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ANTERIOR CEREBRAL–ANTERIOR COMMUNICATING COMPLEX 

IN THE POSTNATAL PERIOD: FROM A FENESTRATION 

TO THE MULTIPLICATION OF ARTERIES 

Ljiljana Vasović
*
, Milena Trandafilović, Slobodan Vlajković, Ivan Jovanović, Slađana Ugrenović 

University of Niš, Faculty of Medicine, Department of Anatomy, Serbia 

Abstract. The anterior cerebral artery is a medial terminal branch of the cerebral part of the internal carotid artery 
on both sides. These paired arteries are connected by the anterior communicating artery. Different abnormalities of 
the anterior communicating–anterior cerebral arteries can include an aplasia or hypoplasia, or variable origin 
and/or course and/or termination, or fenestration, or duplication or multiplication or persistence of primitive or 
additional vessels. The aim of this manuscript was to investigate the relationships of morphological abnormalities of 
an anterior communicating–anterior cerebral complex in human adults of Serbian population. Material represented 
266 human cadavers autopsied at the Institute for Forensic Medicine in Niš. Cerebral arteries were investigated 
macroscopically, under the glass; outer vessel’s diameter was measured using ImageJ processing program. A total of 
87 cases or 32.71% of different abnormalities of the anterior communicating–anterior cerebral complex were found 
and classified into six groups. The group of duplications of the anterior communicating artery with an incidence of 
18.04% was the most frequent. The finding of only four aneurysms on the anterior communicating artery indicates 
that there was no significant difference in the rate of aneurysms in individuals of Serbian population with and without 
fenestrations or duplications or multiplications of the anterior cerebral–anterior communicating complex. 

Key words: Human adult, brain base, anterior cerebral artery, anterior communicating artery, abnormalities 

Introduction

 

The anterior cerebral artery (ACA) is one of two terminal 

branches of the internal carotid artery (ICA) on the 

human brain base. The ACA usually courses anterior and 

medially to the interhemispheric fissure and passing over 

the optic chiasm and nerves it joins at the midline the 

opposite one through the anterior communicating artery 

(ACoA) [1]. There are two topographical parts of the ACA 

 precommunicating (A1) and postcommunicating (A2) 

segments regarding the point of ACA–ACoA junction [2]. 

The communicating and choroid subparts of the cerebral 

part of ICA with A1 segments and ACoA represent 

vascular components of an anterior segment of the 

cerebral arterial circle (CAC) [3].  
The left and right A1 segments varied in diameter 

from 0.9 to 4.0 mm in USA population [4] or from 2.5 
to 3.5 mm in Indian population [5], and in length from 
7.2 to 18.0 mm [4], or from 10 to 19 mm [5], sending 
two to 15 perforating arterioles [4]. These (posteroinfe-
rior and posterosuperior) arterioles usually supplied the 
anterior cerebral commissure and globus pallidus, the 
optic chiasm, the anterior perforated substance, the genu 
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of the internal capsule, the anterior hypothalamus and 
part of the thalamus [5].  

Unpaired ACoA was commonly between 0.2–3.4 

mm in caliber in USA population [4], or between 1.0 to 

4.0 mm in Indian population [5], whereas it was be-

tween 0.3–7.0 mm in length [4]. Their branches (up to 

four) supplied the optic nerves and chiasm, suprachias-

matic area, anterior perforated substance, lamina termi-

nalis and frontal lobe [4].  

The variants and abnormalities of arteries can include 
an aplasia or hypoplasia, or variable origin and/or course 
and/or termination, or fenestration, or duplication or multi-
plication or persistence of primitive or accessory vessels, 
etc. There were anatomical descriptions of some of the 
ACA and ACoA abnormalities [3–12] and/or their 
branches [1,3–7,11]. Majority of authors reported simul-
taneous presence of fenestrations and (in)direct aneurysms 
of the ACA–ACoA complex [1,7,13–30], or arteriovenous 
malformation [23], but usually in case reports. 

Our aim was to describe a relationship of presented 
fenestration and/or duplication and/or multiplication 
with pathological states of the ACoA and ACA in A1 
and proximal A2 segments in human adult specimens of 
Serbian population. 

Material and Methods 

We defined the ACoA and ACA in A1- and neighboring 
subpart of the A2 segment as an ACA–ACoA complex 
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according to Pai et al. [5]. These vessels were explored on 
the brain base of 266 adult human cadavers of both genders 
autopsied at the Institute of Forensic Medicine in Niš 
because of different causes of death. The co-author (MT) 
investigated cerebral arteries during her academic and 
doctoral studies in accordance with the approval granted by 
our Ethics Committee (no. 01-206-1).  

After the extraction of the brain from the cranium, 
each brain base with a ruler on it was photographed 
before and after the removal of the arachnoidea mater. 
Vessels’ outer diameter was calculated using ImageJ 
processing program (http://rsb.info.nih.gov/ij/index.html). 
General data regarding the cadaver (cause of death, 
gender and age) and visible morphological abnormalities 
(additional vessels, partial or total duplication and 
triplication and/or fenestration) or associated aneurysm of 
the ACA and/or ACoA were noted for each case. 

The criteria in defining the arterial abnormalities were 

according to the previous investigation [31]. A fenestration 

was defined as an abnormality that is characterized by a 

common origin of an artery that splits into two parallel 

channels, which subsequently rejoins into the same artery. 

Partial duplication of the artery was determined if it had a 

common origin on one and two separate junctions on the 

opposite artery. Two independent vessels’ origin and ter-

mination characterized their total duplication. Three inde-

pendent vessels or partially duplicated artery associated 

with the same single vessel characterized a triplication. A 

new term  anterior communicating network or the rete 

communicans anterior was a personal proposal for a special 

shape of the ACoA  a presence of two or more transverse 

ACoAs and at least of one vertically or obliquely oriented 

vessel among them. The drawings of ACoA abnormalities 

were modified according to Kayembe et al. [14]. 

Hypoplastic caliber (≤ 1.0 mm) of vessels was noted if 

it was only found in the group of investigated abnormalities; 

atheromatous plaques were noted if they were found within 

fenestration limbs or double or multiple vessels. 

Results 

We found 87 cases (32.71%)  45 of male (25 to 90 
years old) and 42 of female gender (16 to 95 years old) 
of single and/or associated abnormalities of the ACA–
ACoA complex (Fig. 1). 

Special morphological abnormalities of this complex 
were described within six groups: 

I. Arterial fenestration. There were 13 cases (9 of 
female and 3 of male gender) of ACA fenestrations (Fig. 
2). There were four cases of the single A1 fenestration 
(two on the right and two on the left) and six cases (five 
on the right and one on the left) of associated abnormalities 
and/or pathologies of the ACA–ACoA complex, as well as 
one case of single fenestration of the left A1–A2 segment 
and two cases (on the right and left) of its association 
with other abnormalities of the ACA–ACoA complex. 
All fenestrations were oval in the shape; a medial limb of 
the fenestration was smaller in six specimens, whereas a 
lateral limb was two times smaller. The perforating arte-
rioles from medial limbs were constant, except in one 

specimen (case 34). Large fenestrations were found 
three times on the left (cases 23, 47 and 53) and once 
(case 68) on the right side. The ACAs with fenestrations 
were of normal outer diameter. 

Associated abnormalities were as follows: 1) rete 
communicans anterior (two cases); 2) duplication of the 
ACoA with caudally hypoplastic vessel (four cases); 
3) aplasia of the left ACA and simultaneous double fen-
estrations of a proximal part of the right ACA (one case); 
and 4) persistent right primitive olfactory artery (one case). 
Pathological states were as follows: insular atheromatous 
plaques in three cases and diffuse atheromatous plaques in 
fenestration limbs in one case were found, as well as one 
simultaneous presence of the ACoA aneurysm (case 28).  

II. Arterial duplication. This abnormality in 44 cases 

was found on the ACoA  partially in 21 and totally in 23 
cases (Fig. 3). Partial duplication indicated that the ACoA 
had the shape of transversely oriented letter ―V‖ or ―Y‖; 
their common origin was more frequent on the left ACA 
(n = 14) than on the right one (n = 7). Duplicated ACoAs 
were of different caliber in 21 cases (a caudal vessel was 
smaller in 19 cases and larger in two cases) and of the 
same caliber in two specimens. It should be noted that one 
of two ACoAs was hypoplastic in 23 cases; both ACoAs 
were hypoplastic in one specimen (case 51). Simultane-
ously, the left and right A1 parts were of equal outer diam-
eters in 30 cases; the left A1 was larger in eight and smaller 
in six cases than the right one. Insular atherosclerotic 
plaques of duplicated ACoAs were found in seven cases; 
an aneurysm on the rostral ACoA was found twice (cases 
19 and 83). 

III. Arterial triplication. This abnormality in five 
cases was found on the ACoA; two specimens had in-
dependent vessels, whereas three specimens had an as-
sociation of partially duplicated and single ACoA (Fig. 
4). Thereby, one ACoA was hypoplastic in three cases; 
two ACoAs were hypoplastic in two cases (cases 55 and 
58). Simultaneosly, the left A1 was dominant in one 
case (case 55), as well as the right A1 (case 42). 

IV. Anterior communicating network or the rete 
communicans anterior. This ACoA configuration was 
found in 22 cases (see Fig. 4). The position of anastomotic 
vessels indicated that the ACoA had the shape of trans-
versely oriented letter ―H‖ or ―N‖ or irregular form. The 
left and right A1 segments were equal in 16 cases; the 
left was smaller in five cases and larger in one case than 
the right A1. Atherosclerotic plaques were found in 
three cases. An aneurysm of the ACoA existed in only 
one case (case 57; see Fig. 4). 

V. Arterial quadriplication. This abnormality was 
found on the ACoA in two cases. There was an infun-
dibular widening of ACAs at ACoA junction, whereas 
the outer diameters of the ACAs proximally and distally 
to it were relatively equal (Fig. 5). 

VI. Transverse arterial anastomoses. These anastomo-
ses connected bilaterally to A2 segments in three cases; in 
two cases there was an anastomosis rostral to the dupli-
cated ACoA (case 10, see Fig. 2) and rostral to the rete 
communicans anterior (case 84; see Fig. 4), and once as 
multichaneled anastomoses immediately rostral to the 
single ACoA (case 14; see Fig. 5). 
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Fig 1. Drawings of 87 abnormalities of the anterior cerebral–anterior communicating (ACA–ACoA) complex.  
Note: The number on each drawing will correspond to the same number on one of the next original pictures. 
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Fig 2. Fenestrations of the left or right anterior cerebral artery (ACA). Unilaterally, fenestration of the precommunicating 

(A1) and precommunicating–postcommunicating junction (A1–A2) was present in 13 cases. An aneurysm (*) 

of the anterior communicating artery (ACoA) was present in a case 28. 
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Fig. 3. Duplication of the anterior communicating artery (ACoA). Twenty one specimens characterized by single 

appearance of partially duplicated ACoA (a common origin on one anterior cerebral artery (ACA) and two 

origins on the second ACA; 23 specimens characterized by totally duplicated ACoA. An aneurysm (*) of the 

ACoA was present in cases 19 and 83. 
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Fig. 4. Triplication of the anterior communicating artery (ACoA) and the rete communicans anterior.Five specimens of 

ACoA triplication and 22 specimens of the rete communicans anterior. Associated ACoA aneurysm (*) was marked 

in case 54. 
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Fig. 5. Very rare abnormalities of the anterior cerebral–anterior communicating (ACA–ACoA) complex: two cases of 

quadriplication of the ACoA and three cases of multiple transverse anastomoses of postcommunicating parts (A2) of 

the ACAs; repeated instances from one of the previous images are marked with an asterisk number. 

Table 1. Incidences of investigated morphological abnormalities and associated aneurysms of the anterior cerebral–

anterior communicating arteries  

Arterial 

abnormalities 

A1 A1–A2 A2 ACoA Percentage in 

regard to the 

total number of 

cases (n = 266) 

Percentage in 

regard to the 

number 

of abnormalities 

n 

Left/Right Left/Right Left/Right  

Fenestration 

Single 3/6 2/1   4.88% 14.94% 

(13/87) Double 0/1    

Aneurysm    1 0.37% 7.69% 

(1/13) 

Duplication 

Partial    23 

(21+2*) 

8.64% 

18.04% 
55.17% 

(48/87) Total    25 

(23+2*) 

9.39% 

Aneurysm    2 0.75% 4.16% 

(2/48) 

Triplication 

Partial and total    5 1.88% 5.74% 

(5/87) 

Aneurysm       

Quadriplication 

Partial and total    2 0.75% 2.29% 

(2/87) 

Aneurysm       

Rete 

Summa    24 

(22+2*) 

9.02% 27.58% 

(24/87) 

Aneurysm    1 0.37% 4.16% 

(1/24) 

Transverse 

anastomoses  

Summa   3 

(1+1
*
 +1

**
) 

 1.12% 3.44% 

(3/87) 

Aneurysm       

A1, precommunicating part of the anterior cerebral artery; A2, postcommunicating part of the anterior cerebral artery; A1–A2, junction of 

the A1 and A2 segments; ACoA, anterior communicating artery. 

*One or two cases more in the corresponding square derived from the group of fenestration of the anterior cerebral artery. 

**One case more in the corresponding square derived from the group of the rete communicans anterior. 

The incidences of investigated abnormalities of the 

ACA–ACoA complex were summarized in the Table 1. 

According to the number of specimens and corresponding 

abnormalities, the incidences were relatively high for 

ACoA duplications (18.04% and 55.17%, respectively), 

the rete communicans anterior (9.02% and 27.58%, 

respectively) and fenestration of the ACA (4.88% and 

14.94%, respectively).  
However, we found only four aneurysms in speci-

mens of female gender; each was unruptured and lo-
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cated on the ACoA; its incidence was 1.50% (4/266) 
and 4.59% (4/87) of the cases. We emphasized that cer-
ebral pathology (cerebral infarction or apoplexy) was 
the reason for the forensic autopsy in 3/87 abnormalities 
in which aneurysms of the ACA or ACoA did not exist 
(Fig. 6 and Table 2). 

Discussion 

As quoted by Okahara et al. [7] a fenestration or 
duplication of the ACA and/or ACoA is the consequence 
of an incomplete fusion of the embryonic plexiform 
anastomosis. As quoted by Koh et al. [24] fenestration of 
the ACA is a remnant of an embryologic anastomosis 
between the primitive olfactory artery and the ACA.  

 

Fig. 6. Comparison of abnormalities of the anterior cerebral–anterior communicating (ACA–ACoA) complex. Three 

cases were autopsied because of cerebral pathology; ACoA was in the form of the rete communicans anterior 

(case 6) or doubled (cases 48 and 66). Four cases were without cerebral cause of death, but with a presence of 

the ACoA aneurysm; ACoA was also in the form of the rete communicans anterior (case 57) or doubled (cases 

19, 28 and 83). 

Table 2. Display of cadaveric cases with initial cerebral cause of death and cases with proven aneurysms at autopsy 

Groups N
0
 Diagnose Gender/Age 

Abnormalities 

ACoA 

ACA 

L R 

L/R 

outer 

diameter 

Initial 

cerebral 

cause 

6
*
 Cerebral infarction M/82 Rete**   L=R 

48
*
 Cerebral/myocardial infarctions M/77 Duplication  Stenosed 

origin 

L>R 

66
*
 Cerebral apoplexy M/68 Duplication   L=R 

Anerysmatic 

serie at 

autopsy 

19
*
 Massive pneumonia F/85 Duplication 

Aneurysm 

  L<<R 

28
*
 Polytrauma F/72 Duplication 

MACC 

Aneurysm 

A1 fen  L=R 

57
*
 Respiratory insufficiency F/95 Rete

**
 

MACC 

Aneurysm 

  L=R 

83
*
 Cardiorespiratory arrest F/74 Duplication 

Aneurysm 

  L<R 

*
 The numbers are the same as in Figures 1–4 and Figure 6  

**
 The rete communicans anterior 

ACoA, anterior communicating artery; ACA, anterior cerebral artery; M, male; F, female; L, left; R, right; MACC, median artery of 

the corpus callosum; A1, precommunicating part of the ACA 
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Some authors [7,25] described embryonic development 

of the ACA–ACoA complex as follows: In a 3.7 mm of 

embryo the primitive internal carotid artery (ICA) gives 

a large primitive maxillary artery and then divides into 

the cranial and caudal branches. The cranial branch 

passes dorsal to the optic stalk, and its first branch is the 

anterior choroidal artery. It also distributed several 

branches to the telencephalon, one of which will later 

form the middle cerebral artery. 

The continuation of the cranial branch is known as 

the primitive olfactory artery [32]. In embryos of 11.5 to 

18 mm (41–48 days) the primitive olfactory artery dis-

tributed two branches— one to the nasal fossa and the 

second one as the future continuation of the ACA. The 

latter artery is joined with opposite ACA by a plexiform 

anastomosis, which is a precursor of the future ACoA. 

We described adult cases of some morphological 

arterial abnormalities of the A1, proximal A2 and 

ACoA as parts of ACA–ACoA complex in accordance 

with Pai et al. [5]. In the literature there were similar 

examples. So Perlmutter and Rhoton [4] investigated 

ACA, ACoA and Heubner’s artery within the anterior 

cerebral-anterior communicating-recurrent artery com-

plex. Bharatha et al. [23] included A1, communicating 

and proximal A2 segment as parts of an anterior com-

municating region. 

Generally, the frequency of fenestrations for all lo-

cation in the human cerebral circulation was 16% re-

ported at the time of autopsy or 12% angiographically 

[33]. According to the rule in defining an arterial fenes-

tration accepted in the literature [10,23,25,30,31], we 

could note the fenestration of the ACA but not ACoA. 

We found ACA fenestrations in 4.88% of cases, while 

Bharatha et al. [23] discovered fenestrations on CTAs of 

the anterior communicating region (A1, ACoA and 

proximal A2) in 6.9% of cases. Okahara et al. [7] de-

scribed that their incidence ranged 0.1–7.2% in autop-

sies. Koh et al. [24] counted 60 cases of A1 fenestration 

in the literature up to year 2008.  

Kim et al. [21] reported that 0.36% of patients who 

underwent cerebral angiography showed fenestration in 

A1, while 0.62% of MRA patients had a fenestration of 

A1 segment. As quoted by Uchino et al. [22], and 

Dimmick and Faulder [25], very low incidence (0.058%) 

of ACA fenestrations was noted on angiogram and that 

was lower than MRA incidence (1.2%). The reason for 

this was the fact that two fenestrated branches are usually 

divided horizontally and that they are superimposed on 

conventional angiographic images [22]. However, Ješić 

et al. [29] retrospectively reviewed cranial MR angiography 

images of 1000 consecutive patients and noted 0.5% of 

ACA fenestrations. In addition Okahara et al. [7] and 

Weil et al. [34] pointed to the fact that a small fenestration 

of ACA or partially occluded A1 segment duplication 

might be mistaken for ACoA aneurysm on MRA and 

CTA, respectively. 
We found only one unruptured aneurysm of the 

ACoA in the group of 13 ACA fenestrations. This find-
ing can prove the fact that aneurysms rarely develop 

from ACA fenestrations; untill 1988 only eight cases 
have been reported in the literature [16]. However, in 
series of 38 A1 aneurysms, Suzuki et al. [17] discovered 
vascular anomalies in 20.5% of the cases; 75% of these 
were A1 fenestrations. In addition, vascular anomalies 
associated with A1 fenestration were different as an 
ipsilateral middle cerebral artery aneurysm, an ipsilat-
eral posterior communicating artery aneurysm, and an 
aneurysm at the proximal end of the fenestrated A1 
[21]. Kobayashi et al. [15] reported a case of a ruptured 
aneurysm occurring at the bifurcation of the azygos 
ACA with fenestration at the right A1 segment. Ihara et 
al. [20] discovered an aneurysm from the fenestrated 
right A1 simultaneously with the presence of the azygos 
ACA and hypoplastic left A1 segment. Dimmick and 
Faulder [25] demonstrated on CTA an association of the 
right A2 and ACoA fenestrations with an aneurysm on 
the ACoA, then the presence of hypoplastic left A1 and 
the right persistent primitive hypoglossal artery. Ka-
chara et al. [19] reported a rare case of fenestration of 
the right Al segment with a ruptured saccular aneurysm, 
arising from the proximal end of fenestration, associated 
with aplasia of the left Al segment. Bharatha et al. [23] 
described that aneurysms associated with fenestrations 
classically rose at the proximal end supported by hemo-
dynamic stresses and by medial defect at this point. 
However, Koh et al. [26] reported a case of a ruptured 
aneurysm arising from the distal end of A1 fenestration. 
Some authors [21,23,33] stressed that the form of the 
fenestrations at both the proximal and distal edges is in 
response to hemodynamic forces and is analogous to 
branching regions of cerebral arteries. Koh et al. [24] 
reported an unusual case of multiple fenestrations of the 
right A1 segment associated with aneurysm of the left A2 
segment. Independent from previous data, we agree with 
the findings of Kayembe et al. [14], Bharatha et al. [23] 
and Van Rooij et al. [27] that there was no significant 
difference in the rate of aneurysms in individuals with 
and without fenestrations, or vice-versa. 

Uchino et al. [22] diagnosed that all A1 fenestrations 

were large, of a convex-lens-like shape, and located in 

the distal A1 segment with or without extension to the 

proximal A2 segment, whereas A2 fenestrations were 

small and of a slit-like shape on MRAs of Japanese 

population. We found 4/13 large ACA fenestrations in 

cadaveric specimens of our population. 
We reported ACA fenestrations only unilaterally, as 

recently in adult cadavers as earlier in fetal ones [9, 12]. 
However, Friedlander and Ogilvy [18] and Aktüre et al. 
[30] discovered fenestration on both ACAs in two 
women using 3-dimensional computerized tomographic 
angiography (3D CTA) and autopsy, respectively. Pre-
vious authors summarized only seven cases, including 
their findings of bilateral A1 fenestrations between 1928 
and 2011. In retrospective study by Kim et al. [21], as 
well as in our specimens there was no side-difference of 
A1 fenestration, whereas Zhao et al. [28] found it fre-
quently on the right side. There was a dominance of fe-
male sex in our and many other reports [10,13,15,16,19, 
20,22,24–26,29,30] regarding A1 fenestrations. 
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In evaluating cerebral angiograms, it is important to 

differentiate between A1 fenestration and Heubner’s 

artery [12,16]. Perforating arterioles from the medial 

limb of the ACA fenestration were visible in 12/13 our 

cases, while Aktüre et al. [30] discovered them from 

both lateral and medial limbs on postmortem specimen.  

