as per the methods of Martin-Saller[4]: height (cm), weight (kg), chest circumference 
and head circumference (cm). The height is measured by original anthropometer GPM 
(Siber-Hegner Company, Swiss), with a precision up to 0.1cm, and the weight by 
body composition scale analyzer Tanita BC 465 (Tanita, Japan), with precision up to 
0.100 g. The chest and head circumferences were measured by a millimeters band with 
a precision up to 0.1 cm. The differences in average values in investigated features 
between both sexes and absolute year increament were calculated. Also the growth 
velocity (%) was calculated by the relevant formula: (X2-X1) x100)/(X2+X1), where X2 
is the mean value of a feature for the given age and the X1 is the mean value of the same 
feature for the previous age.

The data have been processed through statistical software suite Statistica 12.0 
(StatSoft Inc.), by using analysis of variance. The differences between age and sex 
groups were evaluated by Student’s T-test, with level of significance of p≤0.05. 
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Results

The basic statistical characteristics of the height, weight, chest and head circumferences 
at preschool age Smolyan children are presented in Table 2. The growth velocity (%) 
and inter-sex differences are presented in Figures 1-5.

According to the acquired results, the height of the present generation of children 
in preschool age is intensively increasing in both genders (Table 2). The average height 
of the girls at age of 3 years is 98.6 ± 4.6 cm. Until they reach to age of 6 years, 
the height is increased with totally 19.7 cm and reaches value of 118.3 ±4.7 cm. The 
absolute year increment is between 6.1 and 6.8 cm per year. The growth velocity varies 
from 2.6% - 3.3%, and for the girls, it is highest in the period between 3-4 years (Fig. 1).

For boys at age of 3 years, the average height is 100.8 ± 5.9 cm, where it is 
intensively increasing and reaches values of 120.3 ± 5.7 cm at age of 6 years. The 
average annual growth in height is intensive during the entire period and the highest 
values are observed at age between 4 and 5 years, where the height is increased, on 
average, by 8.8 cm. The growth velocity for the boys varies from 2.1% to 4%, and it is 
highest at age between 4-5 years. The high growth velocity decrease for both genders at 
age between 5-6 years (Fig. 1). 

During the entire studied growth period, the boys are taller than the girls, where 
the difference in the height are smallest during the 4th year (1.2 cm), and largest, and 
statistically significant among the children at age of 5 years, where the difference goes 
up to 3.2 cm in favour of the boys (p≤0.05) (Fig. 5).  

In relation to body weight (Table 2) the results show that at age of 3 years 
the weight of the girls is 15.7 ± 2.1 kg, and the boys is 16.1 ± 2.1 kg. The weight is 
intensively growing during the studied period, where for the boys at age of 6 years, it 
reaches average values of 24.3 ± 6.2 kg, and for the girls, 25.2 ± 7.0 kg. The absolute 
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Table 2. Statistical characteristics of basic anthropometric measurements in 3-6-year old children

BOYS GIRLS

age 
(years) N Mean SD N Mean SD

Differ.  
♂/♀

(absolute
values)

T-Student
♂/♀

p-level
♂/♀

Height (cm)
3 y. 23 100.8 5.92 28 98.63 4.79 2.2 1.49 0.142
4 y. 36 106.6 3.94 44 105.4 5.50 1.2 1.06 0.290
5 y. 49 115.4 4.16 53 112.2 5.68   3.2* 3.13 0.002*
6 y. 53 120.3 5.69 44 118.3 4.65 2.0 0.80 0.424

Weight (kg)

3 y. 23 16.10 2.13 28 15.73 2.08 0.37 0.56 0.573

4 y. 36 18.05 2.39 44 17.48 3.68 0.57 0.80 0.423

5 y. 49 21.16 3.37 53 20.03 4.03   1.13* 2.23 0.027*

6 y. 53 24.31 6.15 44 25.19 7.03 - 0.88 0.65 0.511

Chest circumference (cm)

3 y. 23 52.53 2.71 28 52.40 1.85 0.13 0.17 0.859

4 y. 36 54.51 2.63 44 52.87 3.75   1.64* 2.21 0.029*

5 y. 49 57.02 3.48 53 54.12 5.96   2.90* 2.95 0.003*

6 y. 53 58.08 3.76 44 58.96 7.45 - 0.88 0.73 0.465

Head circumference (cm)

3 y. 23 50.26 1.41 28 49.80 1.32 0.46 1.18 0.243

4 y. 36 51.11 2.10 44 50.34 2.29 0.77 1.55 0.124

5 y. 49 51.57 1.47 53 50.64 1.25   0.93* 3.01 0.003*

6 y. 53 52.22 3.76 44 51.52 1.34    0.70* 2.36 0.019*

Note: N – number of investigated persons; Mean  – average values; SD – standard deviation;  
Diff. – differences between both sexes T-Student  ♂/♀ – values of criteria of Student test;  
p<0.05* – statistical significance on differences between both sexes.

year increment in the weight for boys varies, average by 2.0 to 3.2 kg, while for the girls 
varies from 1.8 kg to 5.2 kg.  Generally, for the monitored preschool period, the girls 
grow in weight averagely by 9.5 kg and the boys by 8.2 kg.  

The growth velocity of the weight for boys is highest at the age between 4-5 years, 
when it reaches 7.9%. For the girls, the growth velocity of the body mass is close to that 
for the boys up to age of 5 years, than it sharply increases and reaches values of 11.4% 
at age between 5-6 years (Fig. 2).

In relation to gender differences, the boys are heavier compared to the girls at same 
age in the period between 3 to 5 years, where the gender differences have statistical 
significance only among the children at age of 5 years (p≤0.05). During the 6 year 
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of their growth, the girls are insignificantly heavier than the boys, which is a result 
in the jump of body mass accumulation in the period between 5-6 years as well as to 
significantly higher weight growth speed for girls during that period (Fig. 5).

Chest circumference (Table 2) is the third main anthropometric indicator, 
which is used for evaluation of the healthy physical development of the individual 
in epidemiological studies. Our results show that at age of 3 years, the average chest 
circumference for boys is 52.5 ± 2.7 cm and for girls it is 52.4±1.9 cm, where at age of 
6 years, it reaches values of 58.1 ± 3.8 cm for the boys and respectively, 59.0±7.5 cm 
for the girls. Generally, the chest circumference increase by 5.55 cm for boys and by 
6.56 cm for girls for the period from 3 to 6 years of age. 

For the boys the average year increment of the chest circumference increases 
between 1.1cm to 2.5 cm, while the growth velocity is highest at age 4-5 years (2.3%) 
and lowest, respectively, at age between 5-6 years (0.9%). 

For the girls, the average year increment of the chest circumference is rather 
uneven – between 0.5 to 4.8 cm, where the growth velocity varies between 0.4 % for 
age 3-4 years up to 4.3% for age 5-6 years (Fig. 3).

In inter-sex aspect, the boys are with larger chest circumference in comparison 
to the girls during the age between 3 to 5 years, where the differences have statistical 
significance among the children at age of 4 and 5 years (p<0.05). But during the 6th year, 
the girls insignificantly outrun the boys in terms of that indicator, which is related to 
the higher average year increment and to the higher growth velocity for the girls in that 
period (Fig. 5).

The head circumference (Table 2) is the other very important anthropometric 
indicator for evaluation of the physical development of children.The head circumference 
of the studied boys at age of 3 years is with average value of 50.3 ± 1.4 cm and for the 
girls at age of 3 years, respectively 49.8 ± 1.3 cm. For both genders, this indicator grows 
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with the age, where at age of 6 years for the boys, it reaches average values of 52.2 ± 
3.8 cm and for the girls – 51.5 ± 1.3 cm. 

In relation to the average year increment, the most intensive increase of the head 
circumference for the boys is observed at age between 3-4 years (0.9 cm), and the highest 
growth velocity during the same period is observed as well – respectively 0.8% (Fig. 4).

For the girls, the highest average year increment of the head circumference is 
observed at age between 5-6 years, which corresponds to the highest growth velocity of 
the indicator (0.9%) (Fig. 4). During the remaining age periods, the head circumference 
grows with slower rate for both genders, which is characteristic for the head features, 
and as a result of that, the growth of the head circumference for the entire period for the 
boys is with average total value of 1.96 cm and for the girls 1.72 cm.

In inter-gender aspect, the boys are with larger head circumference compared to 
the girls for the entire studied period, where the differences are largest and statistically 
significant among the children at age between 5 and 6 years (p≤0.05) (Fig. 5).

Discussion

In this work we present, for the first time, new data of growth of the height, weight, chest 
and head circumferences of today preschool children from Smolyan region, Bulgaria at 
age between 3-6 years.

Investigated children in this study are in average age of 3.5, 4.5, 5.5 and 6.5 years. 
For example, as we write in section Materials, 4 years old children are considered the 
children at age 4.0 years to 4.99 years. We used this age grouping to be able to make a 
correct comparison with similar data of other Bulgarian preschool children who are group 
in the same way [30]. In contrast, in our previous publications we used an age group 
according to which, for example, 4-year-olds are children aged 3.5 to 4.49 [9]. The age 
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grouping of the data, as well as the few similar data for Bulgarian children in this age 
period are limiting factors in this study which limited our possibility for comparison of 
data. The only possible comparison at this stage was with similar data for Sofia city of 
Zhecheva, Yankova [30], due to the identical research methodology and age grouping.

Anthropometric data on different physical characteristics of children and the 
dynamics of their growth in preschool age were published earlier by other Bulgarian 
authors. They mainly affect children from the capital Sofia, Plovdiv and some other 
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towns in Bulgaria [5, 10, 13,14, 15, 16, 18, 20, 21, 24, 25]. Data on children from rural 
kindergartens are very rare in the native anthropological literature [5]. The data for the 
children from Smolyan district, aged from 3 to 6 years, studied in the period 1996/1998, 
were published in our earlier survey [9]. But in general, the anthropometric data for 
contemporary children in this age group are very rare. 

In relation to the growth processes of the studied features during the critical 
preschool period, our results show unevenness in the growth of various indicators and 
heterochrony for both genders in relation to almost all features. An intensive growth 
of the body height for both genders is observed, which is characterized by uneven 
course among the boys and even course among the girls. The largest growth in height is 
observed at age between 4-5 years for both genders.

In relation to weight, the age dynamics is characterized with more even course, 
where the average annual increase is within the range of 2 to 3 kg, while among the 
girls, the gaining of body mass during that period is uneven and at age between 5-6 
years, a sharp growing jump of 5.2 kg on average annual base is observed. 

In relation to chest circumference, the absolute year increase is smooth and 
significantly more even among the boys (from 1 to 2.5 cm), while among the girls, 
once again, we observe unevenness and significant increase in the period between 5-6 
years. Due to the fact that the chest circumference reflects the growth of the thorax, 
respectively provides information about the growth process of some body diameters 
(transversal and sagital diameters of the thorax). 

In relation to head circumference, reflecting the development of the brain section 
of the skull, the growth is different in time for the two genders. For the boys, the largest 
increase of the head circumference takes place at age between 3-4 years, while for the 
girls, once again, the process takes place at age between 5-6 years.  

Our present new data on the height and weight of preschool children in Smolyan 
region are very close to the data for Sofiapreschool children, published by Zhecheva and  
Yankova [30]. The comparison that  we made with the previously published data of the 
authors for the body height showed that Smolyan preschool children differ slightly and 
insignificant in height from their Sofia coevals. The comparison between body weight 
on children from  two territorial groups showed that the current 3- and 4-year-old boys 
and the 4- and 5-year-old girls from Smolyan and Sofia have practically the same body 
weight. But the 5-year-old and 6-year-old Smolyan boys are slightly heavier average 
with 0.8-1.0 kg than their Sofia peers (p≥0.05). The Smolyan girls are heavier than their 
Sofia coevals in 6 years of age, when the difference reaches 2.8 kg and is statistically 
significant (p≤0.05).

In summary, our results about age and gender differences in the dynamics of 
the growth of the main anthropometric indicators (height, weight, chest and head 
circumference) show unevenness, heterochrony and gender dimorphism both in relation 
to the absolute values of the indicators and in relation to the rate of growth and reached 
growth velocity. While among the boys, the peaks in increase of body height, body 
weight and chest circumference for the studied period (age 3-6 years) match in time and 
are observed to take place at age between 4-5 years, and for the head circumference, at 
age between 3-4 year, for the girls, the increase in the body height is most significant 
in the period between 3 to 5 years, while their weight, chest and head circumference 
increase at age between 5 and 6 years of their development. These results are also 
confirmed by earlier data of other authors [29, 30].
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Our results confirm uneven and not simultaneous increase of various body 
segments, uneven and not simultaneous grow rates and pronounced sexual dimorphism 
in period between 3-6 years of age. It is a more pronounced in boys, both in growth 
dynamics and in absolute dimensions of the studied measurements.

Our results confirm the general biological regularities of growth in that age and 
their peculiarity is a reflection of the influence of the hereditary and environmental 
factors, operating in the studied population.   

Our results once again show the complex character of the growth processes, which 
are presented, in various extent, in the various morphological systems of the body 
during the different stages of the ontogenesis and are different for the two genders. Most 
probably these differences are related to the influence of the specific hereditary factors, 
dominating the growth of the studied indicators in that age as well as with the different 
ecosensitivity of the body to environmental factors in the earlier critical stages of the 
development, which will be a subject of our future studies.   
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The aim of the study is to evaluate the time of the eruption of permanent teeth in children aged 6 – 8 
years. A total of 121 subjects aged 6 to 8 years, divided into three age groups were investigated. Height, 
body weight and cephalometric characteristics - bizygomatical breadth, bigonial breadth, physiognomical, 
morphological face height, etc. were measured. Dental status – type of bite, number of erupting teeth, 
carious activity, rotations were determined. The results are processed by the statistical program SPSS 16. 
The first molars (both upper and lower) and the central lower incisors erupt the earliest at the age of 80 
months (6 years and 8 months). The eruption of these teeth is earlier in boys than in girls. Girls tend to 
have more erupted teeth in the all age groups and earlier eruption of teeth 14, 24, 25, 33, 43, 44. Results 
are similar compared to other studies.

Key words: eruption, permanent teeth, Bulgarian children

Introduction 

The term eruption and in particular tooth eruption is  the process of forming the dental 
germ, all dental structures and its movements inside the jaw, penetrating the mucosa, 
appearing inside the mouth and getting or not in contact with its antagonist tooth or teeth. 
The process of developing of the teeth begins intrauterine in the moment of forming the 
dental germ and finishes in the teenage years of life with forming of the root system of the 
last permanent teeth. The eruption of permanent teeth is influenced by various factors: 
genetics, sex, nutrition, preterm birth; socioeconomic factors; body height and weight; 
systemic diseases [1]. Tooth eruption is used in forensic medicine for determination of 
age in cases of identification of an individual; in criminal cases in connection with the 
offences of rape, kidnapping, and infanticide; in criminal cases involving children, to 
determine whether the child has reached an age at which the law holds him responsible 
for his actions [16]. Tooth eruption is also used in paleoanthropology to determine age 
and life expectancy [9].
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The age of tooth eruption is one of the main indicators used to evaluate the 
biological maturity and morpho-functional status of children. The assessment of the 
time and sequence of eruption of the different groups of teeth in children allows to 
establish whether it is normal, retained, retarded or complicated and to take timely 
measures to optimize their oral health. The eruption of permanent teeth is used in the 
process of preparing a treatment plan in dentistry and orthodontics [15]. Understanding 
and knowledge of the processes of normal tooth eruption and its variation is required by 
each clinician for diagnosing and treatment [14].

The aim of the study is to estimate the time of the eruption of permanent teeth in 
Bulgarian children aged 6-8 years.

Materials and Methods

The present study includes 121 children – 53 boys and 63 girls, divided into three age 
groups – 6, 7 and 8 years. The distribution of the subjects by age and sex is presented 
in Table 1.