Gurdal et al. [19] presented an association of the 

right A1 fenestration and partial duplication of the 

ACoA in a female cadaver. We also noted associated 

morphological abnormalities on the ACoA in six cases, 

as well an aplasia of the ACoA and opposite ACA and 

the persistence of the primitive olfactory artery in single 

cases simultaneously with ACA fenestration.  

We did not find any case of ACA doubling, whereas 

Fawcett and Blachford [6] noted 2/700 cases of ―ACA 

doubling on the right side within the circle‖. Perlmutter 

and Rhoton [4] noted duplication of a portion of A1 on 

one side in 2/50 brains. 

It has been reported that the incidence of fenestration 
of the ACoA was 7.5–40% in autopsies [7]. However, 
according to the definition of the fenestration, we did not 
classify any case as an ACoA fenestration. Scremin [8] 
described that variations of the ACoA include absence, 
duplication, and triplication. De Silva et al. [11] classified 
variations of the ACoA into 12 types: single, one point 
fusion, long fusion, double, V shape, Y shape, H shape, 
N shape, triple, plexiform, presence of median anterior 
cerebral artery, and aneurysms. We classified investigated 
abnormalities of the ACoA into four groups—duplica-
tion, triplication, quadriplication and anterior communi-
cating network. We named ACoA in the form of a net-
work as the rete communicans anterior, while Fawcett 
and Blachford [6] marked similar ACoA configuration 
as an anterior communicating treble.  

It was difficult to discuss incidences of ACoA ab-

normalities because the same configuration has been 

presented differently by different authors. This example 

was a review of findings of different authors or some 

mistakes in explanation of other results as there were in 

the table presented by De Silva et al. [11]. We found the 

anterior communicating network and total duplication of 

the ACoA in 9.02% and 9.39% of cases, respectively, 

while Fawcett and Blachford [6] noted them in legends 

of their drawings in 14% and 7.2% of cases, respectively. 

We defined a triplication of the ACoA if there were 

three independent vessels or an association of partially 

duplicated and single ACoA, whereas Gurdal et al. [10] 

presented a partial triplication of the ACoA when it had 

a common orifice on one ACA and trifurcation on op-

posite ACA. 

There are some our suggestions. The first is the con-

sequence of the summation of double to multiple 

ACoAs and anterior communicating network (21.32% 

and 9.02%, respectively). We suggest including the plu-

ral for ACoAs and a new term—rete communicans ante-

rior in Anatomical nomenclature. Another suggestion was 

the consequence of an indefinite distance between two or 

more successive ACoAs and an unspecified border for 

the most rostral ACoA. Because of that we included a 

group of transverse ACAs anastomoses as a supple-

mentary abnormality of the ACA–ACoA complex. 

Finally, we mentioned in this manuscript only one 

case (1/266) of absence of the left ACA and ACoA in 

specimens of Serbian population. However Uchino et al. 

[22] found 50/923 instances of unilateral A1 aplasia in 

Japanese population. This important abnormality, as 

well as possible cases of an ―induced‖ ACoA aplasia 

deserves special consideration in the future article.  

Conclusion 

We found morphological abnormalities of the ACA–
ACoA complex in 87/266 or 32.71% of cases. The 
finding of only four aneurysms on the ACoA indicates 
that there was no significant difference in the rate of 
aneurysms in individuals with and without fenestrations 
or duplications or multiplications of the ACA–ACoA 
complex. This fact inspired authors for additional in-
vestigation of relationships of abnormalities with or 
without aneurysms on other arteries of carotid and ver-
tebrobasilar systems in our population. 
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Abstract. High jugular bulb represents very important variation in neurosurgery. The aim of our research was to 
measure certain characteristics of jugular foramen and surrounding bony structures in order to evaluate their 
possible significance in high jugular bulb detection. Thirty seven dried human skull sagittal sections were used as 
material. Sigmoid sinus groove width and depth, jugular fossa height and exocranial opening mean diameter were 
measured with vernier caliper. Internal auditory canal height and the distance between its inferior margin and 
superior margin of petrous bone, jugular foramen endocranial opening area and sino dural angle were measured with 
ImageJ. Cluster analysis with jugular fossa height as classification parameter was used for the classification of the 
analyzed skull sagittal sections. Classification analysis showed the presence of two groups: the first with 
predominantly low height of jugular fossa dome, the second with significantly higher values of jugular fossa dome, 
sino-dural angle and mean diameter of jugular fossa exocranial opening. This group predominantly included right 
skull sagittal sections. In addition, sigmoid sinus groove width and depth, jugular foramen endocranial opening area 
and jugular fossa exocranial opening mean diameter were significantly higher on the right in relation to the left side. 
So, it can be concluded that high jugular fossa dome is more frequently associated with sigmoid sinus groove anterior 
position, high values of mean diameter of jugular fossa exocranial opening and sigmoid sinus groove width and depth, 
especially on the right side. 

Key words: Jugular fossa, high bulb of jugular vein, groove for sigmoid sinus, morphometry 

Introduction

 

Jugular foramen is hiatus located between lateral part of 

the occipital bone and petrous part of the temporal bone. 

However, today authors [1–4]
 
more frequently describe 

its appearance as a canal and not as a real foramen. 

They describe its endocranial opening and exocranial 

opening, which are oriented in different planes. Its 

acute-angled triangular endocranial opening is by 

intrajugular processes divided into two or, less 

frequently, into three compartments. Neurovascular ele-

ments which pass through this opening are glossopharyn-

geal nerve and inferior petrosal sinus, which pass through 

its smaller anteromedial compartment, while vagus nerve, 

accessory nerve, posterior meningeal artery and sigmoid 

sinus pass through posterolateral part of the jugular fora-

men. Exocranial opening has alembic shape and it leads 

into the jugular fossa in which jugular bulb is located. 

The highest part of jugular fossa is its dome. Carot-

icojugular spine with petrosal fossula is in front, while 

funnel shaped pyramidal fossa with external opening of 
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cochlear aqueduct is anteromedially located in relation 

to its exocranial opening [4].  

In spite of numerous previous radiological and ana-

tomical studies, there is no agreement between authors 

about the jugular foramen nature, its canal like appear-

ance and its compartments nomenclature. Jugular fora-

men anatomical variations, such as high bulb of jugular 

vein, jugular bulb bony covering dehiscence, jugular 

bulb diverticulum, are very frequently present. Superior 

jugular bulb is one of them which can influence the 

choice of surgical approach in the treatment of primary 

(glomus tumor, schwannoma), secondary (meningioma, 

chondrosarcoma) jugular foramen lesions [5], as well as 

other lesions located in posterior cranial fossa [6]. It 

could also be the cause of complications, like profuse 

bleeding and air embolism during the surgical interven-

tion [7]. Takdemir et al. [4] considered that more fre-

quent superior sagittal sinus drainage through right 

transverse, then right sigmoid sinus and right jugular 

foramen might be associated with its more frequent 

presence on the right side and, consequently, with its 

pathogenesis. 

So, since there are indirect implications about sig-

moid sinus involvement in the high jugular bulb 

pathogenesis and there is lack of literature data about 

morphological and positional relationships between 
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sigmoid sinus and jugular foramen, the aim of our re-

search was to evaluate such relationships by the appli-

cation of morphometric and statistical methods.  

Material and Methods 

The material included 37 sagittal sections (17 left and 

20 right) of Caucasian adult dried human skulls, with 

completely preserved jugular foramen and sigmoid 

sinus groove. Skulls are the part of our Department of 

Anatomy collection. Petrous bones’ internal auditory 

canal’s anterior wall was removed. Vernier caliper was 

used for the measurement of sigmoid sinus groove ver-

tical segment’s width and depth, sigmoid sinus groove 

curve width and depth and its horizontal segment width 

and depth (Fig. 1, A). Mean sigmoid sinus groove width 

(SSGw) and depth (SSGd) were calculated as average of 

its three segments measured corresponding values. Vernier 

caliper was also applied for the measurement of the jugular 

fossa height (FJH) as a distance between the level of its 

exocranial opening and its dome and two jugular foramen 

exocranial opening diameters: one parallel to the major and 

the other parallel to its minor axis (Fig. 1, B). Its mean 

diameter (D) was calculated as average of the latter two 

cited diameters. Afterwards, petrous bone posterior 

surface, together with vernier caliper scale, was captured 

with digital camera and obtained images were additionally 

analyzed with ImageJ (http://rsb.info.nih.gov/ij/). Vernier 

caliper millimeter scale was used for the system’s spatial 

calibration. Jugular foramen endocranial opening area 

(A), sino-dural angle (SDA) as angle between petrous 

bone superior margin and sigmoid sinus groove vertical 

segment, internal auditory canal’s height (h) and the 

distance between internal auditory canal inferior margin 

and petrous bone superior margin (h’) (Fig. 1, A) were 

measured with this software. 

Statistical analysis was performed by NCSS-PASS 

2007 software (http://www.ncss.com/). Cluster analysis 

(k-means method), with fossa jugularis height as classifi-

cation parameter, was done in order to obtain two groups 

of cases with its significantly different values. Signifi-

cance of differences of the latter cited measured mor-

phometric parameters of the obtained groups, as well as 

of the right and left skull sagittal sections, was evaluated 

by Student’s t-test. Main effects of the side, group 

membership and their interaction for the evaluated mor-

phometric parameters were analyzed by Two Way 

ANOVA. Additionally, the proportion of right and left 

skull sagittal sections as well as bony bridging in by 

cluster analysis obtained groups was tested with Chi- 

square test. Effect sizes of the established differences 

were calculated according to the Lipsey’s and Wilson’s 

formulas [8]. 

Results 

Endocranial opening was in majority of the cases ir-

regular, with approximately triangular shape and apex 

anteromedially directed. It was composed of two parts: 

smaller anteromedial and larger posterolateral, which 

were in most of the cases incompletely separated with 

temporal and occipital bones’ intrajugular processes. 

Complete bony bridging and consequently bipartite en-

docranial opening was observed in 12 (5 on the left and 

7 on the right side) cases (32%). Incisura which resem-

bled glossopharyngeal recess was rarely observed. Su-

periorly, on the petrous bone posterior side porus acus-

ticus internus was located. Sigmoid sinus groove begin-

ning was placed at the level of petrous bone superior 

margin and transverse sinus groove junction. It extended 

downwards till the endocranial opening and along its 

course we differentiated two clearly visible segments: 

 

Fig. 1. View of the part of internal (A) and external (B) 

surfaces of cranial base. A jugular foramen 

endocranial opening, sigmoid sinus groove and 

internal auditory canal: endocranial opening area 

(A), sigmoid sinus groove vertical segment (VS), 

curve (C) and horizontal segment (HS), sino-

dural angle (SDA), internal auditory canal height 

(h) and the distance between internal auditory 

canal inferior margin and petrous bone superior 

margin (h’); B inferior surface of the petrous 

bone: mastoid process (MP), stylomastoid 

foramen (SF), external opening of the carotid 

canal (CC), styloid process (SP), and diameter of 

the jugular fossa external opening along the 

major (MaA) and minor axis (MiA). 

http://rsb.info.nih.gov/ij/
http://www.ncss.com/
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longer vertical and shorter horizontal. Sigmoid sinus 

groove curve was located between these two segments. 

Generally, sigmoid sinus groove width decreased from 

vertical segment toward its curve and then in horizontal 

segment increased slightly till the endocranial opening. 

Exocranial opening of the jugular foramen was mostly oval 

in shape. Jugular fossa was above it and ended superiorly 

with its dome, which was present in all cases. 

Morphometric and statistical analysis 

The results of morphometric analysis are presented in 

Table 1. Generally, mean values of the internal auditory 

canal height, the distance between internal auditory 

canal inferior margin and petrous bone superior margin 

and sino-dural angle were not significantly different 

between the right and left side, respectively (Table 2). 

Mean jugular foramen endocranial opening area (Table 

2 and Fig. 2, A), exocranial opening mean diameter 

(Table 2 and Fig. 2, B), mean sigmoid sinus groove 

width and depth (Table 2 and Fig. 2, B) were signifi-

cantly higher on the right than on the left side. Latter 

cited differences were characterized with medium (for 

A) and large effect sizes (for D, SSGw and SSGd). 

Mean FJH was higher on the right in relation to the left 

side, but this difference was not statistically significant 

and was characterized with small to medium effect size 

(Table 2). So, these results did not suggest significant 

lateralization of the high jugular fossa. 

Cluster analysis was performed in order to obtain 

groups with significantly different mean jugular fossa 

height. Its results are showed in Table 2. Two signifi-

cantly different groups are obtained. Fourteen left (56%) 

and 11 right (44%) sagittal sections of the skull were in 

the first group (totally 25 sections). Second group in-

cluded 12 skull sagittal sections, from which 9 were 

right (75%) and 3 were left (25%). Chi-square test did 

not  show significant predominance of right or left side  

Table 1. Morphometric characteristics of jugular foramen, sigmoid sinus groove and internal auditory canal 

Case Side Group h (mm) h’ (mm) A (mm
2
) D (mm) FJH (mm) SSGw (mm) SSGd (mm) SDA (

0
) 

1 Left I 3.96 6.61 67.18 8.48 11.50 6.86 4.14 59.12 
2 Right I 5.23 8.94 45.36 9.75 11.42 6.28 3.37 59.62 
3 Right I 3.92 7.46 54.40 10.53 12.06 6.54 4.48 56.28 
4 Right I 3.01 5.96 47.49 7.11 6.56 7.87 4.94 51.03 
5 Left I 3.79 7.59 39.52 8.44 9.24 8.66 5.91 61.33 
6 Right I 4.64 7.22 89.57 8.21 12.92 9.36 8.05 48.46 
7 Right I 4.83 8.03 79.75 11.32 11.48 11.10 5.34 45.64 
8 Right I 4.48 7.66 65.89 8.00 7.06 7.98 3.69 59.23 
9 Left I 4.13 7.43 41.73 5.20 10.10 5.33 2.93 66.71 

10 Left I 4.35 7.76 55.84 6.96 11.38 7.38 3.08 40.88 
11 Left I 3.92 7.82 25.59 8.72 11.48 5.79 3.98 55.57 
12 Left I 2.50 6.12 40.74 8.05 9.70 7.92 3.81 32.97 
13 Right I 4.99 8.00 50.28 6.17 10.30 6.01 5.41 53.65 
14 Right I 4.12 7.46 50.89 9.53 12.30 8.34 6.15 47.63 
15 Left I 4.32 8.05 43.25 7.11 6.60 6.33 3.75 34.97 
16 Right I 4.84 8.10 86.79 8.83 11.78 8.97 3.56 61.81 
17 Left I 3.95 5.66 57.84 9.01 13.02 7.09 5.42 39.09 
18 Right I 4.25 6.89 44.64 7.72 10.20 7.67 6.41 44.49 
19 Left I 5.45 8.50 27.99 9.87 11.78 5.70 3.95 35.85 
20 Left I 4.50 8.16 36.12 6.56 11.58 7.72 4.04 42.46 
21 Left I 2.98 6.15 37.41 6.60 12.30 6.38 5.03 58.09 
22 Left I 3.70 6.40 39.52 9.81 9.02 6.24 5.12 35.18 
23 Right I 4.17 8.75 42.41 8.35 11.42 8.43 7.09 36.63 
24 Left I 5.62 10.04 40.75 7.47 11.38 5.84 5.33 33.13 
25 Left I 5.11 9.24 79.70 4.63 12.46 4.56 3.55 50.20 
26 Left II 4.53 8.59 45.44 10.11 14.54 5.58 2.60 64.63 
27 Left II 4.72 6.69 39.96 8.47 18.12 8.29 2.73 58.83 
28 Left II 4.09 7.90 32.03 7.85 17.36 5.65 4.01 61.75 
29 Right II 4.54 8.58 66.30 9.12 14.40 6.70 2.39 68.02 
30 Right II 4.17 6.97 76.09 10.84 14.94 7.68 3.60 59.53 
31 Right II 4.01 5.88 90.89 8.64 13.80 11.92 5.04 60.69 
32 Right II 3.69 8.01 35.82 11.80 19.82 7.33 4.95 62.35 
33 Right II 4.99 8.49 38.92 9.16 14.42 7.02 5.28 45.87 
34 Right II 4.45 8.58 36.22 7.71 13.64 7.89 6.15 49.35 
35 Right II 4.01 7.96 29.67 11.25 13.82 7.38 6.11 45.41 
36 Right II 3.54 5.90 32.05 10.49 14.10 7.19 5.69 32.97 
37 Right II 5.88 8.57 60.08 7.77 20.30 8.33 6.37 47.41 
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Table 2. Morphometric characteristics of jugular foramen, sigmoid sinus groove and internal auditory canal in 

obtained groups and on the left and right side of the skull 

Side Left (n = 17) Right (n = 20) t-test statistics section 

Parameter Mean Md SD Mean Md SD T DF p d 

h (mm) 4.21 4.13 0.79 4.39 4.35 0.65 0.74* 35 0.462 0.25 

h’ (mm) 7.57 7.76 1.18 7.67 7.98 0.95 0.28* 35 0.778 0.09 

A (mm
2
) 44.15 40.74 13.86 56.18 50.59 19.73 2.11* 35 0.042 0.70 

D (mm) 7.84 8.05 1.55 9.12 8.98 1.55 2.49* 35 0.018 0.83 

FJH (mm) 11.86 11.50 2.85 12.84 12.61 3.34 0.95* 35 0.348 0.31 

SSGw (mm) 6.55 6.33 1.15 8.00 7.78 1.48 3.29* 35 0.002 1.08 

SSGd (mm) 4.08 3.98 0.99 5.20 5.31 1.39 2.78* 35 0.009 0.92 

SDA (
0
) 48.87 50.20 12.44 51.80 50.19 9.06 0.83* 35 0.413 0.27 

Group I (n = 25) II (n = 12) t-test statistics section 

Parameter Mean Md SD Mean Median SD T DF p d 

h (mm) 4.27 4.25 0.76 4.39 4.31 0.63 0.45* 35 0.653 0.17 

h’ (mm) 7.60 7.66 1.07 7.68 7.98 1.05 0.20* 35 0.840 0.08 

A (mm
2
) 51.63 45.36 17.48 48.62 39.44 19.98 0.47* 35 0.643 0.16 

D (mm) 8.10 8.21 1.60 9.43 9.14 1.43 2.45* 35 0.019 0.86 

FJH (mm) 10.76 11.42 1.84 15.77 14.48 2.45 6.96* 35 <0.001 2.44 

SSGw (mm) 7.21 7.09 1.47 7.58 7.35 1.63 0.68* 35 0.498 0.24 

SSGd (mm) 4.74 4.48 1.30 4.58 4.99 1.46 0.35* 35 0.731 0.12 

SDA (
0
) 48.40 48.46 10.43 54.73 59.18 10.35 1.73** 35 0.046 0.61 

*Two – tailed T-test 

**One – tailed T-test 

DF, degrees of freedom; d, effect size 

 

Fig. 2. Mean jugular foramen endocranial opening area on the left and right sides and sigmoid sinus groove 

morphometric parameters. A  jugular foramen morphometric parameters; B  mean sigmoid sinus groove 

width and depth and mean diameter of the jugular foramen exocranial opening on the left and on the right 

side; C  mean fossa jugularis height and exocranial opening diameter in by cluster analysis obtained groups; 

D  mean sino-dural angle in obtained groups. 
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in the obtained groups (H = 3.14, n = 37, DF = 1, p = 

0.077). Nevertheless, obtained effect size for this test 

was moderate to large (d = 0.61), which might point to 

the conclusion that above cited absence of significance 

is probably due to the sample’s size and that there could 

be mild predomination of the left in the first and right 

sagittal sections in the second group. Chi-square test did 

not show more frequent presence of complete jugular 

foramen endocranial opening bony bridging in the latter 

cited groups (H = 0.007, n = 37, DF = 1, p = 0.935, d = 

0.03). As far as jugular fossa characteristics are concerned, 

its height and external opening mean diameter were 

significantly higher in the second group than in the first 

and these differences were characterized with large 

effect sizes (Table 2 and Fig. 2, C). Sino-dural angle’s 

mean value of the second group was significantly higher 

than the same one of the first group and this difference 

was characterized by medium to large effect size (Table 

2 and Fig. 2, D). Differences between all other evaluated 

morphometric parameters (h, h’, A, SSGw and SSGd) of 

the above cited groups were not statistically significant 

(Table 2). 

Finally, in order to evaluate main effects of the group 

membership and side, as well as their interaction for 

evaluated morphometric parameters, we conducted Two 

Way ANOVA. Results of this analysis confirmed 

significant main effect of the side for the mean jugular 

foramen endocranial opening area (F(1,33) = 3.99, 

p = 0.05, η = 0.33) and sigmoid sinus groove’s width 

(F(1,33) = 7.46, p = 0.01, η = 0.43) and depth (F(1,33) 

= 9.89, p = 0.004, η = 0.48) with values of the right side 

being significantly higher than the same of the left side. 

Significant main effect of the group membership was 

established for the mean jugular fossa height (F(1,33) 

= 42.85, p < 0.001, η = 0.75) and sino-dural angle 

(F(1,33) = 4.43, p = 0.043, η = 0.34) with values of the 

second group being significantly higher in relation to the 

first group, too. Significant interaction between the side 

and group membership was not established for any of the 

evaluated morphometric parameters. 

Discussion 

According to Roche et al. [7] high jugular bulb presents 

the structure which is a connecting link between the 

sigmoid sinus and internal jugular vein. It is located in 

the jugular fossa at the inferior and medial side of the 

petrous bone. Jugular bulb upper extremity is at the 

level of jugular fossa dome. Its wall is thinner than the 

wall of sigmoid sinus, as well as internal jugular vein, 

because of the absence of sinus dural and vein’s adven-

titial layer in it, respectively. The position of jugular 

bulb exhibits numerous variations. The most important 

variation is its high position, whose incidence varies 

from 6% to 65% [9]. After the development of translab-

yrinthine and retrolabyrinthine approaches in the cere-

bellopontine angle tumors exposure and surgical treat-

ment, this variation acquired great importance. Its pres-

ence increases the possibility of the intraoperative com-

plications like profuse bleeding, or air embolism, due to 

its unintentional injuring [10]. High jugular bulb also 

impedes surgical operative area and reduces the expo-

sure and removal of cerebellopontine tumors [7,9]. Its 

position can be lateral when it protrudes into the middle 

ear cavity above the level of inferior rim of tympanic 

ring. Another possibility is its high and medial position 

when it is in relation with internal auditory canal [7]. 

Different anatomical landmarks, such as inferior tym-

panic annulus, round window, basal turn of cochlea and 

internal auditory canal, were used for its definition. 

From the surgeon’s point of view, internal auditory ca-

nal is the best landmark [9].
 
According to Roche et al. 

[7]  jugular bulb is in high position when its dome is 

less than 6.5 mm below the inferior margin of internal 

auditory canal. Jugular bulb is in very high position 

when its dome reaches the level of internal auditory 

canal and overtakes its floor. This anatomical variation 

is termed overlapping high jugular bulb. During our 

research we evaluated the location and height of internal 

auditory canal. We did not find significant differences 

between obtained groups for the internal auditory ca-

nal’s height and the distance from internal auditory ca-

nal inferior margin and petrous bone superior margin. In 

such way, we tried to exclude the possibility that inter-

nal auditory canal’s lower position or its increased 

height could be the cause for the reduction of distance 

between the dome of jugular fossa and internal auditory 

canal inferior wall. There were numerous attempts by 

other authors to explain the presence of high jugular 

bulb by reduced mastoid pneumatization and size, but 

these attempts failed [11,12]. Today, general opinion is 

that the right jugular foramen is larger than the left one 

[4]. Authors also agree that the incidence of high jugular 

bulb increases with age and is higher on the right than 

on the left side [6,7,9,12,13] They considered that the 

large superior sagittal sinus drains through the right 

transverse, then right sigmoid sinus and right jugular 

foramen [4]. Navsa and Kramer [2] found during their 

jugular foramen morphometric analysis that the area of 

its endocranial and exocranial opening and jugular fossa 

dome height and jugular fossa volume were signifi-

cantly higher on the right side. We also observed sig-

nificantly higher values of the jugular fossa endocranial 

opening area and exocranial opening mean diameter on 

the right side, while jugular fossa dome was higher on 

the right side but this difference was not significant. 

This can be explained by differences in evaluated sam-

ples size and by different racial structure of the analyzed 

material. Firstly, our sample size (n = 37) was smaller 

than the ones of Navsa and Kramer [2]. The influence of 

the sample’s size on our results can be additionally con-

firmed by the fact that in our group with significantly 

higher jugular fossa height the frequency of the right 

skull sagittal sections was higher than the left ones with 

medium effect size. In such way, significant right sided 

asymmetry of the higher jugular fossa dome cannot be 

excluded in our study, too. Secondly, study of Navsa 

and Kramer [2] included skulls of black and white racial 
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origin, while we used only Caucasian skulls’ sagittal 

sections. The influence of the different racial structure 

in the analyzed material can be additionally supported 

by the finding of the latter cited authors that signifi-

cantly higher right jugular fossa was observed only in 

skulls of black, but not in the ones of white racial origin. 

Wysocki [12] cited in his paper that the sigmoid sinus 

characteristics are very important in high jugular bulb 

formation. Sarmiento and Eslait [14] and Wysocki [12] 

also cited that the sigmoid sinus anterior position is as-

sociated with the high jugular bulb presence, while 

posterior position of the sigmoid sinus in the mastoid is 

associated with so called flat jugular bulb and its low 

position. Significantly higher values of sino-dural angle 

in the group with higher jugular fossa dome in our study 

may be in accordance with above cited assumption. It 

can be said that higher values of this angle are associ-

ated with steeper and more anteriorly positioned sig-

moid sinus groove and hence might have the role in the 

increase of blood pressure in its terminal part and con-

sequently high bulb formation. This is in agreement 

with the positions of the Sarmiento and Eslait [14] and 

Wysocki [12] about the mechanism responsible for the 

high jugular bulb genesis. Significantly higher values of 

the sigmoid sinus groove width and depth detected on 

the right side during our research may additionally 

support the hypothesis that together with the anterior 

position, larger sigmoid sinus dimensions on the right 

side might be responsible for the increase of the blood 

pressure in the jugular fossa region, which will finally 

result in increased height of its dome and high jugular 

bulb presence. 

Conclusion 

It can be concluded that sigmoid sinus groove width and 

depth and jugular foramen endocranial opening area 

were higher on the right in relation to the left side. 

Higher jugular fossa dome was more frequent on the 

right side. This phenomenon was rather associated with 

higher values of jugular foramen exocranial opening 

diameter and sino-dural angle than with the latter cited 

sigmoid sinus groove and jugular foramen endocranial 

opening morphometric parameters. 

In our opinion, acquisition of the sino-dural angle, jug-

ular fossa exocranial opening diameter and additionally 

sigmoid sinus width and depth, could be potentially useful 

for more precise interpretation of High-Resolution Com-

puted Tomography images in high jugular bulb preopera-

tive diagnosis. High values of sino-dural angle, jugular 

fossa exocranial opening mean diameter and wider and 

deeper sigmoid sinus, especially on the right side may also 

represents signs which should draw the surgeons attention 

to more thoroughly evaluate the possibility of this poten-

tially dangerous anatomical variation presence. 
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Abstract. In clinical practice, the common peroneal nerve palsy is more frequent compared to the tibial nerve, 
although both are part of the sciatic nerve. The aim of our study was to analyze and compare the fascicular structure 
of the tibial and common peroneal nerve. For the study we used tissue samples of the sciatic nerve, 19 subjects aged 
8–86 years. The samples were processed by standard histological procedures, after which were made transverse 
sections of 5 microns and stained with hematoxylin-eosin staining. First, we analyzed the number, size and 
arrangement of fascicle. After that we made photographs of each common peroneal and tibial nerve fascicules and to 
each the area and maximum diameter were determined. In all studied cases, a connective tissue septum that separates 
the fascicular groups, tibial and common peroneal nerve was detected. The tibial nerve fascicular group was 
numerous and medially localized while the common peroneal nerve fascicular group was less numerous and placed 
laterally. Morphometric analysis showed that the common peroneal nerve has statistically significantly lower number 
of fascicles (16.28 ± 4.39) and the total fascicular area (2.13 × 106 ± 8.91 × 106 μm2) compared to the tibial nerve 
(average 35 fascicles ± 13.29 and mean fascicular area 5.05 × 106 ± 2.46 × 106 μm2). The average value of the 
maximum diameter and the average area of the investigated fascicle, tibial and common peroneal nerves showed no 
statistically significant differences. Correlation analysis of the studied parameters with the age of subjects also did not 
reach statistical significance. Fascicular structure with a smaller number of larger fascicles and sparse epineurial 
connective tissue sheath may increase susceptibility of the common peroneal nerve injury. 

Key words: Common peroneal nerve, fascicular pattern, morphometry, aging 

Introduction

 

Normal conducting of electric impulses through the 

nerve provides connective tissue sheaths  which prevent 

interference of electrical impulses. They are also 

important for the process of regeneration of fibers and 

provide strength and elasticity nerve. Endoneurium is a 

connective tissue that separates the individual myelinated 

fibers and groups of amyelinated nerve fibers. In addition 

to blood vessels in the endoneurium collagen fibers, 

fibronectin and laminin are present [1,2]. Perineurium is 

specific layer built of the concentrically arranged cell 

lamella (up to 15 in humans). This one connective sheath 

is considered to be a significant diffusion barrier which 

preserves constant endoneurial content [1,3]. Endoneurial 

content surrounded by perineurium makes the fascicle, 

which is a histological nerve unit. Nerves are composed 

of different number of fascicles, which are also of 

different sizes. According to the number and size of the 

fascicle, nerves can be divided into monofascicular 
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nerve with a single fascicle, oligofascicular nerve with 2–

10, and polifascicular nerve with more than 10 fascicles, 

which can be arranged in groups or diffusely [4]. 

Fascicles within the nerve stem are interconnected, which 

contributes to resistance of the nerve stretching. Diameter 

of majority of fascicles ranged from 0.04 to 2 mm, 

although there were fascicles up to 4 mm in diameter [1]. 

Epineurium is the most superficial connective tissue layer 

that unites all fascicles in a single nerve stem. It is 

composed of a network of collagen fibers, loose connective 

tissue with blood vessels and varying amounts of adipose 

tissue designed to provide a loose matrix for nerve 

fascicles. 

The sciatic nerve is the largest nerve of the human 

body which consists of two parts, tibial and common 

peroneal nerve, covered by a common connective nerve 

sheath. Tibial nerve arises from the anterior branches of 

L4–L5 and S1–S3 nerves and its motor fibers innervate 

the posterior compartment of muscles of the thigh 

(except the short head of the biceps femoris) and leg, 

and also the muscles of the soles. The common peroneal 

nerve arises from the anterior branches of L4–L5 and 

S1–S2 nerves and its motor fibers innervate the short 

head of the biceps femoris in the thigh, the muscles of 

anterior and lateral compartment of leg, and also the 
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muscles of dorsal region of foot [5,6]. In relation to the 

tibial nerve, peroneal nerve palsy was significantly more 

frequent in the clinical practice. It usually occurs as a 

result of compression, torsion and lacerations of 

common peroneal nerve caused by fractures to the neck 

of the fibula. However, the common peroneal nerve 

palsy can occur as a complication after fractures of the 

tibia, femur and acetabulum, sports injury of knee 

ligaments, orthopedic interventions of the knee joint and 

ankle joint, heart surgery, long-term immobilization and 

even rapid weight loss [7–9]. Having in mind that the 

number, size, arrangement of fascicle affects the resistance 

to nerve injury, the aim of our study was to analyze and 

compare the fascicular structure of the NT and the NPC. 

Material and Methods 

The study was performed on sciatic nerve tissue samples 

of 19 individuals (10 males and 9 females) aged from 8 to 

86 years. During lifetime they had not been diagnosed 

with neurologic or metabolic disorder or any other kind 

of SNs damage. Nerve tissue was obtained during the 

routine autopsies performed at the Institute for Forensic 

Medicine in Niš. The time period from death to the 

autopsy was not longer than 24
h
. Firstly, the cut of the 

skin, 5 cm long, was made at the middle part of posterior 

femoral region. Afterwards, the muscles of posterior 

femoral region were separated with blunt dissection. 

Then, 3 cm long SNs part was cut and afterwards fixed 

with 10% buffered formalin. The tissue was further 

embedded in the paraffin, cut into the slices 5 lm thick and 

then, routinely processed for the histochemical staining. 

Afterwards, slices were stained by hematoxylin-eosin. 

Morphological and morphometric analysis 

of fascicular structure 

First, we analyzed fascicular pattern of TN and CPN 

(number, size, shape and arrangement of fascicle) and 

the presence of fibrous-fatty Compton-Cruveilhier 

septum (“Co-Cu” septum). In the second part, with the 

help of digital cameras on the lowest magnification 

pictures were taken of all the fascicles of TN and CPN 

(1280 × 960 RGB format). Morphometric analysis was 

performed using the program for the analysis and 

processing of digital images “ImageJ”. Before each 

measurement system calibration was performed with the 

help of an objective micrometer (1:100) at the same 

magnification. In the section “set measurements” area 

and Feret diameter options are checked. With the help 

of polygonal selections a line along the outer edge of 

perineurium of each fascicle is marked and using the 

option “measure” the values of areas and Feret diameter 

for each test nerve fascicles were obtained. After 

completing the analysis of the number, diameter and 

areas of TN and CPN, their average values were 

calculated are then statistically analyzed. 

Statistical analysis 

The collected data were verified by the authors, coded 

and entered into a special monitoring database. Statistical 

analysis was performed by SPSS 16.0. The results were 

presented in tables and graphically with a text comment. 

We using standard statistical methods for qualitative and 

quantitative assessment of the results: the absolute num-

bers, relative numbers (%), the arithmetic mean value ( X ), 

standard deviation (SD). Normality of distribution of 

individual values was investigated using Shapiro-Wilk 

test. For the evaluation of the significance of the differ-

ence (p) between the measured values of the tested two 

samples used in the t-test for two independent samples, if 

the distribution of the parameters is normal, if the regu-

larity is not satisfied, the comparison is performed by 

Mann-Whitney-U test. Correlation analysis between dif-

ferent variables was performed by Pearson simple linear 

correlation. The statistical significance of the frequency on 

the absolute difference between the samples was tested by 

χ ² test. A statistical hypothesis was tested at the level of 

risk of significance α = 0.05, the difference between the 

samples was considered significant if p < 0.05. 

Results 

Connective-fatty (Co-Cu) septum was detected in all 

examined cases. This septum divided the sciatic nerve into 

the two major morphofunctional fascicular groups (Fig. 1, 

a–b). Common peroneal nerve fascicular group was less 

numerous, occupied a lateral part of entire nerve cross-

section (Fig. 1, b). Tibial nerve fascicular group was more 

numerous and occupied a medial section of the nerve (Fig. 

1, b). Both fascicular groups were polifascicular types of 

nerves (Fig. 1). Single fascicle and fascicular groups were 

detected in both nerve, TN (Fig 2, a–b) and CPN (Fig. 2, 

c–d). Epi- and interfascicular parts of the epineurium were 

well developed and with noticeably greater amount of 

adipose tissue in older cases (Figs. 1, b; 2, d). 

Morphometric analysis included 298 CPN fascicles 

and 644 TN fascicles. The results of morphometric 

analysis are presented in Table 1. Statistically significant 

difference (p <0.001) was detected in the average number 

of fascicles, and the average value of the total fascicular 

area between TN and CPN. The common peroneal nerve 

had a significantly lower number of fascicles (16.28 ± 

4.39) compared to TN (35.33 ± 13.29) and a lower total 

fascicular area (2.13 × 106 ± 8.91 × 106 μm2) in relation 

to the TN (5.05 × 106 ± 2.46 × 106 μm2). Other 

parameters (such as average value of fascicular area and 

diameter) were not significantly different between NPC 

and NT. 
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Fig. 1. The sciatic nerves cross-section of cases aged 8 

(a) and 81 (b) years. In the lateral part of the 

cross section was observed CPN (common 

peroneal nerve) fascicular group; in the medial 

part was observed a fascicular group of TN 

(tibial nerve); fascicular groups were separated 

by Co-Cu septum. Staining with hematoxylin-

eosin, photographed under magnifying glass. 

Table 1. Average value of fascicular number, total 

fascicular area and average value of fascicular 

area and diameter of CPN (common peroneal 

nerve) and TN (tibial nerve) 

 CPN TN p 

Fascicular 

number 

16.28±4.39 35.33±13.29 <0.001 

Total fascicular 

area (μm2) 

2.13x106± 

8.91105 

5.05x106± 

2.46106 

<0.001 

Fascicular area 

(μm2) 

142138.99± 

90418.28 

141629.64± 

48828.24 

0.503 

Fascicular 

diameter (μm) 

476.57±139.26 481.19±73,32 0.405 

Based on the average values of fascicular diameter and 

area CPN and TN histogram of distribution was obtained 

(Figs. 1–2). Fascicles which is the average value of the 

diameter ranged between 350 and 450 microns where most 

common in both nerves (Chart 1). Also in both studied 

nerves, the most numerous fascicles are those whose area 

ranged from 50000–75000 μm2 (Chart 2). Correlation 

analysis of all parameters with the age of the examined 

cases showed no statistic significance (Table 2). 

Table 2 Correlation analysis between the studied 

parameters: mean fascicular area and fascicular 

diameter of CPN (common peroneal nerve) and 

TN (tibial nerve) with the age of the examined 

cases 

 

Fascicular 

area  

of CPN 

Fascicular 

area  

of TN 

Fascicular 

diameter of 

CPN 

Fascicular 

diameter of 

TN 

Age (r) 

p 

-0.398 

0.102 

0.031 

0.907 

-0.293 

0.239 

0.094 

0.719 

r, simple linear correlation coefficient 

 

Fig. 2. Fascicular structure of the TN with individual macro fascicle inside which can be seen intrafascicular 

connective septum (2a) and one of the fascicular groups (2b). Fascicular structure of the CPN (common 

peroneal nerve) with one large fascicle (2c) and fascicular group (2d). Ep, epineurium; En, endoneurium; 

arrows marked perineurium. Staining with hematoxylin-eosin; magnification × 4. 
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Discussion  

Peroneal palsy often happens in clinical practice and leads 
to a foot drop due to paralysis of the anterior and lateral 
muscles compartment of the lower leg. In order to explain 

this problem, researchers are looking into CPN anatomical 
position, its relationship to neighboring structures, sparse 
vascularization and fascicular morphology. At the level of 
the gluteal region CPN makes lateral sciatic nerve division 
and can be compressed by the piriformis. This often 

 

Chart 1. Histogram of CPN (common peroneal nerve) and TN (tibial nerve) fascicular distribution according to the 

values of their diameters 

 

Chart 2. Histogram of CPN (common peroneal nerve) and TN (tibial nerve) fascicular distribution according to the 

values of their area 
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happens if CPN passes through suprapiriform foramen 
or through piriformis. Such anatomic variations can lead 
to the so-called piriformis syndrome with the 
appearance of ischialgia [10,11]. In the posterior femoral 
region TN continues in the direction of sciatic nerve 
vertically downwards to the popliteal fossa. Opposed to 
it, in the top corner of the popliteal fossa CPN changes 
direction and descends laterally to the neck of the fibula. 
Because of such direction it is believed that CPN tolerates 
greater tensile strength during the leg movements than 
NT. Fractures of the fibular neck or long-press on the 
nerve in this area (eg. long press of military boots) can 
damage the CPN [9,12]. In addition to anatomical 
features, it is considered that the blood supply contributes 
to the greater vulnerability of CPN to injury and damage. 
Namely, the TN receives several nutritive arteries from 
perforating, popliteal and posterior tibial arteries in the 
region of popliteal fossa. These branches form a richly 
anastomotic arterial chain inside the NT so it is relatively 
resistant to ischemic damage. On the other hand, CPN 
usually supplies a solitary blood vessel, most often a branch 
of popliteal artery in the region of popliteal fossa [13]. 
When the arterial nerve chain forms solitary blood vessel, 
establishing collateral circulation during the compression is 
more difficult and therefore more easily resulting of 
ischemic nerve damage [14]. In addition to the clinical and 
forensic significance, peripheral nerve fascicular pattern has 
a fundamental, biological significance, since it provides the 
necessary biomechanical resistance of peripheral nerves, 
especially limb nerve [4].  

Analyzing the fascicular structure, we found that both 
investigated nerves TN and CPN were of polifascicular 
type with the group fascicular arrangements. Fascicles 
were of various sizes, so that they are described as micro-, 
meso-, and macro fascicles. However, a significant differ-
ence was detected in a number of fascicles. Common pero-
neal nerve had smaller fascicular number (approximately 

16) compared to the TN (approximately 35). Also, the total 
CPN fascicular area was significantly lower compared to 
TN. There are literature data on the number of whole 
sciatic nerve fascicles, which ranged from 27 to 70 [13] 
and from 11 to 93 [1]. ĐorĎević-Čamba et al. [4] stated 
that the TN fascicular number ranged from 5–52, while the 
CPN fascicular number ranged from 1–8, which also con-
firms a significant difference in the fascicular number be-
tween two nerves. There are no literature data for total 
fascicular area, in particular NPC and NT. The other ana-
lyzed parameters, such as average values of fascicular area 
and fascicular diameter, showed no significant differences 
between the nerves. Diameter of the majority of fascicles 
ranged from 350–450 microns of both nerves. Obtained 
results suggest that CPN fascicular structure is character-
ized by a smaller number of fascicles, whose diameter and 
area did not differ from TN fascicles. Baima and Krivickas 
[9] in their findings suggest that the nerve which has a 
smaller number of larger fascicles and poor epineurial 
sheath is more sensitive to pressure and stretching. They 
also claim that in such fascicular structure, blood vessels 
are more superficially placed (in epifascicular part of epi-
neurium) and consequently the risk of ischemia is higher 
(due to the compression of the blood vessels). 

Conclusion  

In the analysis of fascicular structure of the CPN and 
TN we have found that CPN has a significantly smaller 
number of larger diameter fascicles, which may increase 
its susceptibility to compression, stretching and ischemia. 
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AGE RELATED CHANGES IN THE WALLS OF ARCUATE ARTERIES 

OF KIDNEY: A LIGHT MICROSCOPIC STUDY 
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Abstract. Although there are many published papers on macro- and microvascularization of the kidney, there has not 
been a single study that would describe the histological characteristics of the arcuate arteries in specific periods of 
life. Our motivation to do this study derived from the need to explain the genesis of the ischemic nephropathy and 
determine the morphological changes on the arcuate arteries. Tissue samples were taken from the kidneys of 50 
different cadavers of both sexes. They were divided into five groups, according to their age. The kidneys were of 
average size and did not show any macroscopic pathological changes. After embedding in paraffin, 5 μm cross-
sections through the arteries were prepared. The specimens were analyzed under standard light microscopy, after 
different staining. The first significant changes are characterized by the widening of the subendothelial layer and the 
progressive enlargement of the intima. Media gradually shows atrophy, increase of the volume of collagen fibers and 
reduction of cell numbers. Internal elastic lamina undergoes changes that in time make it wrinkled with denser waves 
to the point of multiplication. The arcuate arteries, of all the larger intrarenal arteries, undergo the biggest amount of 
changes. In the beginning, the arcuate arteries suffer a “JET phenomenon”, and that is why the age-related 
mechanical changes are more prominent in them. The dynamics of the change in their walls accelerates during aging. 
All described changes that start as a non-atherogenous fibromatosis of the tunica intima is a prerequisite for the 
development of an atheromatous plaque. 