Table 1. Distribution of the children by age and sex 

Sex Count
Age

Total
6 7 8

boys

n 15 29 14 58

% within Sex 25,9% 50,0% 24,1%  

% within Age 60,0% 42,6% 50,0%  

girls

n 10 39 14 63

% within Sex 15,9% 61,9% 22,2%  

% within Age 40,0% 57,4% 50,0%  

Total n 25 68 28 121

Before starting the examination children and their parents were informed about 
the purpose of the study. Written informed consent was obtained, in accordance with 
the ethical principles for medical research involving human subjects in the Helsinki 
Declaration of World Medical Association [19]. Only children in good general and clinical 
health were included in the study. The oral and dental status included number of erupted 
teeth, carious activity and lesions; type of bite, rotations and orthodontic pathology, oral 
lesions, hypoplasia, dysplasia of the teeth was taken with dental mirror and dental probe. 
Tooth was registered as erupted when any part of the clinical crown was presented inside 
the oral cavity. The degree of eruption (from early eruption – only part of the tuberculum 
or incisive edge presented in the oral cavity to in full occlusion) was also assessed. Some 
cephalometric characteristics, height and body weight, were also measured by Martin-
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Saller’s [12] classical method. The statistical analysis was done with the SPSS program 
16.0. Frequencies analysis and Pearson Chi-square test were used for determining 
differences between the sex and age groups.

Results and Discussion 

Eruption of teeth 12 (upper right lateral incisor), 11(upper right central incisor), 21 
(upper left central incisor), 22 (upper left lateral incisor), 32 (lower left lateral incisor), 
42 (lower right lateral incisor) is observed in the children aged 6, 7 and 8 years.

In Fig. 1 is shown the differences in the eruption of upper right lateral incisor 
(tooth 12) between the children in the three studied age groups. In the group of 6-year-
old boys and girls only 12% have eruptive tooth 12. In the group of 7-year-olds the 
percentage rises significantly with 26.8% and reaches 38.2%, and in the group of 
8-year-olds more than half children (57.1%) have erupted upper right lateral incisor. 
The increment between the 7 and 8 years is significant too (18.9%). 

Fig. 1. Age difference in eruption of upper right lateral incisor (12)
 (χ2

(2, N = 121)
 = 11.595,  p= .003) . The size effect is moderate (Cramer’s V = .310)

In Fig. 2 is shown the differences in the eruption of upper right central incisor 
(tooth 11). In the group of 6-year-old boys and girls almost half (48%) have eruptive 
tooth 11. In the group of 7-year-olds the percentage rises significantly with 29.9% and 
reaches 77.9%, and in the group of 8-year-olds almost 90 % of the children (89.3%) 
have erupted upper right central incisor. The increment between the 7 and 8 years is 
significant too (11.4%). 
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In Fig. 3 is shown the differences in the eruption of upper left central incisor (tooth 
21). The results are similar with tooth 11. In the group of 6-year-old children half of 
them (48%) have eruptive tooth 21. In the group of 7-year-olds the percentage rises 
significantly with 31.4% and reaches 79.4%, and in the group of 8-year-olds 90 % of the 
children (89.3%) have erupted upper right central incisor. The increment between the 7 
and 8 years is also significant (9.9%). 

Fig. 2. Age difference in eruption of upper right central incisor (11)
(χ2

(2, N = 121)
 = 12.847,  p= .002) . The size effect is moderate (Cramer’s V = .326)

Fig. 3. Age difference in eruption of upper left central incisor (21)
(χ2

(2, N = 121)
 = 13.546,  p= .001) . The size effect is moderate (Cramer’s V = .335)

In Fig. 4 is shown the differences in the eruption of upper left lateral incisor (tooth 
22) between the children in the three studied age groups. In the group of 6-year-old boys 
and girls only 8% have eruptive tooth 22. In the group of 7-year-olds the percentage 
rises significantly with 31.7% and reaches 39.7%, and in the group of 8-year-olds more 
than half children (53.6%) have erupted upper right lateral incisor. The increment 
between the 7 and 8 years is considerable too (13.9%). 
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In Fig. 5 is shown the differences in the eruption of lower left lateral incisor (tooth 
32). Twenty four percentages of 6 years old children have eruptive tooth 32. In the 
group of 7-year-olds the percentage increases significantly with 48.1% and reaches 
72.1%, and in the group of 8-year-olds 78.6% of the children have erupted upper right 
lateral incisor. The increment between the 7 and 8 years is lower 6.5%. 

Fig. 4. Age difference in eruption of upper left lateral incisor (22)
 (χ2

(2, N = 121)
 = 12.603,  p= .002) . The size effect is moderate (Cramer‘s V = .323)

Fig. 5. Age difference in eruption of lower left lateral incisor (32)
(χ2

(2, N = 121)
 = 21.756,  p< .001). The size effect is moderate (Cramer’s V = .424)

Similar are the results for tooth 42 (lower right lateral incisor) which are presented 
in Fig. 6. Statistically significant differences (p=.002) in the eruption between the 
children in the examined age groups are established. In the group of 6-year-olds boys 
and girls 28% have eruptive tooth 42. In 7-year-old children the percentage achieves 
64.7%, with an increase of 36.7%. In the group of 8-year-olds 71.4% of the boys and 
girls already have erupted upper right lateral incisor. The increment between the 7 and 
8 years is 6.7%. 
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In Table 2 are presented the data for percentage of erupted teeth in 6-, 7- and 
8-year-olds children, divided by sex. 

Table 2. Percentage of erupted teeth in the different age groups divided
by sex 

Age
(years)

Sex

Boys Girls

6 55.5% 60%

7 70.5% 73.9%

8 53.3% 60.5%

The girls have more erupted teeth than boys in all age groups, but the biggest 
differences is observed at the age of 8 – 7,2%. Similar results are obtained for children 
from other countries [2, 3, 4, 8, 11, 13, 14].

In the three age groups are presented different erupted permanent teeth (Fig. 7). 
At the age of six, all eight incisors (central and lateral of the two jaws) and the first 
four molars are erupted. At the age of seven another tooth erupts – the lower right first 
premolar. The most erupted permanent teeth are established at the age of eight – all 
incisors (central and lateral), all first premolars, all first molars, lower canines and the 
upper second left premolar. 

The eruption of permanent teeth follows a certain sequence. The earliest permanent 
teeth to erupt are the central lower incisors and the first upper and lower molars. The age 
in which they are found to erupt is 80 months (6 years and 8 months). Those cases were 
in boys. The central lower incisor erupted in half of the children and the molars in all 
of them, which suggest that molars erupt earlier than the central lower incisors. Similar 
results are found in other studies performed in Greece [17], Turkey [18], Syria [8], 

Fig. 6. Age difference in eruption of lower right lateral incisor (42)
(χ2

(2, N = 121)
 = 12.600,  p= .002) . The size effect is moderate (Cramer‘s V = .323)
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Australia [4], USA [5], Great Britain [7], Lithuania [2], India [6], Spain [10], Uganda 
[11]. On the other hand at the age of eight years teeth 14, 24, 25, 33, 43, 44 erupt. All of 
the cases with the mentioned teeth were in girls. Girls tend to have more erupted teeth 
in all age groups. Dashash and Al-Jazar [8], Carr [4], Almonaitiene [2], Chhabra [6], 
Kutesa et al [11], Bayrak et al [3], Ogodescu et al [13], Peneva et al [14] present either 
earlier eruption or more erupted teeth in females.

Table 3 presents the percentage of erupted upper and lower teeth in all age groups 
in both sexes. 

Table 3. Erupted teeth of upper and lower jaws in boys and girls from the three age groups

Teeth

Sex

6y 7y 8y

Boys Girls Boys Girls Boys Girls

Upper molars 83% 95% 91% 95% 100% 100%

Lower molars 93% 100% 90% 97% 100% 100%

Upper central incisors 83% 62% 83% 62% 85% 92%

Lower central incisors 96% 97% 96% 97% 100% 100%

Upper lateral incisors 36% 41% 36% 41% 46% 64%

Lower lateral incisors 62% 73% 62% 73% 67% 67%

                   
 6XXX21 12XXX6

                    6XXX21 12XXX6

                      
6XXX21 12XXX6

                          6X4X21 12XXX6

Fig. 7.  Erupted permanent teeth at the different age groups.

Erupted permanent teeth at the age of 8.
With “X” are marked the missing teeth

Erupted permanent teeth at the age of 6.                        Erupted permanent teeth at the age of 7.

                      
                         6X4X21 12X456

                                               6X4321 1234X6
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The highest percentage of eruptive teeth is observed in the mandible. Other 
authors obtained similar results - more erupted teeth in the mandible than in the maxilla 
[2,6,8,10,14].

Conclusion 

Tooth eruption is one of the factors to be used when evaluating the process of physical 
development and it’s used by every dental clinician, working with children. The present 
study shows tendencies for the time, sequence, sex differences in the process of tooth 
eruption. 

The first molars (both upper and lower) and the central lower incisors are the 
earliest to erupt at the age of 80 months (6 years and 8 months). The eruption of these 
teeth is earlier in boys than in girls. Girls tend to have more erupted teeth in the all age 
groups and earlier eruption of teeth 14, 24, 25, 33, 43, 44. 
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The present study aimed to make a 3D morphometric analysis of the orbital area in young Bulgarians.
The study included 95 healthy individuals (46 males and 49 females) of Bulgarian origin aged 21-30 
years. Three-dimensional coordinates of soft-tissue landmarks were determined in the orbital area using 
hand-held laser scanner. Using the landmarks outer canthal and intercanthal distances were measured. 
The individuals were categorized according to the measurements obtained for each distance. In the 
intercanthal distance most of the males were in the category middle and females in the category narrow. 
In the outer canthal distance most of the males were in categories wide and very wide and females in 
the category wide. Statistically significant differences between sexes were found in three categories of 
the outer canthal distance – middle, wide and very wide (p<0.05). The method provides quantitative 
information for anatomical and anthropometric descriptions, medical evaluations, and forensic medicine.

Key words: orbital measurements, 3D laser scanning, categorization

Introduction

The age, gender, and ethnic characteristics of the various components of facial 
morphology have been the subject of numerous anthropometric studies aimed to create 
a database that will be useful for scientists or other medical professionals. Many of the 
studies are focused on the study of the orbital area. Orbitofacial anthropometry plays a 
key role in the assessment of dysmorphic syndromes, hypertelorism, facial injuries, in 
the diagnosis of abnormalities of the neural crest [11]. Deference values characterizing 
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this area have been established for different ethnic groups and races: Chinese men and 
women [5], Italian [3, 12], Sudanese, [13], Egyptian [1], Indian [11], Pakistani [4] and 
Turkish [2]. Data on the morphology of the orbital region in different age groups of the 
Bulgarian population were obtained by the methods of classical direct cephalometry [6, 
7, 8,17]. In this method, the measurement in the orbital area is applied with the help of 
sliding calipers. Measurements with such sharp instruments near the orbital region may 
pose some risk, especially when interacting with examinations in very young or non-
connecting patients [5]. With the advent of new computer technologies, it is possible 
to create three-dimensional digital images of the face, in which it is possible to make 
a quantitative analysis of the volume and area of individual facial structures – eyes, 
nose, mouth and lips, chin and ears. 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. [14]. Different methods for acquiring 
digital images are used in other areas of physical anthropology, such as craniometry 
[9, 10] and forensic medicine [16]. The aim of this study is to make a morphometric 
characteristic of the orbital region and to report the most common orbital categories 
among young Bulgarians using 3D laser scanning.

Material and Methods

Subjects: Ninety-five healthy Bulgarians (46 males and 49 females) aged 21-30 years 
were included in the study. Individuals with ethnicity different from Bulgarian, history 
of facial injury, craniofacial anomalies and mental disorders were excluded from the 
study. The participants were previously informed about all the procedures and gave 
their consent to participate in the study.

Collection of three-dimensional landmarks: Three-dimensional images were 
obtained using a hand-held laser scanner (FastSCAN Cobra, Polhemus Inc., Colchester 
VT). On each of the obtained images a set of 3D anthropometric landmarks were 
placed bilaterally: exocanthion – (exr, exl); endocanthion – (enr, enl) [15] (Table 1). The 
procedure was performed by a single operator (Figure 1).

Table 1. Description of the landmarks 

Landmarks Description

Endocanthion – (enr, enl) The point located on the outer corner of the eye of each of the eye fissure.

Exocanthion – (exr, exl) The point located on the inner corner of the eye of each of the eye fissure.
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Data analysis: Using these three-dimensional landmarks the intercanthal distance 
(enr – enl) and outer canthal distance (exr – exl) were measured (mm) (Table 2). Based 
on the measurements obtained for the intercanthal distance (en-en) the individuals were 
divided into five groups (after M. Popov)(cited by 17):

– very narrow   x-27 mm
– narrow  28-33 mm
– middle  34-39 mm
– wide   40-45 mm
– very wide   46-x mm

Based on the values obtained for the outer canthal distance (ex-ex) the individuals 
were divided into five groups (after M. Popov):

– very narrow   x-69 mm
– narrow 70-79 mm
– middle 80-89 mm
– wide  90-99 mm
– very wide  100-x mm

Statistics: Data were analyzed using descriptive statistics (mean±standard 
deviation / proportion±standard error), t-test (numeric variables) and z-test (categorical 
variables). Level of significance was set at p<0.05.

Fig. 1. Three-dimensional images.
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Results

The results of the categorization in the outer canthal and intercanthal distance for males 
and females are shown in Tables 3-5.

In the intercanthal distancemost of the males fell in the categories middle and 
narrow (54.3%and 41,3%, respectively). In the category wide intercanthal distancemales 
appeared in small percentage (4.3%). No individuals fell in the categories very narrow 
and very wide intercanthal distance. Most of the females were in the categories narrow 
(53.1%) and middle (44,9%).Only 2,0% of the females fell in the category wide and 
none in the categories very narrow and very wide. No statistically significant difference 
in the categories was found between males and females (p> 0.05).

The results from the categorization of the outer canthal distance in males showed 
that most of them fell into the categories wide and very wide (52.2% and 45.7%, 
respectively). The percentage of subjects in the category middle was small (2,0%), and 
no subjects were found in the categories narrow and very narrow. 

In the females most of the subjects were in the category wide (75,5%). In the 
categories middle and very widethe females appeared in close percentages (14,3% 
and 10,2%, respectively). No subjects fell in the categories narrow and very narrow. 
Statistically significant differences between both sexes were found in three of the 
categories – middle, wide, and very wide (p<0.05).

Table 2. Description of the measurements

Measurements Description

Intercanthal distance (enr-enl) The linear distance between the two points endocanthion – right and left 

Outer canthal distance (exr-exl) The linear distance between the two points exocanthion – right and left

Table 3. Linear measurements in the orbital region

Variable (mm) Sex Mean SD Min Max Statistical significance

Intercanthal distance 
enr-enl

males 34,14 3,17 27,57 41,69 p>0,05
females 33,59 2,74 27,72 40,48

Outer canthal distance 
exr-exl

males 98,85 5,00 89,05 113,72 p<0,001
females 94,59 4,04 84,32 103,54
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Discussion

The results obtained by us in the distribution by categories showed that most of the 
males were with middle intercanthal distance and females with narrow. In both sexes, 
the subjects did not fall into the extreme categories very wide and very narrow. Most 
of the females presented with wide outer canthal distance, while males presented with 
close values for the categories wide and very wide. Statistically significant difference 
in the distribution by categories between sexes was found in the outer canthal distance.

To validate the three-dimensional (3D) laser scanning system in recording the 
facial morphology, the results of our study were compared with the results of a national 
study (17) including adult individuals of Bulgarian origin, aged between 30 and 40 
years. The validation was performed in three aspects including accuracy, precision and 
reliability.

In the intercanthal distance in both studies most of the males fall into the category 
middle, 54.3% and 56.7% respectively. In the category narrow males appear in close 
percentages (41.3% and 35.4%, respectively). The percentage of males in the category 
wide is low – 4.3% in our study and 5.7% in the control study. In both studies, no 
males fall into the category very wide.The highest percentage of males and females fell 
into the categories narrow and middle intercanthal distance. The females are in high 
percentage in the category narrow – 53.1% in our study and 49.0% in the control study.
In the category middle intercanthal distance the percentages of the females were 44.9% 
and 44.7%, respectively. In the category wide intercanthal distance the percentage of 
females was very low in both studies (2.0% and 1.6%, respectively). In both studies, no 
females fell in the category very wide intercanthal distance and 4.7% of females from 
the previous study fell into the category very narrow. 

Table 4. Intercanthal distance (enr-enl). Distribution of the individuals into categories (after 
M. Popov)

Categories Males % Females % p
very narrow 0 0 p> 0,05

narrow 41,3 53,1 p> 0,05
middle 54,3 44,9 p> 0,05
wide 4,3 2,0 p> 0,05

very wide 0 0 p> 0,05

Table 5. Outer canthal distance(exr-exl). Distribution of the individuals into categories 
(after M. Popov)

Categories Males % Females % p
very narrow 0 0 p> 0,05

narrow 0 0 p> 0,05
middle 2,2 14,3 p< 0,05
wide 52,2 75,5 p< 0,05

very wide 45,7 10,2 p< 0,05
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In the outer canthal distance in both studies, the most of the males fall into two of 
the categories – wide and very wide. In the category very wideouter canthal distance 
the percentage of males in our study is 45.7%, and 43.4% in the control study. In the 
category wideouter canthal distance males appear equally in both studies – 52.2%. The 
percentage of males in the category middle outer canthal distance is very low -2.2% in 
our and 4% in the control study. In both studies no subjects are found in the categories 
very narrow and narrow. In the females most of subjects in both studies fall into the 
category wide outer canthal distance – 75.5% in our study and 65.4% in the control 
study. In the categories middle and very wide intercanthal distance, the percentages 
of females are lower in both studies. In the category of middle outer canthal distance 
the females appear in 14.3% in our study and in 18.1% in the control one, and in the 
category very wide in 10.2% and 16.2%, respectively. In both studies, no females fall 
into the category very narrow, while in the category narrow, no subjects are found in our 
study and only 0.2% of the subjects in the control study.  

Conclusion

The categorization in the outer canthal distance shows that most of the males and 
females are with wide outer canthal distance. In terms of intercanthal distance most 
of the males fall in the category middle, and females in the category narrow. Sexual 
dimorphism is found only in the outer canthal distance. The results of the categorization 
are similar with the literature data for both sexes suggesting that the 3D laser scanning 
system is accurate, precise, and reliable to record the facial morphology for both clinic 
and research purposes.
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This study aimed to determine sex and bilateral variation from digit length and ratio among the Bhantu 
people living in the Andaman and Nicobar Islands of India.Total of 305 adults aged 18-60 years were 
included.Required anthropometric measurements were taken following standard techniques. Based on 
digit ratio, hand pattern was classified into three types: A (2D<4D), B (2D=4D), and C (2D>4D). Results 
revealed males have longer mean 2D and 4D lengths than females. Hand pattern A was the predominant 
characteristic in this population. Significant bilateral variation was found in 4D length (p<0.01) and 
2D:4D (p<0.05) ratio of females, but not in males. Unlike other studies, the 2D:4D ratio did not show 
any sex variation, statistically significant sex differences (p<0.01) were observed for only digit lengths 
in both hands but not in digit ratio. Further studies should be conducted on a larger sample and different 
populations. 

Key words: 2D (index finger), 4D (ring finger), 2D:4D (digit ratio), Hand pattern, Bhantu

Introduction 

Biomarkers are emerging emphases in persistent disparities and global challenges in 
health that readily ally with human biology and anthropology. They have proven to be 
valuable tools for investigating biocultural pathways to health and disease and can be used 
to probe the causal matrix generated by cumulative socially determined circumstances, 
lifetime experience and exposures, and biodynamics that shape health over the life course 
[10, 48]. For a long time, several anthropologists put efforts to contemplate the substantial 
well-demarcated differences in ethnic groups by utilizing various biomarkers and perceive 
the full range of mechanisms through which ethnicity and their ancestry can correlate with 
numerical biological traits and health outcomes [7].
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For the last couple of decades, researchers use the second (2D, index finger) to fourth 
(4D, ring finger) digit ratio (2D:4D) as a potential proxy marker showing variations in 
different ethnic and geographic groups [8, 17, 33, 42, 50, 55, 60, 83]. Existing literature 
proposed a relationship between prenatal androgen exposure and the length of the digit 
[38, 42, 65]. The 2D:4D ratio is assumed to be stable during the prenatal stage or after 
two years of age, which become constant throughout life [15, 38, 42, 51, 65]. It has been 
seen that the digit ratio is negatively correlated with testosterone but positively to estrogen 
exposure, which means males are expected to have a comparatively lower 2D:4D ratio 
than females [42, 60, 65]. Thus, it has been well established that the 2D:4D ratio is 
sexually dimorphic in humans [21, 42], but the developmental mechanism underlying 
sexually dimorphic digit development remains unknown [85]. 

In addition to the significant sexual dimorphism [3, 21, 22, 37, 42, 82], several 
studies revealed evidence of the relationship between 2D:4D ratio and various human 
phenotypic traits [6, 56]. The low 2D:4D is showing a correlation with left-handedness 
[44, 75], increased risk of anxiety [43], heterosexual preference [15], aggression in 
males[49, 75], and females [5], etc. On the other hand, studies also revealed high 
2D:4D had been linked with increased risk of heart diseases [56], low sperm count 
[44], preference of homosexuality [15], risk of obesity [56], etc. Despite these findings, 
androgen-related outcomes like increased risk of autism [39], psychiatric disorder [14], 
facial asymmetry [11], enhanced athletic ability [46] have also been found associated 
with digit ratio. In recent years, researchers also explored the use of the 2D:4D ratio in 
the field of medical sciences to diagnose breast cancer risk, lung cancer, risk of severe 
osteoarthritis, and brain tumour [4, 20, 27, 29].

In India, the studies on digit lengths and ratios are mostly conducted to explore 
population variation in ethnicity and sex among different communities [8,28,33,69]. 
Further, numerous studies have also been done to find out the association of digit ratios 
with physical attributes [21,25], body composition indicators [41], coronary heart disease 
[84], dental carries [62], polycystic ovarian syndrome [67], myopia [34], preliminary 
infertility in males [35], depression [24], dyslexia [63], schizophrenia [77], effect on birth 
order [40], performance and ability of sportspersons [72], stature estimation [23,70], etc. 

Andaman and Nicobar Islands have a long history of human occupation with 
remarkable ethnic and cultural diversity. It has three strands- several tribal groups, 
descendants of criminals under sentence of transportation for life from India and Burma, 
and immigrants after the 1947 partition of India [78]. Therefore, Andaman is home to 
people from different regions, religions, languages, castes, and cultures who migrated 
from different parts of the mainland during the 20th century [26]. Bhantus are originally 
the inhabitants of Uttar Pradesh, India. But due to their criminal activities of theft and 
robbery like neighboring communities of Bauriyas, Karwals, Sansiyas, they were also 
declared as “Criminal Tribe” by the British Government [80], and many of them were 
sent to the Cellular Jail of Andaman for imprisonment during the 1920s [53,68]. After 
their punishment period, many were settled in the Andaman Islands [53]. However, to 
the best of our knowledge, no study has been conducted to investigate ethnic or sex 
variation among any community living in the Andaman or any other islands in India. 

Therefore, given the present situation, this research work is the first attempt to: a)
study bilateral variation as well assex variation from digit lengths and their ratio and b)
examine the association of age, anthropometric, and derived variables with the 2D:4D 
ratio amongthe Bhantu community living in Andaman and Nicobar Islands, India. 
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Materials and Methods

This community-based cross-sectional study was conducted among 305 adult Bhantu 
individuals (males: 134; females: 171) aged 18-60 years residing in the rural areas of 
South Andaman district, Andaman and Nicobar Islands, India. The present study was 
carried out during July-August 2019. Necessary permissions had been obtained from 
local administration, and the community leaders were informed before initiating the 
study. Only those volunteers were considered having no physical disability, previous 
history of surgical episodes, and apparently healthy at the time of the investigation. 
They were explained about the objectives of this study, and consent was obtained from 
them. This work was carried out following the principles of the Declaration of Helsinki. 

All the anthropometric measurements were taken following the standard protocol 
[81]. A sliding calliper was used to measure the length of the 2D and 4D of both hands. 
Before performing the hands’ measurements, participants were asked to free their 
fingers for any rings or jewellery. The length was measured on 2D and 4D from the 
finger’s tip to the base (most proximal to palm) on the ventral surface of the hand 
without putting any pressure on the fingers. Matrin’s anthropometer rod and Omron 
Body composition Monitor (HBF-212) machine were used to measure the height (cm) 
and weight (kg) of the individuals. Hip (cm), waist (cm), and neck (cm) circumferences 
were measured by using calibrated, non-elastic fiber tape. Body mass index (BMI) was 
computed using the formula of BMI= weight (kg) / height (m2). The waist-to-hip ratio 
(WHR)and 2D:4D ratio of both hands were also calculated. Based on digit ratio, hand 
pattern was classified into three types: A (2D<4D), B (2D=4D), and C (2D>4D). 

The statistical analysis was performed in the Statistical Package for Social 
Sciences software (SPSS, IBM; version 26.0). Descriptive statistics of mean, standard 
deviation (SD), range, and standard error of the mean (SE) were generated for age and 
all anthropometric and derived variables. Chi-square test (χ2) was applied to find out 
the significant difference in the prevalence of different hand patterns in both hands of 
all the participants. Paired t-test and independent-sample t-test have been performed to 
test mean differences in digit lengths and their ratios in both hands within and between 
sexes. Pearson correlation was also carried out to see the relationship between 2D:4D 
ratios, age, anthropometric, and derived variables. The p values of <0.01 and <0.05 
were considered to be statistically significant. 

Results 

Table 1 depicted the descriptive statistics of age; anthropometric variables such as 
height (cm), weight (kg), waist circumference (cm), hip circumference (cm), neck 
circumference (cm); derived variables like BMI (kg/m2) and WHR; and length of the 
2D, 4D and their ratios (2D:4D) in both hands among the study population of either sex. 
The mean age of both males (40.17±14.96 years) and females (40.05±16.13 years) was 
similar. Except for hip circumference, all anthropometric variables had shown higher 
mean values in males than females. For BMI, females showed a comparatively higher 
mean value (24.21±5.16 kg/m2) than males (23.30±4.10 kg/m2). On the contrary, males 
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Table 1. Descriptive statistics of age, anthropometric variables, 2D and 4D length and their ratios of 
both hands of males and females among the Bhantu community

Sex Variables Mean SD Minimum Maximum SE

Male
(n= 134)

Age (years) 40.17 14.96 18.00 60.00 1.293

Height (cm) 167.97 6.07 150.70 188.50 .524

Weight (kg) 65.85 12.698 40.40 99.10 1.096

Waist Circumference (cm) 85.39 12.965 53.50 116.60 1.128

Hip Circumference (cm) 91.16 7.716 70.10 108.00 .671

Neck Circumference (cm) 34.81 2.776 28.70 42.50 .244

BMI (kg/m2) 23.30 4.108 14.25 34.09 .354

WHR .933 .091 .63 1.15 .007

Right hand
2D (cm) 6.72 .401 5.60 8.20 .034

4D (cm) 6.84 .409 5.70 8.10 .035

Left hand
2D (cm) 6.74 .409 5.60 8.20 .035

4D (cm) 6.84 .386 6.00 8.20 .033

Right hand 2D:4D .983 .045 .87 1.12 .003

Left hand 2D:4D .985 .037 .86 1.08 .003

Female
(n= 171)

Age (years) 40.05 16.13 18.00 60.00 1.233

Height (cm) 153.76 6.95 133.50 172.00 .532

Weight (kg) 57.16 12.33 33.00 96.50 .943

Waist Circumference (cm) 81.13 12.57 51.00 112.00 .967

Hip Circumference (cm) 92.14 10.30 66.40 123.00 .792

Neck Circumference (cm) 30.62 2.45 25.50 39.80 .188

BMI (kg/m2) 24.21 5.16 13.58 43.94 .394

WHR .878 .076 .70 1.12 .005

Right hand
2D (cm) 6.22 .391 5.50 7.30 .029

4D (cm) 6.34 .379 5.50 7.40 .029

Left hand
2D (cm) 6.21 .389 5.20 7.20 .029

4D (cm) 6.29 .397 5.30 7.30 .030

Right hand 2D:4D .980 .046 .63 1.08 .003

Left hand 2D:4D .988 .037 .90 1.09 .002
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demonstrated a higher mean value of WHR (0.933±0.091) than females (0.878±0.076). 
In case of digit lengths, males have longer mean 2D and 4D than females in both hands, 
and particularly, mean 4D was found greater than mean 2D in both males and females. 
Digit ratio was higher in the left hand (male: 0.985±0.037; female: 0.988±0.037) 
compared to the right hand (male: 0.982±0.045; female: 0.980±0.046) among both 
males and females. 

According to the hand pattern based on sex, the distribution of the studied 
population has been represented in Table 2. For both hands, pattern A (2D<4D) showed 
the highest frequency in both sexes, followed by Pattern B (2D=4D). Interestingly, on 
the right hand, pattern C (2D>4D) showed a slightly higher frequency in males (27.6%) 
than females (22.2%) and a reverse trend in the left hand (females: 32.2%; males: 
25.4%). The overall result of the hand pattern demonstrated statistically non-significant 
differences between sexes.

Table 2. Distribution of studied population according to the hand pattern based on sex

Sex
Hand Pattern [Right hand]

χ2

Hand Pattern [Left hand]
χ2

A 
[2D<4D]

B 
[2D=4D]

C 
[2D>4D]

A 
[2D<4D]

B 
[2D=4D]

C 
[2D>4D]

Male
(n = 134)

77
(57.5)

20
(14.9)

37
(27.6)

1.415NS

74
(55.2)

26
(19.4)

34
(25.4)

4.157NSFemale
(n = 171)

109 
(63.7)

24
(14.0)

38
(22.2)

96
(56.1)

20
(11.7)

55
(32.2)

Percentages are presented in the parentheses; NS= Statistically not significant 

Table 3 presented the bilateral variation in 2D, 4D length and their ratios of the 
study participants. Paired t-test revealed no significant differences between right and 
left hands of males in 2D (t = -1.012, p = .313), 4D (t = -0.309, p = .757), and 2D:4D 
(t = -0.341, p = .734). On the other hand, in females, except 2D (t = 0.444, p = .888) 
comparison of both 4D (t = 3.817, p = .000) and 2D:4D (t = -2.379, p = .018) between 
right and left hand showed statistically significant differences. 

Independent sample t-test revealed significant differences in digit lengths of both 
hands; right 2D (t = 10.894, p = .000) and 4D (t = 10.941, p = .000), as well as left 2D (t 
= 11.360, p = .000), and 4D (t = 12.157, p = .000) between the sexes. But 2D:4D ratios 
of both hands were found non-significant (Table 4).