Key words: Age changes, kidney, arcuate arteries, histology 

Introduction

 

Every organ works with the appropriate capacity and has 

a certain functional reserve, which, mainly, expresses 

itself in older age. The change of the functional state of 

each organ is caused and/or accompanied by the changes 

in the morphological level. Age changes lead to increased 

probability for the occurrence of disease or deadly 

outcome. They affect the parenchyma and stroma of the 

organ, together with the changes in blood vessels 

supplying it, or without them.  

All parts of the vascular system are subject to the in-

fluence of aging, but most attention focuses on the 

changes of large distributive arteries, responsible for the 

development of hypertension and increased pulse pres-

sure, and potential effects on hemodynamics of left 

ventricle and changes in peripheral resistance and mi-

crocirculation [1]. Changes in the renal artery are 

mainly examined as one of the cause of the terminal 

renal failure, without clear marks of their dynamics, 

intensity and quality. During aging, kidney becomes 

sensitive to many influences from the external environ-
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ment (high body temperature, lack of entry of liquids, 

physical load, nephrotoxic drugs, etc.), as well as to the 

different diseases accompanied by increased body tem-

perature, greater loss of fluids, or massive destruction of 

cells, which all leads to more frequent occurrence of 

renal diseases, which are in this age more intense, more 

dangerous and difficult to heal [2–5]. It often happens 

that older people develop chronic renal failure without 

clear and visible symptoms and signs of previous disease 

of kidneys and other organs. Recently, a renal disease 

called ischemic nephropathy was established. It is often 

present, although often overlooked syndrome that is a 

potentially curable cause of terminal renal failure in el-

derly persons and includes reduced kidney function due 

to inadequate flow of blood through the kidneys [3,6]. 

Based on the observations of many authors [7–15] that 

in renal cortex of elderly people there is a standard phe-

nomenon of sclerosis and hyalinosis of glomeruli, with 

consecutive changes in tubules, moderate fibrosis of 

renal interstitium, as well as the general reduction of 

kidney volume, mainly in the absence of hypertension 

or in the presence of corrected hypertension, one can 

suppose that the causes of these phenomena are in the 

morphological as well as functional changes in the 

larger arteries of kidney (renal artery, segmental arteries, 

interlobar–arcuate arterial complex). Numerous authors 

suggest that ischemic nephropathy arises mainly due to 
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hemodynamically significant renal artery stenosis [16–

20]. However, the opinion noted that renal ischemia can 

be caused by a stenosis or obstruction of the main renal 

arteries and/or a stenosis/obstruction of intraparenchymal 

preglomerular arterioles [21]. 

The arcuate artery of kidney is any of the branches 

of the interlobar arteries that turn at the junction of the 

cortex and medulla and proceed at right angles to the 

parent stem and approximately parallel to the surface of 

the kidney. Starting from the hypothesis that the 

morphological changes in the larger kidney arteries 

during aging may be responsible for the development of 

ischemic nephropathy, this research is focused on 

examining the morphological characteristics of, in 

particular, arcuate arteries of kidney in various ages.  

Material and Methods 

The research was carried out on the cadaveric material 

originating from people of different ages and both 

sexes. The renal tissue material from Institute for Foren-

sic Medicine in Niš, was used.  

Kidney tissue samples were taken always in the 

same way, from 50 cadavers, of both sexes, sorted in five 

age groups, each containing 10 pieces, in the following 

way: I group  age 20–29 years, II group  age 30–39 

years, III group  age 40–49 years, IV group  age 50–

59 years, and V group  over 60 years. Period of time 

from the moment of death to sampling was not longer 

than 24 hours. The most common cause of death was 

accident or a primary malignant tumor localized far 

from the kidney. At the same time, there was no positive 

anamnesis or visible signs of diabetes and hypertension, 

and it were strictly observed that there are no visible 

signs of atherosclerosis of larger arteries. The kidneys 

had expected dimensions, and did not show macro-

scopic image of scarring process or large cyst or de-

formities of pyelocaliceal system. In each individual 

case, contralateral kidney was similar in dimensions.  

Histological examination was performed on the ini-

tial part of arcuate artery, which is muscular type artery. 

For the purpose of examination, a sample of kidney tis-

sue from Bertini’s column in the level of bases of neigh-

boring Malpighi’s pyramids, exactly in the middle dis-

tance between the upper and lower poles of the kidney, 

was used. The cadaveric material was fixed in 10% 

neutral formalin immediately after sampling. Then, the 

material was molded in paraffin by standard histological 

procedure. After molding, the cuts with thickness up to 

5 μm and normally to the long axis of vessel (cross-sec-

tion) were made. Afterwards, staining was done by fol-

lowing methods: Hematoxylin-Eosin (HE), elastic fibers 

by Weigert’s resorcin-fuchsin method, Van Gieson's 

method for collagen, and Gomori’s impregnation for 

reticulin [22]. By Van Gieson’s method, nuclei are 

stained brown/black; collagen red and other tissues are 

yellow. According to Weigert’s resorcin-fuchsin method, 

elastic fibers are stained brown. By Gomori, reticular 

fibers are stained black; collagen pale red; nuclei gray, 

and other tissues are stained differently, depending on 

the contrast. At the end, the histological analysis was 

done using the light microscope. All the layout and dis-

tribution of smooth muscle cells in the media, the 

amount and quality of collagen fibers and the presence 

of abnormal plaques in the arterial intima have been 

examined. We also evaluated the ratio of vessel lumen 

to the wall thickness, as well as state of endothelium, 

subendothelial space, internal elastic lamina, smooth 

muscle cells of the media (atrophic, hypertrophic, hy-

perplastic), interstitial space, and adventitia. On the ba-

sis of impressions, created by interpretation of the 

structures, using a number of staining techniques, the 

histological features of the arcuate arteries are contem-

plated. 

Results 

Basic information about the cadaveric materials used is 

shown in Table 1. It is evident that the length of the 

kidney slightly decreases during aging. 

Within age groups, sorted by decade, there are 

variations in the wall structure from the youngest to the 

older age, so the absolute identity within a group is 

impossible. With some variations, the findings related to 

the artery within a group are as follows:  

I group (period of 20–29 years). The intima of 

arcuate arteries is present only as an endothelial layer 

that leans on thin and real internal elastic lamina (IEL). 

In some arteries (24 years) the intima shows mild 

thickening. In the older age (28 years) of this group, in 

relation to the circumference, it is moderately expanded, 

and possessed in one quarter, mainly with collagen 

structures and rare smooth muscle cells (SMCs) (Fig. 1). 

In one branch of the arcuate artery (29 years), in 

circumscriptly thickened intima, the reticular network is 

thickened. IEL is shallowly wavy bent and sporadically 

duplicated. The media has the appropriate width, with 

well-expressed SMCs in the circular or inclined 

longitudinal schedule and slight partial fibrosis. In the 

small number of cases, SMCs are sparse and atrophic in 

Table 1. Basic data about the materials used for histological examination (mean values ± standard deviation) 

 
Age group 

20–29 (n=10) 30–39 (n=10) 40–49 (n=10) 50–59 (n=10) 60+ (n=10) 

Mean age (years)  25.8 ± 3.6  35.1 ± 3.1  43.2 ± 1.8  54.4 ± 3.0  71.7 ± 6.9 

Mean height (cm)  178.4 ± 4.8  177.8 ± 13.3  174.9 ± 6.7  175.2 ± 8.5  165.8 ± 9.6 

Kidney length (cm) 
R  11.12 ± 0.63  11.52 ± 0.98  11.45 ± 1.17  11.38 ± 1.11  11.07 ± 1.23 

L  11.20 ± 0.91  11.87 ± 0.71  11.74 ± 0.83  11.63 ± 1.03  11.40 ± 1.14 
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the level of thickened intima, sporadically with collagen 

among them. The external elastic lamina (EEL) is 

hardly observable, thin, linear and aplated. The 

adventitia is relatively wide. 

 

Fig. 1 Transverse section of the arcuate artery with 

relatively preserved structure and mild 

collagenization of wall (arrow). HE,  100 

II group (period of 30–39 years). The arcuate 

arteries have uneven caliber, appropriate size, well-

expressed lumen, sometimes without intima or they 

show (older kidneys of this group) slightly partial 

cellular-fibrous type of thickening of the intima, with 

rough reticular network. In part, IEL is shallow, wavy, 

with uniform width, well acceptable to color, and partly 

duplicated and serrated. Some arteries have tortuous and 

partially duplicated IEL. In most cases, the media has 

uniform width, corresponding cellularity, and is knited 

by reticular fibers, with some reduction of number of 

SMCs in the level of fibrous thickening of the intima. 

One-fifth circumference of the inner part of the wall are 

reduced SMCs, and they are replaced by pink collagen 

fibers (Fig. 2), and there are collagenized reticular fibers 

in this level. EEL is clearly outlined, with shallowly 

serrated small part, and flattened in the other part. The 

adventitia is primarily collagenized. 

 

Fig. 2. Transverse section of the arcuate artery with 

asymmetrically widened intima in which collagen 

fibers (arrow) are seen. Van Gieson,  100 

III group (period of 40–49 years). The spectrum of 

arcuate arteries’ caliber is wide but they show similar 

characteristics, depending on diameter. In the larger 

arteries asymmetric homogenous fibrous widening of 

the intima is observed, with rare spindle cells in it. 

These cells are periodically placed orthogonally to the 

lumen, and gentle and coarse elastic and collagen fibers 

are also present, as well as SMCs. Reticular network in 

intimal thickening is roughened and collagenized (Fig. 

3). IEL is very shallow, wavy, in some cases partially 

fragmented, sometimes duplicated. In the media there is 

a slight reduction of cells only in places where intima is 

changed (homogenized), which is conditioned by 

changes in intima. There are no collagen fibers in the 

media but sometimes one can note the relative and 

absolute reduction of SMCs of media. EEL is clearly 

outlined and flattened. The adventitia in larger arcuate 

arteries shows the width equal to that of media, while in 

very small arteries it is reduced. 

 

Fig. 3. Tangentially affected arcuate artery with 

asymmetrically fibrous intima made of rough 

reticular fibers (arrow), with reduction of media. 

Gomori,  120 

IV group (period of 50–59 years). The arcuate 

arteries do not have all the same properties. Some show 

complete fibrosis of the wall and visible reduction of 

SMCs in media. The intima is difficult to distinguish 

from the media; it changes more than other layers (Fig. 

4). Some arteries show acellularity of inner part of wall, 

where there are asymmetrically affected parts of the 

intima and media (Fig. 5). Some arcuate arteries, however, 

have a minimal expansion of the intima with thickened 

reticular fibers. The intima is relatively broad, as well as 

media, and collagenized. SMCs are attended, as well as 

wavy and coarse reticular fibers. IEL is slightly wavy, 

partially indinstinct. The media is partially to almost 

completely acellular. Some arteries have wide media 

and moderately reduced SMCs. In relatively atrophic 

media there are rough reticular fibers. EEL is the right 

circular line. It outlines media under broader adventitia 

and at some places it is wavy above collagenized intima. 

The adventitia is emphasized and collagenized. 
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Fig. 4. Transverse section of the arcuate artery. Loosely 

widened intima (arrow) with a moderate number 

of cells asymmetrically suppresses atrophic media. 

HE,  120 

 

Fig. 5. Transverse section of the arcuate artery. 

Asymmetrically markedly widened hyaline-

collagen intima (arrow) partially reduces media 

and makes subocclusion of lumen. HE,  120 

V group (over 60 years). The arcuate arteries are of 

unequal size and morphological characteristics, most of 

them are overall highly increased and with thickened 

walls. In two thirds of the expanded intima the arcuate 

arteries show markedly asymmetric fibrocollagen 

thickening with homogenized content and rare spindle 

cells, sometimes with the SMCs (Fig. 6). Cuts along the 

length of the vessel show the minimal and slightly 

asymmetric thickening of intima. The intima has the 

fibrocollagen and belongs to suboclusive type. In the 

broader intima, the reticular network is roughened 

(thickened) and replaced by collagen (Fig. 7). In the 

level of intimal thickening, IEL is sometimes multiply 

decomposed (Fig. 8), in other cases is suppressed by 

intimal widening, condensed and shallow wavy, and in 

many cases it is duplicated. The media is in some cases 

droningly wide, but it is narrowed in the level of fibrous 

thickening of the intima, until complete fibrocollagenization 

of the entire wall, with the ultimate reduction of its 

cells. Where fibrosis has overtaken the inner zone of 

media, SMCs are sporadic, rarely bundled and drowned 

in collagen mass (see Fig. 6). In third type of cases, the  

 

Fig. 6. Transverse section of the arcuate artery. Lumen 

stenosis and thickening of the arcuate artery wall 

due to subtotal fibrosis and hyalinization of its 

wall, with rare atrophic smooth muscle cells 

(arrow). HE,  120 

 

Fig. 7. Tangential section of the arcuate artery shows 

coarsening of reticular fibers (arrow) and their 

collagenization in the intima and part of media. 

Gomori,  150 

 

Fig. 8. Transverse section of the arcuate artery. 

Assymetrical multiplication of IEL (arrow), 

which reduces media. IEL, internal elastic lamina; 

Weigert,  100 
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media is in general slightly asymmetric, its two-thirds 

are widened, and one third is narrower, with fewer cells 

due to moderate atrophy and reduction of SMCs 

number, only slight fibrous fibers can be seen through 

the media. Reticular network is gentler or slightly thickened 

in the media (see Fig. 7). EEL is almost completely absent 

or is well outlined, with wavy monotonous rhythm. The 

adventitia is narrow, loose, partially with areas of 

arteriolohyalinosis. 

Discussion 

The kidney has an essential role in hypertension, taking 

into consideration that its blood vessels are sensitive to 

different types of pathological changes that are directly 

associated with increased blood pressure. At the same 

time and independently of that, the progressive reduction 

of blood flow through the kidney arteries has significant 

influence on atrophy of renal parenchyma. These changes 

need not always be directly related to pathological 

processes, but may be an expression of aging events [23–

25]. In the above-mentioned processes, extreme sensitivity 

reflects, first of all, in the small arteries and arterioles, 

especially in preglomerular vessels. Narrowing of kidney 

blood vessels leads to glomerular sclerosis, tubular atrophy 

and interstitial fibrosis (nephrosclerosis). 

Despite numerous works about the macro- and 

microvasculature of the kidney in the world literature, 

until now, no studies have described the histological 

characteristics of arcuate arteries of kidney for certain 

periods of life, starting from the time when the kidney is 

fully ripe for all of its functions, to the old age. 

According to our results, one of the characteristics of 

aging by years, if the age shows changes such as fibrous 

thickening of intima, is that they first appeared focal, 

then spread in circumference, i.e. increased the width 

(thickness) of the intima and enriched the content. 

Haemodynamical factor in the process of aging changes 

is significant, in addition to positional situations (branching 

blood vessels and platelet aggregation) in normal 

conditions, due to duration. This means that in relation 

to duration, i.e. elapsed time, the effects of this factor 

are evident. This excludes pathological factors. 

Within age groups there are variations in the 

composition of the wall from the youngest to older age, 

so that the absolute identity of the findings within a 

particular group is impossible. On the other hand, 

although there are regularities in the appearance of 

certain changes, they are subject to variation, too, so 

that some appear inadequate in relation to time and 

blood vessel, but this can be attributed to unequal 

genetic texture of the people, and to the existence of 

individual difficulties and physical burdens of the 

people who are unknown to us. Of course, the body 

height of a person, its constitution, obesity and other 

variations affect the changes to the structure of the wall 

of blood vessels. Therefore, the number of seemingly 

unusual findings within a group should not be surprising, 

because it is a wide range of time (range 10 years), with 

unequal genetic potential, type of diet, physical form of 

the load, and more. 

There is no doubt that all layers of the vessel wall 

“suffer” age changes, but we believe that the initial, 

primary and most visible changes are taking place in the 

intima, IEL and media (in some cases even EEL suffers 

changes). According to this, one can consider three 

questions: the question of the intima, IEL and media. 
The question of the intima. Due to diffusional 

supplying of internal half of the media, the intima is 
presented only by the endothelium, which is close to 
IEL. The example is the case of the aorta that is going to 
10

th
 year [26]. From that period its thickening begins by 

creating subendothelial layer, which is a prerequisite for 
further compromising of nutrition and developing further 
changes in the intima, and consecutive repercussions to the 
media, through the development of atheromatous 
changes. The intima of most segments of all artery types 
is mainly reduced to the endothelial layer lying close to 
the IEL, which means that it is in principle almost 
absent, except in some cases where it shows initial 
partial thickening in the form of cushion widening, 
where the reticular network is well expressed about 
SMCs, but even outside them, at the earliest age groups. 
In older age there are increased values of parameters of 

intimal fibroplasia [27]. Changes in the composition of 
the intima reduce diffusional process which is reflected 
in the ingredients of vessel’s wall. With aging, the 
endothelial cells become heterogeneous in size, shape and 
orientation, resulting in reduction of laminar flow and 
increasing receptivity to lipid deposits, and this 
endothelium becomes more sensitive to oxidative stress 
and damage by free radicals [13]. 

It appears that changes in the properties of IEL are 
dependent on state of the intima i.e. that are only in close 
correlation with its thickening (increased jaggedness of IEL, 
its duplication and fragmentation). In places where 
thickening of intima starts, one can see strong reinforcement 
of amplitude and density “plication” of IEL, probably due 
to the increased need for communication between the 
intima and media. This happens through the IEL, which, we 
assume, increases the surface exchange of communication 
between the media and intima, which is growing, initially 
only in the form of mucopolysaccharides, and later the cell 
contents. 

Morphogenesis of the intima secondarily depends on 

the action of the media: in the beginning, it is possible 

that the subendothelial layer is possessed by diffusion of 

polysaccharide content, eventually by lymphocytes, but 

in the further course, media fills the content of the 

intima, because the former affects the condition of IEL, 

which is its product, sending the SMCs into the 

subendothelial layer. For these reasons, cell content near 

the IEL is much more common than below the endothelium. 

The question of the IEL. Elastic lamina of arteries 

is the organizational structure whose role is primarily 

supportive, not only for the maintenance of lumen 

contours, but also for support of the main parenchymatous 

functioning part, i.e. media. So, it significantly follows 

changes of the lumen diameter and on the other hand it 
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maintains the media. SMCs of media are fixed for IEL 

and EEL and they are, among other things, the structural 

support of the media and its product. IEL is undoubtedly 

an important component in the narrowing and widening 

of the walls of blood vessels, but on the post mortem 

microscopic preparations, in normal circumstances, it is 

more or less aplated or slightly wavy [28]. We observed 

that the existence of larger or smaller amplitudes (waves) is 

an equivalent of age changes, often associated with 

changes in the intima. One possible presumption is that in 

this way it is trying to increase the area of exchange 

between progressively expanded intima and inner parts 

of the media. It is understandable that, with increasing 

width of intima and its “dramatic” events during the 

formation of larger fibromatous or atheromatous plaques, 

there is a duplication of IEL, decreasing the wall properties 

(loss of receptivity to color, fragmentation), which is a sign 

that, under these circumstances, the mechanisms of 

adaptation and compensation are absent. 
It is interesting that the IEL is most commonly one-

pieced, ie. homogenous, evenly broad structure. During 
the aging, i.e. by the influence of long acting hemodynamic 
factors (through time, with age), it is among the first 
structures which opposes damaging factors of duration 
of circulation, and begins to change. As an expression 
of its damage or attempt to confront the present long-
term burden of mechanical pulse wave, it shows 
compensatory duplication or triplication [28]. This is 
often observed in places of strong shock, such as initial 
segments of arcuate arteries which stand at right angles 
to the shock wave from interlobar artery. These changes 
are slightly reduced with the reduction of caliber of 
arcuate artery in the horizontal position. It looks like 
some form of vessel’s defense to load, because it can 
not produce these effects in a short-term action. This 

raises the question: does the blood current  blood blow 
provoke production of growth factors? 

The continuity of the presence of changes in the IEL 
(such as low receptivity to color, thinness, duplication, 
possibly fragmentation) in the level of cushion widening 
of intima testifies about insufficiency of process of 
diffusion, which is repercuted to the morphofunctional 
state of SMCs at this level and its inner part, as well as 
to the reduction of production of IEL. These age 
changes may not be accompanied with changes of its 
thickness and may include increased number of collagen 
fibers that overlap fenestrae of IEL and/or reduction of 
total surface area of these fenestrae by changes in the 
structure of elastic layers [29]. IEL of arcuate arteries in 
the kidney in old age particularly acts ― multiplies, 
divides into layers. This phenomenon may be called the 
multiplication of IEL. 

The question of the media. Tunica media is 

adapted adequately to distribution of blood vessels, in 

fact, it is adapted according to hemodynamic wave - 

prevalently it is elastic in conductive types and muscular 

in distributive type. Media content is appropriate to 

topographic location: in elastic arteries ― elastic fibers, 

in muscular arteries ― SMCs. The tunica media is 

mainly formed by SMCs and elastin, and the latter is 

arranged in fenestrated lamellae between which are 

collagen fibers, extracellular matrix, and SMCs [30]. 
These parenchymatous components almost contain a 

minimum of collagen fibers. In relation to time we have 

observed directly and indirectly that there is a change in 

their content. In arcuate (muscular) arteries there occurs 

reduction of their SMCs or their deterioration due to 

atrophy, especially in the level of thickened intima 

(nutritional factor). However, in the process of aging it 

was progressively noted that reticular network knitting 

SMCs can be collapsed, bold or collagenized. The 

question of the presence of collagen fibers in a larger 

quantity is interesting considering that the media does 

not have fibroblast cells. It is possible that collagen 

fibers arise from reticular network which got coarse. It 

could be stated under the presumption that the influence 

of growth factors induces the development of fibroblast 

cells from undifferentiated mesenchymal cells of intima. 
Eventual thickening of the media could be relative, 

due to the presence of edema and lipid content in the 
case of atheromatosis, but absolute widening of the 
media was not often observed. So, we can say that in the 
process of aging there occurs reduction of functional 
part of the vessel, ie. media, probably and primarily due 
to intima fibrosis and consecutive atrophy of SMCs, 
with accompanying coarsening of reticular network, 
which in turn further reduces nourishment of cells 
because it prevents access of nutritious substances to the 
muscle cells due to the creation of “armor” from the 
bolded reticular network. In the level of bold intima, the 
media is easily reduced. Media repairs and maintains 
the quality or permanence of IEL structural integrity. 