Pearson correlation coefficient for the relationship between 2D:4D ratios, age, 
anthropometric, and derived variables was exhibited in Table 5. The right-hand 2D:4D 
ratio of females revealed a statistically significant positive correlation with height 
(0.205, p<0.01). Other than that, no significant relationship was found between digit 
ratios and age and other anthropometric variables for both Bhantu males and females. 
It has been observed that neck circumference was negatively correlated with the 2D:4D 
ratio for both males and females but in opposite hands (males: left hand; females: right 
hand). Except for neck circumference, other variables were found positively correlated 
with 2D:4D in both hands for males. For females, age and WHR were also negatively 
correlated with the 2D:4D ratio in both hands. 
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Table 3. Bilateral symmetry of 2D, 4D length and their ratios among the studied participants

Sex 2D 4D 2D:4D

Male 
(n = 134)

Mean - 0.017 - 0.005 - 0.001

SD 0.204 0.223 0.040

t - 1.012NS - 0.309NS - 0.341NS

Female 
(n = 171)

Mean 0.006 0.044 - 0.008

SD 0.191 0.152 0.044

t 0.444NS 3.817** - 2.379*

NS= Statistically not significant; **p<0.01, *p<0.05

Table 4. Occurrence of sex variation in the studied population

2D
Right hand Left hand 2D:4D

4D 2D 4D Right hand Left hand

95% CI
Lower 0.407 0.410 0.431 0.461 -0.007 -0.120

Upper 0.587 0.590 0.612 0.640 0.013 0.005

t 10.894* 10.941* 11.360* 12.157* 0.628NS -0.804NS

NS= Statistically not significant; *p<0.05

Table 5. Pearson correlation coefficients for the relationship between 2D:4D ratios, age and 
anthropometric variables 

Variables

Male (n= 134) Female (n= 171)

Right hand Left hand Right hand Left hand

2D:4D 2D:4D 2D:4D 2D:4D

Age .060 .059 -.085 -.093

Height .033 .065 .205** .059

Weight .083 .051 .137 .079

Waist circumference .089 .098 .030 .037

Hip circumference .042 .028 .079 .089

Neck circumference .032 -.073 -.115 .064

WHR .090 .128 -.060 -.035

BMI .068 .026 .046 .053

**p<0.01
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Discussion

The digit length and ratio are complex and multifactorial traits resulting from an intriguing 
combination of ‘nature’ and ‘nurture’, the unique reciprocal interaction between 
environment, genetic, etc., each contributing to the overall phenotype. In this backdrop, 
it is of utmost necessity to explore the distinctive biological variations reflecting both 
the significance and complexity of genetic heritage among the various ethnic groups 
living in different environmental conditions. Therefore, the present study was conducted 
among Bhantu adult individuals of Andaman and Nicobar Islands of India to determine 
intra-sexual and inter-sexual variation from digit lengths and ratios. Besides that, the 
association between 2D:4D with age, anthropometric, and derived variables was also 
explored. Many studies from India and abroad have already established differences 
between sexes in the absolute length of 2D and 4D [28,33,37,69,82]. Generally, males 
have longer 2D and 4D than females [28,33,69], and the present study also exhibits 
similar trends. In case of hand pattern, pattern A (2D<4D) was found dominant for both 
hands among the study population. The findings are similar to previous studies involving 
different populations from countries like Nigeria [17], China [83], Italy and Romania 
[74], India [69], and Malaysia [55]. Again, in India, among the females, an opposite 
trend (2D>4D) has also been found from the north Indian [8] and the north-west Indian 
population [22]. On the other hand, Setiya et al. exhibited equal digit lengths (2D=4D) 
among female medical college students in Madhya Pradesh [71]. However, fluctuations 
in 2D, 4D lengths, and ratios in females possibly due to changes in hormonal levels 
during the menstrual cycle was reported by Mayhew et al. [50]. On the contrary, a 
similar study from rural Poland failed to confirm the result and found no differences in 
digit lengths and ratios of both hands across the menstrual cycle [30]. Among males, the 
presence of longer 4D compare to 2D was in concurrence with the findings of Nayek 
et al. [55], Setiya et al. [71], and Sen et al. [69,70].

Furthermore, statistically significant bilateral variation was found in the 4D 
length and 2D:4D ratio among females corroborating with the earlier studies [8,32,50]. 
However, males did not show any bilateral variationsin the digit lengths and ratio in this 
study, similar to the study of Paul et al. [58], Gillam et al. [64], and Robertson et al. [65]. 
In contrast, others have evidence of significant bilateral variation among males [62,76].

Typically, it has been seen that the 2D:4D ratio is lower in males than females 
[42,45,82]. The probable reason behind this phenomenon is the relationship between 
digit ratio and prenatal androgen exposure, specifically, a lower 2D:4D is correlated 
with the presence of a high level of testosterone, a characteristic feature of males, while 
a higher 2D:4D ratio correlates with a low level of testosterone, a distinctive feature of 
female [22,42]. While the exact reason is unclear, it was argued that Hox gene might 
influence the differences in both the digits and genitals in mammals [16,38,42]. Several 
hormones like estradiol, progesterone, testosterone, etc., and their cognate receptors 
have been seen to regulate Hox gene expression [36,61]. Nevertheless, no significant 
sexual dimorphism was observed in 2D:4D ratios in this study which contradicts many 
previous studies. Similar findings were also observed among the Zulus [45], Dutch [64], 
Austrians [79], Hadza hunter-gatherers [2], and Yali of Papua [47]. A probable reason 
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behind no sexual differences in digit ratio among these populations may be due to the 
harsh environmental conditions that lead to more competition irrespective of sexes [47]. 
Even other studies at the molecular level did not support the hypothesis that digit ratio is 
related to prenatal androgen exposure [18,52] or adult testosterone levels [19,31]. Thus, 
there is scope for future studies focussing on comprehensive historical perspective as 
well as gene-environment interaction in studying digit ratios. 

Additionally, the present study also investigated the relationships between digit 
ratios and anthropometric variables in the studied population. Only right-hand 2D:4D 
of females have shown a positively significant (0.205, p<0.01) correlation with height 
among all the anthropometric and derived variables. This finding is similar to the work 
of Lippa where a positive significant correlation was observed between height and digit 
ratio in both hands of females, not males [37]. Previous literature showed variations in 
results, where no significant correlation of height with 2D:4D has also been reported 
by many researchers [13,21,42,54]. While some other researchers reported a significant 
negative association between height and digit ratios [3,73]. Except for height, there 
was no significant correlation between digit ratio and other anthropometric variables 
in the present study. In accordance with the findings of Barut et al. [3], Muller et al. 
[54], and Jacob et al. [21], it was found that the 2D:4D ratio had no relationship with 
weight. Again, in this study, waist and hip circumferences were found non significantly 
associated with 2D:4D for both males and females, same as the findings of Muller et al. 
[54]. On the other hand, Fink et al. found a negative association between 2D:4D (both 
hands) and waist and hip circumferences in females [13]. However, other studies also 
produced similar trends in males [9,12]. Previous studies showed inconsistent results for 
BMI, where no significant association between digit ratio and BMI has been reported 
like the present study [21,25,41,54]. However, Fink et al. noted a significant positive 
relationship between BMI and digit ratio in the left hand of males [13]. In accord with 
the study of Jeevanandam and Prathibha [25], neck circumference did not reveal any 
statistically significant correlation with digit ratio. This was contradictory to previous 
works where a significant positive correlation was found between the digit ratio and 
neck circumference of males only [1,12]. In case of WHR, earlier works [13,41] did not 
show any significant relation with digit ratio, as in the present study. As studies revealed 
an independent association of WHR and neck circumference with obesity and risk of 
heart disease so the use of digit ratio may be indicative for being overweight in females 
and suggests a predisposition toward cardiovascular disease [1,57,59].

Conclusion

The present study was unique as it was probably the first presentation of information on 
sexual dimorphism, intraindividual variation from digit length, and their ratio of both 
sexes in Bhantus of Andaman. Sexual dimorphism was only seen in digit lengths, not 
in the digit ratio, indicating no consensus on the intra-sexual and inter-sexual variations 
in digit ratios and traits across various ethnic groups. Nevertheless, significant bilateral 
variation was observed for the 4D and 2D:4D ratio in the case of females only. Among 
different anthropometric variables, only height was found significantly correlated with 
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the right-hand 2D:4D ratio of females. Further research is required on large samples 
considering the ethnic and sex differences for exploring the meaningful associations 
between digit ratios, hormonal influence, and behavioural traits.
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The aim of the present study is to evaluate the manifestation of bilateral asymmetry in the proximal and 
distal end of humerus among the contemporary Bulgarian population. A total of 113 pairs of complete 
humeri from 54 females and 59 males were studied. Measurements of humerus include circumference of 
head, vertical diameter of head, transverse diameter of head and epicondylar breadth analyzed with SPSS 
23.0. The Paired Sample T test was used to compare the right and the left sides. For each side the values 
of the bones were tested for normality of distribution by the Kolmogorov-Smirnov test. No statistical 
difference was found between right and left side for the mean values computed for both genders. We 
concluded that the bilateral asymmetry is not present in the humeral dimensions, thus, allowed the bones 
of both sides to be grouped together for further analysis, especially in forensic medicine, anthropology, 
normal morphology, and archeology.

Key words: bilateral asymmetry, humerus, Bulgarian population

Introduction

The sex differences in the quantitative and qualitative features of the human humerus 
and femur are a good and reliable indicator for sex, age and stature determination from 
skeletal remains in Forensic anthropology. In addition, due to their structure, size, 
location, strength, they or their fragments are common objects of study in Forensic 
anthropological practice, especially in cases of mass disasters or murders in which the 
corpses are often decapitated or dismembered. Some authors emphasize the need of 
anthropometric studies on fragmented bones, as in anthropology it is much more often 
necessary to determine sex by fragments than by structurally preserved bones.
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Symmetry is defined as correspondence in size, shape, and relative position of 
parts on opposite sides of a dividing line or median plane while asymmetry is described 
as a lack or absence of symmetry. Although bilateral symmetry in paired morphological 
traits is evident in humans, significant deviation from this is observed in internal organs, 
human brain, and especially upper limb [23].

In their anthropological studies of humerus, Pavlov and Matev, Sato and Noriyasu, 
Charisi et al., Atamturk et al., Ross and Manneschi, Shehri and Siloman, Reddy and 
Doshi [1,3,12,14,15,17,19] did not establish statistically significant lateralization in 
both sexes.

The examination of the upper and lower limb asymmetry can be useful to medical 
scientists, archeologists, anthropologists [6,7,11] and forensic experts for medicolegal 
studies [9,20,24].

The aim of the present study is to determine the presence or lack of symmetry 
between some parameters of pairs of left and right human humerus.

Materials and Methods

The present study included 59 pairs of complete dry male humeri and 54 pairs of complete 
dry female humeri of Bulgarian origin. The bones were collected from the Department of 
General and Clinical Pathology and Forensic Medicine, Medical University of Plovdiv 
and the Department of General and Clinical Pathology and Forensic Medicine, Medical 
University of Varna, Bulgaria. The bones included in this study fulfill the following 
criteria: show no anomalies, deformations or abrasions; have sustained no fractures 
previously; have reached skeletal maturity. They belong to Bulgarians born after 1920. 
The mean age of the male bones is 56,8 years, and of the female ones 64.3 years. 
The bones were the subject of forensic examinations in cases of identification of dead 
bodies with late postmortem changes or in stage of skeletonization. The study has been 
carried out in accordance with The Code of Ethics of the World Medical Association 
(Declaration of Helsinski). A total of four humeral dimensions were taken using 
sliding caliper and steel tape. Measurements include circumference of the head (M8), 
vertical diameter of the head (M10), transverse diameter of the head (M9) and 
epicondylar breadth (M4) and were taken according the standard technique of Martin 
and Saller [10]. We have chosen these measurements of the humerus because these are 
the most frequently studied parameters in Forensic practice and in most anthropological 
studies, and this will allow us to compare our results. Statistical analysis was performed 
using SPSS 23.0. Means and standard deviations of the results of individual factors 
were calculated and statistically analyzed to identify any significant differences. We 
defined the protocol as follows: for each pair, the humeral parameters were measured 
on both left and right humeri to assess if a statistically significant difference between 
the two sides could be recorded. To minimize measurement error, we completed five 
measurements for each variable of each side. Then we excluded the least measurement 
and the greatest measurement. Finally, we computed the mean of the three other values 
and used it to characterize a bone. Basic descriptive statistics were computed.
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Results

For each side, the values of the bones were tested for normality of the distribution by 
the Kolmogorov-Smirnov test. The Independent Samples test for equality of means of 
male and female independent samples was performed for all measured variables. The 
Kolmogorov-Smirnov test found that all variables have a normal empirical distribution 
(p > 0.05). The data obtained from the anthropometric humeral measurements were 
subjected to Paired Sample T test to compare the right and the left sides. The results 
show lack of significant difference between the mean values of the left and right sides 
calculated for both sexes (p > 0.05). 

The min and max values of the measurements are shown in Table 1 and Table 2.

Table 1. Min and max values of the measurements (mm) of the male humeral bones.

Variables
Left Right Indicators of asymmetry

N Min         Max N Min          Max Absolute
difference t P

Circumference 
of the head 59 123.58    171.82 59 120.79     174.37 0.12 0.191 0.850

Vertical diameter 
of the head 59 38.41       57.43 59 38.59        56.83 0.21 0.756 0.458

Transverse diameter 
of the head 59 35.66       51.98 59 34.70        51.80 0.57 2.373 0.162

Epicondylar breadth 59 49.82      78.62 59 49.88        78.20 0.18 1.476 0.153

Table 2. Min and max values of the measurements (mm) of the female humeral bones.

Variables
Left Right Indicators of asymmetry

N Min        Max N Min          Max  Absolute 
difference t P

Circumference of 
the head 54 99.01    154.27 54 101.52    153.18     -0.71 -1.461 0.163

Vertical diameter 
of the head 54 30.59      51.17 54 30.50        51.02 0.12 1.725 0.104

Transverse diameter
of the head 54 29.32      46.78 54 29.42        46.34 0.17 1.852 0.083

Epicondylar breadth 54 41.42      67.22 54 40.01        68.51 0.06 0.107 0.916
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Circumference of humeral head

The circumference of the humeral head in the male skeletons is greater by 0.12 mm in 
the left humerus. In female skeletons, the difference between the mean values on the 
right and left is 0.71 mm, respectively, in favor of the right humerus. No significant 
bilateral differences between the examined parameters for both sexes were detected 
(males: p = 0.850; females: p = 0.163).

Vertical diameter of humeral head

The vertical diameter of the male humeral head in the left is 0.21 mm larger than the 
right one. In female skeletons, this size is also larger in the left humeri, with a difference 
of 0.12 mm. Bilateral differences were not statistically significant for both sexes (males: 
p = 0.458; females; p = 0.104).

Transverse diameter of humeral head

This measurement in males and females shows higher values in the left humerus than 
the right. The absolute differences between their mean values are 0.57 mm and 0.17 
mm, respectively, but without statistical significance (males: p = 0.162; females: p = 
0.083).

Humeral distal epicondylar breadth

The data of the humeral distal epicondylar breadth show that in both sexes the left 
humerus has higher values than the right one by 0.18 mm in the male skeletons and 
0.06 mm in the female skeletons. Bilateral differences were not statistically significant 
(males: p = 0.153; females: p = 0.916).

The comparative assessment of the direction of the manifested asymmetry in the 
anthropometric measurements of humerus shows that both sexes have left-handed 
asymmetry. In one of the parameters, a discrepancy of the direction for both sexes is 
found – this is the circumference of the head of the humerus. Regardless of directions 
of lateralization, all humeral variables show statistically insignificant bilateral variation 
(p> 0.05) in both males and females.

Discussion

The anthropometric characteristic of the paired humeri allows considering the 
manifestations of bilateral asymmetry. The lack of such will ensure us to create a 
“mixed” sample in the intersex plan, which will be subjected to mathematical and 
statistical processing. This in turn is not a methodological error. Similar studies on 
bilateral samples are often found in the literature, especially in forensic studies.

More recent population studies show diminishing of the directionality and 
magnitude of asymmetry, probably reflecting changes in external factors, such as 
division of labor. An osteometric study of the long bones of the upper limb in the modern 
Greek population of the second half of the 20th century was conducted by Charisi et al. 



100

[3] in 204 individuals (111 men and 93 women) from the skeletal collection of the 
University of Athens. The authors examined the humerus, radius and ulna by comparing 
the maximum bone length, width of the proximal and distal end on the left and right 
side. In most cases, the measurements on the right are slightly larger than those on the 
left in absolute values, but no bilateral asymmetry was found. This is confirmed by the 
results of the t-test, in which all the mean values of the studied parameters between the 
two sides are not statistically significant. 

According to Trinkaus et al. [22] bilateral asymmetry is best observed in the 
diaphyses and especially in their circumference or other cross sections. The analysis 
of humeral asymmetry in recent human skeletal samples and an extant tennis-player 
sample documents minimal asymmetry in bone length, little asymmetry in distal 
humeral articular breadth, but pronounced and variable asymmetry in mid- and distal 
diaphyseal crosssectional geometric parameters [22].

Studies on other skeletal parts have shown that the preferential use of one arm is 
best reflected on other bones, such as the scapula [4,5,18]. The mechanical load caused 
by the movements of the upper limb leads to differences in the morphology of the 
glenoid fossa. Other studies have found that bilateral asymmetry is more common in 
metacarpal bones than in other skeletal elements of the arm because they are used more 
frequently in daily activities [8,13,16].

Sato and Noriyasu [17] investigate the morphological and functional relationships 
between the head of the humerus and the glenoid cavity. They examined a total of 173 
sets of humeri and their corresponding scapulae. The dimensions of the head in the right 
humerus in both sexes are generally larger than in the left, but no significant bilateral 
differences have been found. The size of the glenoid cavity is also larger in the right 
scapula. The authors explain the larger dimensions on the right with greater range of 
motion in the right shoulder, due to the more frequent use of the dominant arm.

Stirland [21] in his study of the attachment points of muscles on the humerus 
based on radiographic studies proved that there is no statistical significance in the 
lateralization of these points.

In 2010 Atamtyrk et al. [1] present a retrospective study of 84 X-ray radiographs 
of 46 women and 38 men aged between 20 and 79 years from Istanbul. The collected 
sample contains both left and right humeri belonging to different patients. The authors 
did not establish statistical significance between bilateral osteometric parameters. The 
studied parameters of the humerus are: maximum length, vertical diameter of the head, 
maximum breath in the middle of the body, distal epicondylar breadth.

In Bulgaria Pavlov and Matev in 1975 [12] investigated the morphometric 
characteristic of humerus in Bulgarian men. The authors examined 143 pairs of humeri 
that belong to men who died in the Serbian, Balkan, and First World War with a mean 
age of 29.6 years. The examined parameters are maximum length of the humerus, the 
largest and smallest width in the middle of the body, midshaft circumference, head 
circumference, epicondylar breadth, maximum diameter of the head, vertical diameter 
of the hea. Although the authors found that the right humerus was longer and more 
massive than the left one, they confirmed a statistically insignificant bilateral difference. 
These data confirmed our results.
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Behavioral evidence for sex differences in upper limb preference are mixed, and 
potentially confounded by cultural factors. Benjamin et al. [2] found evidence for 
decreasing sexual dimorphism in upper limb lateralization in industrial versus pre-
industrial European samples, which could indicate more strongly defined sex-related 
differences in limb lateralized behavior in the earlier group.

Conclusions

No statistical difference was found between the right and left side for the mean values 
computed for both sexes. More recent populations show reduction of the directionality 
and magnitude in asymmetry, probably reflecting changes in exogenous factors, such 
as division of labor.

We concluded that the bilateral asymmetry is not present in the examined humeral 
dimensions, thus, allowed the bones of both sides to be grouped together for further 
analysis. The bones could be subjected to statistical analysis to determine important 
anthropometric indicators in the Forensic practice such as age, sex, and stature. Their 
estimation plays a key role for the forensic analysis of human skeletal remains. On the 
other hand, when fragmentary and incomplete bones are all that are available to the 
forensic anthropologist for use in sex, age and stature determination, non-metric and 
metric discriminating parameters that have been derived from complete bones may be 
of little use. In such circumstances, the discriminating metric methods in the proximal 
and distal end of the humerus are of specific application to fragmentary bones and could 
be more useful.
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Background: The education sector around the world has been seriously affected by the pandemic including 
anatomy education which largely depends on cadaveric dissection. The COVID-19 pandemic has brought 
about new standards which cut across different spheres of life, including teaching and learning. 

Results: Following the challenges experienced in conducting face-face teaching and practical; 
especially gross anatomy practical alongside online teaching during the COVID-19 school closures, 
it is imperative to adopt alternative models of conducting and teaching gross anatomy practical. These 
methods may not be entirely new; however, their use in some climes is almost non-existent while on 
a low scale in others. In this study, we explored the effective alternative approaches of teaching gross 
anatomy practical that may be used towards future pandemics. 

Conclusions: These alternatives if adopted will bring much ease in switching between different modes 
in case of any future occurrences, such as the lockdowns experienced through the COVID-19 pandemic.

Key words:Anatomy education and practical; COVID-19; Cadaveric dissection; Pandemics; 
Gross anatomy

 Introduction

The consequences of the COVID-19 outbreak on medical education entirely and anatomy 
educationcontinually unfold as the virus is still spreading [2, 32]. These effects were 
even more heightened due to the lack of a vaccine against the virus until recently. Even 
with the advent of vaccines, the complete elimination of the virus may still be a long 
way off especially in low and middle-income countries that lack production capacity or 
logistics infrastructure to rapidly inoculate their citizens. Therefore, continued closures 
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of institutions may persist and practically oriented subjects like human anatomy that 
have been unable to undertake the traditional cadaveric practical teaching following the 
transition to online learning platforms may further be affected globally [29].

Even though there is a proposition that practical teaching may still be undertaken 
alongside online teaching [30], this is largely unrealistic in many climes that depend 
largely on cadaver dissection as the dominant means of gross anatomy practical teaching 
[9, 10, 28, 30, 34]. More so, teaching with human bodies has proven to be irreplaceable 
even in universities with the best technological resources. Thus, as long as doctors treat 
human beings, knowledge by contact with human beings will be essential.

Furthermore, with the frequent outbreaks of viral diseases in the last decades, it 
is pertinent to reposition anatomy education and particularly its practical aspects to 
be able to cope through periods of prolonged online learning. This paper explores 
alternative approaches of teaching gross anatomy practical that may be used side by 
side with the traditional cadaver dissection. These alternatives if adopted will bring 
much ease in switching between different modes in case of any future occurrence such 
as the lockdowns experienced during the COVID-19 pandemic.

Materials and Methods

A non-systematic search strategy was utilized in popular research repositories and 
databases, such as Google Scholar, Research Gate, Web of Science, Science Direct, 
and PubMed using selected keywords between January to May 2021. The keywords 
used to identify and extract articles relating and peculiar to the teaching of Anatomy 
include COVID-19, anatomy education and practical, cadaveric dissection; pandemic, 
gross anatomy, and anatomy teaching. This literature search yielded 70 publications 
and abstracts of the results were reviewed for relevance and inclusion in the study. A 
total of 50 articles highlighting different modalities for teaching anatomy practical met 
our quality and inclusion requirements and were identified, selected, and discussed. 
All articles were reviewed critically and included as appropriate to provide readers 
sufficient evidence for use of the highlighted methods.

Evolution of anatomy education

Human anatomy as a discipline has been regarded as being multifaceted, in which 
surface learning approach and rote learning of anatomical terms and catalog of structures 
has been espoused by most students [16]. The teaching of anatomy has been through a 
sequence of pedagogic lectures and laboratory practical concatenations which entails 
cadaveric dissection, observing prosected cadavers, and anatomical models [9,16]. 
The application of resources such as plastic models and computer-assisted simulator 
technologies in anatomy has been recommended as a way of dignity to seclusion in 
medical ethics [21].

The study of human anatomy is now a practical skill required by most medical 
practitioners, unlike its prior imaginative, humanist, and descriptive approach [12].
Learning anatomy using cadavers is a conventional technique for teaching anatomy. 
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Also, several kinds of research indicated that medical (anatomy) education will be 
ineffective without cadavers. Yet, certain researchers believe that a well-structured 
anatomy curriculum without cadavers may be equivalent or enhanced toone with 
cadavers for learning gross anatomy [48].

Cadaver dissection in anatomy education

Anatomy originates from the contraction of two Greek words, “Ana” (remove) and 
“Tomy” (cut). The record showed that the first dissection ofthe human cadaver was 
done by Herophilus and Erasistratus in the early 3rd century [44]. Over the years, 
anatomical studies have advanced and became recognized as a creative and spiritual 
study of life, travail, and death [35]. This gave rise to the “Anatomical Theatres” in 
Padua and Bologna in the year 1490 and 1637 respectively [35]. However, the quest for 
cadavers arose leading to shortages of cadavers. Bodies of executed convicts became 
the sole lawfully accessible cadavers that were available under the law [6].

What’s more, the growth of medical schools and the concomitant surge in the 
request for cadavers at the beginning of the 19th century led to the prevalence of grave 
robbing despite its prohibition [49]. This surge in demand for cadavers necessitated 
legislation to make unclaimed bodies available to anatomists for dissection [49]. 
However, in recent years, voluntary donations of bodies have become a valid resource 
and standard for obtaining bodies for anatomy teaching and research in medical schools 
and universities globally.

Today, cadaver dissection is the fundamental approach in the teaching of anatomy 
which assists in learning the relations and macroscopic structures of anatomy formation 
[21]. Besides, anatomy laboratory particularly cadaver dissection is considered as the 
initial place for tutelage in the application of affective response among several others [43].

Consequences of COVID-19 pandemic on Gross Anatomy Practical

Towards the end of the year 2019, the novel coronavirus disease 2019 (COVID-19) 
emerged in China and by January 2020, quickly became an international public health 
emergency [22, 33]. Over 177 million individuals have contracted the virus and the 
death of over 3.8 million has been estimated in 221 countries/regions as of June 2021 
[20]. The rapid transmission rate of the virus occasioned widespread lockdowns globally 
to interrupt its transmission [22, 33]. These have directly affected anatomy education as 
it largely depends on cadaveric dissection and the probability of being infected with the 
virus during dissection is high [22].

Additionally, the present COVID-19 pandemic has made accessibility to the human 
specimen for dissection difficult. Before this pandemic, the impetus for innovative 
teaching and learning approaches of anatomy as obtainable in various medical schools 
across the globe has been insufficient or inaccessible cadavers. This situation is even 
more acute due to this pandemic. Precisely one of the main problems of the pandemic 
was the reduction of voluntary donations and, therefore, lack of access and unavailability 
to those bodies.

Teaching and learning are now online, while the uses of 3D applications, 
simulators,virtual atlases, and several other digital resources have now become common 
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place [22].Though technology has provided facilities for teaching and learning during 
the pandemic, if they are in a situation of lockdown, students will still not be able 
to access simulators, plastinated materials, and other digital resources that are in the 
same departments as the cadavers. For universities in low-income countries, most of the 
practical classes are on hold as the majority could not afford the resources for high-cost 
technology. In addition, the economic crisis posed by the pandemic and the failure of 
teachers to prepare teaching materials in normal times disrupted gross anatomy teaching 
especially in resource-limited settings where such high-tech platforms are not available, 
unaffordable and internet connection is poor [29].

Evaluation and validation of anatomical knowledge and examinations during the 
COVID-19 pandemic

Though novel pedagogical skills such as creative teaching, learning, and evaluation 
have been strongly emphasized for medical education in recent times, the process of 
memorization, visual memory, and auditory recall of anatomy knowledge (contents) 
by students can play a vital role in learning and understanding of anatomy [14, 24]. 
The process of memorization by students, and the online training sessions conducted 
for learners and educators by several medical schools have been so important during 
the pandemic, thus affirming the possibilities of recall memory via rote memorization.

As the teaching of anatomy and other medical-allied courses have resumed in the 
majority of medical schools and universities around the globe, it is essential to evaluate 
and validate the level and depth of anatomical knowledge derived by learners during the 
pandemic [37, 39]. The mode of assessment and examination of students’ knowledge 
of the subject matter is also paramount to monitor learning outcomes and performances 
[39]. Though the universal experience with virtual examinations shows reasonable 
success with benefits to learners, alongside financial and logistical gain to the examiner, 
more improvements in virtual examination software and remote surveillance are 
required to overcome real cautions such as candidate verification, cheating inhibition, 
cybersecurity, and IT letdown [37].

Online examinations offer profits to both students and teachers in medical and 
anatomical examinations and may also save cost. Online examinations are expected to 
be progressively used in the post-COVID era, nevertheless, they cannot substitute the 
conventional assessment of students’ anatomical knowledge [37].

Teaching gross anatomy practical beyond the COVID-19 pandemic era

The change in the world education sector due to the pandemic has also contributed to 
the teaching of anatomy. The quality of anatomy education can be enhanced by taking 
the opportunities of this situation, and the most efficient online anatomy education can 
be decided by learning from negative experiences during pandemics [47]. The new 
standards occasioned by the COVID-19 pandemic have cut across different spheres of 
life, including teaching and learning. 

Following the challenges experienced in conducting practical; especially gross 
anatomy practical alongside online teaching during the COVID-19 school closures, it 
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is imperative to adopt alternative models of conducting and teaching gross anatomy 
practical. These methods may not be entirely new; however, their use in some climes is 
almost non-existent while on a low scale in others [29]. Although, developing education 
methods on the online education system would make them suitable for use even after 
the pandemic [47].

Effective Alternative Methods to Traditional (Cadaveric) Teaching of Gross Anatomy 
Practical

Virtual dissection platforms
Virtual dissection is among some of the commonly employed teaching platforms 
following the COVID-19 pandemic and lockdown measures. Most often, disease 
outbreaks result in restricted access to cadavers especially in settings that depend 
largely on them. Still, virtual dissection programs via personal computers (PCs) offer its 
users easy and stress-free contact to cadaver dissection [29]. The advantages of virtual 
dissection relative to conventional cadaveric dissection cannot be overemphasized 
especially during disease outbreaks [29].

Fig. 1. Virtual dissection (Anatomage, Retrieved from https://www.anatomage.com/imagelibrary/)

Three-dimensional (3D) anatomy models
Three-dimensional (3D) anatomy models consist of both digital and non-digital 
resources. They include 3D computer, mobile- and web-based models, 3D plastic 
models amongst others. These models can be rotated or oriented into various positions 
to enhance learning. This way, the interrelation between separate anatomical structures 
in space and mental maneuverer can be appreciated. Gross anatomy and related 
knowledge of radiology are learned by some of the 3D digital anatomy models [4].

Nicholson et al. [27], reported that 3D anatomical ear models have a positive 
impact on students learning. A study on the use of 3D neuroanatomy tools conducted by 
Estevez et al. [13], revealed that 3D physical modeling is a prolific technique of learning 
the anatomy of the brain and assists students for visualization of 3D neuroanatomy.
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Fig. 2. 3-D Human Anatomy models (Norecopa, Retrieved from https://norecopa.no/norina/3d-human-
anatomy)

Anatomy gaming

The idea of gamification in education is for learning rather than competition or 
entertainment. Generally, games are often designed and structured according to guiding 
rules for play which aims primarily to entertain; besides the competition inherent in 
them [38]. However, gamification in education aims to facilitate the achievement of 
curriculum goals using existing learning activities incorporated into games. The idea of 
gaming excludes engaging learners with a game within the classroom context [38]. It 
encompasses the use of game design features inconventionally non-game settings. The 
use of games is now increasingly employed as an attachment to customary teaching 
approaches in recent times [38].

In anatomy, gamification is employed in various forms comprising digital (web-
based simulations, virtual and augmented reality) and non-digital forms (board and card 
games) [41]. Gamification allows participants the chance to relax and catch fun during 
learning [3]. This is essential and recommended for learning, as the art of teaching 
and sincere medical care demands energy and might be self-detrimental, thus causing 
burnout [3]. Gamification has been beneficial and a source of motivation to students 
and tutors as demonstrated by its ability to enhance study, retention, and knowledge 
application among students [3].

Worthy of note is that only the process can be gamified not the outcome. Since 
engagement rarely equates toreal learning, hence, gamification should not be performed 
in ways that interrupt the learning course [3]. Therefore, some behavioral changes such 
as motivation for self-learning must be adopted. Academic rigor should be sustained, 
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despite students’ need for a relaxed environment [3]. According to Mackenzie et al., 
gamification helps students develop mental models through playing the game to give 
accurate anatomical knowledge [23].

Plastination

Plastination was invented by Dr. Gunter VonHagens in the late 1970s. It entails the 
preservation of tissue of entire organs using polymers (resin and silicone) to simulate 
life-like specimens. This permits visualization of intractable anatomical concepts in a 
human body [35,11]. The use of plastinated prosections for teaching was first done in 
2009 by the University of Warwick Medical School. This was followed by St George’s 
and Nottingham Universities all in the United Kingdom [35].