One can pose a question about proliferative capacity 
of SMCs of media, i.e. the existence of stem cells. A 
number of SMCs, under the influence of cytokines and 
growth factors in the process of intimal fibrosis, migrate 
from media to intima [31]. It is clear that, under the 
influence of chronic hemodynamic stimuli, the SMCs of 
media experience changes. These changes resemble 
“dedifferentiation”. With the loss of capacity for 
contraction, SMCs acquire the ability to divide and 
synthesis of extracellular matrix increases. SMCs in the 
intima lose their thickness and filaments containing 
myosin, and increase the amount of organelles involved 
in protein synthesis [31]. So, there is a phenotypic 
modulation from “contractile” phenotype to the 
“synthetic-proliferative” phenotype. Therefore, it is 
considered that mutations and phenotypic modifications 
of SMCs of media reach the intima [32]. This 
transformation happens in atherosclerosis, where SMCs 
synthesize collagen in the scale characteristic for 

fibroblast cells [33]. SMCs, which migrate from the 
media, are primarily proliferative cells in the intima, 
though in some cases, their proliferation may arise from 
ancestral myointimal cells [32]. There is no doubt that, 
in some cases, migrations of SMCs are very numerous. 

Considering the normal age changes, all under the 
influence of hemodynamic factors, it seems that among 
the major intrarenal arteries, arcuate arteries show the 
largest changes. The arcuate arteries are damaged be-
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cause of their position and effect of hemodynamic fac-
tors, which is described by other authors [34]. The arcu-

ate arteries at the beginning suffer “JET phenomenon”  a 
stronger shock wave pulse, because they are at a right an-
gle to the straight interlobar arteries, and therefore, age 
“mechanical” changes are more expressed in them. 
However, in the further course, due to the depreciation 
of shock pulse wave, they have fewer changes. Many 
textbooks show uniformity of arcuate artery’s caliber 
which is almost impossible, because this artery is shown 
as a continuing arc of the interlobar artery in a flat sec-
tion, and the question arises: where are their side 
branches in terms of space (stereometrically) in the cor-
ticomedullary border in a light of the total thickness of 
the kidney? Therefore, it is necessary to perform a com-
prehensive research of arcuate arteries and standardiza-
tion of their size, because, undoubtedly, they are not all 
of equal caliber or thickness of the wall. 

Conclusion 

The first significant changes are recorded in the third 

decade in the form of enhancement of subendothelial 

layer and progressive widening of the intima, which is 

gradually possessed by an amorphous mass; then the 

cells appear in it. 

With aging, the internal elastic lamina (IEL) becomes 

less susceptible to color and wrinkled with larger and 

denser extent, to the fragmentation and multiplication. 

With the weakening of the media, IEL suffers changes, 

which means that the media maintains morphological 

integrity and permanence of IEL. 

Media shows atrophy and gradual reduction of 

SMCs, and increased collagen content. Reticular 

network which initially gently knits each smooth muscle 

cell but with aging it gets coarse and collagenizes. A 

universal finding is the existence of circumscriptive 

reduction of media in the level of thickened intima. 

The dynamics of changes in the layers of the arcuate 

artery wall accelerates and becomes difficult with age. 

All described changes that begin as non-atherogenic 

fibromatous plate of intima, are a prerequisite for the 

development of atheromatous plate. All these changes 

reduce the diameter of the lumen, i.e. they lead to 

narrowing of the arcuate arteries in older age. 

Age changes in the wall of arcuate arteries of kidney 

in the elderly, combined with other factors in the 

external and internal environment, may be responsible 

for the occurrence of ischemic kidney disease. 
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HISTOCHEMICAL AND MORPHOMETRIC ANALYSIS OF CONNECTIVE 

TISSUE IN HUMAN GLOMERULES DURING AGING 
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*,
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Abstract. During aging there are alterations in human glomerules followed by increase of the connective tissue 
amount, accumulation of glomerular basal membrane and mesangial matrix on account of the rest of cell population. 
The aim of the study was quantification of the present connective tissue in mesangium of glomerules which 
morphologically did not show signs of sclerosis and determination of its part in glomerular structure. Investigation 
included 30 tissue samples of human kidneys of cadavers of both sexes, aged 20-85. Tissue samples were routinely 

stained with Mallory trichrome stain and analyzed by light microscope under 400 magnifications. Images were 
analyzed with ImageJ software. Statistical analysis was performed with NCSS-PASS software. Cluster analysis was 
performed for the classification of glomeruli into 3 age groups, first with average age of 29, second with 44 and third 
with average of 71 years old. Histochemical investigations indicated the growth of connective tissue in mesangium of 
human glomerules during aging. It was also demonstrated morphometrically showing significant increase (p<0.05) of 
mean connective tissue area and its percentage in glomerule. In first, the youngest group the connective tissue was 
present in 17.33%, while in second group there was statistically significant increase (32.11%). The most significant 
growth compared to other age groups appeared in third group, where there was 40.66% of connective tissue in 
glomerule. Results of morphometrical and statistical analysis suggest that during aging process there is significant 
increase of area and percentage of connective tissue in the glomerule followed by reduction of cell size. 

Key words: Human glomerules, mesangium, connective tissue, aging 

Introduction

 

Aging may be considered as gradual deterioration of cell 

function which is based on biophysical and biochemical 

changes of cell content, gradual loss of cell capacity for 

reproduction and regeneration of structural elements [1–3]. 

Very important problem in studying the aging process is 

also how to distinguish aging from disease. Aging is con-

nected with physiological, morphological and functional 

changes in the kidney. Many of these changes, such as loss 

of nephrons, may be interpreted as an attempt of protec-

tion in aging process which influences renal homeosta-

sis. The disorders call into question renal backup and 

reduce renal capacity which leads to new insults [4,5]. 

Etiological and other factors such as cytokines, growth 

factors, proliferation, pro-apoptotic, transcription and 

other factors [6,7], are involved in renal aging.  

Age-related changes in kidney are similar to those 

verified in chronic renal disease and experimental mod-

els with chronic renal deficiency. Old age in humans is 

followed with renal mass loss. The loss is primarily de-

veloped in cortex, while medulla is relatively spared, 
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which is shown by some studies whose results suggest 

that even half of neurons may disappear until old age 

[8–10]. It is known that a man is born with definitive 

number of nephrons (except in premature birth), and 

that its morphological and functional maturation lasts 

till sexual maturity, on account of corpuscle’s size, 

amount of vascular and connective tissue and increased 

length and tortuosity of tubules [4,5,11–13]. Aging is 

accompanied with nephron loss [4,11,13,14], increase of 

sclerotic glomerules percentage, changes in blood ves-

sels with obliteration of the lumen, decrease of glomer-

ular cells number and higher interstitial tissue content in 

cortex and medulla [15,16]. All of these changes which 

appear during aging affect function of corpuscles and 

kidney. Human glomerular aging includes progressive 

loss of glomerules which is directly related to birth 

mass, presence of shunts between the afferent and effer-

ent arteriole, growth of mesangial matrix followed with 

onset of glomerulosclerosis and increase in number of 

globally sclerotic glomerules [17–20]. Previous studies 

showed that “physiological” deterioration of glomerules 

normally begins during intrauterine life and continues 

during child’s growth and development. 

The aim is to quantify the presence of connective 

tissue in the mesangium of the glomerules which do not 

show morphological signs of sclerosis and to determine 

its part in glomerular structure during aging. 
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Material and Methods 

The material was human right kidney tissue of 30 ca-

davers, obtained during routine autopsies at the Institute 

for Forensic Medicine in Niš. Their age ranged from 20 

to 85 years. During autopsy kidney damage or congeni-

tal anomalies were not observed. Cadavers were without 

previously diagnosed kidney disease, diabetes, hyper-

tension, or any other systemic disease. 

Tissue specimens were fixed in 10% buffered for-

malin for 12 hours and then embedded in paraplast. The 

tissue was then cut into 5 µm thick sections and rou-

tinely stained with Mallory trichrome stain. Histological 

slices were analyzed under 400 magnification. Images 

of histological slices were captured with digital camera 

(5 megapixels resolution).  

Glomerules were analyzed with ImageJ software 

(http://rsbweb.nih.gov/ij/) which was spatially calibrated 

with object micrometer (1:100). Glomerular tuft area 

(AG), Feret’s diameter (DF), perimeter (BG), diameter 

along main (DM) and secondary axis (Dm), total number 

of cells per glomerular area unit (Nn), and glomerular 

connective tissue area (ACT) were measured. Seven scle-

rotic glomeruli, if noticed, then non-sclerotic glomeruli 

located subcortically, juxtamedullary and columnary, 

seven of each, selected by unbiased method, were ana-

lyzed per one case, therefore there was a maximum of 28 

glomeruli per one case. In total, 743 glomeruli were ana-

lyzed in all 30 cases. Glomerular images were addition-

ally processed for connective tissue area measurement. 

Glomerular tuft image was first manually selected by 

polygonal selection tool and extracted from the other 

parts of histological slice image. Selection of its connec-

tive tissue, which was green stained on Mallory trichrome 

stained sections, was performed by “color-based tresh-

olding” option. Its application was based on green col-

ored sample of glomerular tuft image. Afterwards, only 

green stained parts of glomerule remained on image, 

which was further converted into binary image. Binary 

image was used for connective tissue area measurement. 

Green colored samples were taken at three different lo-

calizations in each glomerular tuft image. Connective 

tissue area was measured for each sample. Average con-

nective tissue area was then calculated from three ob-

tained values for each glomerular tuft. Glomerular con-

nective tissue percentage was obtained from the ratio 

between glomerular connective tissue area and total glo-

merular area. Average values of morphometric parame-

ters were calculated for each of all 30 evaluated cases. 

Statistical analysis was performed with NCSS-PASS 

software (http://www.ncss.com/). Cluster analysis by 

the k-means method was performed for the 

classification of glomeruli into age groups according to 

their morphometric characteristics. One-way ANOVA 

was used for the comparison of more than two groups. 

In cases where data did not have normal distribution 

Kruskal-Wallis one-way ANOVA was used for the 

comparison of more than two groups. Statistical signifi-

cance test was performed for p<0.05. 

Results 

Morphological analysis 

During histological analysis of renal preparations 

stained by trichrome staining – modification by Mallory, 

renal corpuscles are classified into three groups based on 

size, cellularity and presence of connective tissue. The 

first group includes sclerotic corpuscles, the second 

group includes morphologically normal ones and the 

third is composed of hypertrophic corpuscles.  

In the group of sclerotic renal corpuscles (Fig. 1, A–

B) we noticed collapse of capillaries, intensive accu-

mulation of extracellular matrix, while the glomerular 

capillary network almost disappeared and was replaced 

by connective tissue. Inside of sclerotic glomerule rare 

capillaries (Fig. 1, A) and scarce nuclei (Fig. 1, B) may 

be seen. External leaf of Bowman’s capsule was not 

clearly separated from internal leaf so there was rela-

tively narrow urinary space only in places. Around de-

scribed corpuscles there were numerous proximal and 

distal tubules, while in the interstitial connective tissue 

there were poorly observable capillaries with clearly 

expressed interstitial sclerosis. Majority of these cor-

puscles was noticed in the oldest persons.  

 

Fig. 1. A ― Sclerotic renal corpuscle of a male, aged 

48; B ― Sclerotic renal corpuscle of a female, 

aged 39; C ― Normal renal corpuscle of a male, 

aged 48; D ― Hypertrophic renal corpuscle of a 

male, aged 78. 1, Bowman’s capsule; 2, connective 

tissue; 3, blood vessels; 4, nuclei. Mallory’s 

trichrome staining, 400. 

Morphologically normal corpuscles (Fig. 1, C) were 

the most numerous in the middle-aged and the youngest 

persons. They possess clearly defined external and in-

ternal leaf of Bowman’s capsule which lies next to glo-

merular capillary network. Between these two leaves 

there is urinary space with relatively constant width in 

all parts of glomerule. Glomerular capillary network 

consists of clearly visible capillary loops surrounded by 

mesangial matrix with scarce connective tissue and nu-

merous nuclei of mesangial cells which are small, dark 

and centrally positioned. There are proximal and distal 

http://www.ncss.com/
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tubules around glomerules, with relatively narrow inter-

stitial space and clearly noticeable capillaries inside.  

Hypertrophic capillaries (Fig. 1, D) were considera-

bly larger than previous ones. The external leaf of 

Bowman’s capsule was thickened in almost all parts, 

while the internal one was sporadically discontinuous 

and urinary space was much expanded in some parts. 

Glomerular capillaries were multiplied; mesangial ma-

trix was considerably replaced by connective tissue, 

while cellularity in glomerule was increased. In intersti-

tial space there were tubules, capillaries and increased 

content of connective tissue. The presence of these cor-

puscles is higher in middle-aged and older persons. 

Morphometric analysis of glomerules 

As a result of the analysis we obtained three groups of 

cases. The first group consists of the youngest cases, six 

in total, who were aged 24–33 years, average 29. Eleven 

older cases, aged 40–49 years, average 44, were in the 

second group. In the third group there were 13 oldest 

cases aged 65–76 years, average 71 (Table 1). 

Mean glomerular area of investigated cases shows 

changes which were not statistically significant, while 

mean connective tissue area and its percentage in glom-

erule rise significantly (p<0.05) during aging (Table 1; 

Fig. 2). In the first, the youngest group mean connective 

tissue area is 2601.18 μm², which is 17.33% of glomer-

ular area. In the second, older group, there was statisti-

cally significant increase of connective tissue area. Its 

value is 4468.52 μm², which makes up 32.11% of glom-

erule. The most significant increase of connective tissue 

area is present in the third, the oldest group, compared 

to other two (p<0.05). Its mean value is 4468.52 μm², or 

40.66% of glomerular area (Table 1; Fig. 3). 

Mean perimeter, mean diameter along main axis of 

glomerule and mean Feret’s diameter show the same 

trend, as well as mean glomerular area during human 

aging, while mean diameter along secondary axis of 

glomerule shows continuous decrease from first to third 

age group (Table 1; Fig. 4). Changes of these parame-

ters are not statistically significant which indicates that 

size and shape of investigated glomerules are not in 

correlation with aging process. 

 

Fig. 2 Mean glomerular area and mean glomerular 

connective tissue area of groups obtained by 

cluster analysis 

 

Fig. 3 Mean percentage of connective tissue per 

glomerule of groups obtained by cluster analysis 

Table 1. Morphometric features of glomerular groups obtained by cluster analysis 

 AG (µm2) BG (µm) DM (µm) Dm (µm) DF (µm) AVT (µm2) VT% Nn(1/µm2)  10-3 
Cluster I (n = 114) 

Parameter X
_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md 

Velue 22478.81 21894.61 564.24 556.76 189.36 185.69 149.84 149.53 197.22 193.01 6774.02 6406.87 30.66 31.49 5.9 5.9 

SE 314.27 
 

4.69 
 

1.53 
 

1.30 
 

1.58 
 

115.15 
 

0.45 
 

0.1 
 

95% LCL 21859.05 21188.06 554.99 546.10 186.36 183.13 147.27 146.19 194.11 189.62 6546.94 6207.42 29.76 30.54 5.7 5.8 

95% UCL 23098.56 22664.15 573.50 568.77 192.37 189.62 152.40 151.94 200.33 197.60 7001.10 6588.96 31.55 32.46 6.0 6.1 

 II (n = 430) 

Cluster X
_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md 

Parameter 22478.81 21894.61 564.24 556.76 189.36 185.69 149.84 149.53 197.22 193.01 6774.02 6406.87 30.66 31.49 5.9 5.9 

Velue 314.27 
 

4.69 
 

1.53 
 

1.30 
 

1.58 
 

115.15 
 

0.45 
 

0.1 
 

SE 21859.05 21188.06 554.99 546.10 186.36 183.13 147.27 146.19 194.11 189.62 6546.94 6207.42 29.76 30.54 5.7 5.8 

95% LCL 23098.56 22664.15 573.50 568.77 192.37 189.62 152.40 151.94 200.33 197.60 7001.10 6588.96 31.55 32.46 6.0 6.1 

 II (n = 430) 

Cluster X
_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md X

_
 Md 

Parameter 22478.81 21894.61 564.24 556.76 189.36 185.69 149.84 149.53 197.22 193.01 6774.02 6406.87 30.66 31.49 5.9 5.9 

Velue 314.27 
 

4.69 
 

1.53 
 

1.30 
 

1.58 
 

115.15 
 

0.45 
 

0.1 
 

SE 21859.05 21188.06 554.99 546.10 186.36 183.13 147.27 146.19 194.11 189.62 6546.94 6207.42 29.76 30.54 5.7 5.8 

95% LCL 23098.56 22664.15 573.50 568.77 192.37 189.62 152.40 151.94 200.33 197.60 7001.10 6588.96 31.55 32.46 6.0 6.1 
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Mean perimeter, mean diameter along main axis of 

glomerule and mean Feret’s diameter show the same 

trend, as well as mean glomerular area during human 

aging, while mean diameter along secondary axis of 

glomerule shows continuous decrease from first to third 

age group (Table 1; Fig. 4). Changes of these parame-

ters are not statistically significant which indicates that 

size and shape of investigated glomerules are not in 

correlation with aging process. 

 

Fig. 4 Mean perimeter, mean diameter along main 

axis, main diameter along secondary axis and 

mean Ferret’s diameter of glomerules of groups 

obtained by cluster analysis 

Mean cell number per area unit significantly in-

creases (p < 0.05) during aging (Table 1; Fig. 5). There 

is decrease of 11.60% in the second group compared to 

the first, decrease of 16.39% and 26% in the third 

compared to the second and the first, respectively. 

During aging process the glomerules show higher 

values of mean connective tissue area and percentage 

which is followed by decrease of cell number. 

 

Fig. 5 Mean cellularity of glomerules of groups 

obtained by cluster analysis 

Discussion 

On the basis of abundant literature data about the changes 
in glomerules which precedes either focal (FSGS) or global 
glomerulosclerosis of kidney [10,13,21], in the first part 
of our study we estimated the increase of glomerular 

connective tissue area, as well as its areal fraction (per-
centage) per one glomerule. Additionally, we analyzed 
the relationship between the age and latter cited param-
eters in order to determine dynamics of connective tis-
sue production during the aging and its influence on 
glomerular cellularity. Opposed to earlier investigations 
which mostly suggest the increase of sclerotic glomer-
ules percentage during aging [22–24], our results 
showed increase of connective tissue even in the glom-
erules with non-manifested morphologically visible 
sclerosis and intensity of that increase. In the third, the 
oldest group connective tissue occupied 40.66% of total 
glomerular area, in the second 32.11%, and only 
17.33% in the first group, whereby this process was at 
the same time followed with significant decrease of 
glomerular cell number which was the most prominent 
in the third group and somewhat milder in the second 
age group. Similar attempts of quantification of connec-
tive tissue were not found in available literature, but we 
tried to link it with the data about age-related alterations 
of the structural elements of the glomerule which might 
take part in the production of glomerular connective 
tissue. It was Vechner [25] who determined the rise of 
mesangial cells part up to 6.2% of glomerular volume in 
middle age and 10.4% in old age. Sorensen [26] investi-
gated relation between mesangial cells, mesangial ma-
trix, endothelial cells and other glomerular structures. 
His results showed that mesangial and endothelial cells 
occupied proportionally largest part of glomerule. If we 
take into account that proliferation of these cells leads to 
increased production of extracellular matrix and its con-
nective tissue, then we can find correlation between age 
and increased percentage of connective tissue that we 
obtained. However, decreased cell number per area unit, 
followed by increased connective tissue percentage, 
may indirectly indicate that the glomerules may enter 
the process of global sclerosis, especially after age of 
50, according to our results. One of the most interesting 
current findings is discovery of extreme variability in 
number of the glomerules in different individuals. Re-
search by Neugarten et al. [17] showed that number, 
size of glomerules and kidney weight decreased with 
aging. Numerous researchers determined that the 
growth of mesangial matrix caused by collagen deposi-
tion, capillary obliteration and immune-mediated glo-
merular inflammation lead to progressive reduction of total 
cell number, particularly after age of 60 [13,20–22], 
which is also in accordance to our results. Mesangial 
matrix changes its protein structure and proliferates in 
initial phase enlarging the size of the glomerule that 
eventually leads to the accumulation of connective tis-
sue in the glomerule and decrease in its size. All these 
alterations significantly affect development of age-re-
lated glomerulosclerosis [13]. The results of Kasiske’s [23] 
morphological study demonstrated positive correlation 
between number, i.e. percentage of sclerotic glomerules 
and aging, as well as intrarenal vascular disease. Aging and 
intrarenal vascular disease together (with or without 
hypertension) directly correlate with glomerulosclerosis, 
particularly in outer parts of the cortex. 
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Glomerular hypertrophy is an important feature of 

FSGS, diabetic nephropathy, membranous glomerulone-

phritis, hypertension and obesity-related nephropathy. 

While glomerular hypertrophy may be useful for renal 

function in the short term, it seems that its presence be-

comes detrimental over a long period of time [27,28]. It is 

supposed that enlarged glomerules increase the risk of the 

onset of sclerosis as a consequence of hyperperfusion and 

high glomerular capillary pressure. Considering the in-

flammatory nature of glomerusclerosis in many renal dis-

eases, it would be rational to expect that glomerular hyper-

trophy precedes glomerulosclerosis and that it also appears 

in the population that does not suffer from renal disorders. 