Plastinated specimens pose no risk to human health since they are non-toxic, and 
can be moved freely from the laboratory to the classroom for learning. Congenital 
anomalies and pathology can also be displayed in plastinated specimens. Plastinated 
specimens could also be pinned easily for examination purposes and students’ learning 
and 3D anatomical models can be developed from ultra-thin dissections of plastinated 
organs [7].

Three-Dimensional (3D) printing

The inception of rapid prototyping or additive manufacturing better known as 3D 
printing dates back to the late 1980s [50]. Nylon, metal, styrene, polyacetic acid, carbon 
fiber filament, acrylonitrile, and wood can be employed as materials to design three-
dimensional printing digital models [18]. Based on the classification, the operation of 3D 
printing in medical education can be grouped into three treatments which are; modeling 
prototypes for surgical design, training, and education; natural tissue engineering, and 
designing implantable prosthetics [50].

3D printing technology can be employed to comprehend the anatomy of lesions and 
their related structures such as cerebral structures, vessels, and cranial nerves that are 
not well understood on radiographic two-dimensional images [50]. The manufacturing 
of various forms of anatomy specimen (bones, ligaments, tendons) of the same archetype 
as a real specimen with different strength materials can be performed via 3D printing [5].

Body painting

Body painting is an innovative approach in anatomy education that involves painting 
of the visceral organs (internal structures), muscles, vessels, bones, nerves on living 
human body surface which enhance better understanding of proportions and positions of 
anatomical structures [1, 14, 16, 19]. The practice of body painting by numerous tribes 
and cultures is an ancient form of art commonly used for ceremonial purposes, fashion, 
and entertainment [19]. This practice has been reinvented and applied to anatomical 
learning. Its earliest comprehensive practice for teaching can be dated to the year 1999 
by Op Den Akker et al [31]. They developed a course that involved surface markings 
and tinting complete organs at the point of its prominence on the body performed by the 
learners [19, 26, 31].
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Moreover, it was reported that this activity boosts the student’s confidence for peer 
physical examination and assists in the acquisition of other clinical skills [1]. Body 
painting proffers the solution for the pertinence of gross anatomy in clinical practice 
through its knowledge of surface anatomy [14]. Among others, body painting has vastly 
assisted clinical skills teaching such as palpation, auscultation, and faster recollection 
of anatomical information especially surface markings of muscles and touchable bony 
landmarks. 

Fig. 3. Body painting (The University of Melbourne, Retrieved fromhttps://biomedicalsciences.unimelb.
edu.au/departments/archived-departments/anatomy-and neuroscience/news-and-events/archive-news/
grin-and-bare-it-for-science)

Photogrammetry

This entails the application of photographs of an object which integrates the use of 
photographs, videos, and computerized prototypes. At different angles, 2D photographs 
of an object are captured and later veneer via computer software to produce a 3D 
renovation [43]. Identical points between images captured at varying angles are 
recognized by the software, and it is also employed to glaze the images by harmonizing 
their common points [36].

Photogrammetry as a teaching tool is inexpensive, making use of common 
equipment like digital cameras, lighting tools, and some image processing software [36]. 
Application of photogrammetry has been applied in neuroanatomical morphometric 
studies where sequential sections of the brain have been made to study the structural 
network of cerebellar white matter [36]; examinations of tracheostomy in patients 
whom laryngectomies were performed, among others [36]. In anatomy education, 
photogrammetry could be used for the manufacturing of detailed, connected, and 
approachable digital 3D prosection models [36].
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Medical imaging

The usage of imaging in teaching anatomy is necessitated by the need to elucidate 
radiology. Pathological organs and in vivo visualization of structures can be learned 
through imaging. However, radiological models cannot replace traditional dissection 
but will enhance better understanding [45]. Faculty and students in countries like the 
United Kingdom, Germany, United States of America have already adopted ultrasound 
imaging courses [45].

Fig. 4. Medical Imaging (Open MedScience, Retrieved from https://openmedscience.com/medical-
imaging/) 

Simulation

This is the act of juxtaposing the real and mimicking the natures of reality [21]. 
Medical simulators span from modest duplications of bodily structures for job-based 
learning to more advanced high patient simulators [46]. Anesthetists in the 20th century 
manufactured Resusci-Anne which is regarded as the first medical simulator [21]. 
Resusci Anne which also goes by numerous names (Rescue Anne, Resusci Annie, 
Resuscitation Annie, or CPR Doll) is commonly used in teaching cardiopulmonary 
resuscitation (CPR) [40]. Similarly, Laerdal SimMan is another moderate-accuracy 
patient simulator that is globally used [40]. This is a human simulator that can be used 
to perform heartbeat, carotid pulse, mouth moves, winking, measurement of blood 
pressure, duplication of human acts amongst others [21].

Medical simulation helps to harmonize the lacuna between the classroom and the 
clinical environment [40]. With the use of simulation, learners thrive in clinical skills 
and grow from being a novice to professional [40]. It also surges retentiveness and 
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accuracy [40]. However, simulation should be simply to complement but not serve as a 
substitute for clinical education [21].

Spatial visualization

The ability to think and maneuver two- and three-dimensional objects mentally is 
referred to as spatial visualization. Research reveals students with developed spatial 
visualization abilities are more successful in science, technology, engineering, and 
mathematics (STEM) courses [42]. Spatial visualization can be applied in learning 
anatomical structures as it is best learned through interconnection to related structures. 
Anatomy atlases and texts permit only two-dimensional (2D) static anatomical 
representations and limited visualization of the functional anatomy of distinct dynamic 
areas [4]. Visual-spatial skills hold much promise for medical students, surgical trainees, 
and surgeons in the knowledge of anatomical structures [4].

Virtual and Augmented Reality

The constant demand for novel and efficient tools to teach anatomy has led to the 
rapid development of virtual (VR) and augmented reality (AR) technologies [8, 17]. 
The development and application of VR and AR devices, software, and application 
have made learning and studying of gross anatomy happen via hands-on immersive 
experiences. The learning of structural and gross anatomy through virtual and 
augmented reality isas effective and efficient as tablet-based (TB) applications [25]. 
The introduction of these novel modes of study has given rise to enhanced learning, 
engagement, and performances of students [8, 25].

The adoption and utilization of virtual and augmented reality have proven to be 
valuable and indispensable for teaching and learning anatomy as obtainable with other 

Fig. 5. Virtual Reality (Bond University, Retrieved from https://bond.edu.au/news/48456/bond-science-
students-get-lesson-%E2%80%98virtual-reality%E2%80%99-human-anatomy)
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alternative modes [8,25]. More so, they encourage essential aids including enhanced 
immersion and engagement of learners. These consequences indicate boundless 
possibilities for the effective use of virtual and augmented reality as resources to 
complement lesson and curricular contents in anatomical education.

Conclusion

Conclusively, if these novel and innovative modalities are embraced and in place, the 
disruptions in gross anatomy practical teaching will not arise in the event of schools 
shutdown arising from future pandemics as realized during the COVID-19 outbreak. 
More so, it will allow for an easy transition in times of non-access to cadavers or 
dissection laboratories, thus ensuring that the learning of gross anatomy practical is 
sustained during such times.

Recommendation

Firstly, the application of emerging technology tools and integration of different 
modalities in teaching gross anatomy practical will hold much promise for students’ 
learning. Secondly, the adoption of these innovative tools will enhance the assimilation 
and knowledge retention of medical students and learners in the anatomical learning 
process. Thus, the undue pressure posed on the sourcing and availability of cadavers 
will be drastically reduced, as alternative methods to teaching gross anatomy practical 
simultaneously with cadaveric dissection are now readily available.
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One of the basic steps in resolving a criminal case is the identification of the victim. This part of the 
investigation might be difficult in cases with an advanced stage of decomposition or when there are 
missing parts of the body. Establishing sex, age and stature can provide important information to start 
the criminal investigation. This forensic case is used to show the accuracy and the informational value 
of the anthropological methods used in the clinic of forensic medicine at the University Hospital St. 
Marina - Varna. In the following case study, a number of methods were applied for estimating sex, age 
and stature to determine their accuracy. The anthropological methods described in this work show good 
precision: using them, a correct determination of the person’s sex, age range and stature was achieved. 
All these biological characteristics were used in the later stages of the criminal investigation and the 
person’s identification.
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Introduction

One of the basic steps in resolving a criminal case is the identification of the victim. 
This part of the investigation might be difficult in cases with an advanced stage of 
decomposition/skeletonization or when there are missing parts of the body (in case of 
dismemberment). Establishing sex, age and stature can provide information, invaluable 
for the criminal investigation.

The following forensic case is used to show the accuracy and the informational 
value of the anthropological methods used in the clinic of forensic medicine at the 
University Hospital St. Marina - Varna.

A dismembered corpse in advanced stage of decomposition was found in a forested 
area near an intercity road. The main methods for establishing the time of death were 
applied, and it was determined that it occurred between the last ten to fourteen days 
[14].There were seven body parts (belonging to a single person) which were found in 
plastic bags:
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Part 1 – thorax – from the seventh cervical vertebra to the fifth lumbar vertebra, 
including all of the ribs, sternum, left and right clavicle and left and right scapula.  
Part 2 – pelvis and the hips to the knees, including all pelvic bones and left and 
right femur.
Part 3 – right upper limb from the shoulder to the elbow, including only the right 
humerus.
Part 4 – right upper limb from the elbow to the hand, including radius, ulna and all 
of the hand bones. 
Part 5 – left upper limb from the shoulder to the wrist, including the left humerus, 
radius and ulna.
Part 6 – right lower limb from the knee to the foot, including the right tibia, fibula 
and all of the foot bones.
Part 7 – left lower limb from the knee to the foot, including the left tibia, fibula and 
all of the foot bones.

Missing were, the head with the neck and the left hand. A month later, the police 
found a skull and three cervical vertebrae with some preserved soft tissue on them, 
belonging to the same person. The left hand and a part of the neck were never found. 
The identity of this corpse was later confirmed by DNA analysis.

In a case like this, one of the questions that we have to answer what is the identity 
of the person. DNA analysis is the most well-known and precise method for confirming 
identity, but its downside is that it is necessary to have comparative material from a 
supposed person of interest or his/hers blood relative. Acquiring such material can be a 
time-consuming process, and the police need information about the body, from the initial 
examination, to narrow the circle of potential subjects and continue the investigation. 
Forensic medicine experts focus on establishing the biological profile (sex, age and 
stature) and, if it is possible, some individual features of the person. Determining 
these characteristics is rarely problematic when the body is whole and well preserved. 
However, in the cases when the body is severely decomposed or dismembered or when 
only partial remains are found, the anthropological methods become invaluable for 
establishing the sex, age, and stature of the person.

Materials and Methods

In this specific forensic case, during the autopsy, an external and internal examination of 
the body was performed. A detailed description of the traumatic injuries was made and the 
time of death was determined. The identification features were examined by applying a set 
of anthropological methods for estimation of sex, age and stature, also blood and tissue 
samples were set aside for subsequent DNA analysis. These methods are the standard 
techniques used at the clinic of forensic medicine at the University Hospital St. Marina – 
Varna, when determining identity and also examining skeletal remains. 

1. Sex – When performing a forensic anthropological analysis, sex estimation is 
one of the first and most important steps [18]. We usually use metric and non-metric 
methods to determine sex. The non-metric method is based on the presence or degree 
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of expression of sexually dimorphic traits. Nonmetric techniques for estimating sex are 
largely focused on the pelvis and cranium as bone conglomerates with well-defined 
signs of sexual dimorphism [7]. In our practice, we apply Walker`s logistics regression 
equations for sex estimation of the skull and Khaled’s method for estimating the sex 
from the pelvis based on Phenice`s nonmetric traits and statistical methods [6, 21, 22]. 
The metric analysis is based on accurate measurements between specific landmarks 
of the bones. In our practice, we use a software called “Anthropolog” based on the 
anthropometric research of V. I. Pashkova and B. D. Reznikov [13,16]. This program 
analyzes 25 dimensions of the skull and classifies each of them as “definitely male/
female”, “probably male/female” and “unidentified”. At the end, the software classifies 
the sex of the examined skull as “male”, “female” or “unidentified”. The software 
“Anthropolog” contains other options not only for estimation of sex but for determining 
age and stature. The program can be accessed openly on the Internet [13, 16]. 

2. Age – In the case study of the dismembered corpse, age-at-death was identified 
based on cranial sutures closure, changes of the pubic symphyseal surface and the 
degenerative processes of the bones [4, 11, 13, 16, 17]. Тhe cranial suture assessment 
requires an observation of the stage of adhesion between the bones on the ectocranial 
and endocranial surface of the skull. The sutures on the ectocranial surface are rated on 
a scale between 0 and 4 and those on the endocranial surface between 0 and 3. Those 
findings were applied into the software “Anthropolog”, which then yields separate 
results for the ectocranial and endocranial condition of the sutures [3, 4, 11, 13, 15, 16, 
23]. The pubic symphyseal ageing is analysed using the Suchey-Brooks method with 
six stages of changes [2, 4, 17]. We always thoroughly check the condition of the bone 
tissue to search for degenerative processes, like osteoarthritis [4, 15].  

3. Stature – We usually apply the method of Trotter and Gleser to estimate stature 
from long bones, but the software “Anthropolog” has an option to combine different 
methods for estimation the stature from the same bones.Тhe program’s output shows a 
mean value of stature from every examined long bone [1, 5, 8, 9, 12, 19, 20, 23].

Results

The identity of the person was confirmed using comparative DNA analysis, consequently 
the actual biological characteristics were compared to the results gained using the above 
mentioned anthropological methods. The body belonged to a 66 years old, 178 cm tall 
male. The results are presented in Table 1. 

The sex estimation methods show a perfect match. All methods, used separately 
and together, identify the person as male. 

The suture adhesion on the ectocranial surface is indicative of a 59 years old person 
and the same suture on the endocranial surface shows full obliteration, which indicates a 
person over 65 years. The endocranial condition of the sutures is the only characteristic 
that roughly matches the person’s actual age. The ectocranial condition is 6 years lower 
than the actual age. However, the adhesion on both surfaces shows a range between 59 
and over 65 years, which roughly matches the actual age. The Suchey-Brooks method 
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shows the 6th phase of symphyseal surface change, which corresponds to a mean age 
of 61.2 years and a range of 34-86 years old. The mean value is nearly 5 years lower 
than the actual age. Despite being very wide, the 34-86 years range does include the 
person’s actual age.

Table 1. Comparison between the true biological characteristics, and the ones estimated using 
anthropological methods.

Body 
parts

Used Anthropological 
method

Result gained using the 
anthropological method

Actual biological 
characteristics

Skull

Non-metric method for sex 
estimation – 3 to 5 score for 
the different features

male

male

Metric method for sex 
estimation – definitely 
male – 3; probably male 
– 15; definitely female – 
0; probably female – 3; 
unidentified - 4

male

Pelvis
Non-metric method for sex 
estimation – 2 to 5 score for 
the different features

male

Skull

Suture closure – score for 
ectocranial surface – 3 and 
4; score for endocranial 
surface – 3;

59 years based on ectocranial 
adhesion; 
>65 years based on endocranial 
adhesion; 66 years 

Pelvis Pubic symphyseal surface 
changing – phase 6

Range 34-86, 
mean 61.2years

Long 
bones

Stature from long bones – 
combined method:
Humerus – 359mm
Ulna – 281mm 
Radius – 265mm
Femur – 475mm
Tibia – 393mm
Fibula – 386mm

Average value between 173.83 cm. 
and 179.04 cm.
Humerus – 178.75cm
Ulna – 178.22cm
Radius – 179.04cm
Femur – 173.83cm
Tibia – 175.45cm
Fibula – 174.6cm

178cm

The combined method for stature estimation returns an average value between 
173.83 cm and 179.04 cm, which includes the person’s actual stature (178cm.). In our 
practice we have noticed that the stature, determined based on the dimensions of the 
lower limb bones, is more accurate than the one determined based on the upper limb. In 
the present case however, the values from the humerus, ulna and radius are closer to the 
actual stature than the others long bones. 
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Conclusion

In this case study a set of anthropological methods for estimating sex, age and stature 
was applied with the aim to show their accuracy and informational value. Although this 
was a case of dismemberment, almost all bones of the human body were found, yet our 
focus was only on those parts, which showed a high degree of expression of the traits 
for sex, age and stature. In our practice we also use these anthropological methods in 
cases where only skeletal remains are found. These types of analyses are usually limited 
to the few available bones, such as the skull, some of the long bones, and parts of the 
pelvis, among others. 

The methods for sex estimation yield accurate results, individually and when 
combined. In our usual practice, we always combine the results from the different 
methods for sex determination. Age estimation is the most challenging task when 
examining remains. The results of this study are indicative of the difficulty because 
neither method used here established the exact age. However, both methods helped 
determine the person’s age range.

All long bones of the skeleton were used to determine the person’s stature and 
compare the accuracy of each estimation. The results show that the estimations based 
of the upper limb are closest to the actual stature.

Overall, the anthropological methods described in this work show good precision: 
they correctly determined the person’s sex, age range and stature. All these biological 
characteristics were used in the criminal investigation and the person’s identification.  
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Scientific study of the epidermal ridges in hands, finger, feet, and toes is called dermatoglyphics. The 
word Dermatoglyphics derives from the Greek word derma = “skin”, and glyph = “carving”, and 
was used for first time in 1892 by Sir Francis Galton. Dr. Harold Cummins an American scientist is 
considered the father of fingerprint analysis. 

This field has a lot of applications in modern day population and medical research. The present 
review is focused on the different aspects of dermatoglyphics and also its applications. A brief account 
about the development of dermatoglyphic studies in Kosovo and some countries in the southeast of 
Europe has also been discussed.

Key words: Dermatoglyphic analysis, dermatoglyphs and diseases, qualitative analysis, 
quantitative analysis, Monozygotic and Dizygotic twins

Introduction

Brief History of Dermatoglyphics

Fingerprint traits have been noticed since the ancient times. In China for example, 
the people have used their fingerprints to stamp the validity of documents. The use 
of fingerprint as signature in Japan, India and some countries in Europe were well 
documented. C. A. Mayer a German doctor wrote: “Although the arrangement of skin 
ridge is never duplicated in two persons, nevertheless the similarities are evident among 
some individuals” [5].

The first scientist who started to explain dermatoglyphics was Galton [7, 9, 12]; 
he searched on fingerprints of people and primates. The work of Galton, Herschel and 
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Faulds [7, 9, 12] has been essential to establishing the individuality and uniqueness of the 
images, and by this it is possible to identify humans using finger-palm prints as well [8].

A few years later, it has been possible to make a dermatoglyphic description of a 
foot. After that, a series of scientists continued to study the foot dermatoglyphics [11].The 
first monographs are published by Cummins and Middlo [5, 6]: the first monograph was 
about the skin relief in primates [5] and the second about general dermatoglyphics [6].

We know that Bansal (1965) [1], is the first author who wrote a report about 
bilateral symmetry, he has done measurements of the distance between the triradii of 
the third and the fourth finger.

Geographical distribution of palmar dermatoglyphic traits in inhabitants of Kosovo

Dermatoglyphic prints were collected from 800 inhabitants of south west Kosovo 
(Dukagjin valley). The sample consisted of Albanians (N=400) and Turks (N=400). 
The qualitative traits of dermatoglyphs which are analyzed during this study are: arch, 
ulnar and radial loop, whorl, accidental whorl and on palms (I, II, III, IV interdigital 
areas,thenar, hypothenar, main line index, and the axial »t« triradius position). During 
this study a significant difference in most of qualitative traits between Albanian and 
Turkish inhabitants was observed. This finding is a good indication of reproductive 
isolation between Albanian and Turkish inhabitants, despite the fact that both populations 
lived very close to each other for several centuries [36].

Dermatoglyphic study in the Albanian population from three Kosovo district 
regions was conducted to analyze qualitative traits. During this study microevolutionary 
changes were tried to be obtained. 

The number of participants in this research was 641 people of Albanian nationality 
of both sexes. The analysis included arch, ulnar and radial loop, whorl, and accidental 
whorl on fingers; and on the palm it included the main line, Thenar, I, II III, IV and 
hypothenar area. 

The significant differences are found on several types between distinct groups in 
most of the cases. The results from the study by Temaj et al. show that inhabitants of the 
Albanian nationality from South Morava and Kosovo plain are genetically closer; the 
inhabitants from Dukagjini valley of Albanian nationality are less close to any of them. 
Temaj et al. show that analysis of qualitative dermatoglyphic traits is possible to utilize 
effectively to track the microevolutionary changes [37].

In order to compare two geographically and culturally isolated ethnic groups of 
Slavic Muslims from Zhupa and Gora regions in Kosovo, Petranović et al. analyzed 
their quantitative dermatoglyphic traits, compared them with each other and with the 
Albanian majority population. The ANOVA analysis showed more differences between 
the Albanians and both minority populations, i.e. between Zhupa and Gora populations. 
Petranović et al., 2020, also detected selective inertia in Slavic Muslim women. The 
canonical discriminant analysis grouped the Gora and the Zhupa women together, and 
at the same time closer to the Gora men than to the Kosovo Plain women. The Gora 
and Zhupa men were much closer to each other than to the men from the Kosovo Plain. 
To conclude, the Gora and Zhupa populations differ less from each other, than from the 
Kosovo Albanians [27]. 
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Geographical distribution of palmar dermatoglyphic traits in inhabitants of other 
countries in Europe

The qualitative dermatoglyphic traits are analyzed in 22 populations of Romania. These 
analyses are made by geographical and historical relationship [34].

A study by Karev shows that radial arch in males has a frequency 2.82% and in 
females 2.82%, among 2,130 Bulgarians [14].

The study by Karev in 264 right-, 246 mixed- and 360 left-handers in Bulgaria, 
shows that hypothenar radial arch, has a higher frequency on the right palm rather than 
on the left one [15].

Results from the study by Paraskova and Mitova show that in the studied 
population of Central Western Bulgaria: 1) an increased incidence of t; 2) decreased 
occurrence of images of Hy and a frequency of AIT and 3) the mean values for some 
of the dermatoglyphic traits analyzed are in the upper limits of the Eurasian scale, 
characteristic of the European population with Eastern characteristics [25].

The study by Kavgazova and Stoev in the region Gotse Delchev (villages of 
Kornitsa, Breznitsa and Lazhnitsa) have been studied aiming at the distinction of a 
dermatoglyphic complex specific of this population. The results from this study show 
that, the whole investigated sample belongs to the Europoid sphere and it is with well-
pronounced South-Europoid features [16]. In the study by Kavgazova et al., during the 
study of population from Central Rhodopes (South Bulgaria) show similarity between 
the examination population and a number of populations from Volga region, Northern 
Caucasus, Middle Asia and Siberia. These similarities can explain by preservation of 
the genetic inheritance of the proto-Bulgarians, one of the three main components of the 
modern Bulgarians [17].

In the study of different groups from the region of Stradwa (Bulgaria), the bimanual 
asymmetry in some dermatoglyphic traits as whorls, DL10, accessorial interdigital 
triradili, index of Cummins and carpal axial triradii-t, from both sexes of the studied 
population was established [22]. 

Dermatoglyphic analysis in 279 Maltesians was carried out also for qualitative and 
quantitave quantitative traits. The data from Malta people are compared with 17 other 
groups of the Mediterranean region; the results show that people from Malta are from 
the same cluster as the people from Greece, Sardinia and Spain [2].

In Croatia, many studies for qualitative and quantitative dermatoglyphic traits 
among Croatian inhabitants have been carried out. The study from the Island of Olib 
for finger and palm traits are compared with dermatoglyphic traits from the Silba 
island. The finding supports the hypothesis about selective inertia of digital and palm 
dermatoglyphic traits [32].

Milićić, 2002, conducted a study for latent structure of quantitative dermatoglyphic 
traits in the population of Middle Dalmatia region especially of the inhabitants of the 
Brać, Hvar and Korcula islands, the peninsula of Peljesac and Makarska coastal region. 
She analyzed 18 variables of fingers and palms. The analysis from this study gives 
information about similarities and differences between the inhabitants who live in these 
islands and inter – individual variabilities in females compared to males [21]. 
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Nagy and Pap have carried out examinations of dermatoglyphic traits in 11 
Hungarian and 5 Gypsy population members for finger and also palm samples. In most 
of dermatoglyphic traits they found statistical significance, and they came to conclusion 
that both populations have a different origin and an admixture exists between Hungarians 
and Gypsies [23]. 

Association of Dermatoglyphics with Disease

Clinical study conducted in 1936 [6]; Cummins, 1936 [6], at the time pointed 
dermatoglyphic traits in patients with Down syndrome. Since then a number of studies 
have been conducted among individuals with different syndromes and chromosomal 
aberration. Results from different publications revealed smaller or greater deviations 
from normal finger prints and palm findings. The same was reported by many researchers 
in numerous genetically determined states. 

Huge progress to understanding association of dermatoglyphs with medical 
disorders was made in the last years. 

Many researchers have identified an association of chromosomal aberration with 
Down syndrome, such as decrease of frequency of whorl on fingertips. Many publications 
by different authors [13, 30, 31] have shown different frequencies of dermatoglyphic 
traits in a finger and a palm.

In Edwards’s syndrome six or more arches in all fingertips are found. Radial loop on 
the thumb was found also in many patients compared with normal population [18, 39].

In trisomy 13 or Patau syndrome a radial loop with higher frequency was found, 
and atd angle for females is 186▫ and for males 196▫ [26].

Statistical significance for frequencies of dermatoglyphic traits and gonadal 
dysgenesis are found also, the report by Skrinjaric et al. [35].

Rudan et al. 1980, suggest that indication dermatoglyphic traits could be applied in the 
early detection of breast cancer, for the selection of the “high risk group” of diseases [33].

Some authors from India suggest that dermatoglyphic patterns can help effectively 
to study the genetic basis of breast cancer. Dermatoglyphic traits might prove to be an 
anatomical, non-invasive, inexpensive and effective tool for screening and studying the 
patterns in the high-risk population [4].

In the study by Raizada et al., 2013 [28] a significant increase in the arch pattern 
and a decrease in the radial loops in the right thumb, the left thumb, the left index finger 
and the left middle finger (p<0.001) is shown. A comparison for all fingers of both 
hands (left and right) in patients with breast cancer shows higher frequencies compared 
with control group. The lower values of the TFRC (total finger right count (below 50) is 
shown to be associated with carcinoma breast. Also it shows lower values of the AFRC 
(absolute finger right count) (below 100) to be associated with the cancer patients.

Dermatoglyphic traits are a facilitated marker for detection of predisposition of 
pituitary tumor development, and can help in early treatment of the patients[10].

The results of the study of Novak-Laus et al., 2005 [24] reveal that patients with 
glaucoma have genetic predisposition to develop primary open-angle glaucoma, thus 
emphasizing the relevance of hereditary factors in the etiopathogenesis of this disease.
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Statistical significance is found also between patients with psoriasis and control 
group for loop, arch and composite patterns, but statistical significance for whorl 
pattern is not observed. Similarly, statistical significance is found between patients with 
diseases alopecia areata and control group for loop and arch patterns, but no significant 
difference regarding the whorl pattern. There was no significant difference regarding 
any of the dermatoglyphic traits between vitiligo and pemphigus vulgaris patients and 
controls [29].

Dermatoglyphic trait analysis in twin diagnosis

Twins study appeared to be a good method for genetic predisposition and environment 
influence. This is shown by Galton 1875 [9]; he has made several experiments to explain 
environmental influence and genetic inheritance. Galton 1875 [9], has prepared different 
question test to achieve his aim and to explain manner of genetic inheritance. Today 
different studies from different disciplines such as psychology, morphology and genetics 
are used to explain influence of environment factors and genetic inheritance in twins.

Dermatoglyphic traits such as qualitative and quantitative traits are an important 
element of the twin method study. Dermatoglyphic traits in twin method study lead 
to the advance of discipline such as medicine (used to establish relationship between 
change in skin and to explain inheritance of chromosomal disorders as well as to 
determine the zygotic twins); anthropology (used to explain the origin of different 
population); criminology (used to solve different questions, rejection or identification 
of an individual).

Polish twins show a higher value of genetic parameters in hypothenar region [19].
Genetic factors appear to play a pivotal role in the determination of dermatoglyphic 

traits in monozygotic and dizygotic twins; it appears that genetic effect determines the 
distribution of traits with intermediate value in hypothenar and thenar region [3].

Twins examination in Albanian population of Kosovo for qualitative traits in 
hypothenar appears to have a sharply higher heritability in thenar and weak genetic 
component in hypothenar [38].

In Bulgarian twins for qualitative traits it appears that radial loop is higher in 
hypothenar in monozygotic twins and dizygotic twins; while ulnar arch is higher in the 
left hand of dizygotic twins and the right hand of monozygotic twins [20].

Conclusion

The present review briefly explains application of dermatoglyphic traits in genetic 
population study, identification, inheritance, and twins study, association of different 
diseases and chromosomal aberration with dermatoglyphics. Dermatoglyphic traits 
study gives higher contribution to explaining the human variation in genetic population, 
genetic inheritance and diagnosis for different diseases.

“Dermatoglyphics” in the future might play a significant role not only for the 
purpose of screening but also for studying and behavior of breast and other cancer 
diseases.
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In conclusion, it is noteworthy that comprehensive dermatoglyphic traits research 
in genetic population and twins is needed to further elucidate the intimate relationships 
between heritability and environment in human pathology.
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Breast cancer in women is an oncological disease with a great medico-social importance because of 
its wide dissemination, ineffective mass prevention, difficult early diagnosis and unsuccessful delayed 
treatment. Recently, the armamentarium of preventive methods has been enriched by dermatoglyphics. 
In the present concise survey, some recent publications by foreign and Bulgarian authors devoted to the 
role of the dermatoglyphics for the prevention and prognosis of female breast cancer are presented. A 
special attention is paid to the significant differences between breast cancer females and healthy controls 
in terms of the qualitative and quantitative dactyloscopic and palmoscopic traits as well as the fluctuation 
asymmetry findings which could serve as cost-effective and trustworthy analytical tools for effective breast 
cancer prevention and prognosis. 

Key words: female breast cancer, dermatoglyphics, prevention, prognosis

Introduction

Breast cancer in women represents a very serious medical and social problem in the 
whole world and engages united efforts of scientists and clinicians who uninterruptedly 
aim at achieving effective prophylaxis, early diagnosis and timely adequate treatment 
of this malignant disease. Numerous methods for screening and prevention have been 
developed and applied in many countries. During the recent decades, dermatoglyphics 
has been successfully introduced for breast cancer prevention and diagnosis in several 
countries in Asia, Africa and Europe as well.

The purpose of this concise review is to summarize some recent publications 
devoted to the role of the dermatoglyphics for the prevention and prognosis of female 
breast cancer.

Challenges of female breast cancer epidemiology

Nowadays breast cancer is the most common malignant neoplasm in women worldwide 
and in Bulgaria as well. Its incidence rate in Bulgaria and, especially in Northeast 
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Bulgaria, is permanently high [31,35]. There is an increasing overall trend of newly-
diagnosed breast cancer in 53 African countries during the period between 1990 
and 2016 [20]. The interest in modern prevention of this socially significant disease 
continuously increases [21,30,36,39]. 

The updated estimates on the global cancer burden using the GLOBOCAN 2020 
of cancer incidence and mortality produced by the International Agency for Research 
on Cancer show that female breast cancer is the most frequent malignant neoplasm in 
women [28]. In 2020, there are a total of 2 261 419 new breast cancer cases (or 1.7%) 
and 684996 new breast cancer deaths (or 6.9% of all cancer cases) worldwide [9,28]. 
According to 2018 GLOBOCAN data, breast cancer age-standardized incidence rates 
are strongly and positively associated with the human development index [24]. 

The results from the application of mortality and population figures from the 
WHO and Eurostat databases during the period 1989-2021 demonstrate that progress 
in cancer epidemiology as well as in primary and secondary cancer prevention because 
of optimal adoption of breast cancer screening is a key determinant of the decreasing 
cancer mortality in Europe [6]. 