Conclusion 

From this point of view, our results, which suggest sig-

nificant growth of connective tissue in glomerules dur-

ing aging in the individuals that have not developed the 

signs of renal diseases, gain in importance. 
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Abstract. The relationship between the initial part of the oculomotor nerve and the posterior cerebral and superior 
cerebellar arteries is well understood, but there is still insufficient data about details of these relationships. The aim of 
this work was to examine the relationships of the initial segment of the oculomotor nerve with adjacent arteries in 
fetal and adult period. The examination was performed on 259 human brains (191 adults and 68 fetuses). Arteries in 
fetal brain were perfused with Micropaque and examined by photo film. Adult cases were examined during the 
forensic autopsy and then basis of the brain was photographed. The close relationship of the initial segment of the 
oculomotor nerve with basilar artery in 8.3%, with superior cerebellar artery in 17.3%, with posterior cerebral artery 
in 68.6% of cases was noted. The root of the nerve appeared above postcommunicating part of the posterior cerebral 
artery in 1.3% of cases and under the level of superior cerebellar artery in 1.6% of cases. The oculomotor nerve with 
two roots was noted in 2.6% of cases. Neurovascular relationship between oculomotor nerve and adjacent arteries, as 
morphological characteristic on the ventral side of the brain trunk, has pathoanatomical meaning by the nerve 
disfunction caused by compression. 

Key words: Human cadavers, brain base, oculomotor nerve, cerebral arterial circle, vertebrobasilar system 

Introduction

 

The oculomotor nerve (III) controls the most of the 
sceletal and two smooth eye muscles. The third nerve is 
divided into four segments: initial (cisternal), supraca-
vernous, intracavernous and orbital [1].  

The root of the oculomotor nerve converges and 
leaves the midbrain in the posterior part of the interpe-
duncular fossa, proximately anteriorly and laterally to 
the posterior perforated substance. The roots of the oc-
ulomotor nerve continue their course transversally 
through the interpeduncular fossa, change their course 
ventrolaterally around medial surface of the cerebral 
peduncle and pass between the superior cerebellar artery 
(SCA) and the posterior cerebral artery (PCA) [2]. The 
oculomotor nerve passes further ventrally, laterally and 
rostrally, reaching the lateral wall of the cavernous sinus 
and, finally goes into the orbit [1].  

The posterior cerebral artery, terminal branch of the 
basilar artery, Zeal and Rhoton [3] divided into four 
segments. These segments are named by Terminologia 
Anatomica [4] as the precommunicating part (P1 seg-
ment), the postcommunicating part (P2 segment), the 
lateral occipital artery (P3 segment) and the medial oc-
cipital artery (P4 segment). The superior cerebellar ar-
tery is the branch of the basilar artery that supplies the 

                                                           

 Correspondence to: Milena Trandafilović, MD, postgraduate student 

Faculty of Medicine, Dept. of Anatomy,  

81 Dr Zoran Đinđić Blvd., 18000 Niš, Serbia 

Phone: +381 18 45 70 029 Fax: +381 18 423 87 70 

E-mail: mitra018@yahoo.com 

numerous structures of the cerebellum. The posterior 
communicating artery (PCoA) is the branch of the cere-
bral segment of the internal carotid artery and posteri-
orly, it communicates with the posterior cerebral artery 
separating P1 and P2 segments [5,6].  

Boeri and Passerini [7] examined clinical manifesta-
tions caused by trunk extension and elongation of the 
basilar artery (BA). Guy and Day [8] analysed intracra-
nial aneurysms that caused the oculomotor nerve palsy. 
Marinković and Gibo [1] investigated neurovascular 
relations and blood supply to the initial segment of the 
oculomotor nerve. Schumacher-Feero et al. [9] analysed 
the causes of the oculomotor nerve palsy in children. 
Birchall et al. [10] described recovery after the endo-
vascular treatment of the posterior communicating ar-
tery aneurysm that caused the oculomotor nerve palsy. 

Zhang et al. [11] emphasized variations among the 
neurovascular relations of the oculomotor nerve and 
adjacent arteries. Uz and Tekdemir [12] paid attention 
to relation between the oculomotor nerve and the PCA. 
Mulderink et al. [13] described the oculomotor nerve 
palsy caused by the PCoA compression, but Lee et al. 
[14] and Chen et al. [15] analysed the third nerve palsy 
caused by the PCoA aneurysm. Takahashi et al. [16] 
reported the case of the incomplete oculomotor palsy 
caused by the PCoA aneurysm. 

The previous facts define the presence of the close 

relationships between the oculomotor nerve, the PCA 

and the SCA, but there is still insufficient data about 

peculiarities of those neurovascular relations [12]. Im-

portance of the relations of the oculomotor nerve and 
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adjacent arteries can be discussed in the light of the 

compressive lesions, vascular penetrations, arteriove-

nous malformations, and the arterial aneurysms [1].  
The aim of this study was to examine neurovascular 

relationships of the initial segment of the oculomotor 
nerve with the adjacent arteries in fetal and adult period.  

Material and Methods 

We performed a retrospective analysis of digital images 
of 68 fetal and 191 adult cases respectively, dissected at 
the Department of Anatomy and Institute for Forensic 
Medicine in Niš. The study included cases with 9 vas-
cular components in the circle of Willis in which the 
oculomotor nerve was detected bilaterally. For that rea-
son, 36 fetal cases and 120 adult cases were statistically 
observed and reported. 

Fetuses of both genders, from 17 to 24 weeks of 
gestation were a part of the collection of our Depart-
ment of Anatomy, and they were used in the preparation 
of doctoral thesis [16]. All fetuses were obtained legally 
from the Clinic of Gynecology and Obstetrics in Niš. 
The Council for Postgraduate Study of the Faculty of 
Medicine in Niš at this time gave permission to investi-
gate the fetal material. The arteries of fetuses were in-
jected with Micropaque or latex through the left cardiac 
ventricle or through the common carotid artery. All fe-
tuses were fixed in 10% formalin for 2 weeks. Fetal 
brains were removed and kept in individual calvarias.  

The dissected brains originated from cadavers of 

both genders and different ages (from the neonate to 95 

years) and different causes of death in the period be-

tween 2006 and 2013. Investigation of these cases was 

in accordance with the rules of the internal Ethics 

Committee (no. 01-9068-4) of our Faculty of Medicine. 

Morphological features of structures at the base of brain 

and their relationships were observed through a magni-

fying glass and recorded on a film and in workbook. 

Measurement of distances between the oculomotor 

nerve and adjacent arteries was performed with ImageJ 

(http://rsb.info.nih.gov/ij/index.html). 

Results 

Results were presented in four phases.  

I. Typical symmetry in neurovascular relationships 

In 3 adult cases, the oculomotor nerve left the midbrain in 

the level of the basilar bifurcation bilaterally (Fig. 1, a). 

In 17 adult and 3 fetal cases, the third nerve appeared 

bilaterally at the ventral side of the midbrain in the level 

of the P1 segment (Fig. 1, b), but in 18 adult and 6 fetal 

cases in the level of the P1–P2 junction (Fig. 1, c). The 

oculomotor nerve bilaterally left the midbrain in the level 

of P2 segment in 15 adult and 11 fetal cases (Fig. 1, d).  

In summary, bilateral symmetry in relationships 

between the oculomotor nerve and the BA or segments 

of the PCA was noted in 55.6% of fetal and 44.2% of 

adult cases. Among adult cases, the most frequent pat-

tern of the neurovascular relations was bilateral relation 

with the P1 segment (16.7%). In fetal period, that was 

bilateral relation of the oculomotor nerve and P2 seg-

ment, with the presence in 30.6% of cases (Table 1). 

 

Fig. 1. Different examples of symmetrical neurovascular relationships between the oculomotor nerve and adjacent 

arteries. a) Bilateral relationship of the oculomotor nerve and the basilar bifurcation; b) bilateral relationship 

of the oculomotor nerve and the precommunicating segment of the posterior cerebral artery; c) bilateral 

relationship of the oculomotor nerve and the junction of the precommunicating and postcommunicating 

segment of the posterior cerebral artery; d) bilateral relationship of the oculomotor nerve and the 

postcommunicating segment of the posterior cerebral artery. 

PCA, posterior cerebral artery; P1, precommunicating part of the PCA; P1–P2,  junction of the pre- and 

postcommunicating parts of the PCA; P2, postcommunicating part of the PCA; SCA, superior cerebellar 

artery; BA, basilar artery; PCoA, posterior communicating artery; III, oculomotor nerve. 
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II. Typical asymmetry in neurovascular relationships 
The third nerve was related to the level of the P1–P2 
junction at the right, but at the level of P1 segment at 
the left side, in 15 adult and 2 fetal cases (Fig. 2, a). The 
oculomotor nerve had a relation with the P1 segment at 
right side and with the P1–P2 junction at left side in 8 
adult and in 1 fetal case (Fig. 2, b). The third nerve left 
the midbrain in the level of the right P1 and the left P2 
segment of PCA in 12 adult and 2 fetal cases (Fig. 2, c). 
Relation of the oculomotor nerve with the left P1 seg-
ment and right P2 segment was noted in 14 adult and 2 

fetal cases (Fig. 2, d). Relation of the third nerve with 
the P2 segment at right and the P1–P2 junction at left 
was noted in 10 adult and 4 fetal cases (Fig. 2, e). The 
opposite neurovascular relation, the third nerve in the 
level of the P1–P2 junction at the right and in the level 
of the P2 segment at the left side, was noted in 8 adult 
and 4 fetal cases (Fig. 2, f). 

Asymmetry of the typical neurovascular relationships 

of the initial segment of the oculomotor nerve was noted 

in 55.8% of adult and 41.7% of fetal cases (Table 1).    

Table 1. Rewiev of the neurovascular relation of the initial part of the oculomotor nerve and the posterior cerebral 

artery (PCA) related to the side orientation  

The PCA segments Number of cases 

Right Left 
Adult cases Fetal cases Summa 

 120 (100%)  36 (100%)  156 (100%) 

P1 P1  20 (16.7%)  3  (8.3%)  23 (14.7%) 

P1 P1–P2  8 (6.7%)  1  (2.8%)  9 (5.8%) 

P1 P2  12 (10%)  2  (5.6%)  14 (9%) 

P1–P2 P1  15 (12.5%)  2  (5.6%)  17 (10.9%) 

P1–P2 P1–P2  18 (15%)  6  (16.7%)  24 (15.4%) 

P1–P2 P2  8 (6.7%)  4  (11.1%)  12 (7.7%) 

P2 P1  14 (11.7%)  2  (5.6%)  16 (10.3%) 

P2 P1–P2  10 (8.3%)  4  (11.1%)  14 (9%) 

P2 P2  15 (15%)  11  (30.6%)  26 (16.7%) 
P1, precommunicating part of the posterior cerebral artery; P1–P2, junction of the pre- and postcommunicating  

parts of the PCA; P2, postcommunicating part of the PCA. 

 
Fig. 2. Review of examples of asymmetrical neurovascular relationships between the oculomotor nerve and adjacent 

arteries. a) Relationship of the oculomotor nerve and the precommunicating–postcommunicating (P1–P2) 

junction at the right side and the P1 segment at the left; b) relationship of the oculomotor nerve and the P1 

segment at the right side and the P1–P2 junction at the left side; c) relationship of the oculomotor nerve with 

the P1 segment at the right and the P2 segment at the left side; d) relationship of the oculomotor nerve and the 

P2 segment at the right and the P1 segment at the left side; e) relationship of the oculomotor nerve and the P2 

segment at the right and the P1–P2 junction at the left side; f) relationship of the oculomotor nerve and the P1–

P2 junction at the right side and the P2 segment at the left side. 

PCA, posterior cerebral artery; SCA, superior cerebellar artery; BA, basilar artery; PCoA, posterior 

communicating artery; III, oculomotor nerve. 
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III. Specific neurovascular relationships 
These cases were found in 14 cases (Fig. 3). In one 
adult case, the oculomotor nerve left the midbrain ros-
tral in relation to the P2 segment bilaterally (Fig. 3, a) 
and in two more adult cases this phenomenon was noted 
unilaterally. The frequence of this phenomenon was 
1.3% of all cadaveric cases. In one adult case (0.3% of 
all examined cases), the third nerve appeared ventrally 
in relation to the left P2 segment and passed parallel and 
compressed with the PCA to the point of nerve cutting 
(Fig. 3, b). In 3 adult cases, the initial segment of the 
third nerve went caudally crossing the dorsal, caudal 
and ventral surface of the SCA, and after the curve 
around the SCA, run rostrally. In adult cases, this pat-
tern was noted unilaterally. In one fetal case, the oculo-
motor nerve appeared at the ventral side of the midbrain 
caudally of the SCA at the both sides (Fig. 3, c). In 
summary, this pattern of the neurovascular relationship 

was noted in 1.6% of cases. The oculomotor nerve had 
two big roots unilaterally at the ventral surface of the 
midbrain in 7 adult cases and one fetal case that is 2.6% 
of cases (Fig. 3, d). 

IV. Rewiev of the neurovascular relationships distribution 

Irrespective of the side orientation, the oculomotor 

nerve mostly had the relationship with the P1 segment 

at one and some part of the PCA at the other side in 

adult period (57.5%). 

In fetal period, the oculomotor nerve had the most 

frequent relation (63.9%) with the P2 segment at one, 

and some part of the PCA at the other side (Fig. 4 and 

Table 2). 

The oculomotor nerve was in close proximity with 

the PCA in 77.9% of adult cases. In distribution of the 

PCA segments, the P1–P2 junction and the P2 segment 

had an equal presence (28.9%) and were more frequent 

 
Fig. 3. Review of specific neurovascular relations of the oculomotor nerve and adjacent arteries in 14 cases: a) the 

oculomotor nerve left the midbrain rostral in relation to the postcommunicating (P2) part of the posterior cerebral 

artery (PCA) bilaterally in  three cases; b) third nerve appeared dorsal in relation to the left P2 segment and passed 

parallel and compressed with the PCA in one case; c) the initial segment of the third nerve went caudally crossing the 

superior cerebellar artery (SCA), and after the curve around the SCA, ran rostrally in three adult cases, and the 

oculomotor nerve appeared at the ventral side of the cerebral trunk caudally of the SCA bilaterally in a fetal case; 

d) the oculomotor nerve had two big roots unilaterally in seven cases and bilaterally in one case. 

PCA, posterior cerebral artery; P1, precommunicating part of the PCA; P1–P2,  junction of the pre- and 

postcommunicating parts of the PCA; P2, postcommunicating part of the PCA; SCA, superior cerebellar artery; 

BA, basilar artery; PCoA, posterior communicating artery; III, oculomotor nerve. 
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than the P1 segment (20.1%). The third nerve was in 

close relationship with the SCA in 18.6%, and with the 

basilar bifurcation in 9.3% of adult cases (Table 3). 

 

Average relations between the oculomotor nerve and 

adjacent arteries in adult cases were presented in Table 

4. The biggest average distance (2.75 mm) was noted 

between the third nerve and the basilar bifurcation at the 

right side. At the left side, this distance was 2.62 mm. 

Average neurovascular distance with the SCA was 1.48 

mm at the right, and 1.52 mm at the left side. The clos-

est artery to the oculomotor nerve was the PCA with all 

its segments, and measured distances varied from 0.01 

mm related to the P2 segment at the right side to 0.19 

mm related to the P1 segment at the right side.  

Discussion 

The initial segment of the oculomotor nerve is in close 

relationship with the basilar artery distal segment 

branches. These arteries are two PCAs (as the terminal 

branches), two SCAs and many lateral branches of the 

previous arteries [1]. Also, the oculomotor nerve can 

form close neurovascular relationship with the PCoA, 

but it depends on the size and location of the PCA [11].  

Location of nerves and blood vessels is mostly un-

changed in adult period in comparison with prenatal 

state [18]. For that reason, it was possible to summarize 

the results, irrespective of life period.   

Zhang et al. [11] analysed MRI images of 140 indi-

viduals and 3 adult cadavers, and found that the oculo-

motor nerve had a close relationship with the BA in 

almost 50% of cases. The third nerve had a close rela-

tionship with P1 segment in 98.6% of cases (56.8% with 

the posterior third, and 41.8% with the medial third of 

the P1). In most of cases, the oculomotor nerve was 

located in the proximity of the SCA, too. The most fre-

quent type of relationship made by the PCA, the SCA 

and the oculomotor nerve, is so-called a “sandwich-

like” structure. This study described that the oculomotor 

nerve runs dorsally and ventrally around the SCA, 

making the curve, in one case. Only in 3.6% of cases, 

the third nerve had the close relationship with the 

PCoA, and in 0.7% of cases compression by this artery 

was noted. Authors emphasized that the state of PCoA 

was significantly associated with the state of the PCA 

and its relationship to the oculomotor nerve.  

Esmer et al. [19] analysed neurovascular relation-

ships of the oculomotor nerve and adjacent arteries in 

140 adult hemispheres, and found the close relationship 

between the oculomotor nerve and the PCA in 97.9%. 

In our study, this type of the neurovascular relationship 

was noted in 68.6% of cases (77.9% in adults and 

76.4% in fetal cases).  

The close relationship between the oculomotor nerve 

and the BA was described in cases of the nerve root 

appearance in the level of the basilar bifurcation. This 

neurovascular pattern has 8.3% of cases (9.3% of adults 

and 9.7% of fetal cases) in our study. The third nerve 

has close proximity with the SCA in cases of the close 

relations with the basilar bifurcation or in cases of the 

nerve course and/or appearance under the SCA. This 

neurovascular relationship was found in 17.3% of cases. 

The neurovascular relationship with the P1 segment was 

noted in cases of the nerve appearance in the level of P1 

segment, but in the cases of close relationsip with the 

basilar bifurcation, too; it was noted in 17.3% of cases. 

Pai et al. [9] emphasized that position of the oculo-

motor nerve between the SCA and PCA is almost con-

stant. Liang et al. [20] analysed 392 oculomotor nerves 

 

Fig. 4. Relationship of the oculomotor nerve and postcom-

municating part of the posterior cerebral artery ― 

bilaterally (a), on the left (b) and right (c) sides. 

 PCA, posterior cerebral artery; P1, precommuni-

cating part of the PCA; P2, postcommunicating part 

of the PCA; SCA, superior cerebellar artery; BA, 

basilar artery; PCoA, posterior communicating ar-

tery; III, oculomotor nerve. 

Table 2. Review of the neurovascular relation of the initial part of the oculomotor nerve and segments of the 

posterior cerebral artery (PCA) irrespective of the side orientation 

PCA segments 

Number of cases 

Adult cases Fetal cases Total 

 120  (100%)  36  (100%)   156  (100%) 

P1 P1  20  (16,7%)  3  (8.3%)  23  (14.7%) 

P1 P1–P2  23  (19,2%)  3  (8.3%)  26  (16.7%) 

P1 P2  26  (21,7%)  4  (11.1%)  30  (19.2%) 

P1–P2 P1–P2  18  (15%)  6  (16.7%)  24  (15.4%) 

P1–P2 P2  18  (15%)  8  (22.2%)  26  (16.7%) 

P2 P2  15  (12,5%)  11  (30.6%)  26  (16.7%) 

P1, precommunicating part of the PCA; P1–P2, junction of the pre- and postcommunicating parts of the PCA; P2, 

postcommunicating part of the PCA. 
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via MRI and found that the SCA was situated superior 

and compressed only one nerve. Hardy et al. [21] and 

Uchino et al. [22] also reported that the SCA or some of 

its branches can run superior to the oculomotor nerve.    

The route of the oculomotor nerve below the SCA 

and crossing its trunk in the further course of the nerve 

were noted in one fetus bilaterally and in three adults 

unilaterally, and that is more frequently in comparison 

to the data from the available literature. 

In some of our cases, the neurovascular pattern was 

different in relation to literature description. In one adult 

case, the oculomotor nerve left the midbrain rostral in 

relation to the P2 segment bilaterally, and in two adult 

cases more, this phenomenon was noted unilaterally. In 

these cases, the oculomotor nerve runs parallel with the 

PCoA. We did not find the similar description of the 

oculomotor relation with the P2 segment in the available 

literature.  

Importance of the close relations of the oculomotor 

nerve and adjacent arteries can be discussed by the 

clinical importance of the compressive lesions, vascular 

penetrations, arteriovenous malformations, and the arte-

rial anurysms [1].  

In general, it is possible to discuss about two types 

of the compressive lesions. The first is associated with 

the third cranial nerve disfunctions, manifested by dif-

frerent clinical signs. This phenomenon is caused by a 

crossing compression of the nerve at the level of its root 

exit. Mostly, the oculomotor nerve root has a close rela-

tionship only with small arteries, as the collicular artery, 

the accessory collicular artery, the medial posterior cho-

roidal artery and the perforating diencephalic arteries. 

Some of these arteries can compress the nerve root and 

cause hyperactive disfunction and, further, the spasm of 

bulbomotors. The second type of compressive lesions is 

the simple vascular compression of the distal part of the 

initial segment of the oculomotor nerve, which results in 

the conductional block and the intraneural circulatory 

disturbance. This part of the nerve is often in contact 

with the SCA and the P2 segment, and not so often with 

the BA, the P1 segment, the PCoA, and their variants or 

embrional arterial forms (duplicated arteries, fenestra-

tions of the arterial trunk and the persistent trigeminal 

artery) [5]. According to Liang et al. [20], it is postu-

lated that detection of neurovascular compression would 

have high sensitivity and low specificity for nerve pa-

ralysis. Also, the compression of the oculomotor nerve 

can be asymptomatic when it is compressed sufficiently 

and form a curve by the PCA, SCA, PCoA or BA. 