Palmar dermatoglyphics is simple, inexpensive, anatomical and non-invasive 
method [26] that is applied in a variety of medical fields. Several papers describe the 
peculiarities of the dermatoglyphic examinations in breast cancer patients [22,25,36]. 
They may be used as a reliable indicator for screening of high-risk population in terms 
of breast cancer. Usually, two basic classic dermatoglyphic methods are made use of: i) 
dactyloscopy of finger ridge count and finger indices and ii) palmoscopy assessing the 
palmar ridge count, palmar maximal atd, adt and dat angles, and palmar main lines A, 
B, C, and D [4].

In the present survey, the qualitative and quantitative dermatoglyphic traits as 
well as the fluctuation asymmetry findings are compared between female breast cancer 
patients and healthy women and the role of their significant differences in terms of 
disease prevention and prognosis are outlined. 

Qualitative palmar dermatoglyphic traits 

There are statistically significant differences between 82 breast cancer females and 60 
healthy ones in the region of Varna, Bulgaria, in terms of the mean value of palmar 
thenar fields (р=0.006) as well as of the number and frequency of the palmar patterns in 
the II-IV interdigital fields of the hypothenar of the left hand (χ2=4.220; р=0.040) and 
right hand (χ2=5.691; р=0.017) [33]. The frequencies of the arches in left-hand (t=2.025; 
p<0.05) and in right-hand hypothenar (t=2.700; р<0.01) are significantly less while the 
frequency of the loops in left-hand hypothenar is reliably higher (t=2.028; p<0.05) in 
breast cancer females than in healthy ones. The sum frequencies of the arches, loops, 
whorls and image traces in right-hand hypothenar differ significantly between patients 
and controls (χ2=3.228; p=0.006). 

The sum frequencies of left thumb, left and right index finger papillary traits differ 
significantly between breast cancer patients and healthy controls (χ2=3.872; p=0.049; 
χ2=49.532; p=0.0001 and χ2=16.153; p=0.0001; respectively) [37]. The frequencies of 
arches (р<0.001), ulnar loop (р<0.001) and whorls (р<0.0001) of index finger, of arches 
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of the left-hand fourth finger (р<0.05) and little finger (р<0.05) as well as of whorls 
of right-hand index finger, third finger and little finger are significantly different from 
those of healthy females (р<0.001; р<0.05 and р<0.05, respectively). The frequencies 
of whorls of patients’ right index, middle and little fingers are significantly different 
from those of healthy females (p<0.001; p<0.05 and p<0.05, respectively). The total 
frequencies of left and right finger papillary traits differ significantly between breast 
cancer patients and healthy controls (χ2=18.708; p=0.0001 and χ2=24.594; p=0.0001, 
respectively). The total frequency of the finger papillary traits of the left and right hand 
as well as of both hands differs significantly between breast cancer patients and healthy 
controls (χ2=79.345; p=0.0001) [37].

The sum frequency distributions of the papillary traits of left-hand, right-hand and 
both-hands’ fingerprints differ significantly between patients and controls (p=0.0001 
each) in the region of Varna, Bulgaria [31]. The frequencies of palmar patterns in 
left-hand and right-hand c-d IV differ significantly between both groups (χ2=28.828; 
p=0.0001 and χ2=18.517; p=0.0001, respectively). 

In left-hand fourth and little fingers, there are less ulnar loops and arches but 
more whorls in 50 breast cancer women aged between 30 and 70 years than in 50 
age-matched healthy women in India [2]. There are significantly higher frequencies of 
fingerprint whorls and of fingerprints with ≥6 whorls in 122 breast cancer women than 
in 22 healthy controls in China (р<0.001 and р<0.01, respectively) [11]. The frequency 
of ≥6 whorls is statistically reliably higher in 60 breast cancer females than in 60 healthy 
ones (χ2=5.71; р<0.02) [3]. The sum frequency of whorls of right-hand index finger and 
little finger is higher in these patients than in control subjects, too (χ2=5.67; р<0.02 and 
χ2=7.67; р<0.01, respectively).

There is a reliably higher frequency of fingerprints with ≥6 whorls in 154 breast 
cancer females (in 48.7%; χ2=27.452; р<0.05) and in 154 ones with increased breast 
cancer risk (in 47.4%; χ2=61.821; р<0.05) than in 308 healthy controls (in 27.5% of the 
cases) in Tehran, Iran [1]. The frequency of fingerprints with ≥6 loops is significantly 
higher in 100 breast cancer women than in 100 healthy ones (р<0.01) [16]. The presence 
of either of radial or ulnar whorls, or of arches in ≥6 fingers in combination with the 
absence or radial loops and central whorls is significantly associated with breast cancer 
in 100 females as compared with 100 healthy controls in India [18]. 

In 50 breast cancer women aged between 25 and 60 years in India, there is a 
significantly higher frequency of left-hand and both-hands’ arches (each p<0.05), of 
left-hand and both-hands’ whorls (each p<0.05) and of right-hand whorls (р<0.01) than 
in 50 age-matched healthy women [27]. The number of ulnar loops of the right-hand 
third and fourth fingers as well as of the left-hand index finger is reliably greater in 100 
breast cancer women aged between 30 and 60 years than in 100 age-matched healthy 
ones in India (р<0.028, р=0.030 and р<0.048, respectively) [26]. The number of right-
hand and left-hand ulnar loops is significantly smaller (34.4% versus 76.8% and 34.6% 
versus 77.0%, respectively), while the number of whorls of these hands is statistically 
reliably greater (53.2% versus 15.8% and 56.0% versus 16.2%) in 100 breast cancer 
females than in 100 healthy ones in India [12].
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Quantitative palmar dermatoglyphic traits 

Quantitative dactyloscopic findings

There are significant differences between 82 breast cancer women and 60 healthy ones 
in the region of Varna, Bulgaria, concerning the finger ridge counts of left-hand index 
finger (р=0.043) and third finger (р=0.049) as well as of right-hand thumb (р=0.0001) 
and index finger (р=0.032) (38). Total mean ridge counts of all the fingers of the right 
hand and both hands are significantly greater in patients than in controls (р=0.027 and 
р=0.039, respectively). The values of the correlation coefficients of the ridge counts 
of the first, second and fifth homologous fingers of both hands are smaller while 
those of the third and fourth homologous fingers of both hands are greater in breast 
cancer patients than in healthy females. There is a statistically significant difference 
concerning the third fingers only (p<0.05). 

By using one-way ANOVA of the ridge counts of a-b, b-c  and c-d, the presence 
of a significant difference between intergroup variation, on the one hand, and residual 
(not explained) variation, on the  other hand, concerning the ridge count of b-c 
(F=77,134; р=0,0001) is proved [31].

The values of two specific finger indexes, i.e. Dankmeijer index and Poll index 
of the left hand, right hand and both hands are considerably smaller while those of 
the P. I. I. Cummins index, Geipel index and Furuhata index of the left hand, right 
hand and both hands are considerably greater in breast cancer patients than in healthy 
females [38].

Quantitative palmoscopic findings

The results from independent t-test demonstrate that mean values of left-hand palmar 
ridge counts b-c III (t=7.07; p=0.0001) and a-d (t=2.53; p=0.012) as well as of right-
hand ones (p=0.0001 and p=0.0001, respectively) are significantly higher in 82 
breast cancer females than in 60 healthy ones in the region of Varna, Bulgaria [31]. 
Mean values of palmar ridge counts of both hands b-c III (t=9.21; p=0,0001) and a-d 
(p=0.001) are significantly greater in patients than in healthy women. 

The frequencies of left-hand palmar main line A (χ2=14.96; p=0.0001), A 
3(+4) (р<0.001) and А 5(5‘+5“+6) (р<0.001) and of palmar main line D (χ2=32.86; 
p=0.0001), D 9(+10) (р<0.0001) and D 11(+12+13) (р<0.0001) are reliably different 
between the patients and controls [32].  

There are statistically significantly different frequencies in terms of the palmar 
main line A (χ2=22.51; p=0.0001), A 3(+4) (р<0.001), А 5(5‘+5“+6) (р<0.001), palmar 
main line D (χ2=15.65; p=0.0001), D 9(+10) (р<0.001), D 11(+12+13) (р<0.001), 
palmar main line B (absence) (р<0.05) as well as of palmar main line C (absence) 
(р<0.02) of the right hand between both groups [32]. 

In three equal groups of 50 women each, there are reliable differences in terms of 
total and absolute finger ridge counts between breast cancer females and high-breast 
cancer risk ones, on the one hand, and healthy women, on the other hand (p<0.05) 
(8). Mean finger ridge counts of the left hand and right hand are smaller in 60 women 
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with pathohistologically proved breast cancer than in 60 age-matched healthy women 
(12.4±2.33 versus 18.4±4.58; р<0.05 and 12.4±1.62 versus 19.64±4.67; р<0.03, 
respectively) [3]. Finger ridge counts in each digit of both hands are greater (р<0.001) 
in 100 breast cancer women aged 30-60 years than in 100 age-matched controls in India 
[26]. There are reliable differences concerning the total right-hand finger ridge count 
(60.97±14.09 versus 47.41±14.11; р=0.001) and the left-hand one (59.36±14.54 versus 
47.48±14.01; р=0.001) between these patients and controls. 

The mean total finger ridge count is smaller in 40 breast cancer women than in 
40 healthy ones in India (89.88±13.26 versus 119±10.4; p<0.001) [5]. The total finger 
ridge count is greater (р≤0,001) in 100 women with pathohistologically proved breast 
cancer women aged 30-50 years than in 100 age-matched controls in India [12] while it 
is smaller in 20 women aged 20-60 years with malignant breast diseases than in 25 age-
matched controls in Nigeria (12.76±0.21 versus 15.51±0.68) (р<0.05) [17]. The mean 
values of the absolute finger ridge count are significantly greater in 100 breast cancer 
females aged 30-60 years than in 100 age-matched controls in India (р<0.003) [26]. 
The absolute finger ridge count in 100 breast cancer women at a mean age of 45.6±11.0 
years differs significantly from that in 100 healthy women at a mean age of 33.3±14.96 
years (χ2=12.22; р<0.002) [19]. 

The mean right-hand a-b ridge counts are 36.79±7.51 in 100 breast cancer patients 
and 31.40±4.91 in 100 age-matched controls while the mean left-hand a-b ridge counts 
are 35.18±5.94 and 29.74±5.53, respectively (p<0.001) [26]. There is a smaller mean 
right-hand a-b ridge count (30.83 versus 36.53; р≤0.0015) and left-hand one (32.70 versus 
39.16; р≤0.0003) in 30 breast cancer females than in 30 healthy females [7] as well as 
right-hand and left-hand a-b ridge count (р≤0.001) in other 100 patients aged 30-50 years 
against other 100 age-matched controls in India [12]. The mean right-hand a-b ridge count 
(37.08±2.58 versus 33.63±1.97; p<0.001) and the mean left-hand one (37.05±2.93 versus 
34.45±2.98; p<0.001) are greater in 40 breast cancer women than in 40 healthy ones in 
India [5]. In 150 Indian women divided in three equal groups of 50 women each, there are 
statistically significant differences concerning the a-b ridge count between breast cancer 
women and high-breast cancer risk ones, on the one hand, and healthy women, on the 
other hand (p<0.05) [8]. There is a higher mean intensity index of the finger papillary 
traits in 60 breast cancer females than in 60 age-matched healthy women (12.91 versus 
11.33; t=2.10; р<0.03) (3) as well as of PII Cummins finger index in 30 patients than in 30 
age-matched controls (13.73±4.9 versus 11.26±4.45; р≤0.0046) [7].

The examination of the palmar dermatoglyphic traits of three equal groups of 50 
women each indicates statistically significant differences in terms of atd angle between 
breast cancer females and high-breast cancer risk ones, on the one hand, and healthy 
women, on the other hand (p<0.05) [8]. There is a higher incidence of an increased atd angle 
and b-c ridge count in breast cancer patients in Bosna and Herzegovina [14]. The mean 
value of right-hand atd angle is significantly smaller (38.780±2.080 versus 42.440±2.180; 
р<0.05) while that of dat angle is greater (62.900±2.850 versus 58.200±2.600; р<0.05) in 
20 women aged 20-60 years with malignant breast diseases than in 25 healthy women 
in Nigeria [17]. The significant quantitative palmoscopic differences between 50 breast 
cancer females and 50 healthy ones aged 25-60 years in India present with significantly 
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greater atd angle values of the left hand (p<0.05) and of both hands (p<0.05) as well [27]. 
The mean atd angle values of the left and the right hand is smaller (41.50 versus 44.430; 
р≤0.021 and 41.60 versus 44.560; р≤0.036, respectively) among 30 breast cancer females 
than among 30 healthy women in India [7].

The mean right-hand atd-angle value (42.65±4.14 versus 37.18±2.58; p<0.001) and 
left-hand one (42.93±3.93 versus 38.15±2.68; p<0.001) are significantly greater in 40 
breast cancer women than in 40 healthy ones in India [5]. There are statistically reliably 
smaller left-hand and right-hand atd angle values in 100 females with pathohistologically 
confirmed breast cancer (р≤0.005) than in 100 healthy females in India [12]. There are 
reliable differences in terms of the right-hand adt angle (77.75±4.75 versus 79.30±5.43; 
р=0.028) and left-hand one (77.61±3.89 versus 79.41±4.72; р=0.004) as well as 
concerning the dat angle (58.34±4.99 versus 56.14±4.97; р=0.002) between 100 breast 
cancer females and 100 controls in India [26]. The patterns of atd angle demonstrate a 
significant difference between the left and right palms of breast cancer patients in Bosna 
and Herzegovina and this palmar parameter identifies women with increased breast 
cancer risk [13].

The existence of genetic predisposition for breast cancer development is confirmed 
by the quantitative digital dermatoglyphic analysis in Bosna and Herzegovina [15]. 

Fluctuating asymmetry

Breast fluctuating asymmetry is higher in healthy women who are free of breast disease 
but subsequently develop breast cancer than in women who remain disease-free in the 
same period and both absolute and relative breast volume asymmetries are higher in 
women who develop cancer than in the control group [23]. 

The regression analysis of the fluctuating asymmetry in 82 breast cancer women 
and 60 healthy ones in the region of Varna, Bulgaria, reveals statistically significantly 
higher correlation coefficient values of the fourth fingers of both hands in breast 
cancer females than in healthy controls (p<0.05) [34]. There are considerably greater 
fluctuating asymmetry values of a-b II, c-d IV, and a-d palmar ridge counts concerning 
the fluctuating asymmetry in breast cancer females than in healthy ones. There are 
higher correlation coefficient values of the fluctuating asymmetry (1-r2) in the ridge 
count of the homologous thumbs, forefingers and little fingers of both hands.

There is certain evidence that dermatoglyphic fluctuating asymmetry patterns could 
add some essential diagnostic and prognostic information in breast cancer patients and 
thus contribute to more effective screening and prevention [29]. 

There are significant differences between 112 breast cancer women and 112 
healthy controls in Han ethnic from Ningxia, China, in terms of the fluctuating 
asymmetry of the right thumb finger ridge count and atd angle (p<0.05), the little 
finger and atd angle (p<0.01) as well as of the little finger and the ridge count of the 
fourth finger (p<0.05) [10]. Fluctuation asymmetry values of both hands derived from 
quantitative parameters such as finger ridge counts, a-b ridge counts and palmar angles 
are significantly greater in 100 breast cancer females than in 100 healthy controls for 
the thumb (by 2.01 times), subtotal ridge count (by 2.10 times) and palmar atd angle 
(by 2.01 times) in India [16].
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Conclusion

These data convincingly prove that qualitative and quantitative dermatoglyphics has 
been used in different countries as a valuable cost-effective, non-invasive diagnostic 
and prognostic tool in the socially significant field of breast cancer. The purposeful 
application of these modern examinations among risk groups could undoubtedly 
contribute to the further enrichment of the screening and prognostic armamentarium 
of dermatoglyphics in terms of effective breast cancer prevention and prognosis. The 
analytical dermatoglyphic approach should be more widely applied in our country.
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