Vascular penetration of the oculomotor nerve is de-

scribed only in some papers [1,5]. As shown in the re-

ports of the previous authors, the roots of the oculomo-

tor nerve, which range in number between 20 and 25, 

can leave the midbrain in various parts. In 8% of cases, 

the oculomotor nerve has two roots – the main root, 

which leaves the midbrain through the medial sulcus of 

the crus cerebri, and accessory root, which leaves the 

midbrain through the middle part of the crus cerebri. 

The rarity of the oculomotor nerve penetration is not 

clear in the close relationship of the nerve and adjacent 

small arteries, and having in mind the possibility of 

appearance of the numerous nerve roots in the interpe-

duncular fossa, but this neurovascular relation is the 

possible reason for the frequent cross-compression of 

the nerve roots.   In our study, 2.6% of cases (7 adult 

and 1 fetal) have the oculomotor nerve with two roots at 

one side.  

Aneurysms of the terminal part of the basilar artery 

are located between the beginning of the SCA and the 

PCA. They are almost always in contact with the initial 

segment of the oculomotor nerve and this state can 

cause the partial or complete oculomotor neve palsy. 

Aneurysms of the basilar bifurcation make 5% of intra-

cranial aneurysms and almost 50% of all vertebrobasilar 

saccular aneurysms. Saccular aneurysms are mostly 

situated in the interpeduncular fossa where they can 

compress the initial segment of the oculomotor nerve, 

the crus cerebri and the most of the interpeduncular 

blood vessels. Aneurysms of the PCA make up 2.2% of 

all saccular aneurysms, and 7-15% of all vertebrobasilar 

aneurysms. In Yasargil's [5] cases, aneurysms of the P1 

and P2 segments were usually in close proximity with 

the initial segment of the third nerve. In the presence of 

the clinical manifestation of the superior oculomoror 

division paresis, aneurysm was sited at the SCA-PCA 

junction [8]. Vascular compression of the oculomotor 

nerve by the PCoA without pathological changes of the 

arterial wall is possible only in case of parallel course of 

the nerve and artery. It is more frequent in young per-

sons. In older persons, compression of the oculomotor 

nerve is more possible besause of the atherosclerotic 

changes that cause elongation and dislocation of the 

arteries. This possibility has to be considered in cases of 

the oculomotor nerve palsy with unknown etiology [13]. 

Absence of the oculomotor nerve palsy in the cases of 

arterial aneurysms that are in close relationships with 

the third nerve, indicate small aneurysms or specific 

location of aneurysms without the nerve compression 

[14].  Boeri and Passerini [7] presented the cases with 

the oculomotor nerve palsy caused by the megadolicho-

basilar artery, anomaly that implies the extreme length 

and width of the BA. They emphasized atherosclerotic 

changes as the cause of that anomaly, and further, the 

palsy. Our study included cases with atheromatous 

changes. Among adults, 40% of cases had atheromatous 

plaques in the cerebral arteries which were related to the 

age of cases. 

Conclusion 

Bilaterally symmetrical neurovascular relationship of 

the initial segment of the oculomotor nerve and sur-

rounding arteries was noted in 46.8% of cases. Asym-

metrical relationship between the initial segment of the 

oculomotor nerve and surrounding arteries in the ma-

jority of cases is characterized by a direct relationship to 

the P1–P2 junction on one side, and the P1 segment, on 

the other. The case of the oculomotor nerve with two 
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roots was noted in 2.6% of cases and this pattern was 

unilateral. The route of oculomotor nerve below the 

superior cerebellar artery and crossing its trunk in the 

further course of the nerve was noted in one fetus bilat-

erally and in three adults unilaterally. 
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Abstract. The study revealed that the 31 actinobacterial isolates were isolated from dye polluted soils. The 31 
actinobacterial isolates were grouped into 6 genera, among which Streptomyces was the predominant genera. 
Actinobacterial isolates were screened for their antibacterial properties. Only 2 isolates, namely RMS3 and RMS6, 
showed promising antibacterial activity against bacterial pathogens. The antibacterial activity of the antagonistic 
actinobacteria RMS3 and RMS6 showed maximum on Bacillus subtilis and Klebsiella pneumoniae. The potent 
actinobacteria were identified as Streptomyces sp. RMS3 and Nocordia sp. RMS6 on the basis of their phenotypic 
properties, and their antibacterial compound was similar to cephalexin and spiramycin respectively. 
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Introduction

 

Actinobacteria are the most widely distributed group of 

microorganisms in nature. They are attractive, boda-

cious filamentous Gram positive bacteria having high 

GC content in their DNA. Actinobacteria are considered 

to be an intermediate group between bacteria and fungi. 

Majority of actinobacteria are free living, saprophyte 

found in soil, water and colonizing in plants. Actino-

bacteria are noteworthy as antibiotic producers, making 

three quarters of all known products; especially strep-

tomycetes produced many antibiotics and other class of 

biologically active secondary metabolites, they cover 

around 80% of total antibiotic product, with other gen-

era. It is anticipated that the isolation, characterization 

and the study on actinobacteria can be useful in the dis-

covery of antibiotics from novel species of actinobacte-

ria [1]. 

Streptomycetes is the largest antibiotic producing 

genus in the microbial world.  The number of antimi-

crobial compounds reported from streptomycetes has 

increased almost exponentially in the last two decades. 

About 4,000 antibiotic substances have been discovered 

from bacteria and fungi, many of them are produced by 

streptomycetes. Most of the streptomycetes produce a 

diverse array of antibiotics including aminoglycosides, 

anthracyclins, glycopeptides, polyether and tetracycline 

[2]. Screening of microorganisms for the production of 

novel antibiotics has been intensively pursued for many 

years. Antibiotics have been used in many fields in-
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cluding, veterinary and pharmaceutical industry. Ac-

tinobacteria have the capability to synthesize many dif-

ferent biologically active secondary metabolites such as 

antibiotics, herbicides, pesticides, anti-parasitic com-

pounds and enzymes like cellulose and xylanase used in 

waste treatment [3].   
The abundance of terrestrial actinobacteria and their 

antibiotic productivity are known. The terrestrial ac-
tinobacteria would be an important source for the dis-
covery of new antibiotics. Unfortunately, the rate of 
discovery of new compounds from existing genera ob-
tained from terrestrial sources has decreased, while the 
rate of re-isolation of known compounds has decreased. 
Moreover, the rise in the number of drug-resistant path-
ogens and the limited success of strategies in proceed-
ings new agents indicate an uncertain forecast for future 
antimicrobial therapy [4,5]. Thus, it has been empha-
sized that new group of microbe from unexplored habits 
be pursed as sources of novel antibiotics and other small 
therapeutic agents [6]. The perusal of the literature 
proved that there are not many reports of actinobacteria 
from textile effluent polluted soils. Keeping these points 
in view, the present study has been undertaken to isolate 
and screen the antibiotic producing actinobacteria from 
dye polluted soils of Tirupur, Tamil Nadu. Further, the 
identified antagonistic actinobacteria were characterized 
based on morphological, biochemical, cultural and 
physiological characteristics.  

Material and Methods 

Collection of soil sample. The soil samples were col-

lected from textile dye polluted areas of Tirupur. The 

top layer soil samples were collected aseptically in ster-
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ile polythene bags. Samples were brought to the labor-

atory and stored at 4ºC for further assay. 

Isolation of actinobacteria. Starch casein nitrate 

(SCN) agar medium (Himedia, Mumbai) was used for 

isolation and enumeration of actinobacteria. The me-

dium was supplemented with 10 μg/ml amphotericin 

and 25 μg/ml streptomycin (Himedia, Mumbai) to pre-

vent fungal and bacterial contamination respectively. 

Using conventional dilution plate technique, 10g of soil 

samples were suspended in 100 ml of distilled water and 

0.5 ml of suspension from this was spread over starch 

casein agar medium and incubated for 7–9 days at 28
o
C. 

After incubation, the actinobacterial colonies were puri-

fied and sub-cultured on SCN agar plates and stored for 

further assay. 

Screening for antibacterial activity. Antibacterial 

activities of isolates were tested   preliminarily by cross 

streak method [7]. Actinobacteria isolates were streaked 

across diameter on starch casein agar plates. After incu-

bation at 28
o
C for 6 days, 24 h cultures of Bacillus sub-

tilis and Klebsiella pneumoniae were streaked perpen-

dicular to the central strip of actinobacteria culture. All 

plates were again incubated at 30
o
C for 24 h and zone of 

inhibition was measured. 

Characterization of antibacterial compounds 

Extraction of antibacterial compounds. The antagonistic 

actinobacteria RMS3 and isolate RMS were inoculated 

into starch casein broth. They were then incubated at 

28ºC for 10 days in a shaker at 200-250 rpm. After in-

cubation the culture filtrate was obtained by filtering 

through Whatmann No.1 filter paper and Millipore filter 

(Millipore Millex-HV Hydrophilic PVDF 0.45 μm). To 

the culture filtrates, equal volume of solvents (ethyl 

acetate, acetone, butanol, chloroform and distilled wa-

ter) was added and centrifuged at 5000 rpm for 10 min 

to extract the compounds [8]. The compounds obtained 

from different solvents were tested for their antibacterial 

activity against the test organisms (Bacillus subtilis and 

Klebsiella pneumoniae) by ‘well diffusion’ method. The 

lawn cultures of bacteria on the Muller-Hinton agar 

plates were prepared. The 5 mm diameter well was 

made using sterile cork borer. The mixture (solvent and 

antibacterial compound) was poured into the well sepa-

rately and incubated at 37ºC for 24 h. The solvents 

alone were used as control. After incubation the zone of 

inhibition was measured. The maximum antibacterial 

effect shown in solvent extracts were selected for fur-

ther assay. 

Antibacterial compound analysis by HPLC. The 

chromatographic separation of antibacterial compound 

was carried out on a LC-10 AT vp model HPLC using 

250 x 4.60 mm Rheodysne column (C-18). The solvent 

system used was methanol (HPLC grade) and water 

(HPLC grade) in the ratio of 88:12. The operating pres-

sure was 114 kgf, at a flow rate 0.8 ml/min and the tem-

perature was set at 30
o
C. The UV-Vis (SPD-10 A vp) 

detector was set at 210 nm. The sample was mixed with 

the solvent in the ratio of 50:50 and filtered using Milli-

pore filter before injection. About 25 µL of the sample 

filtrate was injected into the column. The sample was 

run for 10 min. and the retention time was noted. The 

elution time was compared with the standard and the 

compound was determined [9,10]. 

Characterization of actinobacteria. Colony morphol-

ogy of actinobacteria were recorded with respective 

colour of aerial and substrate mycelium, size and nature 

of colonies reverse side colour and pigmentation on 

starch casein agar medium as recommended by Interna-

tional Streptomyces Project (ISP) [11]. Microscopic 

characterization was carried out by cover slip culture 

method [12]. Actinobacteria culture plates were pre-

pared on starch casein agar medium and 5-6 sterile 

cover slips were inserted at an angle of 45º. The plates 

were incubated at 28ºC for 4–8 days. The cover slips 

were removed and observed under high power magnifi-

cation. The morphological features of spores, sporangia 

and aerial and substrate mycelia were observed. Actino-

bacteria were identified using standard manuals (Ber-

gey’s Manual of Systematic Bacteriology and Bergey’s 

Manual of Determinative Bacteriology). The formation 

of aerial and substrate mycelia and arrangement of 

spores on mycelium were observed under high power 

objective of light microscope. Cultural characteristics 

(growth, colouration of aerial and substrate mycelia, 

formation of soluble pigment) were tested. Actinobacte-

rial isolates were inoculated onto different media, starch 

casein agar, nutrient agar, yeast extract malt extract agar 

(ISP2), oat meal agar (ISP3), inorganic salt agar (ISP4), 

glycerol asparagine agar (ISP5). The plates were incu-

bated at 28ºC for 7 days. After incubation the colony 

morphology with respect to colour, aerial mycelium, 

size and nature of colony, reverse side colour and pig-

mentation on different media were recorded. 

Biochemical tests including H2S production, cata-

lase, oxidase, urease, nitrate reduction, starch, lipid, 

gelatine and casein hydrolysis, haemolysis, melanin 

pigment production and triple sugar iron (TSI) were also 

performed as recommended by ISP. Chemo-taxonomi-

cal properties, such as analysis of whole cell sugars [13] 

and cell wall amino acid analysis [14] were analyzed. 

Physiological characterization, such as the effect of pH 

(3–11), temperature (10–50
o
C) and salinity (NaCl con-

centrations 1–16%) and antibiotic sensitivity against ten 

different antibiotics (Himedia, Mumbai) [cloxacillin, 

amikacin, ampicillin, tobramycin, ciprofloxacin, nitrofu-

rantoin, nalidixic acid, trimethrioprim, streptomycin, 

tetracycline and trimethoprin] were also tested. Utiliza-

tion of carbon sources, such as starch, dextrose, fructose, 

maltose and mannitol, and nitrogen sources namely L-

arginine, L-aspargine, L-cystine, L-histidine and L-

tyrosine were tested on starch casein agar medium. 

Results 

A total of 297 actinobacterial colonies were isolates 

from 25 dye polluted soil samples of Tirupur, India. 
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Among 297 colonies, based on the actinobacteria colony 

morphology, 31 morphologically distinct isolates were 

purified, sub cultured and maintained on cultivation 

medium (SCA) for further characterization. The actino-

bacterial isolates showed a distinguished array of mac-

roscopic features such as aerial and substrate mycelium 

and diffusible extra cellular pigments. These isolates 

formed white and yellow coloured aerial mycelium, 

reverse side colour was yellow, white and dark yellow. 

Under light microscope, actinobacterial isolates 

showed formation of aerial and substrate mycelium, 

spore mycelium and various structures like spiral, fila-

mentous, spirally twisted and elongated aerial myce-

lium. Based on the colony morphology and microscopic 

characterization, the actinobacteria were identified to 

generic level. Among 31 isolates, 21 (68%) isolates 

belonged to the genus Streptomyces, Nocordia 3 (10%), 

Actinopolyspora 3 (10%), Kitasatosporia 2 (6%), 

Catellospora 1 (3%) and Glycomyces 1 (3%). Among 

the genera recorded, Streptomyces was the most pre-

dominant and frequently occurred in soil when com-

pared to other genera.  

All the 31 isolates were screened for their antibacte-

rial activity against Bacillus subtilis and Klebsiella 

pneumoniae. Among 31 isolates, 17 (54.84%) isolates 

showed activity against test bacteria. All the 17 isolates 

showed activity on Gram-positive bacteria, whereas 

seven isolates inhibited Gram-negative bacterial growth, 

and 7 isolates had both Gram positive and negative 

bacteria. The isolates which possessed strong antibacte-

rial activity against both Gram positive and negative 

were selected for further study. Culture filtrates of 7 

isolates (both Gram positive and Gram negative activ-

ity) were tested for their antibacterial activity by well 

diffusion method. Among the 7 isolates only 2 showed 

maximum activity against all the pathogens tested. 

Hence, these two potent isolates were selected for fur-

ther characterization. 

The antibacterial activities of the actinobacterial ex-

tracts were tested against two bacteria. The maximum 

inhibition effect was showed with ethyl acetate extract 

of Streptomyces sp. RMS3 against K. pneumoniae (26 

mm) and B. subtilis (22 mm). Similarly, the maximum 

antibacterial activity of Nocardia sp. RMS6 was showed 

with ethyl acetate extract against B. subtilis (30 mm) 

and K. pneumoniae (26 mm). Further, methanolic ex-

tracts of both isolates showed maximum activity, 

whereas other solvent extracts showed moderate to 

minimum inhibition effect against all the pathogens 

tested (Table 1). 

The antibacterial compounds were analyzed by 

HPLC analysis. The absorption peak values of Strepto-

myces sp. RMS3 compound showed at 3.587 and 6.520 

min. whereas the compound of Nocardia sp. RMS6 

showed absorption peaks at 3.677 and 6.573 min. Both 

antibacterial compounds showed single major com-

pound. On the basis of retention time and absorption 

peaks the antibacterial compounds were compared with 

the standard antibacterial compounds. Retention time of 

RMS3 compound was found similar to cephalexin, 

when compared with the HPLC pattern of standard anti-

bacterial compound (Fig. 1). Similarly, retention time of 

RMS6 compound was found to be spiramycin, when 

compared with the HPLC pattern of standard antibacte- 

Table 1. Antibacterial efficacy of actinobacteria 

Name of the Strain 

 

Name of the 

pathogen 

Zone of inhibition (mm) 

Alcohol Chloroform 
Distilled 

water 

Ethyl 

acetate 
Methanol 

Streptomyces sp. 

RMS3 

B. subtilis 14 (4) 12 (7) 12 (0) 22 (8) 14 (5) 

K. pneumoniae 13 (5) 14 (3) 13 (0) 26 (8) 15 (6) 

Nocardia sp. RMS6 
B. subtilis 12 (4) 14 (7) 15 (0) 30 (8) 18 (5) 

K. pneumoniae 15 (5) 16 (3) 12 (0) 26 (8) 20 (6) 
(Control values were presented in parentheses) 

 
Fig.e 1. HPLC chromatogram of antimicrobial compound RMS3 
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Table 3. Cultural characteristics of the potential producers 

S. 
No. 

Name of  
the medium 

Streptomyces 
sp. RMS3 

Nocardia sp. 
RMS6 

Starch nitrate agar 
 Aerial mycelium White White 
 Substrate mycelium Dark yellow Light yellow 
 Pigmentation Nil Nil 

Nutrient agar 
 Aerial mycelium White White 
 Substrate mycelium White White 
 Pigmentation Nil Nil 

Yeast extract malt  extract (ISP 2) 
 Aerial mycelium White White 
 Substrate mycelium Dark yellow Dark yellow 
 Pigmentation Nil Nil 

Oat meal agar (ISP 3) 
 Aerial mycelium White White 
 Substrate mycelium Dark yellow Dark yellow 
 Pigmentation Nil Nil 

Inorganic salt agar (ISP 4) 
 Aerial mycelium Yellowish 

White 
White 

 Substrate mycelium Yellowish 
White 

White 

 Pigmentation Nil Nil 

Glycerol asparagines agar (ISP 5) 
 Aerial mycelium White White 
 Substrate mycelium White White 
 Pigmentation Nil Nil 

 

rial compound (Fig. 2). Cephalexin contains 6 double 

bonds, two carboxyl groups and 13 carbon rings at re-

tention time 3.3 min. whereas, spiramycin contains 4 

double bonds, 11 carboxyl groups and 3 hydroxyl 

groups, and showed 11 methyl groups 16 carbon rings at 

retention time of 3.6 min (Table 2). 

Both isolates formed aerial and substrate mycelia. The 

strain RMS3 produced spirally twisted spores on aerial 

mycelium, whereas strain RMS6 produced branched 

vegetative mycelium. The potent isolates RMS3 and 

RMS6 were cultured on different media namely starch 

nitrate agar, nutrient agar, yeast extract malt extract agar 

(ISP2), oat meal agar (ISP3), inorganic salt agar (ISP4), 

and glycerol asparagine agar (ISP5). After incubation, 

white colour series of aerial and yellow colour series of 

substrate mycelium was produced by both RMS3 and 

RMS6 and no diffusible pigment was produced. Based on 

the colony morphology, microscopic structure, cultured, 

biochemical, physiological and chemotaxonomic 

properties of the potent two antagonistic actinobacterial 

isolates were identified to generic level as Streptomyces sp. 

RMS3 and Nocordia sp. RMS6. The cultural and other 

phenotypic properties like biochemical, chemo-

taxonomical (whole cell sugars and cell wall amino acids) 

physiological (carbon and nitrogen source utilization, 

effect of pH, temperature and NaCl) on the growth of 

potential producers were recorded in Tables 3 and 4.  

Discussion 

Actinobacteria have been routinely screened for their 

high industrial value novel bioactive metabolites. These 

searches have been remarkably successful, approximately 

two thirds of naturally occurring antibiotics, including 

many of medical importance, have been isolated  

from actinobacteria [15]. In the present study, 31 

morphologically distinct isolates with white and yellow 

coloured aerial mycelia, and yellow, white and dark 

yellow coloured substrate mycelia were isolated. Among 

 
Fig. 2. HPLC chromatogram of antimicrobial compound RMS3  

Table 2. Summary of chromatogram results on retention time 

Name of the 

compound 

No. of Major 

compound 

No. of 

double bond 

Carboxyl / 

hydroxyl groups 

No. of methyl 

group 
Carbon ring Retention time 

Cephalexin One 6 2/- - 13 3.3 

Spiramycin One 4 11 / 3 11 16 3.6 
- Absence 
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Table 4. Phenotypic properties of the potential 

producers 

Properties Streptomyces sp. 

RMS3 

Nocardia sp. 

RMS6 

Biochemical properties 

H2S production + - 

Nitrate reduction - + 

Urease - + 

TSI Alkaline slant/ 

alkaline bud 

Alkaline slant  

alkaline bud 

Gelatin hydrolysis + - 

Catalase + + 

Oxidase - - 

Starch hydrolysis + - 

Casein hydrolysis + + 

Haemolysis + + 

Lipid hydrolysis + - 

Melanin production - - 

Whole cell sugar - - 

Cell wall amino 

acid 

- + 

Carbon source utilization 

Starch +++ +++ 

Dextrose ++ - 

Fructose + - 

Maltose ++ + 

Mannitol +++ +++ 

Nitrogen source utilization 

L -arginine +++ + 

L -aspargine +++ +++ 

L -cystine +++ +++ 

L -histidine +++ - 

L -tyrosine +++ +++ 

Effect of temperature (°) 

4 +++ +++ 

18 +++ +++ 

28 ++++ ++++ 

38 ++ ++ 

48 + ++ 

pH 

5 ++ - 

6 +++ + 

7 +++ +++ 

8 +++ +++ 

9 +++ +++ 

Effect of NaCl 

Without NaCl +++ +++ 

1% ++ ++ 

2% + + 

3% - - 

4% - - 

 

31 isolates, Streptomyces was the most predominant 

(68%) and frequently occurred in soil when compared to 

other genera. The dominance of Streptomyces among 

the actinobacteria especially in various soils has also 

been reported by many workers [16–19].   

Among 31 isolates, 54.84% isolates showed anti-

bacterial activity against Gram positive bacteria, 

whereas seven isolates only inhibited Gram negative 

bacterial growth, and 7 isolates had both Gram positive 

and Gram negative bacteria. From these, only 2 isolates 

with maximum antibacterial activity were selected for 

further work. The solubility of the antibacterial com-

pounds from both the isolates were observed mostly in 

ethyl acetate solvent, whereas in other solvents they 

showed moderate to minimum solubility. It was evi-

denced by the antibacterial activities. In the same way, 

Vijayakumar et al. [20,21] tested the antimicrobial ac-

tivity pattern of the marine actinobacteria against vari-

ous human pathogenic bacteria and fungi, and reported 

that the inhibitory effect was varied depends on the 

pathogenic microorganisms.  

High pressure liquid chromatography is being rou-

tinely used for the analytical estimation of various anti-

biotics [18]. In the present study, the antibacterial com-

pounds were analyzed by HPLC analysis. Based on the 

retention time and absorption peaks, the antibacterial 

compounds were compared with the standard antimi-

crobial compounds [9,10,19–21]. Retention time of 

RMS3 compound was found similar to cephalexin, 

when compared with the HPLC pattern of standard anti-

bacterial compound. Similarly, retention time of RMS6 

compound was found to be spiramycin, when compared 

with the HPLC pattern of standard antibacterial compound. 

Correspondingly, similar type of HPLC analysis has been 

reported by Sethi [10]. For the identification of 

actinobacteria, ISP provided essential basic tools. In the 

present study, based on the colony morphology, micro-

scopic structure, cultural, biochemical, physiological and 

chemotaxonomic properties of the potent two antagonistic 

actinobacterial isolates was identified to generic level as 

Streptomyces sp. RMS3 and Nocordia sp. RMS6. 

Conclusion 

Many of the antimicrobial drugs could not express their 
efficiency on all the pathogens in a same manner. Be-
cause the complexity of the cell wall of the microor-
ganisms was different, they would protect the microor-
ganisms from the antimicrobial drugs. Further, the pro-
ductions of antimicrobial compounds have often been 
influenced by the components of medium, culture con-
ditions, pH, temperature, time course etc. Extraction and 
purification of the compounds are essential processes 
for the characterization of antimicrobial compounds. 
Further investigation is needed in order to determine the 
structure of active compound and to scale up the pro-
duction of metabolites. 
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THE APPLICATION OF BISPHOSPHONATES IN THE TREATMENT OF 

PATIENTS WITH DISTURBED RENAL FUNCTION―CASE REPORT 

Danijela Tasić  

Clinic of Nephrology, Clinical Center, Niš, Serbia 

Abstract. Renal osteodystrophy and osteoporosis are related to chronic renal disease. In the present research and 
clinical dilemmas, indications have been proposed concerning the possible application of bisphosphonates in patients 
suffering from renal insufficiency. The aim of the study is to present a patient with disturbed renal function who was 
treated with parenteral bisphosphonates. The patient is a 56-year old male who was receiving hemodialysis for 29 
years. In order to estimate risk for further bone fractures and to evaluate possible indication for intravenous 
bisphosphonates a bone mineral densitometry was performed, as well as transiliac biopsy with histological examination 
of the bone. The etiology of bone fractures in renal patients is multifactorial and cannot be fully explained only with the 
aid of pathohistological examination. After the thorough diagnostics, it could be possible to apply bisphosphonates in the 
treatment of patients with renal osteodystrophy on chronic hemodialysis or peritoneal dialysis. 

Key words: Bisphosphonates, renal failure, dialysis 

Introduction

 

Bisphosphonates are inhibitors of osteoclastic bone re-
sorption and are commonly used for the treatment of os-
teoporosis, bone resorption and hypercalcemia of differ-
ent etiology [1]. Because of the adverse side-effects 
bisphosphonates are not used in the treatment of patients 
with terminal renal failure [2]. They are studied for possi-
ble use in the treatment of renal osteodystrophy and have 
not been approved for use yet in patients with renal fail-
ure [3]. Approximately 80% of the bisphosphonate is 
eliminated by the kidneys, with the remaining 20% taken 
up by the bone. Because of the risk of accumulation, ele-
vated serum creatinine is listed in the manufacturers’ lit-
erature as a contraindication to bisphosphonates use [4]. 
However, they have been safely used in dialysis patients 
and after renal transplantation for the treatment of high 
turnover bone disease, as well as vascular calcification 
and osteoporosis [5].  

Case Report 

Among 120 peritoneal dialysis (PD) patients, the study 

describes a 56-year old male who had been on hemodi-

alysis (HD) since 1977 and started peritoneal dialysis in 

2001. In 2006 he had an episode of syncope when he fell 

down and got left femoral neck fractures with low 

mechanical impact. Dual energy x-ray absorptiometry of 
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the spine (L1–L4) was used to measure bone mineral 

density (BMD) in range of osteoporosis: 0,878 g/cm², T 

score -2,5. Furthermore, BMD was also measured in left 

femur in a range osteoporosis: total left femur BMD 

0,631 g/cm², T score -3,1. We have been using cyclically 

one intravenous infusion of clodronate 300 mg/weekly 

during 6 months. After 6 months of therapy bone 

densitometry was repeated and it revealed deterioration in 

BMD of the spine (L1–L4) 0,847g/cm² with T score -2.78; 

on left femur BMD (total femur was 0,592 g/cm², T score -

3,4). The therapy was terminated although the desired 

effect of the inhibition of osteoclast activity was not 

achieved due to the inability to determine the cumulative 

 

Fig. 1. Bone biopsy; hematoxylin and eosin, original 

magnification 200. H & E staining of a biopsy 

sample for general histology (MB, mineralized 

bone; M, marrow). Scale bar = 10 m 
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dose and because of the concern of possible side effects of 

the medication [6]. In order to exclude low bone turnover 

iliac biopsy was performed which excluded other 

mechanisms except osteoporosis.  

Discussion 

In the present research, indications have been proposed 

concerning the possible application of bisphosphonates in 

patients suffering from renal insufficiency The national 

guidelines have no recommendations on the treatment of 

renal rapid turnover osteodistrophy and osteoporosis us-

ing bisphosphonates in renal patients [7]. Previous clini-

cal studies have shown that bisphosphonates can be 

safely used in preventing complications and preserving 

bone mass in a population of renal patients. Bisphospho-

nates can be used with caution and in especially treatment 

of malignant hypercalciemia [8]. The dose of drug, the 

length of treatment (delayed complications) should be 

adapted to dialysis modality and residual renal function [9]. 

Conclusion 

There is no clear beneficial effect of bisphosphonate 

treatment that outweighs possible side-effects in patients 

with renal failure at the moment. Positive result can be 

expected, but we need more clinical data regarding efficacy 

and safety of bisphosphonates in dialysis patients. 
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Fig. 2. Bone marrow medulla; hematoxylin and eosin, 

original magnification 200. H & E staining of a 

biopsy sample the ratio of cells to fat about 50% 

(T, trabeculae; M, marrow). Scale bar = 10 m 

 

Fig. 3. X –ray; anteroposterior radiograph of the hands. 

Subperiosteal bone resorption is visible.  
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MOYAMOYA PHENOMENON IN SERBIAN POPULATION 
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2
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3
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To the editor:
 
  

We want to provide a detailed description of the case of 

Moyamoya phenomenon that was recently noted in the 

paper about the morphology of cerebral arterial circles 

(CACs) in Serbian population [1]. We found that the 

first paper about Moyamoya phenomenon referring to 

Serbia was published almost twenty years ago [2].
 

                                                           

 Correspondence to: Milena Trandafilović, MD 

Faculty of Medicine, Dept. of Anatomy,  

81 Dr Zoran Đinđić Blvd., 18000 Niš, Serbia 

Phone: +381 18 45 70 029 Fax: +381 18 423 87 70 

E-mail: mitra018@yahoo.com 

The word “moyamoya”, taken from a Japanese dic-
tionary, in translation means a puff of smoke; in scientific 
literature it refers to the network of fine collaterals around 
and distal to the CAC due to progressive unilateral 
(Moyamoya syndrome) or bilateral (Moyamoya disease) 
stenosis of the intracranial part of the internal carotid artery 
(ICA) and its proximal branches [3]. 

Moyamoya syndrome was found in a 55-years-old 

male, who died due to pulmonary thromboembolism. 

The research of cadaveric brain vessels was performed 

at the Institute of Forensic Medicine in Niš during co-

author’s (MT) academic and postdoctoral studies. An 

approval for doctoral investigation was granted by the 

  

Fig. 1. Arteries on the brain base of a male cadaver. A, Convoluted blood vessels (Moyamoya pattern) in the sphenoid 

part of the left middle cerebral artery (circle), and three aneurysms (arrows) in the left anterior cerebral artery. B,  

Brain arteries and persistent primitive anastomoses are marked on modified image. C, Outer diameters of brain 

arteries and anastomoses are noted in the table. C4, choroid and communicating subparts of the cerebral part of 

the internal carotid artery (ICA); M1, sphenoid part of the middle cerebral artery; *stenosed M1 subpart; A1, 

precommunicating part of the anterior cerebral artery (ACA); A2, postcommunicating part of the ACA; ACoA, 

anterior communicating artery; PCoA, posterior communicating artery; P1, precommunicating part of the 

posterior cerebral artery (PCA); P2, postcommunicating part of the PCA; P2–ICA an., P2–ICA anastomosis; 

**bridge artery between the left P1 i P2; BA, basilar artery; V4, intracranial part of the vertebral artery. 
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Research Ethics Committee (No. 01-206-1) of our Fac-

ulty of Medicine. The vessels were photographed on the 

brain base; their outer diameters were studied from the 

digital images, using the ImageJ program (http://rsb.info. 

nih.gov/ij/index.html). Summarizing pathoanatomical 

findings, we will indicate six features: 1) a partial stenosis 

of the left middle cerebral artery (MCA) at its sphenoid 

part and a presence of a network of the MCA collaterals 

medially to the limen insulae; 2) the presence of three 

(one saccular and two berry) aneurysms in the left 

anterior cerebral artery (ACA); 3) the presence of 

atheromatous plaques in the basilar artery, and internal 

carotid and vertebral arteries; 4) the presence of a 

“bridge” artery between the left precommunicating (P1) 

and post-communicating (P2) parts of the posterior 

cerebral artery; 5) the presence of the left P2–ICA 

anastomosis; and 6) left-right caliber asymmetry of 

arteries on the brain base (Fig.1). 

As cited by Scott and Smith [3], the incidence peaks 

were in five-year children and adults in their mid-40s and 

the incidence among all patients with Moyamoya in 

Europe appears to be about 1/10 of that observed in 

Japan.  Case reports in the Balkan journals were related to 

the case of Moyamoya disease in a 13 year-old girl in 

Serbia [2], and the case of Moyamoya syndrome of a 71-

year-old male in Slovenia [4]. In a retrospective study by 

Borota et al. [5] over a period of 22 years in the former 

Yugoslavia, Moyamoya pattern of cerebral vessels was 

discovered only in 31 patients of both genders. We 

accepted the definitions of Moyamoya syndrome and 

Moyamoya disease given by Scott and Smith [3], 

although there were different diagnoses in cited cases 

[2,4], or Moyamoya modification [6]. However, there 

was an association of many vascular abnormalities  in 

this, as well as in the cases of  Moyamoya phenomena 

from the Balkan peninsula [4,5] to Japan [6], and beyond. 

Acknowledgments. Contract grant sponsor: Ministry of Educa-

tion, Science and Technological Development of Republic of 

Serbia (No: 41018). 
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BASIC AND ORAL HISTOLOGY AND EMBRYOLOGY 

by Prof. Dr. Vesna Lačković, Prof. Dr. Ivan R. Nikolić and Prof. Dr. Vera Todorović, 

edited and illustrated by Ivan R. Nikolić 

– Critiques and Reviews – 

REVIEW
1
  

by Prof. Dr. Radivoj Krstic
2
 

I am very pleased to give a brief opinion of the book 

Basic and Oral Histology and Embryology in the fol-

lowing lines.  

This monumental book was made with enormous creative 

and didactic efforts combined with an excellent 

knowledge from our profession, all with the aim of aiding 

students in dealing more easily with the subject matter of 

histology and embryology. The didactic approach of the 

authors is systematic, ultramodern and rich, which is eas-

ily seen from the fact that all the structures that were dealt 

with were located, described, and illustrated in detail, so 

the students are able to get a very clear and up-to-date 

subject overview – from macroscopic anatomy, to molec-

ular biology, both in terms of medical histology and em-

bryology, as well as that of dentistry. In addition, parallel 

treatment of histology and embryology, together with 

numerous information boxes inside of the book, improves 

its quality. 

All of the micrographs – either being light or electron 

micrographs – are of the best quality, whereas the 

drawings, tables and diagrams are clear and distinct. It 

is an especially good idea to indicate the origin of cells, 

tissues and organs by the choice of colour in a drawing. 

The technical setup of the book is excellent: paper is of 

the best quality, which allows for the superb reproduc-

tion of details and colours.  

The cover design with symbolic images from histology 

and embryology draws the reader’s attention and, at the 

same time, gives an implication regarding the subject 

matter of the book – which makes it a complete success. 

Naturally, there is criticism for every book, my own and 

the one in question included, though, in this case, it is 

strictly cosmetical in nature and is of lesser importance. 

Prof. Dr. Radivoj Krstić, 

22
nd

 June 2012 

                                                           
1 The text is taken from an electronic letter sent to Prof. Dr. Ivan R. Nikolić 
on 22nd June 2012 by Prof. Dr. Radivoj Krstic. 
2 Prof. Dr. Radivoj Krstic is one of the currently most prominent 

histologists and illustrators, the Co-director of many years at the Institute of 
Histology and Embryology, Faculty of Medicine in Lausanne, 

Switzerland, whose five books were published by Springer, a global 

publishing company, and to whom this book is dedicated. 

 

REVIEW 

The manuscript titled Basic and Oral Histology and 

Embryology, whose authors are Vesna Lačković, Pro-

fessor of Histology and Embryology at the Faculty of 

Medicine (the University of Belgrade), Ivan Nikolić, 

Professor of Histology and Embryology at the Faculty 

of Medicine (the University of Niš), who is also the 

editor of the book, and Vera Todorović, Professor of 

Histology and Embryology at the Faculty of Dental 

Medicine in Pančevo (the University Business Academy 

in Novi Sad), represents an exceptional book in the 

fields of histology and embryology, designed primarily 

for the students of the Faculty of Dental Medicine. It is 

a universal work, the content of which encompasses all 

of the teaching units of this subject’s curriculum. The 

book discusses cytology, general histology, histological 

development of organs, as well as embryology, which 

can be found at the end of each chapter. There is a spe-

cial attention given to histology and embryology of the 

oral cavity, which for the first time, in both our and for-

eign professional literature, constitutes an integral part 
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of a single textbook from histology and embryology for 

the students of the Faculty of Dental Medicine. 

It is a book of 300 pages and of an exquisite technical setup 

(hard cover, glossy paper, full colour) in A4 format. The 

content is divided into 21 chapters and is written in a 

distinctive style of the writers, who have already proved 

themselves as the creators of some widely accepted 

textbooks, atlases, and practicums in the fields of histology 

and embryology. The text has three clearly distinct 

sections. The main text is intended for students of the 

General Dentistry studies and is characterized by its 

conciseness, with the emphasis on the necessary 

morphological, functional and embryological facts, which 

eases the understanding of a complex microscopic 

structure of cells, tissues and organs, especially of those 

that compose the oral cavity. Apart from the main text, 

there are also sections written in small print, which display 

additional information in the field of anatomy, physiology, 

or molecular biology. The yellow parts contain very 

concise embryology, while the blue ones indicate the 

information concerning clinical significance.  

There is a special quality given to the manuscript by 

copious illustrations contained in over 500 colour drawings 

and schemes, light micrographs and electron micrographs, 

macroscopic representations, ultrasonic and X-ray shots. 

The cells in the drawings are painted in the colours of 

embryonic leaves (endoderm – yellow, mesoderm – red, 

ectoderm – blue), which facilitates the understanding of 

embryology. The photographs of the histological samples, 

during the preparation of which both routine and complex 

histochemical techniques of colouring were used, as well 

as the latest immunohistochemical techniques, are 

technically immaculate. Apart from the drawings and the 

photographs, the manuscript also contains tabular displays. 

At the end of the book, there is a bibliography and a 

glossary, which also improves the significance of the book. 

Since it displays the important and up-to-date facts from 

histology and embryology, as well as their connection to the 

clinical practice, this work will be very useful not only to 

dental students, but also to the students of other biomedical 

courses, both the undergraduates and the postgraduates.  

Taking into account its universality, didacticism, illus-

trativeness and technical fitness, I suggest that the man-

uscript titled Basic and Oral Histology and Embryology 

be published as a textbook for dental students. 

Academic Vladimir Bumbaširević, 

Professor of Histology and Embryology  

at the Faculty of Medicine in Belgrade, 

Belgrade, 8
th

 March 2012 

REVIEW 

General information 

The title of the manuscript is Basic and Oral Histology 

and Embryology. 

The editor and the illustrator is Prof. Dr. Ivan Nikolic, 

and the authors are Prof. Dr. Vesna Lačković, Prof. Dr. 

Ivan Nikolić and Prof. Dr. Vera Todorović. These are 

the authors with many years of experience who have 

already published a significant number of monographs, 

textbooks for both undergraduates and postgraduates, 

atlases, practicums and handbooks. The publisher of this 

work is Data Status from Belgrade. 

Technical information 

It is a manuscript of 300 pages, technically very well 

equipped, hard-covered, with glossy paper and numer-

ous photo documents in colour. The drawings and the 

micrographs are either presented individually or in the 

form of composite images. The manuscript contains 276 

drawings, 440 micrographs, 43 electron micrographs, as 

well as many macroscopic images: direct sample slides, 

ultrasonic and X-ray photographs. 

Content overview and the book organization 

The content of the book is divided into 21 chapters: 

1. Histology, basic histological methods and microscopy, 

2. Cell, 3. Basic characteristics of tissues, organs and 

systems of organs, 4. General embryology, 5. Epithelial 

tissue, 6. Connective tissue, 7. Blood, bone marrow and 

haematopoiesis, 8. Muscle tissue, 9. Nervous tissue and 

nervous system, 10. Eye, the organ of sight, 11. Ear, the 

organ of hearing and balance, 12. Cardiovascular and 

lymphatic system, 13. Immune system and lymphoid organs, 

14. Endocrine system, 15. Respiratory system, 16. Digestive 

system, oral cavity, 17. Digestive system, esophagus, 

stomach, small and large intestine, 18. Digestive system, 

liver, bile ducts, gallbladder and pancreas, 19. Urinary 

system, 20. Male and female reproductive systems, 21. Skin. 

The chapter Oral Cavity is the most elaborate. It was 

written in 77 pages and illustrated in 130 images. It deals 

with the teaching units that correspond to the curriculum 

for histology and embryology for the students of integrated 

dental studies: basic anatomic characteristics of head and 

its bones, oral cavity (general characteristics, division and 

content), salivary glands, oral mucosa, lips, cheeks, palate, 

gingiva, alveolar mucosa, tongue, lymphatic tissue of oral 

cavity, general characteristics of teeth and the surrounding 

tissue, enamel, pulpo-dentinal complex, dental cement, 

periodontium, alveolar extension and embryology of oral 

cavity, which is all followed by an emphasis on the clinical 

significance of certain structures. 

There is a special attention given to a currently modern 

field that deals with dental stem cells. This section will also 

be useful to the dental students completing their doctoral 

studies. At the end of the book, there is a bibliography and 

a glossary, which facilitates the usage of the book. 

Conclusion 

Taking into account all of the stated facts, we can con-

clude that this is a universal, richly illustrated work in 

the field of basic and oral histology and embryology, 

prepared according to the regular curriculum of this 

subject, and therefore, I suggest that this work be pub-

lished as a textbook for dental students. 

Academic Vojislav Leković, 

Professor at the Faculty of Dental Medicine,  

the University of Belgrade, 

Belgrade, 8
th

 March 2012 
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REVIEW
3
 

on the manuscript  

Basic and Oral Histology and Embryology 

Apart from the common information, regarding mor-

phology of cells, tissues and organs, the manuscript, 

which appears in the form of a supplementary study 

material, follows the current trends of emphasizing the 

clinical significance, in order for the first-year students, 

who already study normal structures and functions of 

the organism, to have an insight into the importance of 

those same structures as well in cases when they are 

affected by pathological processes that show certain 

clinical manifestations, the knowledge of which is in-

spiring for further study. In this way the connection is 

established between preclinical, relatively complicated 

and arid disciplines, and clinical medicine, which repre-

sents the final aim of education of the majority of stu-

dents. In this sense, the manuscript contains basic, in-

formative and, in a popular manner displayed, nosologi-

cal, etiological, pathological, pathophysiological and 

clinical facts concerning the most common diseases, 

which affect some tissues and organs (inflammations, 

tumors, immune system disorders and alike). 

                                                           
3 An excerpt. 

Conclusion 

The manuscript Basic and Oral Histology and Embry-

ology, edited by Ivan Nikolic, written by Vesna Lačko-

vić, Ivan Nikolić and Vera Todorović, on the account of 

its content, which fully integrates all of the segments of 

the subject Histology and Embryology for Dental Stu-

dents, which is of an appropriate scope, richly illus-

trated, and which by its technical setting and a manner 

of displaying the content in its entirety does not fall 

behind similar works from the rest of the world litera-

ture, should be published as a textbook for students of 

the integrated dental studies, even though it can also 

be used by the students of other biomedical disciplines 

who have the subject Histology and Embryology as part 

of their curriculum. 

Academician Vladisav Stefanović, 

Professor of Internal Medicine  

at the Faculty of Medicine in Niš 

Translated from Serbian by  

Jelena Mladenović,  

Master Philologist in English Language and Literature 
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